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ABSTRACT

Background: The root of Angelica gigas Nakai is used as a traditional herbal medicine in Korea for the treatment of many diseases.
However, the poor water solubility of the active components in A. gigas Nakai is a major obstacle to its bioavailability. 
Methods and Results: This work aimed at enhancing the solubility of the active compounds of A. gigas Nakai by a chemical (using
a surfactant) and physical (hot melt extrusion, HME) crosslinking method. Fourier transform infrared spectroscopy revealed multi-
ple peaks in the case of the extrudate solids, attributable to new functional groups including carboxylic acid, alkynes, and benzene
derivatives. Differential scanning calorimetry analysis showed that the extrudate soilid had a lower glass transition temperature (Tg)
and enthalpy (ΔH) (Tg : 43℃, ΔH : < 6 J/g) as compared to the non-extrudate (Tg : 68.5℃, ΔH : 123.2) formulations. X-ray pow-
der diffraction analysis revealed the amorphization of crystalline materials in the extrudate solid. In addition, enhanced solubility
(53%), nanonization (403 ㎚), and a higher amount of extracted phenolic compounds were achieved in the extrudate solid than in
the non-extrudate (solubility : 36%, nanonization : 1,499 ㎚) formulation. Among the different extrudates, acetic acid and span 80
mediated formulations showed superior extractions efficiency. 
Conclusions: HME successfully enhanced the production of amorphous nano dispersions of phenolic compound including decursin
from extrudate solid formulations. 
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INTRODUCTION

The root of Angelica gigas Nakai (AGR, Angelica

gigantis radix), known as Korean angelica, AGR is a

herbal medicine for the treatment of various circulatory

disorders with female afflictions such as dysmenorrhea,

amenorrhea, menopause, abdominal pain, migraine and

arthritis (Kim et al., 2009). AGR has several

pharmacological properties that make it useful in the

treatment of menopausal syndromes, anemia, abdominal

pain, inhibition of breast cancer, and amenorrhea (Lee et

al., 2003; Ma et al., 2009; Nam et al., 2018) with several

coumarin derivates including decursin decursinol, decursinol

angelate, nodakenin, nodakenetin and umbelliferone (Kang

et al., 2001; Yan et al., 2004).

Generally, methanol and tetrahydrofuran (THF) have

been used to successfully extract and quantify lipophilic

compounds, but these solvents cannot be used for humans.
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For the efficient extraction of pharmacologically active

components in medicinal plants, ethanol have generally

been used as extraction solvents can be the most suitable

solvent for effective extraction of lipophilic bioactive

compound (Bae et al., 2011). Traditionally, hot water

extraction is used to extract bioactive components from

medicinal plant such as AGR. However, that method

seems to be inappropriate for extracting poorly water-

soluble components from AGR (Choi et al., 2012).

Several major components of AGR, such as decursin and

decursinol angelate are reported as poorly water-soluble,

thus improving the aqueous solubility of those active

components is necessary.

In addition, a high level of intermolecular covalent

bonds in the crystal lattice, the diverse range of structural

components, the high bonding capacity within the

molecules, and the large molecular weight of the end-

product make it less functional (Khoddami et al., 2013). 

There are reports using different processes to enhance

the solubility of pharmaceutical and plant food compounds

(Sebestyen, 1974). Among these, the hot melt extrusion

(HME) process, based on particle size reduction, has

gained much attention as a means to improve the solubility

of poorly water-soluble compounds (Maniruzzaman et al.,

2013; Lee et al., 2017a). 

Mechanical disruption during the extrusion process results

in a number of changes to the physicochemical

characteristics of raw materials, such as enhanced solubility,

reduced particle size, loss of water holding capacity, and

softening of the product texture (Harper, 1992). During the

process, fiber bundles experience compression and high

shear, resulting in defibration and the formation of an

amorphous mass (Moralse and McConville, 2011; Jurišić et

al., 2015). 

In addition, research suggests that acid solutions enhance

the ionization of the active compound by rupturing the

cell wall, thus facilitating the extraction (Vichapong et al.,

2010). Moreover, a lower pH is associated with greater

stability of flavonoids from plant materials (Hagi and

Hatami, 2010; Davidov-Pardo et al., 2011).

Solubility can also be enhanced by a chemical process

in which the active compounds are incorporated into a

surfactant colloidal micelle without adversely affecting any

food-quality attributes (McClements and Xiao, 2012). 

Surfactants are surface-active agents composed of a

complex mixture of various kinds of molecules possessing

strong affinities to polar and nonpolar substances

(Hasenhuettl and Harel, 2008). Surfactants have an

excellent capacity to form micro-emulsions by lowering the

interfacial tension and reducing the laplace pressure

(Morsy, 2014). One of the most important properties of

surfactants is their ability to enhance the aqueous

solubility of poorly soluble compounds and to control the

stability and rheology of a particular food composition

(Rosen, 2004; Kralova and Sjőblom, 2009). 

Amorphous solid dispersion is an important approach to

improve the solubility of poorly water-soluble compounds

(Baird and Taylor, 2012). Therefore, a dynamic approach

was taken to develop an amorphous solid nano dispersion

of the active compound from AGR by a chemical (viz.

surfactant) and physical (hot melt extrusion) crosslinking

(CPC) method using HME. 

We assume that this method would speed up the

amorphization, enhance the solubility and increase the

amount of extracted phenolic compounds from extrudate

formulations of AGR.

MATERIALS AND METHODS

1. Chemical and reagents 

Acetic acid (1 M), citric acid, tween 80 (hydrophilic-

lipophilic balance, HLB : 15.0), span 80 (HLB : 4.3), phenolic

reagent (Folin Ciocalteu, 2 N), sodium bicarbonate (Na2CO3),

aluminum nitrate (AlNO3)3, potassium acetate (CH3CO2K),

DPPH (2,2-diphenyl-1picrylhydrazyl), and acetic acid were

purchased from Sigma-Aldrich (St. Louis, MO, USA). All

other chemicals used were of analytical grade and

purchased from Merck (Darmstadt, Germany). Deionized,

distilled water (EC value < 0.3 µS·㎝−1) was used for

sample preparation.

2. Preparation of ultrafine powder of AGR (UFP-AGR)

Coarse powder was prepared from freeze dried AGR.

AGR samples were

milled into coarse powder by a pin crusher (JIC-P10-2;

Myungsung Machine, Seoul, Korea) equipped with a 30-

mesh sieve. 

The milled powder was fractionated using a sieve shaker

(CG-213, Ro-Top, Hankook Cosmetics Manufacturing Co.,

Ltd., Seoul, Korea) equipped with a series of sieves (F
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20 ㎝). The powder was passed through 300 ㎛ mesh size

sieves, and unpassed particles were grinded again with the

pin crusher. Those powders were then stored at 25℃

before ultrafine milling. 

The coarse powders were pulverized and classified by a

low temperature turbo mill (HKP-05; Korea Energy

Technology Co., Ltd., Seoul, Korea). The temperature of

the mill chamber was kept at −18℃. The ultrafine powder

of AGR (UFP-AGR) was stored in a desiccator before

use.

3. Preparation of chemical formulation 

Ethoxylated alcohols are the most common nonionic

surfactants. These alcohols contain a wide-ranging degree

of ethoxylation, where ethylene oxide is added to fatty

acids to make them more water-soluble. They are

considered “amphiphiles”, with a lipophilic hydrocarbon tail

group and water loving ethoxylated alcohol group

(Holmberg et al., 2003). Examples of non-ionic surfactants

include sugar esters, such as sorbitan monooleate (span

80). Polyoxyethylene sorbitan monooleate (tween 80)

appear safe and acceptable for oral and parenteral use

(Lawrence and Rees, 2012).

Acetic acid (100 mM) was prepared in aqueous medium,

two types of surfactants, namely, the hydrophilic tween 80

and the lipophilic span 80, were used for chemical

fourmulation.

Five grams of each surfactant was added to 100 ㎖ of

distilled water and 100 ㎖ of 100 mM acetic acid aqueous

solution to prepare (5%) the surfactant emulsion and the

acid-surfactant emulsion, respectively. 

The succeeding steps were performed on both types of

emulsions: the solution was homogenized using a digital

homogenizer (PRO25D, Proscientific Inc., Oxford, CT,

USA) at 10,000 rpm for 5 minutes. One hundred

milliliters of emulsion was added to 200 g of UFP-AGR

and mixed well using an electric blender to prepare the

chemical formulations.

4. Preparation of extrudate formulation and HME

configuration

Hot-melting extrusion technique has been used to

prepare solid formulations (i.e. solid dispersion) of poorly

water-soluble components (Wilson et al., 2012). 

The extrudate solid formulation of UFP-AGR was

developed using an STS-25HS twin-screw HME (Hankook

E.M. Ltd., Pyeongtaek, Korea). The extruder was equipped

with a round-shaped die (1 ㎜) and was operated at a

feeding rate of 40 g/min, 150 rpm with high shear. The

temperature profile from the feeding zone to die was 80/

100/100/80/70℃. The UFP-AGR extrudate solid formuation

(UFP-AGR-ESF) was dried in an oven at 50℃ and then

ground for further analysis.

5. Particle size analysis 

UFP-AGR and UFP-AGR-ESF (0.5 g) was suspended in

50 ㎖ of distilled water. The supernatant was separated by

centrifugation at 3,000 rpm for 10 min. The particle size

of the supernatant was studied using a light-scattering

spectrophotometer (ELS-Z1000; Otsuka Electronics Co.,

Ltd., Tokyo, Japan) with three replications. 

6. Solubility measurements 

Water solubility was determined according to the

previously reported method (Piao et al., 2015). One gram

of UFP-AGR and UFP-AGR-ESF powders were suspended

in 50 ㎖ of DW at room temperature, gently stirred for 1

h, and then centrifuged at 3,000 rpm for 10 mins. The

supernatant was decanted into an evaporating dish of

known weight. Water solubility was calculated by the

formula described by Piao et al. (2015).

7. Evaluation of amorpous solid dispersion by FT-IR,

DSC, and XRPD

Fourier transform infrared spectroscopy (FT-IR) can be

used to detect the variations in vibrational energy between

amorphous and crystalline states. Also, differential scanning

calorimetry (DSC) is probably the most versatile and

widely used technique in the characterization of amorphous

formulations including quantifi cation of crystallinity

(Williams et al., 2012). 

XRPD is typically a nondestructive test and, is highly

useful for determining differences in crystal structure, core

compounds-excipient interactions, and identifying amorphous

systems (Williams et al., 2012). 

FT-IR spectra of UFP-AGR-ESF were recorded on a

Perkin-Elmer Model 1600 apparatus (Norwalk, CT, USA)

using KBr stressed disks in the range of 4,000 - 400·㎝−1.

Ten milligrams of each sample was positioned in contact

with the attenuated total reflectance (ATR) plate. 
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All spectra were subtracted against a background of air

spectra. After every scan, a new reference of air

background spectra was taken. The ATR plate was

carefully cleaned by scrubbing with 70% isopropyl alcohol

twice followed by drying with soft tissue before being

filled in with the next sample, making it possible to dry

the ATR plate. 

The DSC curves were obtained on a calorimeter (DSC

Q2000, TA Instruments, New Castle, DE, USA) using

aluminum crucibles with approximately 2.0 ± 0.1 ㎎ of

samples under a nitrogen atmosphere, at a flow of

50 ㎖·min−1. 

Rising temperature experiments were conducted at the

temperature range of 20℃ to 250℃ with a heating rate of

10℃·min-1. Indium (melting point, 156.6℃) was used as

the standard for equipment calibration. Data were analyzed

using the software (Universal Analysis 2000, TA

Instruments, New Castle, DE, USA).

The XRPD analysis were carried out in an X'Pert PRO

XRD diffractometer (PANalytical B.V., Almelo,

Netherlands) that scanned from 10 to 55 (2 min−1) on the

2 h scale and with CuK α1 radiation. The equipment was

operated at 40.0 kV and 30.0 mA. The data were

analyzed using the Origin® version 8.1 software

(OriginLab, Northampton, MA, USA).

8. Extraction of formulation

One gram of UFP-AGR and UFP-AGR-ESF were added

to 100 ㎖ of distilled deionized water. The sample was

shaken at 150 rpm, 25℃, using a shaking incubator (SI-

900RF, JEIO TECH, Seoul, Korea) for 1 h. 

The sample was filtered through a 125 ㎜ filter paper

(Advantech 5B, Toyo Roshi Kaisha, Tokyo, Japan), and

then the extract was collected and stored in the

refrigerator at −20℃ for further analysis. 

9. Determination of total phenolic contents (TP)

The total phenolic contents were determined by the

Folin-Ciocalteu assay (Singleton and Rossi, 1965). 

UFP-AGR and UFP-AGR-ESF extract sample aliquot of

200 ㎕ was added to a test tube containing 200 ㎕ of

phenol reagent (1 N). The volume was increased by

adding 1.8 ㎖ of distilled deionized water. The solution

was allowed to react for 3 min. To continue the reaction,

400 ㎕ of Na2CO3 (10% in water v/v) was added and

vortexed. The final volume of 4 ㎖ was adjusted by

adding 1.4 ㎖ of distilled water. The prepared sample was

then incubated for 1 hour at room temperature. 

The absorbance was measured at 725 ㎚ using a

spectrophotometer (UV-1800 240 V, Shimadzu, Kyoto,

Japan). The TP was expressed as gallic acid equivalents

(GAE) on a dry weight basis. 

10. Determination of total flavonoid content

The total flavonoid content (TF) was determined

according to Ghimeray et al. (2014). 

Briefly, a 0.5 ㎖ aliquot of the UFP-AGR and UFP-

AGR-ESF extract sample (1 ㎎/㎖) was mixed with 0.1 ㎖

of 10% aluminum nitrate and 0.1 ㎖ of potassium acetate

(1 M). To this mixture, 3.3 ㎖ of distilled water was

added to make the total volume 4 ㎖. The mixture was

vortexed and incubated for 40 mins. 

The total flavonoids were measured using a

spectrophotometer (UV-1800 240 V, Shimadzu, Kyoto, Japan)

at 415㎚. The TF was expressed as ㎍/g coumarin

equivalents on a dry weight basis.

11. DPPH free radical scavenging activity

The antioxidant activity was determined on the basis of

the scavenging activity of the stable 2,2-diphenyl-1picryl

hydrazyl (DPPH) free radical according to methods

described by Braca et al. (2003). 

One milliliter of UFP-AGR and UFP-AGR-ESF extract

sample was added to 3 ㎖ of DPPH (Sigma-Aldrich Co.,

St. Louis, MO, USA). The mixture was shaken vigorously

and left to stand at room temperature in the dark for

30 mins. The absorbance was measured at 517 ㎚ using a

spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan). The

percent inhibition activities of the sample were calculated

against a blank sample using the following equation: inhibition

(%) = (blank sample-extract sample / blank sample) × 100.

12. Statistical analysis

All data were expressed as means ± SD of triplicate

measurements. The obtained results were compared among

the different surfactants concentration and types using a

paired t-test in order to observe the significant differences

at the level of 5%. The paired t-test between mean values
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was analyzed by MINITAB version 16.0 (Minitab Inc.,

State College, PA, USA).

RESULTS AND DISCUSSION

1. Particle size reduction and solubility enhancement

of extrudate solid formuation of Angelica gigantis

radix ultrafine powder with chemical formulation. 

Table 1 shows that nano-sized particles were achieved

in the extrudate formulation. The particle size of the non-

extrudate sample (UFP-AGR) was recorded at 1499.0 ±

22.0 ㎚, whereas in the extrudate sample (UFP-AGR-ESF),

the particle size was 755.0 ± 15.0 ㎚. Among the

formulations, the smallest particle size (226.0 ± 12.0 ㎚)

was achieved in the AA+ span-mediated extrudate

formulation. 

HME is the most suitable process to enhance the

amorphization of crystal materials by reducing particle size

to enhance solubility (Maniruzzaman et al., 2013; Lee et

al., 2017b). The particle size reduction stragety results in

increased surface area, decreased diffusional distance, and

increased dissolution rates (Hu et al., 2004; Repka et al.,

2007; Merisko-Liversidge and Liversidge, 2008). 

According to Ansel (1985), the surfactant, also called

emulsifier plays an important role in emulsion formation

by reducing the interfacial tension. They also reported that

the surfactants mixture increased the solubility of the

bioactive compound in the emulsion. The results in Table

2 show that water solubility was improved in acetic acid

and span 80 co-mediated formulations (59%, 53%)

compared to control without chemical formulation (39%,

36%) in extrudate (UFP-AGR-ESF) and non-extrudate

(UFP-AGR) formulations, respectively. 

According to the Noyes-Whitney equation, particle size

has a direct effect on the dissolution rate. The reduction

of particle size increases the diffusional coefficient and

nanonization. In addition, an acidic solution (H+) increases

the concentration gradient as well as enhances the

dissolution rate (Fox, 2014). Amorphous nanoparticles

exhibit very high saturation solubility compared to the

crystalline form (Agrawal et al., 2004; Murdande et al.,

2010). The HME process tends to make more channels to

enhance the permeability and penetration of water into the

core of the material’s matrix (Piao et al., 2015). 

2. FT-IR, DSC and XRD analysis of extrudate solid

formuation of Angelica gigantis radix ultrafine powder

with chemical formulation. 

Table 1. Particle size analysis of non-extrudate and extrudate of
Angelica gigantis radix ultrafine powder by different
chemical formulation.

Formulation
UFP-AGR1) UFP-AGR-ESF2)

Particle size (㎚)*

Water 1499.0±6.0 755.0±5.0

AA3) 1012.0±7.0e 435.0±7.0e

Span4) 0478.0±6.0c 232.0±8.0b

Tween5) 0753.0±10.0d 323.0±11.0c

AA + Span6) 0403.0±4.0a 226.0±4.0a

AA + Tween7) 0443.0±8.0b 357.0±10.0d

1)UFP-AGR; Angelica gigantis radix ultrafine powder, 2)UFP-AGR-ESF;
extrudate solid formuation of Angelica gigantis radix ultrafine powder,
3)AA; acetic acid (100 mM, 10%) mediated formulations, 4)Span;
span 80 (5%) mediated formulations, 5)Tween; tween 80 (5%)
mediated formulations, 6)AA + Span; acetic acid (100 mM, 10%) and
span 80 (5%) co-mediated formulations, 7)AA + Tween; acetic acid
(100 mM, 10%) and tween 80 (5%) co-mediated formulations. Mean
values ± SD from triplicate separated experiments are shown. *Value
marked by different letters in each column are significantly different
by t-test (p < 0.05) compared extrudate (UFP-AGR-ESF) formulations
or non-extrudate (UFP-AGR) formulations without chemical
formulation (water). 

Table 2. Water solubility analysis of non-extrudate and extrudate
of Angelica gigantis radix ultrafine powder by different
chemical formulation.

Formulation
UFP-AGR1) UFP-AGR-ESF2)

 Solubility (%)

Water3) 36.3±1.2 39.2±0.9

Ethanol4) 38.4±1.3d 41.2±0.7f

AA5) 43.2±0.9c 54.0±1.1b

Span6) 47.3±1.1b 51.0±0.5c

Tween7) 41.5±0.4cd 44.3±1.1e

AA + Span8) 53.7±0.7a 59.0±1.3a

AA + Tween9) 46.4±0.4bc 48.5±1.4d

1)UFP-AGR; Angelica gigantis radix ultrafine powder, 2)UFP-AGR-ESF;
extrudate solid formuation of Angelica gigantis radix ultrafine powder,
3)Water; solubility in distilled water; 4)Ethanol; solubility in 80%
ethanol solution, 5)AA; water solubility of acetic acid (100 mM, 10%)
mediated formulations, 6)Span; span 80 (5%) mediated formulations,
7)Tween; water solubility of tween 80 (5%) mediated formulations,
8)AA + Span; water solubility of acetic acid (100 mM, 10%) and span
80 (5%) co-mediated formulations, 9)AA + Tween; water solubility of
acetic acid (100 mM, 10%) and tween 80 (5%) co-mediated
formulations. Mean values ± SD from triplicate separated
experiments are shown. *Value marked by different letters in each
column are significantly different by t-test (p < 0.05) compared
extrudate (UFP-AGR-ESF) formulations or non-extrudate (UFP-AGR)
formulations without chemical formulation (water). 
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FT-IR spectroscopy, used to investigate the possible

chemical compounds in the extrudate sample (UFP-AGR-

ESF), is the most suitable technique among the non-

destructive spectroscopic methods, since it can detect a

range of functional groups and is sensitive to changes in

molecular structure (Cocchi et al., 2004; Tita et al., 2011).

The main differences found when comparing the spectra

are presented in Fig. 1, which shows that the splitting

peak found between 1,700 - 3,500·㎝−1 is absent in the

non-extrudate sample (UFP-AGR). However, the extrudate

sample (UFP-AGR-ESF) shows a multiple splitting peak in

the 1,700 - 3,500·㎝−1 wavelengths, which represents a new

functional group. 

In the extrudate sample (UFP-AGR-ESF), there is a

strong peak in wavelength ranges of 2,800 - 3,000·㎝−1,

which correspond to alkene C-H stretching in the AA+

span 80-mediated formulation. Alkens, benzene and its

derivatives stretching occurred near 3,300·㎝−1 in all samples

except the non-extrudate ones (UFP-AGR). 

The other prominent peaks at 1,700 - 1,500·㎝−1 for all

extrudate sample (UFP-AGR-ESF) with chemical formulation

possess the characteristics of methylene and methyl bending.

Fig. 1. The FT-IR analysis of extrudate solid formuation (UFP-AGR-ESF) by different
chemical formulation. (A); non-extrudate, Angelica gigantis radix ultrafine powder
(UFP-AGR), (B); extrudate solid formuation of Angelica gigantis radix ultrafine
powder (UFP-AGR-ESF) without chemical formulation, (C); UFP-AGR-ESF with
acetic acid (100 mM, 10%) mediated formulations, (D); UFP-AGR-ESF with span 80
(5%) mediated formulations, (E); UFP-AGR-ESF with tween 80 (5%) mediated
formulations, (F); UFP-AGR-ESF with acetic acid (100 mM, 10%) and span 80 (5%)
co-mediated formulations, (G); UFP-AGR-ESF with acetic acid (100 mM, 10%) and
tween 80 (5%) co-mediated formulations. Asterisk indicate functional group.
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The peak region between 3,500 - 3,000·㎝−1 is related to

C-H, OH compounds (SP2), which we attribute to the

nature of the organic compounds in the formulated

sample. Peak regions at < 2,000·㎝−1 represent the carbonyl

group compounds and the =C bonds in the aromatic rings

and aromatic CH bonds on substituted rings (Silverstein et

al., 2005). 

The peaks in the region < 1,500·㎝−1 are related to

carbon–oxygen bonds (CO) in ethers, esters, and

carboxylic acids and are indicative of a wide variety of

metabolites, such as tannins, flavonoids, and anthraquinones

(Correia et al., 2013).

In the DSC analysis, we determined the glass transition

temperature (Tg) as well as the crystallization and melting

temperature peaks (Table 3). 

The extrudate solid formuation of Angelica gigantis

radix ultrafine powder (UFP-AGR-ESF) had a lower Tg

(43.05℃) compared to the non-extrudate of Angelica

gigantis radix ultrafine powder, UFP-AGR (68.5℃) and

had a with higher ΔH value of 123.2 J/g. 

It is generally accepted that amorphous materials have a

lower Tg compared to crystalline materials (Yoshioka et

al., 1994). The Tg of the extrudate sample appeared as

very weak transitions, as more crystalline materials act as

physical crosslinks that restrain the mobility of the

amorphous regions (Zeleznak and Hoseney, 1987). 

Changes in the XRD pattern may occur as a result of

core compound-excipient (acid-surfactant emulsifier) interactions.

Such alterations include the conversion to a unique

polymorphic form, or amorphous to crystalline transitions.

Fig. 2 shows the XRD diffractogram of the extrudate

solid formuation of Angelica gigantis radix ultrafine

powder (UFP-AGR-ESF) that reveals XRD pattern termed

a “halo” which is a gradual rise and fall of the baseline

with no distinct peaks (Williams et al., 2012). It provides

important insight, based on the degree of long-range order

present, into the extent and nature of the crystallinity and

microstructure. XRD patterns of crystalline forms show

strong diffraction peaks, whereas amorphous states exhibit

diffuse and halo diffraction patterns.

The presence of a large number of peaks of different

intensities in the diffractogram suggests the presence of

unidentified complex substances in the extrudate solid

formulation. 

The acetic acid- and span-mediated solid formulations

showed sharp diffraction peaks at angles between 25℃

and 30℃ with a lower degree of diffraction among the

formulations. 

HME involves the application of pressure and agitation

through an extrusion channel to mix materials together,

subsequently forcing them out through a die to form an

amorphous solid (Wilson et al., 2012).

3. Total phenol content, total flavonoid content,

DPPH radical scavenging activity and contents of

active compounds in extrudate solid formuation of

Angelica gigantis radix ultrafine powder with chemical

formulation. 

HME showed a positive effect on total phenolic content

and antioxidative activity (Ti et al., 2015; Chalermchaiwat

Table 3. Glass transition, crystallization point and melting temperature of extrudate solid formuation of Angelica gigantis radix ultrafine
powder (UFP-AGR-ESF) by different chemical formulation.

Formulation

Glass 
transition (Tg)

Crystallization
point

Melting 
temperature (Tm)

℃ ΔH (J/g) ℃ ΔH (J/g) ℃ ΔH (J/g)

UFP-AGR1) 68.50 123.20 Low peak − Low peak −

UFP-AGR-ESF2) 43.05 − 160.00 4.70 173.25 99.88

UFP-AGR-ESF

+AA3) 40.13 − 150.00 1.20 165.28 177.90

+Span4) 51.51 5.80 156.00 5.80 175.64 142.70

+Tween5) 52.79 1.60 Low peak − 157.85 106.90

+AA+Span6) Low peak − 160.10 9.30 181.41 116.50

+AA+Tween7) Low peak − 157.90 6.61 177.96 155.50
1)UFP-AGR (non-extrudate, Angelica gigantis radix ultrafine powder), 2)extrudate solid formuation of Angelica gigantis radix ultrafine powder
(UFP-AGR-ESF) without chemical formulation, 3)UFP-AGR-ESF with acetic acid (100 mM, 10%) mediated formulations, 4)UFP-AGR-ESF with span
80 (5%) mediated formulations, 5)UFP-AGR-ESF with tween 80 (5%) mediated formulations, 6)UFP-AGR-ESF with acetic acid (100 mM, 10%) and
span 80 (5%) co-mediated formulations, 7)UFP-AGR-ESF with acetic acid (100 mM, 10%) and tween 80 (5%) co-mediated formulations.
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et al., 2015), it was reason may be that hydrolysis of

polyphenols bound to fiber and/or proteins occurred and

the extraction rate of the polyphenols increased (Morales

et al., 2015). High extrusion temperatures may lead to

degradation of phenolic compounds or cause structural

changes (Obradović et al., 2014). Therefore, phenolic

compounds may become chemically less reactive or less

extractable due to certain degree of polymerization.

(Obradović et al., 2014). The optimum combination of

process with HME and chemical formulation could be

achieved to maximize the total phenolic content and

antioxidative activity of chemical formulated extruded

products. 

In our experiment, higher amounts of total phenolic and

total flavonoid content were extracted from the extrudate

solid formuation of Angelica gigantis radix ultrafine

powder (UFP-AGR-ESF) compared to the non-extrudate of

Angelica gigantis radix ultrafine powder (UFP-AGR) (Table

4). Also, DPPH radical scavenging activity of the

extrudate solid formuation of Angelica gigantis radix

ultrafine powder (UFP-AGR-ESF) was different for each

chemical formulation (Fig. 5). DPPH radical scavenging

activity was increased in the extrudate solid formulation

and then increased again in the chemical (acetic acid and/

or span 80) mediated formulations (Table 4).

The high level of compression and shear forces exerted

Fig. 2. The XRD diffractogram of extrudate solid formuation (UFP-AGR-ESF) by
different chemical formulation. (A); Standard courmarin, (B); non-extrudate,
Angelica gigantis radix ultrafine powder (UFP-AGR), (C); extrudate solid formuation
of Angelica gigantis radix ultrafine powder (UFP-AGR-ESF) without chemical
formulation, (D); UFP-AGR-ESF with acetic acid (100 mM, 10%) mediated
formulations, (E); UFP-AGR-ESF with acetic acid (100 mM, 10%) and span 80 (5%)
co-mediated formulations, (F); UFP-AGR-ESF with acetic acid (100 mM, 10%) and
tween 80 (5%) co-mediated formulations. 



유화제 첨가 용융압출을 이용한 참당귀 성형체의 용해도 향상

325

on the crystalline structure of phenolic molecules lead to

their disruption and defibration and the formation of an

amorphous structure (Jurisic et al., 2015). 

Studies report that HME enhances the dissolution rate of

poorly water-soluble compounds (Hülsmann et al., 2000).

Piao et al. (2015) showed that HME solid formulation of

AGR enhanced the bioavailability in rats. Moreover, Hagi

and Hatami (2010) determined higher levels of flavonoid

were produced by the use of an acid-mediated solution

from vegetables and medicinal plants. 

Additionally, Davidov-Pardo et al. (2011) reported that a

lower pH is associated with greater stability of flavonoids

and their isomers from plant materials. 

In our experiment, a lipophilic surfactant showed superior

efficiency in the extraction of bioactive compounds over

the hydrophilic surfactant in both extrudate solid formuation

of Angelica gigantis radix ultrafine powder (UFP-AGR-

ESF) and non-extrudate of Angelica gigantis radix ultrafine

powder (UFP-AGR). 

In the span 80 surfactant-mediated aqueous solution, the

crosslinks formed with polar and non-polar molecules of

polyphenolic compounds, and the formation of hydrogen

bonds results in the attainment of higher levels of

extraction. This enhanced extraction by lipophilic surfactant

might be explained on the basis of attractive and repulsive

intermolecular interactions. The lipophilic surfactant works

by lowering the interfacial tension and reducing the

Laplace pressure and stress (Morsy, 2014). 

However, studies show that non-ionic hydrophilic

surfactants may be more effective than lipophilic surfactants

in extracting active compounds, e.g., from apple juice

(Hosseinzadeh et al., 2013; Sharma et al., 2015). It is

assumed that the types of surfactant that are used will

depend upon the nature of the molecules in food

compounds, i.e., either polar or non-polar. 

HME increases the reactive surface areas of compounds

and destructure the fiber matrix, thus will be cause

decursin and decursinol angelate to be released into

solution. Therefore, the most likely explanation for the

enhanced active compound extraction from the extrudate

sample is the disruption of cell wall structure (Piao et al.,

2015).

It is demonstrated that the application of chemical

(surfactant) and physical cross-linking (hot melt extrusion)

methods (CPC) by HME was successfully developed to

produce an amorphous nano dispersion from solid

extrudate of poorly water-soluble AGN active compounds.

Physicochemical analysis by FTIR, DSC, and XRD

revealed detailed insight into the amorphization of

crystalline materials. The finding can be used to establish

parameters for the development of a controlled delivery

system for the active compounds from AGN. 

Table 4. Total phenol content, total flavonoid content and DPPH radical scavenging activity of extrudate solid formuation of Angelica
gigantis radix ultrafine powder (UFP-AGR-ESF) by different chemical formulation. 

Chemical
formulation

Total phenol contents 
(㎎/100 g)

Total flavonoid contents
(㎎/100 g)

DPPH radical scavenging activity
(%)

UFP-AGR1) UFP-AGR-ESF2) UFP-AGR UFP-AGR-ESF UFP-AGR UFP-AGR-ESF

Water 0518.4±21.5d 0605.7±127.8d 012.2±4.7e 010.3±2.6d 60.3±8.2b 65.2±7.3cd

EtOH 0127.7±34.2e 0353.1±38.8e 010.0±3.5e 010.4±3.1d 54.6±2.7b 56.3±8.3d

AA 0654.2±103.6d 0739.3±65.6d 009.7±4.8e 012.7±4.8d 82.2±5.6a 82.4±6.2b

Span 1,825.4±153.6b 0 1957±216.4b 158.2±42.2b 230.5±21.6b 80.6±6.3a 83.2±5.3b

Tween 1,050.2±74.3c 1,664.6±78.3c 078.5±24.6c 178.8±63.1bc 57.6±2.8b 65.0±5.2c

AA+Span 2,170.0±31.6a 2,620.4±136.2a 310.2±11.8a 573.5±16.3a 86.0±8.1a 89.5±4.6a

AA+Tween 2,045.1±74.1b 2,175.6±240.6b 110.3±41.6bc 139.3±21.6c 58.3±6.4b   71.4±11.2c

1)UFP-AGR; Angelica gigantis radix ultrafine powder, 2)UFP-AGR-ESF; extrudate solid formuation of Angelica gigantis radix ultrafine powder,
3)Water; treatment of distilled water; 4)Ethanol; treatment of 80% ethanol solution, 5)AA; Acetic acid (100 mM, 10%) mediated formulations,
6)Span; span 80 (5%) mediated formulations, 7)Tween; treatment of tween 80 (5%) mediated formulations, 8)AA + Span; treatment of acetic acid
(100 mM, 10%) and span 80 (5%) co-mediated formulations, 9)AA + Tween; treatment of acetic acid (100 mM, 10%) and tween 80 (5%) co-
mediated formulations. Mean values ± SD from triplicate separated experiments are shown. *Value marked by different letters in each column
are significantly different by t-test (p < 0.05). 
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