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bstract

Amygdalin and �-sitosterol from roasted powder and ground unroasted loquat seed were extracted using supercritical CO2. Loquat seed is the
aste of loquat fruit (Eribotrya japonica), that called biwa in Japan. Loquat seed contains some active compounds, such as amygdalin, sterol and
-sitosterol. Amygdalin is used for medical purposes, mainly as drug in cancer. �-Sitosterol is found in health supplement for various physical
ilments. In this work, extraction was conducted at pressure of 20, 30 and 45 MPa, temperature of 40, 60 and 80 ◦C, and CO2 flow rate of 3 ml/min
or 180 min. Roasted powder and ground unroasted loquat seeds were used as materials. Component in extract was analyzed by HPLC carried out
n 5C18-MS column at 27 ◦C for amygdalin, and 35 ◦C for �-sitosterol using acetonitrile:water (85:15 v/v) as mobile phase. Based on results, a
hange in temperature and pressure affected the yield of total extract, amygdalin and �-sitosterol recovery. For comparison between extract from

oasted powder and ground unroasted loquat seed, total extract and �-sitosterol recovery from roasted powder loquat seed were higher than that
rom unroasted one. On the other hand, amygdalin recovery from ground unroasted seed was much higher than that from roasted powder. The
ptimum condition of extract from roasted powder and ground unroasted loquat seed and amygdalin recovery were obtained at 80 ◦C and 20 MPa.
 2007 Elsevier B.V. All rights reserved.
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. Introduction

Loquat (Eriobotrya japonica) has been used as a medicinal
lant for a long time, and its leaves are known to have many
hysiological actions such as anti-inflammatory, anti-tussive
nd expectorant. On the other hand, loquat seeds, like those
f apricots and peaches of the same genus (Rosaceae), contain
mygdalin as the main constituent; therefore, they were used
s a substitute medication for the latter seeds in prewar Japan.
ecently, Hamada et al. [1] have investigated that loquat seed
xtract has an inhibitory effect on liver disorders. They also

eported that loquat seed extract has direct anti-oxidative action.
n pharmaceutical industry, amygdalin has been applied as a
rug in cancer directly injected into humans blood [2]. Loquat
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eed also contains sterol, �-sitosterol, triglyceride, sterolester,
iglyceride and fatty acids, mainly linoleic, palmitic, linolenic
nd oleic [3,4]. �-Sitosterol has secured an important place in
he realm of health supplements with extensive scientific support
or their prophylactic and therapeutic use for various physical
ilments like atherosclerosis benign prostatic cancer and colon
ancer [5,6].

The extraction of active ingredients of herbs has called for
gentle technique that does not pollute and damage these bio-

ogically active compounds. Supercritical fluid extraction (SFE)
omplies with these requirements. For this reason, the current
pplications of supercritical fluid (SCF) include cleanings, coat-
ngs, extractions, impregnations, particle formation, reactions
nd separations. Carbon dioxide is probably the most widely

sed as SCF solvent. Its critical temperature (31 ◦C) makes it an
deal solvent for extracting thermally labile materials and it elim-
nates from the extract after extraction. CO2 is also non-toxic,
on-flammable, environmentally acceptable and inexpensive.

mailto:mgoto@kumamoto-u.ac.jp
dx.doi.org/10.1016/j.seppur.2007.09.022
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hese properties of SFE make the products more advantageous
n the fields of foods, pharmaceuticals and cosmetics. SFE has
een proposed for the extraction of active compounds from herb
eeds [7,8].

The extraction of active compounds from loquat seed with
ome organic solvents have been reported [1,6], but literature
acks information on the extraction using SCF. Furthermore, the
resent work shows the extraction of active compounds, such
s amygdalin and �-sitosterol, from loquat seed using SC-CO2.
he effect of extraction conditions, such as temperature and
ressure, on the yield of total extract, amygdalin and �-sitosterol
xtracted were studied.

. Materials and methods

.1. Materials and chemicals

Sample of roasted powder and unroasted loquat seed were
urchased from local market in Japan. Prior to processing, the
nroasted seeds were dried in oven for 48 h at 50 ◦C and ground
n a coffee grinder. Standard amygdalin and �-sitosterol, HPLC
rade of acetonitrile and methanol used for analysis were pur-
hased from Wako Pure Chemical Industries Ltd., Japan. CO2
as obtained from Uchimura Co., Japan.

.2. SC-CO2 extraction

Extraction apparatus used in this work was similar as pre-
ious work [8]. Extraction was conducted under pressures of
0–45 MPa, temperatures of 40–80 ◦C and CO2 flow rate of
ml/min. In each experiment, approximately 4 g of samples
ere loaded into a 10 ml extraction vessel and the remaining
olume was filled with glass beads in the bottom and upper of
he cell. The cell was placed in the heating chamber to maintain
he operating temperature. The extract was collected in the vial
t ambient temperature and 0.1 MPa in every 30 min for 180 min,
nd weighed immediately after the collection. To determine total
mount of amygdalin and �-sitosterol present in the seed, 6 g
f seed was extracted with 200 ml of methanol using a soxhlet
pparatus for 8 h.

.3. Chemical analysis

Amygdalin and �-sitosterol content in the extract were deter-
ined by high-performance liquid chromatography (HPLC)

quipped with PDA detector (Shimadzu, Japan). Extract dis-
olved in methanol was injected through a 20 �l loop and
eparated with a reversed-phase 5C18-MS Waters column at
7 ◦C for amygdalin, and 35 ◦C for �-sitosterol using acetoni-
rile:water (85:15 v/v) as mobile phase at a flow rate of 1 ml/min.
he separated compounds were monitored at 210 nm. The sig-
als of the detector were recorded in LC solution software. Peak
dentification of compounds profile was based on comparison

f retention times and scanned spectra of amygdalin and �-
itosterol standards. Weight of amygdalin and �-sitosterol in the
xtract was calculated by comparison of peak area and weight
f amygdalin and �-sitosterol standard, respectively.

p
o
s
a

Fig. 1. HPLC chromatogram of loquat seed extract at 80 ◦C and 30 MPa.

. Results and discussion

Generally, the extract obtained was white to light yellow of
olid with special smell of loquat seed. As chromatogram peak
f HPLC analysis in Fig. 1, amygdalin and �-sitosterol peaks
ppeared at 3.02 and 35.25 min, respectively. On the basis of the
oxhlet extraction with methanol, the total amount of amygdalin
nd �-sitosterol in the unroasted ground loquat seed were 16.38
nd 0.59 mg/g, respectively, and in the roasted powder seed were
1.27 and 0.45 mg/g, respectively.

.1. Effect of temperature

The effect of temperature on the yield of total extract, recov-
ry of amygdalin and �-sitosterol was studied at 30 MPa and
ml/min for ground unroasted seed as shown in Fig. 2(a–c),

espectively. The yield of extract was obtained by dividing
eight of extract with weight of sample loaded in the extractor

w/w %). Recovery of amygdalin and �-sitosterol was defined
y dividing weight of amygdalin and �-sitosterol in the extract
ith weight of initial amygdalin and �-sitosterol contained in

he seed (w/w %). In Fig. 2(a), at 40–60 ◦C yield of total extract
ignificantly decreased with increasing temperature for the short
xtraction time, and then dramatically increased with increasing
emperature at 80 ◦C. It indicated that at low to moderate tem-
erature extraction was controlled by SC-CO2 density which
ecreased with increasing temperature. At this condition, the
ensity effect predominates and the solubility of solute decreases
ith increasing temperature, which is referred to as retrograde
ehavior [9]. Contrary at low to moderate temperature, at moder-
te to high temperature, there was cross-over effect where solute
apor pressure became dominant in the extraction process. Thus
xtraction yield increased with increasing temperature.

Recovery of amygdalin is shown in Fig. 2(b). As shown in
he figure, at 40–60 ◦C amygdalin recovery was independent
n temperature, but at higher temperature amygdalin recov-
ry dramatically increased with increasing temperature. The
esult indicates that extraction is dependent on solute vapor

ressure which increased with increasing temperature. Instead
f that, the higher temperature contributed to the decompo-
ition of cell walls, and as a result extractable compounds
vailability for extraction was increased [10]. In contrast, as
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Fig. 2. Effect of temperature on the yield of total extract (a); % recovery of
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ery of amygdalin and �-sitosterol were studied at 80 C for
mygdalin (b); and % recovery of �-sitosterol (c) at 30 MPa for ground unroasted
eed.

hown in Fig. 2(c) for the effect of temperature on the recovery
f �-sitosterol, at lower to moderate temperature �-sitosterol
ecovery dramatically increased with the increasing tempera-
ure, and then dramatically decreased at higher temperature. The
esult evidences that at lower to moderate temperature solute
apor pressure was dominant. At higher extraction temperature,
electivity of �-sitosterol seems to be lower than amygdalin that

ncreased dramatically as temperature increased.

At all conditions, amygdalin recovery was much lower than
hat of �-sitosterol. It can be explained that amygdalin is polar

g
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t

ig. 3. Effect of pressure on the yield of total extract (a); % recovery of amyg-
alin (b); and % recovery of �-sitosterol (c) at 80 ◦C for ground unroasted
eed.

ompound and �-sitosterol is unpolar compound easily extracted
y SC-CO2.

.2. Effect of pressure

The effect of pressure on the yield of total extract, recov-
◦

round unroasted seed as shown in Fig. 3(a–c), respectively.
n Fig. 3(a), the increasing pressure almost did not affect
o the yield of total extract. The increasing pressure usually
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rate, as shown in Fig. 5(a), (b) and (c), respectively. As
shown in Fig. 4(a) the highest yield of total extract from
roasted powder loquat seed was obtained at high temper-
ature and low pressure. The increasing temperature caused
Y. Kawahito et al. / Separation and P

auses increasing extraction rate due to the increasing SC-CO2
ensity. But in this case solubility of loquat seed extract in
C-CO2 seems to be limited, thus it is independent on the
ressure.

As shown in Fig. 3(b), at 20–30 MPa the increasing pres-
ure caused the increasing amygdalin recovery, but it decreased
t 45 MPa. At lower to moderate pressure, the dependency on
he pressure was expected as the SC-CO2 density increases as
ncreasing pressure, and therefore the solvent power to dissolve
he substances increases. But at higher pressure, the increasing
C-CO2 density may not affect to the solubility of amygdalin

n SC-CO2. To understand the effect of high pressure on the
mygdalin extraction, pure amygdalin was extracted using SC-
O2 at 45 MPa. As a result in HPLC analysis of the extract,
xcept amygdalin peak, other peak also appeared at 18.13 min.
t indicated that amygdalin was decomposed into other com-
ound that could not be identified. The result could explain
he decreasing amygdalin recovery at high pressure, where high
ressure caused decomposition of amygdalin. On the contrary,
igher pressure increased the recovery of �-sitosterol as shown
n Fig. 3(c). It indicated that the increasing SC-CO2 density
aused the increasing solubility of �-sitosterol in SC-CO2, and
hen increased the extraction rate. At lower and moderate pres-
ure, the increasing pressure did not affect to the �-sitosterol
ecovery.

.3. Comparison between extract from roasted powder seed
nd ground unroasted seed

Fig. 4(a) shows comparison between yield of total extract
f roasted powder and ground unroasted seed. As shown in
he figure, total extract of roasted powder seed was higher
han the ground unroasted one. It can be explained that par-
icle size of roasted powder (about 0.3 mm) is much smaller
han the ground unroasted one (about 1.7 mm), which was only
round by a coffee grinder. Smaller particle size caused larger
urface area of the seed to contact with SC-CO2 and more bro-
en cell availability of loquat seed, thus extractible compounds
ncreased.

The comparison between recovery of amygdalin from roasted
owder and ground unroasted seed is shown in Fig. 4(b). Amyg-
alin recovery from ground unroasted seed was much higher
han that from roasted powder one. It might be the decreasing
mygdalin content in the roasted powder seed during roasting
rocess as indicating from the initial amount of amygdalin in
he seed. As known, the roasting process needs high tempera-
ure that can decompose heat sensitive labile compounds in the
eed. Amygdalin is also relatively unstable compound that easy
o decompose into other compounds [2].

Fig. 4(c) shows the comparison between recovery of �-
itosterol from roasted powder and ground unroasted seed.
s shown in the figure, �-sitosterol recovery from roasted
owder loquat seed was higher than that from unroasted one.

s expected, for smaller particle size �-sitosterol recovery

s high due to the reduction particle size can open the plant
ells and increase the surface area of the seed to contact with
C-CO2.
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.4. Optimum condition of loquat seed extraction

To determine the optimum condition in the range of exper-
mental condition, yield of total extract from roasted powder
nd ground unroasted seed and recovery of amygdalin were
lotted with temperature and pressure at constant CO2 flow
ig. 4. Comparison of total extract yield (a); amygdalin recovery (b); and
-sitosterol recovery (c) between extract from roasted powder and ground
nroasted loquat seed.
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Fig. 5. Yield of total extract of roasted powder (a); yield of total extract of ground
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J. Pharm. Biomed. Anal. 41 (2006) 731–737.
nroasted (b); and amygdalin recovery of ground unroasted loquat seed (c) as
unction of temperature and pressure.

he increasing yield, but the increasing pressure caused the

ecreasing yield. The optimum condition of the extraction pro-
ess for roasted powder loquat seed was found at 80 ◦C and
0 MPa.
tion Technology  61 (2008) 130–135

In Fig. 5(b) maximum yield of total extract from ground
nroasted loquat seed was found at high temperature and
ow pressure. Moderate temperature at all pressures resulted

inimum yield of total extract. To obtain the highest yield
or extraction of ground unroasted loquat seed, 80 ◦C and
0 MPa of extraction condition appeared to be the optimum
ne.

As shown in Fig. 5(c), maximum recovery of amygdalin
rom ground unroasted loquat seed was obtained at high tem-
erature and low pressure. The increasing temperature caused
he increasing recovery of amygdalin; on the other hand the
ncreasing pressure caused the decreasing amygdalin recovery
ue to decomposition of amygdalin. The optimum condition of
mygdalin recovery was found at 80 ◦C and 20 MPa.

. Conclusion

Extraction from roasted powder and ground unroasted loquat
eed has been conducted at various temperatures and pres-
ures to obtain the optimum condition of the process. The
hange of temperature and pressure affected to the yield of total
xtract, amygdalin and �-sitosterol recovery. For the compari-
on between extract from roasted powder and ground unroasted
oquat seed, total extract and �-sitosterol recovery from roasted
owder loquat seed were higher than that from unroasted one. On
he other hand, amygdalin recovery from ground unroasted seed
as much higher than that from roasted powder. The optimum

ondition of extract from roasted powder and ground unroasted
oquat seed and amygdalin recovery were obtained at 80 ◦C and
0 MPa.
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