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Abstract Antioxidative potentials of peel extracts of
rambutan (Nephelium lappaceum), mangosteen (Garcinia
mangostana), and langsat (Lansium domesticum) in
experimental rats were investigated. Antioxidant activities
were evaluated using liver enzymatic and non-enzymatic
systems. Rats were treated with fruit peel extracts for 14
and 30 days. Blood was collected on the final day of
treatment and the liver was harvested for antioxidant
assays. A significant decrease (p<0.05) in blood enzyme
marker levels, compared with a control group, were
observed. Oral administration of peel extracts for 14 and
30 days resulted in a significant increase (p<0.05) in
superoxide dismutase, glutathione reductase, catalase, and
lipid peroxidation levels, compared with a control group.
Rambutan peel extracts exhibited a higher antioxidant
potency than mangosteen and langsat. These fruit peels
can be developed into functional foods with antioxidative
properties.
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Introduction

Many human diseases are caused by oxidative stress that
results from an imbalance between formation and
neutralization of pro-oxidants (1). Oxidative stress, which
is associated with formation of lipid peroxides, contributes
to pathological processes in aging and many diseases,
including diabetes mellitus, atherosclerosis, myocardial
infarction, arthritis, anemia, asthma, inflammation, neuro-
degenerative diseases, and carcinogenesis (2,3). Increased
oxidative stress as a result of increased free radical
formation has also been suggested as a contributor to
vascular damage in many diseases (2,4).

Free radicals are atoms or molecules that bear unpaired
electrons and are extremely reactive, capable of engaging
in rapid reactions that destabilize other molecules and
generate many free radicals. However, human cells have an
array of protection mechanisms as natural defense systems
involving antioxidant enzymes to prevent production of
free radicals and oxidative damage (4). Antioxidants are
the foremost part of defensive systems that limit the
toxicity associated with free radicals and greatly reduce
damage due to oxidants by neutralization of free radicals
before attacks on cells, thus preventing damage to lipids,
proteins, enzymes, and carbohydrates (5). Antioxidants can
be classified into the 2 major classes of enzymic and non-
enzymic antioxidants, including superoxide dismutase, catalase,
glutathione reductase, ascorbic acid, and tocopherol (6).

Protective roles of the antioxidant defense system may
be disrupted as a result of pathological processes, resulting
in damage to cells. Antioxidant supplements of both natural
and synthetic origin have been reported to reduce the
effects of radicals. However, the commercially available
synthetic antioxidants butylated hydroxytoluene (BHT)
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and butylated hydroxyanisole (BHA) have been reported to
be toxic to animals, including humans. Hence, natural
products of plant origin are gaining importance as sources
of natural antioxidants with strong activities (1,5).

Fruits are key ingredients in many processed foods.
Consumption of fruits and vegetables has long been
associated with health benefits. Epidemiological studies
have shown that consumption of fruits with high phenolic
contents correlates with reduced rates of cardio and
cerebrovascular diseases, and with a reduction in the rate of
cancer mortality (7). The most abundant antioxidants in
fruits are polyphenols and vitamin C, whereas vitamins A,
B, and E, and carotenoids are present to a lesser extent in
some fruits. Studies have shown that a number of tropical
fruits found in Malaysia possess high antioxidant activities
(8). The seasonal fruits investigated in this study were
rambutan (Nephelium lappaceum), mangosteen (Garcinia
mangostana), and langsat (Lansium domesticum). Numerous
studies have reported that these fruits possess high
antioxidant activities (9,10). However, few studies have
reported on the antioxidant properties of these tropical
fruits in vivo. Peel portions of some fruits possess higher
antioxidant activities than pulp portions (10). Arazo et al.
(11) reported that mangosteen peel exhibited a higher
antioxidant activity than pulp. Hence, in this study, the in
vivo antioxidative potentials of rambutan, mangosteen and
langsat peels were investigated.

Materials and Methods

Samples Rambutan, mangosteen, and langsat fruits were
purchased from an orchard in Selangor, Malaysia in June
2012. These fruits have been registered with the Department
of Agriculture, Malaysia (No. R161: rambutan; No. GA2:
manggis; No. DL2: langsat) (12).

Preparation of extracts Fruits were washed under tap
water and peels were separated from pulp manually. Peels
were cut into small pieces of approximately 1 cm® before
drying in a convection oven (UFB 500; Memmert, Schwabach,
Germany) at 45°C. The initial drying and the final drying
weights of the each sample are shown in Table 1. Dried
samples were ground into a powdered form using a

Table 1. Yields of rambutan, mangosteen, and langsat peels

grinder. Dried powder was then subjected to extraction
using a binary solvent extraction system of ethanol and
water at a time and temperature from a previous study (13).
The rambutan samples was extracted using 80% ethanol
for 2h and at 50°C, whereas mangosteen was extracted
with 60% ethanol for 1h at 25°C, and langsat was
extracted using 80% ethanol for 2 h at 25°C. The extracts
were then concentrated using a rotary evaporator at 40°C
(Rotavapor R-200; Buchi, Switzerland), freeze dried
(Alpha 1-4 LD Plus; Christ, Osterode, Germany), and
stored at —20°C freezer (E388L; Fisher & Payker,
Manukau, New Zealand) until further analysis.

Preparation of test compounds Fruit extracts and o-
tocopherol (100 mg/kg each) were dissolved in 0.5 mL of
absolute ethanol and suspended in a saline solution.
Silymarin (50 mg/kg) was dissolved in a saline solution
and was used as an antioxidant reference drug. All test
solutions were freshly prepared on the day of experiments.

Animals Sprague-Dawley rats purchased from the animal
house of Universiti Kebangsaan Malaysia (UKM) of both
sexes weighing 200 g each were used in this study. Rats
were screened and housed in standard polypropylene cages
(3 rats per cage), maintained under standard laboratory
conditions (a 12:12 h light and dark cycle at an ambient
temperature of 25+5°C at a 50-70% relative humidity).
Animals were fed with a standard rat pellet diet and water
was available at all times. The study was approved by the
Faculty of Applied Sciences Research Ethical Committee,
UCSI University (Proj-FAS-EC-13-030).

Experimental design Afier 7 days of acclimatization,
rats were divided into 6 groups (#=6). Treatments with
rambutan, mangosteen and langsat peel extracts were
performed for 14 and 30 days (Table 2). Blood was
collected via cardiac puncture under anesthesia. The rats
were given a mixture of ketamine-xylazine containing
anesthesia before withdrawing blood from the heart. 24 h
after the final treatment of each extracts, blood samples
were sent to the UCSI University Pathology Laboratory for
analysis of serum glutamic oxaloacetic transaminase (SGOT)
and serum glutamic pyruvic transaminase (SGPT) activities,
the alkaline phosphatase level, and total protein and total

Sample - Weight (g) - Yield (%)"
Before drying After drying
Rambutan (Nephelium lappaceum) 1693.68+3.21 478.11+5.83 28.23
Mangosteen (Garcinia mangostana) 1637.60+18.77 627.44+11.05 38.31
Langsat (Lansium domesticum) 1558.18+2.08 443.75+11.70 28.58
DYield (%)=Weight afier drying /Weight pefore drying 100
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Table 2. Experimental design for 14 and 30 day treatment
periods

Group 14 and 30 days"
Group Normal control
P (0.9% normal saline; 1 mL/kg orally)
Group 11 Rambutan peel extract
P (100 mg/kg/day; orally)
Mangosteen peel extract
Group I (100 mg/kg/day; orally)
Langsat peel extract
Group IV (100 mg/kg/day; orally)
Standard drug, Silymarin
Group V (50 mg/kg/day; orally)
Group VI a-Tocopherol

(100 mg/kg/day; orally)

DFor each treatment period #=3 rats

bilirubin concentrations. All animals were then sacrificed
by cervical dislocation and liver tissues were collected for
in vivo antioxidant studies.

Tissue sample preparation for lipid peroxidation
(LPO), GSH, and SOD assays Liver tissue (1 g) was
collected, washed in normal saline, and soaked in filter
paper. Tissues were then homogenized in 10 mL of 0.15 M
tris buffer (pH 7.4) and centrifuged (Allegra X-22R;
Beckman Coulter, Brea, CA, USA) at 1,970xg at 4°C for
30 min. Collected supernatants were used for LPO, GSH,
and SOD assays (6).

Tissue sample preparation for a CAT assay Liver
tissue (900 mg) was collected, washed in normal saline,
and soaked in filter paper. Tissues were then homogenized
using a mortar and pestle in 3.0 mL of 0.15 M phosphate
buffer (pH 7.0) and centrifuged (Allegra X-22R) at
1,970xg at 4°C for 1 h. The collected supernatant was used
for a CAT assay (6).

LPO assay LPO was assayed according to the method of
Okhawa et al. (14). Amounts of 1 mL of normal saline
(0.9% w/v) and 2.0 mL of 10% TCA were added to a
sample of tissue homogenate (1 mL) and mixed well using
a vortex. The mixture was then centrifuged (Allegra X-
22R) at room temperature for 10 min at 1,970xg. Then,
2mL of the supernatant was obtained and 0.5 mL 1.0%
TBA was added, followed by heating at 95°C using a water
bath for 60 min to obtained a pink colored minimum
detectable activity. Changes in the absorbance (Abs) values
of samples were measured using a spectrophotometer
(XTD 5; Secomam, Ales Gard, France) at 532 nm. The
percentage of inhibition was calculated as:

LPO inhibition (%) = [(Absnormal activity_AbSinhibited activity)/
Absnormal activity] %100 ( 1 )

@ Springer

SOD assay The SOD activity was estimated using the
method of Fridovich and Richard (15) with slight
modification. A reaction mixture consisted of 0.5 mL of
homogenized tissue, 1 mL of 50 mM sodium carbonate,
0.4mL of 25uM nitro blue tetrazolium (NBT) , and
0.2 mL of (0.1 mM) EDTA. The reaction was initiated by
addition of 0.4 mL of 1 mM hydroxylamine-hydrochloride.
Changes in the absorbance value by spectrophotometer
(XTD 5) were recorded at 560 nm. The percentage
inhibition was calculated as:

SOD inhibition (%):[(Absnormal activity_AbSinhibited activity)/
Absnormal activi'[y]>< 100 (2)

CAT activity The CAT activity was assayed colorimetrically
using spectrophotometer (XTD 5) at 620 nm as following
the method of Sinha (16). A reaction mixture of 1.5 mL
containing 1.0 mL of 0.01 M, pH 7.0 phosphate buffer,
0.1 mL of tissue homogenate (supernatant), and 0.4 mL of
2.0 M H,0,. The reaction was stopped using addition of
2.0 mL of dichromate-acetic acid reagent (5% potassium
dichromate and glacial acetic acid mixed at a 1:3 ratio).

GSH activity The GSH activity was determined using
the modified method of Ellman (17). An aliquot of 1.0 mL
of liver homogenate supernatant was treated with 0.5 mL
of Ellman’s reagent (19.8 mg of 5,5'-dithiobisnitro benzoic
acid (DTNB) in 100 mL of 0.1 % sodium nitrate), and 3.0
mL of phosphate buffer (0.2 M, pH 8.0). The absorbance
value was measured using a spectrophotometer (XTD 5) at
412 nm. The percentage inhibition of GSH was calculated
as:

GSH inhibition (%)=[(AbSsomal activi—AbSinhibited activity)/
Absnormal activity] <100 (3 )

Statistical analysis All analyses were conducted using
results from triplicate samples with Statistical Package for
the Social Sciences (SPSS, version 19; SPSS, Inc., Chicago,
IL, USA). A one-way analysis of variance (ANOVA) with
Tukey’s multiple comparisons and paired #-tests were
performed. The significant level was defined as p<0.05.

Results and Discussion

Estimation of biochemical parameters The biochemical
parameters SGOT, SGPT, ALP, total protein, and total
bilirubin for 14 and 30 days treatment durations are shown
in Fig. 1. For both treatment durations, the level of total
proteins in groups (Table 2) treated with fruit peel extracts
and standards were higher than that in the control group.
There was a significant decrease (p<0.05) in the levels of
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Fig. 1. The effects of tropical fruit peel extracts on total protein, total bilirubin, and serum enzyme levels of rats treated for 14
and 30 days. Values are presented as mean+standard deviation (SD). Values marked by lower and upper case letters (a-c and A-C)
indicate significant differences (p<0.05) at 14 and 30 days, respectively. An asterisk (*) indicates significant differences (p<0.05) between
the 2 treatment periods.
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Fig. 2. Inhibition of liver lipid peroxidation in rats treated with
different fruit peel extracts for 14 and 30 days. Values are
presented as mean+SD. Values marked by lower and upper case
letters (a-c and A-B) indicate significant differences (p<0.05) at 14
and 30 days, respectively. An asterisk (*) indicates significant
differences (p<0.05) between the 2 treatment periods.

the marker enzymes SGOT, SGPT, ALP, and in the total
bilirubin level in groups treated with fruit peel extracts and
standards, compared with the control group. The increase
in total protein levels in groups treated with fruit extracts
indicated stabilization of the endoplasmic reticulum leading
to protein synthesis in treated groups (6). Sunil and
Ignachimuthu (18) reported that rats treated with carbon
tetrachloride (CCL,) showed a significant degree of hepatic
damage and oxidative stress, resulting in a substantial
increase in the activities of the marker enzymes SGOT,
SGPT, and ALP, and an increase in the total bilirubin level.
In this study, a reduction in the level of these enzymes
indicated stabilization of plasma membranes and repair of
hepatic tissue damage. Fruit extracts preserved the
structural integrity of the hepatocellular membrane evident
from reductions in enzyme levels in treated rats.

Effects of lipid peroxidation (LPO), enzymic (SOD,
CAT), and non-enzymic (GSH) antioxidant activities on
the normal rat liver Effects of different types of tropical
fruit peels on antioxidant enzyme activities of the normal
rat liver were studied. Percentage inhibition values for
LPO, enzymic CAT and SOD, and non-enzymic GSH
antioxidant activities for liver homogenates for treatment
durations of 14 and 30 days are shown in Fig. 1-4.
Antioxidant enzyme activities were not significantly
(p>0.05) different between experimental rats treated with
different tropical fruit peel extracts for 30 days.
Inhibition activities of LPO in experimental rats treated
for 14 and 30 days is shown in Fig. 2. After 14 days, rats
treated with rambutan (89.50%) and mangosteen (88.20%)
peel extracts exhibited the highest antioxidant activities.
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Fig. 3. The liver superoxide dismutase activity of rats treated
with different fruit peel extracts for 14 and 30 days. Values are
presented as mean+SD. Values marked by lower and upper case
letters (a-c and A-C) indicate significant differences (p<0.05) at 14
and 30 days, respectively. An asterisk (*) indicates significant
differences (p<0.05) between the 2 treatment periods.

Langsat peel extract exhibited the lowest activity (86.57%).
These peel extract inhibition values were significantly
(p<0.05) higher when compared with the control group
(84.34%). When compared with the standard drug,
silymarin (89.04%), the rambutan peel extract exhibited the
highest inhibition activity, followed by silymarin (89.04%),
then mangosteen. However, no significant (p>0.05)
differences were observed between the inhibitory activities
of the 3 extracts at the 14 days treatment period. After 30
days of treatment, the inhibition activity increased and the
rambutan extract showed the highest inhibition rate
(91.85%) followed by mangosteen (90.78%), silymarin
(90.11%) and o-tocopherol (89.55%) and all these extracts
were not significantly different (p<0.05) from each other.
The inhibitory activity of the langsat peel extract (88.04%)
increased after 30 days of treatment. However, langsat still
exhibited the least activity. Rats treated with rambutan,
mangosteen, and tocopherol exhibited significant (»p<0.05)
differences between the treatment periods. However, there
were no other significant (p>0.05) differences observed
between the two treatment periods for any compound.
Lipid peroxidation is an oxidative alteration of poly-
unsaturated fatty acids in cell membranes that generates a
number of degradation products and is also an autocatalytic
free radical chain propagating reaction associated with
pathological conditions in cells (19). Malondialdehyde
(MDA), one of the end products of lipid peroxidation, has
been studied widely as an index of lipid peroxidation and
as a marker of oxidative stress (17). Venkateshwarlu et al.
(4) reported that the percentage inhibition of MDA production
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Fig. 4. The liver catalase activity of rats treated with different
fruit peel extracts for 14 and 30 days. Values are presented as
mean=£SD. Values marked by lower and upper case letters (a-c and
A-B) indicate significant differences (p<0.05) at 14 and 30 days,
respectively.

was low in a CCl, treated rats, implying enhanced lipid
peroxidation leading to tissue damage of antioxidant
defense systems against free radicals. Thus, in this study,
selected tropical fruits peels and the standard drug
silymarin exhibited higher inhibition activities than the
control group, implying that all tested tropical fruit peels
and silymarin possessed higher antioxidant activities than
the natural antioxidants that exist in the natural body
defense system. Rambutan peel exhibited higher antioxidant
potency than mangosteen and /angsat peels.

The effects of the SOD activity in experimental rats
treated for 14 days and 30 days are shown in Fig. 3. After
14 days, rambutan showed the highest inhibition activity
(93.85%), followed by mangosteen (93.74%), and langsat
(91.49%). Silymarin, exhibited a higher inhibition activity
rate (93.95%) than the fruit peel extracts, no significant
difference was observed among them (p<0.05). For the 30
days treatment period, the inhibition rate of all tested
compounds increased slightly with rambutan peel extract
showing the highest inhibition rate (94.90%) followed (in
decreasing order) by mangosteen peel>a-tocopeherol>
silymarin>langsat peel. However, no significant (p>0.05)
differences were observed between the inhibition activity
rates of rambutan, mangosteen, langsat, a-tocopeherol and
silymarin. A significant difference (p<0.05) was observed
between the a-tocopherol treated groups for 14 and 30 day
treatments.

The CAT activities in experimental rats treated for 14
and 30 days are shown in Fig. 4. Rambutan peel extract
(77.34%) exhibited the highest inhibition activity, followed
by mangosteen (76.42%), tocopherol (72.44%), and silymarin
(69%) at 14 days of treatment, No significant (p>0.05)
differences were found in CAT activities in experimental
rats after 14 days of treatment. The /angsat peel extract
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Fig. 5. Reduced gluthathione levels in liver activity of rats
treated with different fruit extracts for 14 and 30 days. Values
are presented as mean+SD. Values marked by lower and upper
case letters (a-c and A-C) indicate significant differences (p<0.05)
at 14 and 30 days, respectively. An asterisk (*) indicates
significant differences (p<0.05) between the 2 treatment periods.

showed a significantly (p<0.05) lower CAT inhibition
activity (66.88%) than the other tested compounds. After
30 days of treatment, the inhibition rate increased slightly
with rambutan peel extract still being the highest with
inhibition rate of 78.16% followed by mangosteen>langsat
>silymarin>a-tocopherol. After 30 days of treatment, the
inhibition rates between rambutan, mangosteen, langsat,
silymarin, and a-tocopherol were not significantly (p>0.05)
different. The CAT activity showed a significant (p<0.05)
difference for rambutan, mangosteen, and langsat between
the two treatment periods.

Both SOD and CAT are key antioxidant enzymes that
protect against oxidative stress and tissue damage. These
enzymes are known to be critical for defense against the
harmful effects of reactive oxygen species and free radicals
in biological systems (20). SOD scavenges the superoxide
radical by conversion of the radical to hydrogen peroxide
and molecular oxygen while CAT causes reduction of
hydrogen peroxide and protects tissues from highly reactive
hydroxyl radicals (5,20). In this study, both enzymes
showed low levels of activity in the control group,
indicating the natural level of the body defense mechanism.
When fruit peel extracts were administered to treatment
groups, both SOD and CAT activities were improved,
reflecting the antioxidant potency of the fruits. Rambutan
peel exhibited the highest antioxidant potency.

GSH levels in experimental rats treated for 14 and 30
days are shown in Fig. 5. Tested compounds did not show
significantly (p>0.05) different activities in between the 2
treatment periods. However, activities of the compounds
were all significantly (p<0.05) different compared with the
control group. Silymarin exhibited the highest inhibition
activity (70.11%), followed by langsat>rambutan>o-
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tocopherol >mangosteen. The inhibition activities of
silymarin, langsat, rambutan, o-tocopherol, and mangosteen
were not significantly (p>0.05) different. After 30 days of
treatment, the inhibition rate of langsat was significantly
(p<0.05) higher than the rates of the other tested
compounds.

GSH is a tripeptide, non-enzymatic biological antioxidant
present in the liver that helps protect cells from reactive
oxygen species, such as free radicals and peroxides. GSH
is a potent inhibitor of the neoplastic process, and plays an
important role in the endogenous anti-oxidant system.
GSH is found in particularly high concentrations in the
liver and is known to have a key function in the protective
process against the toxic effects of lipid peroxidation
(1,21). Oyedemi et al. (1) reported that a decreased level of
GSH is associated with an increase in lipid peroxidation,
and vice versa. In this study, a low GSH activity in the
control group indicated a weak natural body antioxidant
defense system. Both treatment groups administered fruit
showed significant (p<0.05) increases in the levels of GSH,
compared with the control group. The ability of fruit
extracts to increase GSH activity was reflected by lower
levels of lipid peroxidation.

In the present study, peel extracts of rambutan, mangosteen,
and langsat showed in vivo antioxidant activities against
liver enzymes in experimental rats. /n vivo antioxidant
potencies can be ascribed to antioxidants compounds
contained in the peels. Ellagic acid and corilagin have been
identified and quantified in peel extracts of rambutan and
langsat, and o-mangostin in a peel extract of mangosteen
using HPLC (22). Ellagic acid, corilagin and a-mangostin
are natural antioxidants found in fruits and vegetables. /n
vitro antioxidant and antiproliferative effects of ellagic acid,
corilagin, and a-mangostin have been reported previously
(23-25).

The natural defense mechanism of the body is not
sufficient to prevent damage caused by excessive levels of
free radicals. Antioxidant supplementation is necessary to
protect cells against oxidative stress-related diseases. Rambutan,
mangosteen, and /angsat peel extracts were evaluated for
antioxidant activities in vivo. Fruit peel extracts possessed
antioxidant activities in vivo with rambutan peel exhibiting
the highest activity, followed by mangosteen and /angsat
peels. A longer treatment period provided a better anti-
oxidative effect. These fruits are potentially rich sources of
natural antioxidants and can be developed into functional
foods or drugs for prevention and treatment of diseases
caused by oxidative stress. In the future, the specific
components in these fruits with high antioxidant activates
will be isolated and beneficial effects against oxidative
stress will be evaluated.

Acknowledgments The UCSI University Research Grant

@ Springer

Scheme (Proj-In-FAS-006) provided financial support for
the study.

Disclosure The authors declare no conflict of interest.

References

1. Oyedemi SO, Bradley G, Afolayan AJ. In vitro and in vivo
antioxidant activities of aqueous extract of Strychnos henningsii
Gilg. Aft. J. Pharm. Pharmaco. 4: 70-78 (2010)

2. Rajasekaran A, Kalaivani M. Antioxidant activity of aqueous extract
of Monascus fermented Indian variety of rice in high cholesterol
diet treated-Streptozotocin diabetic rats, an in vivo study. Int. J. Curr.
Sci. Res. 1: 35-38 (2011)

3. Polterat O. Antioxidants and free radical scavengers of natural
origin. Curr. Org. Chem. 1: 415-440 (1997)

4. Venkateshwarlu E, Raghuram RA, Goverdhan P, Swapna RK,
Jayapal RG. In vitro and in vivo antioxidant activity of methanolic
extract of Solena amplexicaulis (whole plant). Int. J. Pharm. Biol.
Sci. 1: 522-533 (2011)

5. Megala J, Geetha A. Gastroprotective and antioxidant effects of
hydroalcoholic fruit extract of Pithecellobium dulce on ethanol
induced gastric ulcer in rats. Pharmacologyonline 2: 353-372 (2010)

6. Naskar S, Islam A, Mazumder UK, Saha P, Haldar PK, Gupta M. In
vitro and in vivo antioxidant potential of hydromethanolic extracts
of Phoenix dactylifera fruits. J. Sci. Res. 2: 144-157 (2010)

7. Isabella M, Lee BL, Lim MT, Koh WP, Huang D, Ong CN.
Antioxidant activity and profiles of common fruits in Singapore.
Food Chem. 123: 77-84 (2010)

8. Norshazila S, Syed ZI, Mustapha SK, Aisyah MR, Kamarul RK.
Antioxidant levels and activities of selected seeds of Malaysian
tropical fruits. Malays. J. Nutr. 16: 149-159 (2010)

9. Arazo M, Bello A, Rastrelli L, Monteller M, Delgado L, Panfet C.
Antioxidant properties of pulp and peel of yellow mangosteen fruits.
Emirates J. Food Agr. 23: 517-524 (2011)

10. Khaomek P, Boottayotee K, Sutti N. Antioxidant activity and
chemical constituents of rambutan peel. World Acad. Sci. Eng.
Technol. 65: 472-473 (2012)

11. Arazo M, Bello A, Rastrelli L, Montelier M, Delgado L, Panfet C.
Antioxidant properties of pulp and peel of yellow mangosteen fruits.
Emir. J. Food Agr. 23: 517-524 (2011)

12. Department of Agriculture, Malaysia. Plant variety protection
Malaysia. Available from: http://pvpbkkt.doa.gov.my/NationalList/
Search.php. Accessed Jun. 21, 2013.

13. Samuagam L, Sia CM, Akowuah GA, Okechukwu PN, Yim HS.
The effect of extraction conditions on total phenolic content and free
radical scavenging capacity of selected tropical fruits’ peel. Health
Environ. J. 4: 80-102 (2013)

14. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal. Biochem. 95: 851
(1979)

15. Fridovich I, Richard WA. Superoxide dismutase: Organelle specificity.
J. Biol. Chem. 248: 3582- 3592 (1973)

16. Sinha KA. Colorimetry assay of catalase. Anal. Biochem. 47: 389-
394 (1972)

17. Ellman GL. Tissue sulthydryl groups. Arch. Biochem. Biophys. 82:
70-77 (1951)

18. Sunil C, Ignachimuthu S. In vitro and in vivo antioxidant activity of
Symplocos cochinchinensis S. Moore leaves containing phenolic
compounds. Food Chem. Toxicol. 49: 1604-1609 (2011)

19. Kalaiselvi M, Narmadha R, Ragavendram P, Arul R, Sophia D,
Ravi KG, Gomathi D, Uma C, Kalaivani K. /n vivo simulated in
vitro model of Jasminum sambac (Linn.) using mammalian liver
slice technique. Asian Pac. J. Trop. Biomed. 1 (Suppl.): S216-S219
(2011)

20. Ragini V, Prasad KVSRG, Bharathi K. Antidiabetic and antioxidant
activity of Shorea tumbuggaia Rox. Int. J. Innov. Pharma. Res. 2:

o KoSFosT



198

Samuagam et al.

113-121 (2011)

21. Huang B, Ke H, He J, Ban X, Zeng H, Wang Y. Extracts of Halenia
elliptica exhibit antioxidant properties in vitro and in vivo. Food
Chem. Toxicol. 49: 185-190 (2011)

22. Samuagam L, Khoo HE, Akowuah GA, Okechukwu PN, Yim HS.
HPLC analysis of antioxidant compounds in some selected tropical
fruits’” peel. Innov. Rom. Food Biotechnol. 14: 61-68 (2014)

23. Ngawhirunpat T, Opanasopi P, Sukma M, Sittisombut C, Kat A,
Adach 1. Antioxidant, free radical-scavenging activity and cytotoxicity
of different solvent extracts and their phenolic constituents from the

@ Springer

24.

25.

fruit hull of mangosteen (Garcinia mangostana). Pharm. Biol. 48:
55-62 (2010)

Jin F, Cheng D, Tao J-Y, Zhang S-L, Pang R, Guo Y-J, Ye P, Dong
J-H, Zhao L. Anti-inflammatory and anti-oxidative effects of
corilagin in a rat model of acute cholestasis. BMC Gastroenterol.
13: 79 (2013)

Qiu Z, Zhou B, Jin L, Yu H, Liu L, Qin C, Xie S, Zhu F. In vitro
antioxidant and antiproliferative effects of ellagic acid and its
colonic metabolite urolithins on human bladder cancer T24 cells.
Food Chem. Toxicol. 59: 428-437 (2013)

o KoSFosT




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BatangChe
    /BauhausITCbyBT-Bold
    /BauhausLight
    /BauhausMedium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BrushScriptStd
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candice
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /ChollaUnicase
    /Clarendon-Condensed-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /CwritB
    /CwritL
    /CwritM
    /CwritUL
    /DauphinPlain
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraverFontExtras
    /EngraverFontSet
    /EngraversMT
    /EngraverTextH
    /EngraverTextNCS
    /EngraverTextT
    /EngraverTime
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FormalScript421BT-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gaeul
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrM
    /H2hdrM
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadG
    /HeadlineR-HM
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Mdam
    /MesquiteStd
    /MetaPlusBoldRoman
    /MetaPlusMediumRoman
    /Mforgem
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MoeumTR-HM
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MurrayHillBT-Bold
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /NewGulim
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OilOnTheWater
    /Oliver
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoB
    /PianoL
    /PianoM
    /Pleasantly-Plump
    /PMingLiU
    /PoplarStd
    /PostB
    /PosterBodoniBT-Roman
    /PostL
    /PostM
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StencilStd
    /Swiss911BT-ExtraCompressed
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDI2002
    /YDIAsphaltB
    /YDIAsphaltL
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIChunB
    /YDIChunL
    /YDIChunM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGoldB
    /YDIGoldL
    /YDIGoldM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM-KSCpc-EUC-H
    /YDIJininB
    /YDIJininL
    /YDIJininM
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMatrix01
    /YDIMatrix02
    /YDIMatrix03
    /YDIMatrix04
    /YDIMatrix05
    /YDIMatrix06
    /YDIMatrix07
    /YDIMatrix08
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPaintB
    /YDIPaintL
    /YDIPaintM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolM-KSCpc-EUC-H
    /YDISongB
    /YDISongL
    /YDISongM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYahwaB
    /YDIYahwaL
    /YDIYahwaM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO240
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YDSAH
    /YDSDJ
    /YDSHO
    /YDSHS
    /YDSJH
    /YDSJY
    /YDSMJ
    /YDSSH
    /YetR-HM
    /Ymjo420
    /Ymjo440
    /Ymjo450
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


