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Abstract

In this report, we present the research results on using the conventional method and microwave technology to
extract curcuminoid from turmeric roots originated in different regions of Northern Vietnam. This method is simple,
yet economical, non-toxic and still able to achieve high extraction performance to get curcuminoid from turmeric
roots. The detailed results on the Raman vibration spectra combined with X-ray powder diffraction and high-perfor-
mance liquid chromatography/mass spectrometry allowed the evaluation of each batch of curcumin crystalline pow-
der sample received, under the conditions of applied fabrication technology. Also, the absorption and fluorescence
spectroscopies of the samples are presented in the paper. The information to be presented in this paper: absorption
and fluorescence spectroscopies of the samples; new experimental study results on applied technology to mass-pro-
duce curcumin from turmeric rhizomes; comparative study results between fabricated samples and marketing cur-
cumin products—to state the complexity of co-existing crystalline phase in curcumin powder samples. We noticed
that, it is possible to use the vibration line at ~959 cm™'—characteristic of the v C=0 vibration, and the ~1625 cm™!
line—characteristic of the v C=0 and v C=C vibration in curcumin molecules, for preliminary quality assessment of
naturally originated curcumin crystalline powder samples. Data on these new optical spectra will contribute to the
bringing of detailed information on natural curcumin in Vietnam, serving research purposes and applications of natu-
ral curcumin powder and nanocurcumin in Vietnam, as well as being initial materials for the pharmaceutical, cosmet-

ics or functional food industries.
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Background

Curcumin is a natural, yellow colored phenolic
antioxidant and was first extracted in an impure
form by Vogel et al. (1815). Curcumin is a hydro-
phobic phenol having the chemical name [1,7-bis
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and indicate if changes were made.

(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione
(Kolev et al. 2005) and empirical formula C,;H,,0,. Tur-
meric does not contain only curcumin (compound I),
but also its analogues demetoxycurcumin (compound
II), bisdemetoxycurcumin (compound III) along with the
water-soluble protein turmerin, and curcumin is respon-
sible for its characteristic yellow-to-bright-orange color.
The biological and molecular properties of curcumin
and its analogues are similar, thus it is suggested that
in natural pathways the bisdemethoxycurcumin con-
verts to demethoxycucumin, which in turn converts to
curcumin.
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Curcumin is known for its wide-ranging pharmaco-
logical applications such as antioxidant, anti-inflam-
matory, antimicrobial, antimalarial, anti-carcinogenic,
anti-HIV agent, etc. (Sanphui et al. 2011; Agarwal and
Sung 2009). Curcumin, being a diphenolic compound
extracted from the rhizome of turmeric, is a prominent
candidate for treating cystic fibrosis, Alzheimer’s and
malarial diseases in addition to cancer (Maheshwari
et al. 2006; Yallapu et al. 2012). Curcumin is safe even
at a high dose of 12 g per day (Qureshi et al. 1992; Lao
et al. 2006) proven by experiments on both animals and
humans. The first crystal structure of curcumin was
reported in 1982 in the monoclinic space group P2/n
(Tonnesen et al. 1982).

In Vietnam, detailed studies on the crystalline phase
and optical spectra of curcumin powder extracted
from yellow turmeric are yet to be announced. In this
study, we present the research results on natural cur-
cuminoid samples, extracted from turmeric rhizomes
grown in Northern Vietnam using the microwave tech-
nology, and compare it with the conventional method.
The primary purpose of this research is to analyze the
technology to produce curcumin, the initial material
for producing nanocurcumin, from Vietnamese tur-
meric rhizomes, and apply it in the pharmaceutical
industry. Therefore, we have conducted comparative
studies on the crystalline phase of natural curcumin
crystal powder, between being fabricated using the
conventional method and microwave technology, then
present the absorption and fluorescence spectroscopy
in this report. This is the first detailed study, carried
out on curcumin extracted from Vietnamese turmeric
rhizomes with the production scale of hundreds of
kilograms of turmeric. The analyzed curcumin content
by the high performance liquid chromatography/mass
spectrometry method (HPLC/MS) on the three com-
ponents of curcuminoid was presented to clarify the
studies on crystalline phase structure of these natural
powder samples.

Experimental

Methods

Materials

Fresh rhizomes of Curcuma longa are purchased from
local markets at Khoai Chau, Hung Yen and Hai Duong.
After collection, fresh rhizomes were immediately kept in
shed, washed with normal water, then again with distilled
water. For the next step, they were peeled, shredded into
small threads and then ready for curcumin extraction.
Different solvents used were absolute ethanol, hexane
and isopropanol, all with the pure grade (P.A.), purchased
from Xilong Chemical Co. Ltd. (China).
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Curcumin extracting methods

We used two methods: (1) conventional solvent-extrac-
tion method with eco-friendly absolute ethanol, and (2)
microwave assisted extraction. These methods were men-
tioned early in Priyadarsini (2014), Paulucci et al. (2013),
Lee et al. (2012a, b), Li et al. (2014), Patel et al. (2000),
Kim et al. (2013).

Conventional solvent-extraction method Fiber-formed
rhizome (1 kg) is kept in a 3 L amber glass beaker and
extracted at room temperature with 1 L of absolute eth-
anol, soaked and stirred (400 rounds/min). Cover the
beaker to prevent loss of ethanol, then leave it for a week.
The extracts were filtered separately under vacuum. They
can be removed from the ethanol and stored for use as a
dry composition. The prepared ethanol extract is trans-
ferred to the round-bottomed flask of a rotary evaporator
and heated to a maximum temperature of 45 °C. The con-
densed ethanol is collected via a condenser for the pur-
pose of re-using in subsequent extractions, and the rest of
the extracted solution that is free from solvent is removed
from the flask for curcumin precipitation with hexane. The
resultant powder is stored in an amber bottle until needed.
The dried powder was weighed accurately and percentage
yield was calculated (sample N1). Afterwards, weigh out a
small amount of this sample and prepared it into a solution
with concentration 1 mg/mL for HPLC/MS analysis.

Microwave assisted extraction An extraction system
comprised of a domestic microwave oven manufactured
by SANIO Electric Co. Ltd. equipped with a magnetron
of 2450 MHz with a nominal maximum power of 1000 W,
10 power levels, timed controller, convection temperature
sensors and exhaust system is used for microwave extrac-
tion. The microwave-assisted extraction is carried out as
following: place 1 kg of the fresh curcuma threads in a
glass vessel and irradiated for a pre-defined time period
(1, 3, 5 min) at 200 W microwave power. After irradiation,
pour the absolute ethanol into the curcuma longthreads
(mass: solvent ratio 1:1 w/v). The ethanol-soaked curcuma
longthreads are irradiated at 800 W microwave power
for 2, 4 and 6 min. The extraction is performed at 700 W
microwave power for 5 min. After the defined extraction
period, the samples are collected from the extraction ves-
sel, filtered, and rotary-vacuumed to rid of the solvent,
until the volume of the solution remains 30 % compared
to the original. Next, take this solution out of the flask,
remove the essence and oil from curcumin, then crystal-
lize it with hexane. Finally, the powder sample is weighed
and prepared into a 1 mg/mL solution for content analysis
using the HPLC/MS method. Hence, we have samples N2,
N3, N4, N5, N5-1 and N12, N13.
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Characterization techniques for curcumin
The fabricated curcumin is analyzed with high per-
formance liquid chromatography/mass spectrometry
(HPLC/MS) of Agilent 1260 Series Single Quadrupole
LC/MS Systems (Agilent Technologies, USA). Stock solu-
tions of curcumin (200 pg/mL) was prepared by dissolv-
ing accurately weighed 10 mg of curcumin in methanol
using 50 mL volumetric flask. This solution was further
diluted with methanol to obtain standard solutions in
the concentration range of 1-20 ug/mL. The separation
was carried out in a Zorbax Eclipse XDB C18 column
(4.6 x 150 mm, 5 pum) with a C;g guard column main-
tained at 24 °C. The elution was performed at flow rate of
0.5 mL/min with a gradient mobile phase from 10 to 30 %
acetonitrile in water in 5 min, followed by an increase
from 30 to 70 % acetonitrile in another 20 min. The injec-
tion volume was of 5 puL. The DAD acquisition wave-
length for demethoxycurcumin, bisdemethoxycurcumin
and curcumin detection was set at 425 nm. The mass
detector used a MM-ES multimode source. OpenLAB
software (Agilent Technologies) was employed to control
and collect sample. The ion peaks at m/z 339.0, 309.1, and
369.1 ([M + H] ") were detected for demethoxycurcumin,
bisdemethoxycurcumin and curcumin, respectively.
Moreover, the curcumin samples are analyzed by Micro
Raman spectroscopy (Explore-Horiba) using 785 nm
excitation line from a diode pumped, solid state laser
at 100 mW to analyze the vibrational bonds and their
Raman frequencies. 10x Objectives are used to focus the
excitation laser light on the right spot of the investigated
samples, the spot size of the laser beam is 1 pum, spectral
resolution is 2 cm™, and acquisition time is always 10 s.
X-ray powder diffraction (XRD) method (Siemens D5005)
is used to identify curcumin crystalline phase in the samples.
The UV-Vis spectra of curcumin in ethanol are scanned
within the wavelength range of 200-600 nm using a Shi-
madzu (UV-1800) UV-Vis spectrophotometer. All UV-Vis
measurements are performed at 25 °C and automatically
corrected for the solvent medium, which is the absolute
ethanol. The photoluminescence (PL) spectra of curcumin
deposited on glass slit are recorded at room temperature
on a Fluorolog-3 Model FL3-22 spectrofluorometer system
(HORIBA Jobin—Yvon). The emission spectra are measured
utilizing a 450 W xenon lamp as the excitation source.

Results and discussion

HPLC method for curcumin analysis

Curcumin samples are pumped into the chrommato-
graphic system with predefined conditions. Curcumin
(I), demethoxycurcumin (II), and bisdemethoxycuru-
min (III) are three major curcuminoids that coexist in
most curcumin products. Therefore, a sensitive HPLC
method to separate and quantify the three curcuminoids
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is established first before. The chemical structure of the
curcumin of Curcuma longa is presented in Fig. 1.

The peaks of demethoxycurcumin (II), bisdemethoxy-
curcumin (III) and curcumin (I) are spotted based on
the match in the retention time Rt and mass number MS
compared to the indicator substance. The mass percent-
ages of the three compounds and content analysis result
of the substances are calculated.

We have carried out content analysis of curcumin in
some market products, which are named samples N6
and N7 (two samples of the same manufacturer with
the same label, and both are nano curcumin according
to the company’s instructions), N8 which only contains
curcumin and neither demethoxycurcumin (II) nor bis-
demethoxycurcumin (III), N9 and N10 which contain a
certain amount of form II and form III. The sample N11
is also a commercial nano cucumin product. These data
can be used as references to compare. The analysis data
by HPLC/MS method shows that the curcumin samples
N1 (54 %), N4 (41.66 %), N5-1 (41.43 %) and N12 (56.1 %)
have superior quality, and can be compared to those
being sold on the market.

Curcumin characterization by Micro-Raman and X-ray
diffraction

Vibration Raman spectrum is a strong tool to define
important information on molecular structures of a
chemical substance, especially the chemical molecules of
a natural product, since they show some vibration modes
of some chemical bonds characteristic of the substance
itself. On the other hand, if the substance also exists in
crystalline powder form, we can also identify the crys-
talline phase of that substance by the X-ray diffraction
(XRD) method. Therefore, we have begun to register
micro-Raman spectra and XRD in order to have struc-
tural information on curcumin and the crystalline phase
of fabricated powder samples under the extracting condi-
tions of room temperature and in a microwave with dif-
ferent power levels and time periods.

HO ‘ D OH
X
R, g | R,
OH O

R, =R,=0CH, Curcumin

R1 = OCH3, R2= H Demethoxycurcumin
R, =R,=H Bisdemethoxycurcumin
Fig. 1 Chemical structure of the curcumin of Curcuma longa (Tan-
nesen 2009)
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Raman spectroscopy
Figure 2 is the Raman spectra of fabricated samples and
of fresh turmeric. We can see that most of the observed
vibration spectral lines in fresh turmeric also appear in the
spectra of all fabricated curcumin samples. This proves
that the quality of fabricated samples are high and of natu-
ral origins. In order to compare their quality with products
on the Vietnamese market, we have recorded the Raman
spectra of available products on the market (N6 and NB8).
Figure 2 presents the comparison of the Raman spectra of
these two products along with the ones that we have fab-
ricated. From the spectra of Fig. 2 we can see that most of
the vibration lines of the samples nearly overlap. The val-
ues of vibration frequencies observed by experiments are
also presented in Table 1. The assignment of vibration fre-
quencies of respective bonds are also presented in Table 1.
Similar to observations in Fig. 1, we can see that the
vibration spectra of fabricated natural product samples
from N1 to N4 all possess nearly the same characteristic
lines and similar to those recorded from fresh turmeric
grown in Northern Vietnam. The vibration spectra of this
fresh turmeric are similar to the Raman spectra of those
reported before (Bich et al. 2009). The vibration spectra of
sample N6 is very similar to those of the fabricated sam-
ples and have been presented in this paper. Comparing to
the Raman spectrum of the sample N8, which only con-
tains curcumin (I), we see that other than the observed
vibration lines at frequencies being the same, there are
two lines that are characteristic of curcumin’s vibration
frequencies (I) whose peak, in samples containing cur-
cumin (II) and (III), is shifted towards frequencies with
larger values. Observed quite clearly, being characteristic
of curcumin form I chemical structure, they are lines that
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Fig. 2 Raman spectra comparison of natural curcumin samples fab-
ricated in this study (N1-N5) with the commercial curcumin samples
(N6, N8) and turmeric rhizome in Vietnam
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appear at frequency 959 cm™!—characteristic of vibration
v(C=O0) stretching, and at frequency 1625 cm™'—charac-
teristic of vibration v (C=0) stretching or C=C stretch-
ing (form I) of curcumin (Kolev et al. 2005; Sanphui et al.
2011; Krishna Mohan et al. 2012). From the detailed
analysis of the positions of these two vibration lines, com-
bined with curcumin I, II, III values defined using the
HPLC/MS method and the positions of these two peaks
on the Raman spectra, it can be concluded—in a quanti-
tative way right after recording the Raman spectrum of a
sample—that the sample contains more or less curcumin
form I. From comparing positions of frequencies at 959
and 1625 cm™Y, it clarifies that in the series of samples for
production research, sample N1 contains the most cur-
cumin with higher quality compared to the rest. However,
sample N6 may contain less curcumin I than samples N8
and N1, despite having the exact same origin as samples
fabricated from turmeric in this research (Fig. 2).

We have also recorded the Raman spectra of five sam-
ples being sold on the Vietnamese market, aiming to
study their quality. It can be seen that other than the
fact that samples N1, N12, N13 are fabricated samples
while N6 is not, the four mentioned samples have very
similar spectra (Fig. 3a), being only slightly different at
the peaks with frequency 1625 cm™! (Fig. 3b). However,
the position of the three samples’ line is shifted approxi-
mately 6 cm™! towards longer frequencies. The HPLC/
MS content analysis values also show that only N8 cur-
cumin sample contains curcumin I entirely, while the
other two contain curcumin I along with its analogues
that always form I, which are demetoxycurcumin (II) and
bisdemetoxycurcumin (III). In the case of sample N6, the
vibration line at 959 ¢cm™'—characteristic of curcumin
I—is shifted towards frequencies longer than 21 cm™
(Fig. 3b), therefore we can be quite certain that sample
N6 has a different origin compared to the other three.

We have also carried out experiments to clean, crystal-
lize and re-crystallize curcumin multiple times with fab-
ricated samples. The Raman measurement results show
that the Raman spectra do not change after crystalliza-
tions. With the same sample N1 kept for 6 months, we
dissolved, re-crystallized and recorded its Raman spectra
to find that the Raman spectra of these samples remain
completely unchanged, and still the same as those of the
original sample N1 and fresh turmeric.

X-ray diffraction

The fabricated curcumin samples are evaluated using
X-ray diffraction (Fig. 4). The X-ray diffraction patterns
of all powder samples exhibit a series of thin and intense
lines, which are indicative of crystalline. The X-ray dif-
fraction pattern of the sample was the sum of the spectral
lines of three components that were present, as expected.
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Fig. 3 Raman spectra comparison of commercial curcumin samples
being sold on the Vietnamese market and fabricated (Cur N1) sample
(@), and a section of the spectra in the frequency range from 1550 to
1650 cm™" is zoomed in for easy observation of differences at 959
and 1625 cm™! for each different sample, plus samples N12, N13 (b)

It can be observed on the XRD patterns that some lines
overlap with those of the curcumin crystalline phase of
JCPDS standard card (9-816), and some lines match with
the standard card of Cambridge Crystallographic Data
Centre (CCDC No. 82-8842), as seen on Fig. 4. Position 20
of some lines are shifted compared to the lines of standard
card 9-816, which is also observed by some other authors
(Liu et al. 2014; Gately and Triezenberg 2014; Liu 2013;
Singh et al. 2014). It can be seen that these curcumin crys-
talline powder samples exist two crystal types form II and
111, as pointed out from the result of HPLC analysis. As
a result, we can observe some lines not matching with
standard card 9-816. Therefore, with the XRD method, it

Intensity (a.u.)

Cur
09-0816

10 20 30 40 50

Fig. 4 Powder XRD patterns of curcumin samples N1, N2, N3, N4
and N5 with different extraction conditions. Bulk diffraction peaks for
curcumin are indexed for identification purpose (JCPDS card 9-816
and CCDC 82-8842)

can be concluded that the fabricated powder samples are
crystallized which are not curcumin I single phase, but
can contain congeners and other polymorph crystalline
phases. The distinction between forms II and III is some
what complicated by the fact that their powder XRD lines
are very close (Sanphui et al. 2011). In this research, we
are not yet able to afford deeper studies on this matter.

Absorption and PL spectra of curcumin

The UV-Vis spectra of curcumin represent transitions
between electronic energy levels. These transitions are gen-
erally between a bonding or lone-pair orbital and an unfilled
non-bonding or anti-bonding orbital. The absorption spec-
tra of curcumin dissolved in ethanol is presented in Fig. 5
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Fig. 5 Absorption spectra of curcumin—ethanol solutions with
different curcumin concentration from 1, 2.5, 5, 10 ug and 20 pg/mL.
The curcumin solution shows absorbance at A = 425 nm and linear
increasing absorption at peak 425 nm when the curcumin concentra-
tion increased. The inset is linear relation of the absorption intensity
and curcumin concentration in this concentration range
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with curcumin concentration varying from 1, 2.5, 5, 10 and
20 pg. The absorption spectrum of curcumin is a broad
band with maximum absorbance peak at a wavelength
~425 nm, which could be assigned to low energy n—n* exci-
tation of the curcumin, as reported in Kim et al. (2013). This
peak is typical for curcumin dissolved in organic solvent.
We see that the more the curcumin solution is diluted, the
more the UV-VIS absorption intensity decreases.

The more diluted the curcumin solution is, the more
the UV-Vis absorption intensity decreases. The main
reason the absorbance decreases in aqueous solution
when concentration decreases is the decrease in the
number of absorption centers, while on the other hand it
is also the degradation of curcumin in water medium by a
reaction at the keto-enol group (Singh et al. 2014).
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Photoluminescence (PL) of the curcumin samples has
been recorded for comparison by excitation at the same
wavelength of 425 nm in powder form. Figure 6a shows
the PL spectra of fabricated curcumin samples and of
sample N6. The PL spectrum is a broad emission band,
and its maximum peak shifts slightly depending on
each sample. The peak of sample N1 is at 607 nm, N3 at
604 nm, while N2, N5 and N6 all have nearly-overlapping
peaks at 597 nm. However, sample N5 has a second emis-
sion shoulder band at 528 nm and this overlaps with that
of N4. Sample N4 also has an emission peak at 586 nm.
The (n, *) character of the carbonyl groups in curcumi-
noid can affect the shift of the fluorescence maxima. Chi-
gnell et al. reported that curcumin fluoresced strongly in
toluene (Chignell et al. 1994; Bong 2000), and that the

[
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Fig. 6 Normalized PL spectra of fabricated curcumin samples in solids form and sample N6 (a upper) and the same curcumin samples left for
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PL intensity as well as the position of the most intense
band of curcumin was very sensitive to the nature of the
solvent, unlike its absorption maximum. We have also
recorded the PL spectrum of sample N6 to consult. The
PL spectra of samples kept in the dark for 6 months show
no change and no shift of peak happened (Fig. 6b). The
comparison with commercial sample N6 sample show no
potential differences. For sample N1, when crystallized to
purify many times, the spectra do not change. For sam-
ple N1 that has been maintained in the dark for 6 months
then re-crystallized, the emission peak shifts towards
short wavelengths ~10 nm and there are no emission
shoulder band at short wavelengths ~500 nm (Fig. 7).

Figure 8 is the normalized PL spectra of commercial
samples used in this research in comparison with the fab-
ricated curcumin N1. We can see that the PL spectra of
sample N1 remain unchanged. The PL spectra of samples
N6 and N7 are different, even though their Raman vibra-
tion spectra do not change. The PL spectra of the three
commercial samples on the Vietnamese market (N8,
N9 and N10) all have the same PL spectra, maximum
at 567 nm. The emission spectra is a nearly-symmetric
band, especially with the curcumin I sample N8. There-
fore, we can say that there are significant differences in
fluorescent properties between research samples. The
system of samples from N1 to N5 has similar emission
properties to sample N6. However, with two different
samples N6 and N7, the fluorescent spectra are different.
This also requires more thoughts. The use of PL spectra
also allows the evaluation of quality and stability of the
curcumin products. This is an effective evaluation tool in
addition to the Raman spectra method to assess product
qualities.

Cur re-crystallization
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Fig. 7 Normalized PL spectra of curcumin sample N1 which is
purified and crystallized multiple times, left for 6 months and re-
crystallized
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Fig. 8 Normalized PL spectra comparison of commercial curcumin
samples being sold on the Vietnamese market and sample curcumin
N1

Conclusion

We have succeeded in fabricating a large amount of cur-
cumin from turmeric of northern Vietnam. The extrac-
tion method, with the help of microwave technology,
saved much extraction time and produced high-quality
curcumin which can be compared with the nano cur-
cumin available on the Vietnamese market. Furthermore,
the study also allows evaluation of the curcumin sample
fabricated by extracting with ethanol at room tempera-
ture. This research on Raman and PL spectra allows the
curcumin quality evaluation as well as comparison and
identification of the fabricated and commercial products
on the Vietnamese market. The study of Raman spectra
shows that it is possible to use the two vibration lines at
frequencies ~959 and ~1625 cm ™! to evaluate the quality
of the curcumin sample as well as identifying curcumin
of natural or synthesis origins.

The research has pointed out that our fabricated cur-
cumin has achieved the first step, which is being made
from Vietnamese yellow turmeric (Curcuma Longa Linn),
has quality that can be compared well to those being sold
on the Vietnamese market, and stable after being main-
tained for 6 months at room temperature. Our fabricated
curcumin product serves well for being a natural initial
material in nanotechnology to fabricate nanocurcumin
used in the pharmaceutical industry, healing burns, cos-
metics, functional food and foods.
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