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SUMMARY

I. Title

Development of Spices from Chopi

II. Purpose and significance

Chopi, Zanthoxylum piperitum D.C. has been used as a natural spice
traditionally in the Far East countries including Korea. This study was performed
with the object of providing basic data, firstly for the decision of the appropriate
harvesting time for traditional use of Chopi and secondly for developing a new
spice satisfying the national dietary custom from Chopi as raw material. After
twelve samples were made from peels and leaves of Chopi and Minchopi,
Zanthoxylum piperitum D.C. var. inerme by taking three periods in the process of
maturation, comparative examination was carried over the contents and their
change of the proximate composition, mineral elements, amino acids, flavor
components and pungent principles.

Besides, the 10 microorganisms such as some kinds of food-borne pathogens
and bacteria which are related with food poisoning and yeasts were elucidated
about the fact whether they have antimicrobial activating property and the
minimum inhibitory concentrations(MIC) of the extract by means of extracting
antimicrobial substance using water and ethanol. Furthermore, their influences on
the growth of microorganism, the formation of fatty acid of pathogene and
component change of amino acid were researched.

In addition, the ethanol extracts from Chopi were fractionated by using some
kinds of solvent so that antimicrobial component as per each fraction was tried to
be found. And a major substance which showed strong antimicrobial activity in
the hexane fractions that exhibited high antimicrobial activating property was
isolated and identified by silica gel column chromatography, HPLC, UV and IR.

In order to development of useful spice, the antioxidant activity of Chopi was

examined by various solvents, and the optimal extraction solvent(methanol) was
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found. The fatty acids and the essential oils from Chopi were studied by GC and
GC-MS; the pungent principles were isolated from the pericarps was determined,
including time, temperature, perssure, and content of modifier. And the possible
new pungent principles were determined by 'H - NMR, Bc -NMR, and FT-IR.
evaluation of safety on extraction from Chopi pericarps was carried out by toxicity

test of mouse.

M. Research summary

1. A Study on the Constituents for Peels, Leaves and Seeds of Chopi and
Minchopi

1) Concerning the content and its change of the proximate composition, the
content of moisture and crude protein decreased in every sample, while the content
of fiber and ash tended to increase with the lapse of harvest time. The content of
mineral elements tended to increase in every sample with the lapse of harvest

time, and the content of K and P was higher than that of Ca, Na and Mg.

2) Every sample showed the highest content of 15~16 components of total amino
acids at the first period and the content decreased gradually with the lapse of
harvest time. On the basis of the first period, every sample showed the highest
content of aspartic acid, the lowest content of methionine and the trace of

cysteine.

3) Free amino acids counted less number of 9~15 than total amino acids and
their content weighed about 1/30 of those on the average. Total amount of free
amino acids increased considerably with the lapse of harvest time for peels of

Chopi and Minchopi both, while the amount for leaves increased on the contrary.

4) For Chopi and Minchopi and from every analysis of steam distillation,

methanol extraction, diethyl ether extraction and hexane extraction, the contents of
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flavor components for peels were higher with the lapse of harvest time, while the
earlier the leaves were harvested, the greater gets the amount of flavor

components.

5) The greatest number of 61 flavor components were detected by steam
distillation from Minchopi peels of the last period(MP3), and the same sample
contained the greatest amount of 258mg% flavor components. From the sample,
limonene [-phellandrene were detected to occupy the greatest amount, and
citronellal and [-citronellol were placed next in the order of the amount.
Minchopi leaves of the first period(ML1) contained the greatest total amount of
flavor components, and limonene [-phellandrene occupied the greatest amount,

and geranyl acetate, citronellal were placed next in the order of the amount.

6) Methanol extraction showed that the greatest number of 37 flavor components
were detected from Chopi peels of the last period(CP3), and the same sample
contained the greatest amount of 5042mg% flavor components. From the sample,
limonene [i-phellandrene were detected to share the greatest amount as the result
of steam distillation, and 1,8-cineol, citronellal and [#—citronellol were placed next
in the order of the amount. As the result of steam distillation, Minchopi leaves of
the first period(ML1) contained the greatest total amount of flavor components,
and 1,8-cineol shared the greatest amount, and 2-tridecanol, [(-citronellol and

limonene [-phellandrene were placed next in the order of the amount.

7) Diethyl ether extraction showed that, as the result of methanol extraction, the
greatest number of 42 flavor components were detected from Chopi peels of the
last period(CP3), and the same sample contained the greatest amount of 9566mg%
flavor components. From the sample, limonene [-phellandrene were detected to
hold the greatest amount, and 1,8-cineol, fi-myrcene, citronellal and [-citronellol
were placed next in the order of the amount. Chopi leaves of the first period(CL1)
contained the greatest total amount of flavor components, and limonene

f-phellandrene occupied the greatest amount, and o-terpineol, citronellyl acetate
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and [-citronellol were placed next in the order of the amount.

8) The least number and the smallest amount of flavor components were detected
from Hexane extraction in comparison with the other methods of extraction. As
the result of methanol and diethyl ether extraction, the greatest number of 15
flavor components were detected from Chopi peels of the last period(CP3), and the
same sample contained the greatest amount of 177mg% flavor components. From
the sample, cymene was detected to hold the greatest amount, and [—citronellol
was detected to have the greatest amount from Minchopi peels of the same
period(MP3). Minchopi leaves of the first period(ML1) contained the greatest total
amount of flavor components as the result of methanol and diethyl ether
extraction, and [-citronellol was detected to occupy the greatest amount while

trans—geraniol was placed next in the order of the amount.

9) 6~8 were identified of the 13~16 components detected from the analysis of
the pungent principles in peels of Chopi and Minchopi. Tricyclo[3.2.1.0(2,4)]octan—
8-one,3,3-dimethyl- which accounted for 37~60% of the total amount of pungent
principles, isosorbide dinitrate which amounted to 10~23%, were estimated to be
the major pungent principles in peels, but they showed general tendency of
decreasing with the lapse of harvest time.

5~7 were identified of the 8~12 components detected from the analysis of the
pungent principles in leaves of Chopi and Minchopi. Isosorbide dinitrate which
accounted for 48~56% of the total amount of pungent principles, and diethyl
propion hydrochloride were estimated to be the major pungent principles in leaves,

but they didn’t show any significant tendency with the lapse of harvest time.

2. A study on the Antimicrobial Activity and Antimicrobial substance of

Zanthoxylum piperitum DC.

1) As for the general component, the comtent of moistrue and crude protein in

peels and leaves of Chopi and Minchopi commonly decreased, while the content of
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fiber and ash tended to increase according to the lapse of harvest time. The
content of crude fat tended to increase a little in peels of Chopi and in leaves of
Minchopi according to the lapse of harvest time. The total content of fat which

were contained at both peels and leaves were almost equivalent.

2) As for the total content of amino acid, 15~16 kinds of components were
detected from the every sample and those components appeared the most at the
first period of harvest time and the content decreased gradually afterwards. As
for the total contents of amino acids of respective amino acid, when they were
compared on the basis of the early harvest time, the content of aspartic acid was
the most quantity, commonly both in peels and leaves of Chopi and Minchopi. On
the other hand, the content of methionine was the least, and cysteine appeared as

mere a trace.

3) Free amino acid was contained less as much as 1/30 compared to the total
contents of amino acid. Besides, 9~15 kinds were detected from peals and leaves
of Chopi and Minchopi respectively so that the kinds of components appeared to
be less, compared to the total amino acid. When the lapse of harvest time was
considered, in case of peals of Chopi, the total amount of free amino acids
decreased considerably, on the contrary, in case of leaves of Chopi, it increased.
And the case of Minchopi, the phenomenon at its peels and leaves were similar to

the cases of Chopi.

4) The content of mineral elements tended to increase commonly in every sample
with the lapse of harvest time, and the content of K and P was higher than that
of Ca, Na and Mg.

5) The volatile fragrance components of peels, leaves and seeds of Chopi were
total 32 kinds, where peels have 26 kinds so that it was confirmed that peels had
twice as much as the 13 kinds of leaves and seeds. Most components which

were confirmed were carbohydrate, where 4 kinds of aldehyde, 3 kinds of alcohol
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and 1 kind of ether appeared. And the component of limonene were detected the

most in peels, citronella was detected in leaves, and 1-phellandrene was in seeds.

6) As for most bacteria which were used for inspecting the antimicrobial
activating property, antimicrobial activities appeared in all the water and ethanol
extracts from leaves and peels except seeds, however, they did not appear in
yveast and a lactic acid bacteria. Besides, ethanol extract showed more strong
antimicrobial activities than water extract, and antimicrobial activating property

appeared more powerful in leaves than peals.

7) In case of Chopi, the antimicrobial activating property appeared in leaves and
peels except seeds. When the phenomenon was reviewed regarding each
microorganism, B. cereus that was the Gram positive microorganism, appeared the
least in leaves and peels as its additional concentration was 0.25mg/ml
respectively. Accordingly, antimicrobial activating property appeared higher in the
Gram positive microorganism than in the Gram negative microorganism. And the
antimicrobial effect was not found in the microorganisms such as lactic bacteria

and yeasts, even in the concentration which was more than 1.5mg/ml.

8) As for the influence of Chopi ethanol extract on the logarithmic growth phase
of microorganism, when more than 20mg/ml of both microorganisms of E. coli and
staph. aureus were added, birth and breeding of bacteria were completely inhibited

5 hours after the addition.

9) As for the change of formation rate of fatty acid of microorganism cell body
by means of adding the Chopi ethanol extract at the time of logarithmic growth,
there appeared no great change in both microorganisms of E. coli and staph.
aureus However, as the treatment concentration of ethanol extract, in case of E.
coli, the content of palmitic acid increased a little compared with the contrast
control. On the other hand, there showed a tendency that the content of

palmitoleic slightly reduced. In case of S. aureus, the content of palmitic acid
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increased a little, however, there appeared no great change in the other fatty

acids.

10) As for the component amino acid of microorganism cell body when the Chopi
ethanol extract was added at the time of logarithmic growth, there appeared no
great change generally. But in case of FE. coli, proline, glycine, valine and
histidine increased, while some other amino acids such as aspartic acid, glutamic
acid, tyrosine and arginine showed a tendency to be decreased slightly. In case of
staph aureus, amino acids such as proline, glycine, valine and histidine increased.
On the contrary, other amino acids such as aspartic acid, glutamic acid, tyrosine
and arginine of E. coli and aspartic acid, glutamic acid, glycine, alanine, tyrosine

and lysine showed a tendency of reduction.

11) As for the leakage of protein that was the component of bacterial body cell
and 260mm absorptive substances such as basic substances which compose RNA
and DNA by means of treating the Chopi ethanol extract, in the additional
controls of 40mg/ml for both microorganisms of E. coli and staph. aureus, the
leakage quantity of protein increased to 1.07 and 0.24mg/g, respectively, as
compared to controls. Similarly, the leakage quantity of 260mm absorptive
substances from E. coli and staph aureus increased to 0.12 and 0.07mg/g by cell
weight, respectively. The phenomenon that the leakage quantity increased at the
additional controls of ethanol extracts like this was considered that the damage of

membrane structure was resulted by means of antimicrobial substances.

12) The activating property of antimicrobial activating substances in the Chopi
ethanol extract was maintained after heating at 121C for 15 minutes and they

were not effected by the change of pH at all.
13) As for the antimicrobal activating property of each fraction which was

obtained by means of systematically fractioning the Chopi ethanol extract by using

some kinds of solvent such as hexane, ether, ethyl acetate and water, in case of
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bacteria, prominent inhibitory effect on birth and breeding appeared in hexane
fractions of all the Gram positive bacteria and Gram negative bacteria except
lactic acid. And in the ether and ethyl acetate fractions, antimicrobial activating
property was shown in most microorganisms though the property was a little less
than in the hexane fraction. But in the lactic acid and yeast, the antimicrobial

effect was found almost none in all the fractions.

14) Anti-compound ZA-1 which had high antimicrobial activating property was
pure-isolated by separating and refining the hexane fractions whose antimicrobial
activating property was the highest in the fractions of Chopi ethanol extract by

using silica gel column chromatography and HPLC.

15) The antimicrobial substance ZA-1 which was pure-isolated compound
indicated its absorptive peak at UV Spectrum 260~270mm so that chromophore
and auxochrome could exist. And aromatic ring, -C=C-, isopropy and the
structure of CH3-C existed in the RI spectrum. Besides, the compound was
identified as 1-(Biphenyl-2'yl)-5-isopropyl-3, 4-dihydronaphthalen in the LC-mass,

and its structual formula was estimated as CosHoa.

3. The experimental results of Zanthoxylum Piperitum spice and cooking

method were flollows;

The experimental results of Chopi spice processing and cooking method were

flollows;

1) When Chopi powder of 0.1%, is put into the water, and it is heated for Smin.
at 90C, its residue and turbidity is increased in proportion to the added quantity.
its chromaticity is changed that is, its Lightness(L) is conspicuously reduced, but
both its redness(a) and yellowness(b) is increased, in proportion to the added
quantity. According to the sensory evaluation, the more we put Chopi powder, the

lower preference we have of color, at the same time, the higher preference we
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have of flavor.

2) Flavor components changes were evaluated for stored Chopi during 5 months
different conditions, such as low-temperature condition(4C, LT), room temperature
condition(RT) and Nz gas condition(NG). Flavor components loss were appreciable

after 3 months of storage in the orter of RT, NG and LT.

3) Extracts of Chopi has an overall preference : Chopi powder is in preference its

granules. The size of Chopi powder, 30mesh is considered appropriate.

4) Extracts of Chopi has a overall preference of Chopi powder untreated to that

either roasted or steamed.

5) When we put sea tangle into extracts of Chopi, and heat, its natural taste and
flavor become weaker conspicuously, on the other hand, when we put beef powder
into extracts of Chopi, its greasy taste of beef becomes weaker. The overall
preference of Chopi extracts added sea tangle is the highest, followed by shellfish,

beef, anchovy in order

6) When extracts of Chopi are added to salt, soy sauce, sugar, vinegar, green
onion, garlic, ginger and red pepper, those mixed with soy sauce and red pepper
turned deep color and have a lower preference of color. Those mixed with ginger,
red pepper, garlic, and soy sauce have weaker natural flavor, while those with salt
have stronger natural flavor. those mixed with soy sauce and green onion have
weaker natural taste, while those with red pepper and vinegar have stronger

natural taste
7) When we make use of Chopi and make it as a food, fried leaves spreaded

with the paste of glutinous rice have higher preference for any other thing. When

we make Chopi as a seasoned greens, a Korean salad, its has a lower preference.
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&) In case we put Chopi powder 0.05% into Loach soup, while we are heating
Loach soup, we put Chopi powder into them. In this case, its natural flavor
becomes stronger than putting Chopi powder after heating. On the contrary, when
we put Chopi powder into loach soup after heating, its natural flavor turn
stronger. In case we put Chopi powder 0.05~0.075% Rame, its overall preference

is high, we feel ramen refreshed,

9) When we put Chopi fruit and its leaves into soybean paste, the taste of its
leaves has a higher preference to that of its fruit, because its spicy taste of Chopi

leaves becomes weaker and softened.

10) Food poisioning microorganisms were inhibited with increasing concentrations

of the Chopi power in kimchi, but not on lactic acid bacteria.

11) Chopi beverage taste the best when we mix the following proportion ; Chopi

0.05%, sugar 3%, citric acid 0.1%6 and vitamin C 0.2%.

12) The constituent of Chopi has the essential oil of 0.7%, its specific gravity has
0.86, its refractive index has 1.47, its acidity has 5.58, its iodine value has 101.58,

and its saponification value has 143.67.

13) A seasoning oil, which soy bean oil is mixed to 3% essential oil of Chopi is

very good, because its acidity is below 1.
14) When a mixed spicy seasoning, which oriental dried spicy are mixed to Chopi

powder, is added with beef, pork, chicken and fish, pork has the highest sensory

evaluation.
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4. Studies on the specificity of toxicity and pungent principles of

Zanthoxylum pieritum D.C.

The pericarps of Zanthoxylum piperitum DC. have lone been used as a spice.
In order to development of useful spice, the antioxidant activity of Z. piperitum
DC was examined by various solvents, and the optimal extraction solvent
(methanol) was found. The fatty acids and the essential oils from Z. piperitum
DC were studied by GC and GC-MS; the pungent principles were isolated from
the pericarps was determined, including time, temperature, perssure, and content of
modifier. And the possible new pungent principles were determined by H - NMR,
BC -NMR, and FT-IR. evaluation of safety on extraction from Z. piperitum

pericarps was carried out by toxicity test of mouse.
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B oA AR F A AR AFR3SE 23| (Zanthoxylum Piperitum DC. 7FA|

d= A, o]F} Chopl)@r v % 3 (Zanthoxylum Piperitum DC. var. inerme, 7}*%l:=

A, o8t Minchopi)= e = Al el A 1999d 549 259, 649 25¢, 79 25¢ &
hE Aoz 33 A 247 ofdddd A AN, 9o A A

@ 23E A FAS =HANA FUst] Hus} FAE RIW F IBRD
(-40C) atHA Alm= AFESFAT

¢

A8 3gS 550°CE 12417 KAbata p2RaH oz Bajslo] deionized FFHF
2 Agsta ARQez st #7138 F Ca, K, Na, Mge] A& Ax53n47]
“)(Baird Alpha-4 UK.)Z Ag&39om PE  Vanado-molybdate®] o & &) 5}
Spectrophotometer (R 7 7% Model 1)& ©]€3F4 660nmolA &F =& WA sl
e

3) ot ¥4

7 g obml et
A& 1g& ampouled] ¥ 6N HCl €9 16mlE 7FsF & 110°Col A 24213+ 7}

FEd AAA d2 gde ddEdsta, Feds 50TAM FFste] it 25
g3 A F, FAMUEE 58 A(pH 22)& AHESHe] tmE 8T v

0.22ym membrane filterZ 33+ o} NS FHsto] A EZ AL ofr]
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fre] obrlxmAak> Als 10gS A #Fste] homogenizer®= whfjstal a3 F53
S 0.45im membrane filter2 o] 7}5}o] AL o] AL Ohara 5V *Ho A

=

o}
tt. = ofd 10meel sulfosalicylic acid 25mge H7}ate] 4Tl A 4A 7k
7 & AAEYB0,000 rpm, 30)dte] @A F& AASHL, AANE 0.22m
membrane filter® o] #ato] AL ofH S EMAIRE ARGt A0S F of
H i hk A A ] Table 13 Zom, AT Hgh F oln| ity FUd o=
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Table 1. Analytical condition of amino acid analyzer for amino acid

Items Conditions

Instrument LKB 4150, alpha autoanalyzer
Ultrapac 11 cation exchange resin

Buffer solution pH3.2-pH4.25-pH10.0, sodium citrate

Flow rate Buffer 35m¢/hr, ninhydrin 25m¢/hr

Column temp. 50~80C

Chart speed 2cm/min

Injection volume 40140




homogenizer2 wvhal|, oJ#3sto] FALE ThA] 23] Z4 79 Suj2 AHstL oS
el 2 4 Bz FE&Sd ¥ FF NaSO,= gt GCo GC-Mass=
B2 Table 29 2Zom, AL AEFE GCE AHEsHA
linalool(Sigma Co. USA)S X F¥Fo= 9oF HFEHo <oste] AXsEA L,
7197 4% e Hewlett Packard GC-Mass(HP 5970 Mass)® 3}%oH
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Table 2. Analytical condition of GC-Mass for flavor components

Instrument Hewlett—Packard 5890A G.C
Hewlett-Packard 5970B GC-MSD

Detector Flame ionization dectector : GC
MSD(mass selectivity detecter)
mass range m/z 20-150
ionization voltage 70eV
FFAP(Hewlett-Packard Co)capillary 50M(L) x 0.2MM

Column
(i)
Ultra-2( HP Co.) capillary 50M(L) x 0.2MM (i)
Column oven temp. initial temp.350C, initial time 10min.
finial temp. 1800C, finial time Smin.
program rate 10°C/min.
Carrier gas Helium, b5psi
Injection lul Split, 30:1
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FEgulol o AnAgRe] FEAEE syl #18te] 20mesh= vij® %
37} 100gell &, ethanol, chloroform, ethyl ether % hexane & 5%¢ &wW& 77t
500ml¥ H7pste] 33 FEste] ot oS BF Rol It EHU|E §53o

Zh7ke] gl 100mlE A &% F AR FEARE A

eh) Av g 22 3 A

(1) Column chromatographyel 2] 3l £z
SulE 2 FE3lo] Alu|dEo] A FEFHXE silica gel(v3cm x 35cm, 70~
270 mesh, Merck) column chromatography©l 10mlE % 3 hexane : iso propanol =
10 1 18do 2 B o2miy &2 AlA  EFH7]IZ 10ml® 100719 fractiono. 2 e
% 7} fractionS €3] FF3 F ehanold]l &3|AA AR o] Q= fractionS o
s

Ak Batel Felshsint.

(2) F3=2 UV 54
3)

M
filo

Silica gel column chromatographyell 4l &2 3 z}7}2] 7FeF H= 33}
chloroform®. & &3[35}>] spectrophotometer(8453 Hewlett Packard Co. USA)Z
200nm~ 1050nm7}#]  spectrum< =43}, ©] spectrumolA] kmax#ts TaFe] o]

gl A FREE FPFGom AR gt 2 musg

(3) HPLCOl ¢]3 &2
Aln| Aol HPLCo ¢]3 2]+ Yasuda®el =3ttt = silica gel column
chromatographyol /] AlujAd &o] #ol¥ fractions FolA #ds=3dta, 0.45me =
o712 o33 F florsil sep—-pak(Waters co. USA)o] S HAAH A 3AIZ] A&
Al HPLC(Waters Co., M224)& Al&3te] AlnEAS HE orFegsad. &1



Aoz AuAdige] #eld £8e £78 porasil@m x 30cm) column(waters co.

USA)S At&38te] =82S Pt o] u Algd S hexanetisofpropanol =

5:19 H&E 3o, FHS 9 2, AlE F sto] 7
o

Aol BEES BANAL. olsh ol 3ol
1

ZrebeZ3}o] ethanol® 3] A 8e] WS AAS AAste] AlnjARo] 9= RIS o)
BT Alm ARl 9 BIZS thA] 23 BYstgn. = 23§ porasil column
oA Egdte] AlmAdRo] elg EIES porasil(dmm x 30cm) columng A& 3}o]

Table 3. The condition of HPLC for the analysis of pungent principles

Instrument Waters M244

Column porasil(4dmm x 30cm)

Solvent hexane:iso—propanol=15:1(V/V)
Flow rate 20 me/min

Detector UV 270 nm

nh) A Ee] F4

(1) UV £4

gddEHd2  FeEFd AuAdE EZS chloroformd] &9 UV

spectrophotometer& AF-83te] UV spectrums &7 3+ T}

(2) IR ¥4
sFigdd AnARE 24 ImgS 05ml chloroformel] &3] A7 KBr cello] ¥
o] IR( Perkin Elmer M-1330) spectrometer® &< spectrum= =743}t

(3) LC-Mass ¥4

AvlgRe] wAgs B4

.

s #stel HPLCAA <o Eed £95

A



Hypersil column(100mmx2.1mm, Hewlett Packard Co. USA)d] 50u0S F9 st e
W, o] w] A}€¥ &ulE hexaneliso-propanol=15:1(V/V), §£&& 24 0.1 mlo] 91
7171+ LC-Mass(Hewlett Packard Co. USA)°e] 2w 1090 HPLC (Hewlett Packard
Co. USA), interface= 599088 Particle Beam (Hewlett Packard Co. USA), chember
9] He 70psi, chamber temp. 55C, detertor= 5898B mass(Hewlett Packard Co.
USA)Z EI mode, mass range 20~1000 m/z,¢] Ao s ®As9ow Table 49
2t

Table 4. Analytical condition LC-Mass for pungent principles

Items Conditions

Instrument 5989 Mass (Hewlett Packard Co. USA)
1090 HPLC (Hewlett Packard Co. USA)

Interface 59908B Particle Beam (Hewlett Packard Co. USA)
He 70psi
Chamber temp. 55C

Detector 5898B Mass

Mass range 20~1000 m/z
Hypersil (Hewlett Packard Co. USA)

Column 100mmx2.1mm
Solvent hexane:iso—propanol=15:1(V/V)
Injection 50
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Table 5. Proximate composision of Chopi and Minchopi

(%)
. Crued . Soluble
Samples  Moisture protein Crued fat Fiber Ash nitrogen
substance
CL-1 68.78 547 1.65 17.74 3.32 3.06
CL-2 63.94 5.33 1.50 23.33 4.96 0.94
CL-3 63.17 4.70 1.43 24.01 5.08 1.61
ML-1 63.35 6.20 1.93 20.81 3.57 4.14
ML-2 59.96 5.46 2.03 23.42 3.74 5.39
ML-3 55.46 4.40 2.28 27.88 4.28 5.70
CP-1 21.74 7.50 1.45 41.00 5.21 23.10
CP-2 11.64 711 1.57 49.83 5.76 24.09
CP-3 10.98 6.89 1.67 51.36 594 23.16
MP-1 21.80 711 1.26 41.59 5.55 22.69
MP-2 18.92 6.92 1.19 44.26 6.02 22.69
MP-3 16.80 6.09 1.17 45.42 6.39 24.13

Chopi : Zanthoxylum piperitum D.C.

Minchopi @ Zanthoxylum piperitum D.C. var. inerme

1; Sampled May 25, 2 ; Sampled June 25, 3 ; Sampled July 27

CL;leaves of Chopi, CP ; peels of Chopi, ML;leaves of Minchopi, MP ; peels of Minchopi
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o 120.17mg%, 310.83mg%°lal, WEI = 87.21mg%, 413.73mg%= 27z HAth K
dere z3el Qo] Mzw AolAuth wA Uepkod Ao NE97 o &

9t Rzxde] Hyo A AF Frlddl= A Aot A3 L]
ok Skt em Qo= AHAAZIZE Faketel weh HA Srbske A¥FS BA
o AFH 2V TS vusiry xvlo] o Ao ke 141.26mg%, 103.97
mg% ] al, W39 155.36mg%, 87.89mg%E 7t H At

Na¥t&e 239 2 Wxye] syjelr 7] Bo F7]o] g Fo wrje] k3t
S7beta oy 27| FR Y= U2 A Bt

A
Mg@de 23 2 vzse dolod AHz7uck F716) 3% dadvt @
=

Pl &2 2y 9 REI ] Ry HF FTTd= 54T SIS HERREIE
wrloll= Aadpd oy AHAx7Y FEFRTE =4 UEETh

Table 6. Contents of mineral elements in Chopi and Minchopi

(mg%)
Samples K Ca Na Mg P
CL-1 115.21 74.52 5.96 9.90 75.08
CL-2 117.14 138.41 5.77 10.09 96.45
CL-3 120.17 141.26 4.40 9.35 102.76
ML-1 77.79 125.05 6.65 18.36 98.34
ML-2 83.06 133.76 5.84 22.11 144.56
ML-3 87.21 155.36 552 19.79 167.39
CP-1 261.87 111.14 17.78 18.72 255.17
CP-2 275.57 75.32 10.18 9.60 389.43
CP-3 310.83 103.97 13.01 14.79 325.36
MP-1 2617.72 115.37 19.49 22.34 164.38
MP-2 301.02 55.58 17.30 8.87 286.35
MP-3 413.78 87.89 14.15 12.37 241.47

Samples shown in Table 5
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Table 7. Contents of total amino acids for leaves of Chopi and Minchopi

(mg%)
Amino acid Samples

CL-1 CL-2 CL-3 ML-1 ML-2 ML-3
Asp 146.75 84.91 122.05 151.91 10479 12350
Thr 7778 51.10 79.82 84.63 69.54 64.57
Ser 90.15 57.50 86.82 128.44 102.77 83.65
Glu 13856 78.95 12854 236.38 12035 114.36
Pro 87.31 50.28 133.80 129.77 705.86 57.05
Gly 115.55 85.82 108.23 12057 93.13 90.93
Ala 88.33 57.34 75.98 12357 66.56 72.40
Cys tr tr tr tr tr tr
Val 85.40 57.86 7456 111.35 7725 66.07
Met 20.19 tr 0.81 27.18 19.77 0.74
Iso 78.69 52.98 72.55 97.11 69.28 65.54
Leu 142.32 95.85 133.10 192.37 12279 11592
Tyr 57.19 38.49 49.00 69.58 40.03 36.03
Phe 88.36 57.93 7457 104.11 64.56 62.01
His 82.30 69.29 97.96 148.48 83.17 71.07
Lys 104.14 91.96 118.54 120.40 11048  100.16
Arg 86.42 90.94 80.69 86.09 69.86 65.32
TAA™ 1297.88 83630 123479 172445  1737.85 1020.840
EAA™ 679.18 47697 65191 8591 61684  546.08
EAA/TAA(%) 4560 46.71 45.37 45.86 32.12 45.92

*Wet basis ; “TAA, total amino acid,
“"EAA, total essential amino acid(Thr+Val+Met+Ile+Leu+Phe+His+Lys)
Samples shown in Table 9



Table 8. Contents of total amino acids for peels of Chopi and Minchopi

(mg%)
Amino acid Samples

CP-1 CP-2 CP-3 MP-1 MP-2 MP-3
Asp 212.71 142.26 65.69 194.93 99.64 89.16
Thr 101.57 71.05 51.30 100.31 64.54 32.08
Ser 11364 86.03 62.57 110.25 73.44 67.77
Glu 166.27 125.20 80.44 156.61 121.13 42.48
Pro 107.50 83.01 128.64 86.13 73.83 85.42
Gly 109.32 84.18 64.88 11378 66.80 44,68
Ala 90.27 65.90 43.90 93.43 57.97 29.83
Cys tr tr tr tr tr tr
Val 104.23 70.93 41.59 105.68 63.73 29.59
Met 10.12 591 2.88 11.34 7.92 1855
Iso 9459 67.02 4877 94.49 59.03 29.94
Leu 152.25 111.24 88.93 152.52 99.12 55.82
Tyr 73.32 46.22 65.90 72.09 39.07 25.01
Phe 91.55 58.42 73.28 92.55 51.86 29.96
His 150.03 114.26 91.05 133.87 92.82 49.89
Lys 195.62 164.33 146.86 17142 14327 129.45
Arg 207.17 10517 58.96 130.08 7376 65.55
TAA™ 157637 112963  906.82 151698 9689  627.23
EAA™ 899.96 66316 54466 86218 582290 37528
EAA/TAA(%) 4545 47.33 48.82 47.39 49.02 45.48

*Wet basis ; “TAA, total amino acid,
“"EAA, total essential amino acid(Thr+Val+Met+Ile+Leu+Phe+His+Lys)
Samples shown in Table 9



Table 9. Contents of free amino acids for leaves of Chopi and Minchopi

(mg%)
Amino acid Samples
CL-1 CL-2 CL-3 ML-1 ML-2  ML-3
Asp tr 3.36 401 tr tr tr
Thr 4.22 3.40 4.76 tr 3.21 2.96
Ser 352 4.86 2.16 3.15 3.15 6.61
Glu 3.36 6.25 3.18 8.82 3.10 455
Pro 0.08 8.05 17.78 9.52 6.21 3.95
Gly 0.01 0.38 1.16 0.20 0.30 0.81
Ala 2.62 3.66 3.10 4.14 2.31 3.03
Cys tr tr tr tr tr tr
Val 0.84 1.08 2.08 1.08 0.75 1.62
Met tr tr tr tr tr tr
Iso tr 0.44 0.70 tr tr 0.51
Leu tr 0.36 0.77 tr tr 0.47
Tyr tr 1.18 0.76 tr tr 2.04
Phe tr 0.88 1.30 tr tr 0.84
His 10.07 11.13 891 11.06 10.72 12.24
Lys 4.00 3.90 5.32 5.47 2.87 5.22
Arg 571 3.90 481 543 773 6.57
TAA™ 23.72 4303 47.670 36.97 27.75 36.63
EAA™ 19.13 21.19 23.84 17.61 17.55 23.86
EAA/TAA(%)

55.56 40.11 39.21 36.03 4351 46.40

“Wet basis ; “TAA, total amino acid,
“"EAA, total essential amino acid(Thr+Val+Met+Ile+Leu+Phe+His+Lys)
Samples shown in Table 9



Table 10. Contents of free amino acids for peels of Chopi and Minchopi

(mg%
Amino acid Samples
CP-1 CP-2 CP-3 MP-1 MP-2 MP-3
Asp tr 4.29 5.35 tr 2.79 2.77
Thr tr 8.87 5.82 4.09 2.78 0.65
Ser 8.03 253 115 3.67 1.67 1.20
Glu 6.01 447 2.26 371 2.62 342
Pro 2.65 7.49 7.80 3.76 1.17 1.9
Gly 0.50 0.45 0.53 0.46 0.04 0.55
Ala 1.59 171 1.00 1.32 0.98 0.78
Cys tr tr tr tr tr tr
Val 0.87 0.81 0.45 1.01 0.89 0.75
Met tr tr tr tr tr tr
Iso tr 0.32 0.21 0.37 0.04 0.33
Leu tr 0.44 0.28 0.62 0.24 0.43
Tyr 0.44 0.49 tr tr tr 1.09
Phe 0.47 0.39 tr 0.52 tr tr
His 7.99 8.06 345 5.99 6.82 3.97
Lys 10.43 6.45 6.90 5.52 4.80 5.41
Arg 12.83 9.61 3.23 2.63 5.17 3.20
TAAT 27550 38.32 25.3 24.52 18'04'8 14.98
EAA™ 19.76 25.34 17.11 18.12 1557 1159
EAA/TAA(%)

38.15 44.95 4452 53.82 51.90 4359

*Wet basis ; “TAA, total amino acid,
""EAA, total essential amino acid(Thr+Val+Met+Ile+Leu+Phe+His+Lys)
Samples shown in Table 9
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Fig. 1. GC-Mass total ion chromatogram of flavor components

in peels and leaves of Chopi by steam distillation.
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Fig. 2. Gas chromatogram of flavor components in Minchopi

peels by steam distillation.
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Table 11. Contents of flavor components from peels of Chopi and

Minchopi by steam distillation

(ng%)

Flavor components Samples

CP1 CP2 CP3 MP1 MP2 MP3
a-pinene 0.10 0.15 0.09 - - 1.06
unknown 1 - - 0.18 0.02 - 0.13
unknown 2 - - - - - 0.02
[f-pinene 0.02 - 0.02 - - 0.13
unknown 3 0.05 0.05 0.08 - - 041
[i-myrcene 2.29 2.37 4.60 - 0.07 14.78
a—-thujene 0.20 0.17 0.27 - 0.03 0.64
1-phellandrene - - 0.16 - - 0.45
a-terpinene 0.08 0.09 0.10 - - 0.26
limonene + [i-phellandrene 1426 1415 2614 033 1.06 78.19
1,8-cineol 625 1254 1491 012 064 26.82
cis-ocimene 0.05 0.06 0.09 - 0.03 0.19
v—terpinene 0.04 0.03 0.06 - - 0.15
2-hexanal 0.03 0.02 - - - 0.04
cymene - 0.09 - - - 0.11
unknown 4 0.44 0.57 0.73 - - 1.64
unknown 5 - 1.55 - - - 0.03
alloocimene - 0.05 - - - 0.03
fi-3-carene 0.04 - 0.08 - - 0.11
rose oxide - - 0.19 - - 0.60
unknown 6 0.24 - - - 0.03 0.05
unknown 7 - 0.07 - - - 0.05
4-pyridinol, 5-methoxy-2-methyl - - 0.08 - - 0.24
unknown 8 0.02 - - - - 0.09
unknown 9 - - - - - 0.04
unknown 10 - - 0.60 - - 0.02
unknown 11 - 0.02 - - - 0.04
(E)-2-(1-propenyl) toluene - - 0.06 - - 0.21
unknown 12 - - 0.04 - - 0.23
unknown 13 0.05 0.04 0.08 - - 0.11
unknown 14 - - - - - 0.02
citronellal 3286 2158 2590 049 152 64.53

(+)-linalool 1.20 1.40 180 041 098 2.28




Table 11. Continued

(mg%)
Samples

Flavor components

CP1 CP2 CP3 MP1 MP2 MP3
unknown 15 0.04 0.04 0.07 - 0.03 0.11
a-terpinolene 0.16 0.13 0.28 - 0.03 0.41
unknown 16 0.07 0.06 0.14 - - 0.24
thujil alcohol - - - - - 0.02
unknown 17 0.77 0.73 087 014 0.26 1.65
camphene hydrate 0.68 0.68 0.77 - 0.05 2.07
isopulegol 2.05 2.30 178 007 013 5.83
3,6,9,12-tetraoxahexadecan—1-ol - 0.25 0.09 - - 0.23
1,4-terpineol 0.32 0.42 033 004 0.09 0.84
ethanol,2-(1-methylethoxy) - - - - - 0.05
citronellyl acetate 0.47 0.46 062 013 0.21 1.15
2-pentadecanol 0.14 0.14 0.09 - - 0.40
2-tridecanol 0.48 0.29 0.88 - 0.03 1.38
1,4,7,10,13,16-h looctad _ _ _ _
! exaoxacyclooctadecan 0.02 0.02
unknown 18 0.04 - 0.04 - - 0.07
Sthanol, 2-[2-(2-butoxyethoxy) 015 012 016 002 004 033
ethylene oxide trimer 0.14 0.21 026 003 013 0.61
a-terpineol 0.45 0.46 067 014 031 0.98
unknown 19 0.15 0.17 0.36 - 0.05 1.20
camphane 0.08 0.04 0.06 - - 0.12
geranyl acetate 2.95 551 7.01 004 216 498
[i-citronellol 1.11 0.98 1511 013 013 36.88
2-cyclohexen—-1-one, 3—methyl 0.86 0.84 0.73 0.10 0.33 2.04
di-iso—-propylamine 0.04 0.04 0.17 - 0.03 0.55
2,0,8,11,14-pentaoxahexadecan-16-ol - 0.03 - - - 0.09
trans—geraniol 0.24 0.26 1.90 - 0.64 1.76
3,6,9,12,15-pentaoxanonadecane-1-ol  0.03 0.07 0.12 - - 0.38

Total 69.64 6923 10877 221 9.03 258.09




Table 12. Contents of flavor components from leaves of Chopi and
Minchopi by steam distillation

(mg%)

Favor components

Samples

CL1

ML3

a-pinene
unknown 1
unknown 2
[-pinene
unknown 3
fi-myrcene
a-thujene
1-phellandrene
a-terpinene
limonene + [i—phellandrene
1,8-cineol
cis—ocimene
v—terpinene
2-hexanal
cymene
unknown 4
unknown 5
alloocimene
ii-3-carene
rose oxide
unknown 6
unknown 7
4-pyridinol, 5-methoxy-2-methyl
unknown 8
unknown 9
unknown 10
unknown 11
(E)-2-(1-propenyl) toluene
unknown 12
unknown 13
unknown 14
citronellal
(+)-linalool

0.07

0.18

0.17

CL3 MLI1

0.11
0.13

2.719
0.62
0.60

0.04

1.22

0.19
0.02

0.11

1.35
0.32

0.03

0.02

0.13

Samples shown in Table 9



Table 12. Continued

(mg%)
Favor components Samples
CL1 CL2 CL3 ML1 ML2 ML3
unknown 15 - - - - - -
ethanol,2-(1-methylethoxy) - - - - - -
a-terpinolene - - - 0.02 - -
unknown 16 - - - - - -
thujil alcohol - - - - - -
unknown 17 005 0.05 007 009 003 0.03
camphene hydrate 002 005 0.03 0.06 - 0.05
isopulegol 0.07 010 0.06 007 004 007
3,6,9,12-tetraoxahexadecan—1-ol 0.03 005 0.02 - - 0.10
1,4-terpineol 010 019 014 007 0.09 023
citronellyl acetate 004 031 039 0.07 - 0.02
2-pentadecanol - - - - - -
2-tridecanol 005 009 007 004 - 0.14
1,4,7,10,13,16-hexaoxacyclooctadecane - 0.05 - - - 0.03
unknown 18 - - - - - 0.08
ethanol, 2-[2-(2-butoxyethoxy)ethoxy] - 0.04 0.07 - - -
ethylene oxide trimer - - 0.02 0.03 - 0.06
a-terpineol 026 012 011 044 022 032
unknown 19 006 0.06 0.08 - - 0.03
camphane - - - - - -
geranyl acetate 1.01 053 042 179 061 065
[i—citronellol 122 104 134 093 036 066
2-cyclohexen—-1-one, 3-methyl 011 007 008 004 006 0.03
di-iso—propylamine - - - - - -
2,5,8,11,14-pentaoxahexadecan-16-ol - - - - - -
trans—geraniol 0.15 0.05 - 015 023 017
3,6,9,12,15-pentaoxanonadecane—1-ol - - - - - -
Total 822 692 610 11.30 590 6.38

Samples shown in Table 9
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Fig. 5. GC-Mass total ion chromatogram of flavor components

in peels and leaves of Chopi by solvent extaction.



Table 13. Contents of flavor components from peels of Chopi and Minchopi
by methanol extraction

(mg2)
Samples

Flavor components

CP1 CP2 CP3 MP1  MP2 MP3
d-pinene 1.52 1.39 5.68 1.97 3.32 3.07
unknown 1 - - 0.72 1.75 1.89 1.85
[i-pinene - - 3.33 1.02 3.52 413
unknown 2 - 0.75 14.50 - - -
[i-myrcene 14112 105.06 61870 6490 126.97 193.76
a-thujene - - 16.70 - - 1.27

1-phellandrene - - - - _ _
limonene + f-phellandrene  630.05 447.01 245212 288.39 575.28 756.73

1,8-cineol 172.84 12348 70266 542.60 87538 1103.53
cis—ocimene - - 2.86 - - -
cymene 10.39 7.16 1.87 3.34 7.77 0.67
unknown 3 - - 38.20 - - 11.10

unknown 4 - - - - - -

unknown 5 - - - - - -

unknown 6 2.24 1.78 1.76 2.39 3.21 -
unknown 7 - - 2.89 - - -
citronellal 334.13 23398 61534 4555 7652 70.37
unknown 8 - - 2.74 - - -
linalool 4.55 2.90 7.75 3.82 7.16 8.01
n-terpinolene 6.20 3.76 16.86 2.72 451 5.66
unknown 9 - - 0.41 - - -
thujil alcohol - - 3.01 - - -
camphene hydrate - - 711 - - 0.44
isopulegol 8.71 3.28 - 0.08 1.55 -
1,4-terpineol - 7.75 14.81 - - 1.38
citronellyl acetate 2.00 10.88 0.63 3.96 - 19.96
2-pentadecanol - - 18.77 - 10.93 -

2-tridecanol 17.52 0.92 57.45 2.83 5.35 6.99




Table 13. Continued

(mg2)
Samples
Flavor components

CP1 CP2 CpP3 MP1 MP2 MP3

1,4,7,10,13,16-hexaoxacyclooctadecane 1.77 - 4.89 - 459 2.60

n-terpineol 3.21 - 1276 1.57 0.77 2.48

unknown 10 - - 4.98 - 1.75 3.08

unknown 11 - - 0.53 - 1.25 1.03

unknown 12 6.74 508  23.07 2.50 3.05 3.59

unknown 13 - - 2.54 6.24 - -

geranyl acetate 0.66 - 20.20 - 0.30 4.98
[i—citronellol 56.02 38.14 33666 989 27376 387.85
2-cyclohexen—-1-one, 3—methyl 3.00 - 479 0.58 0.91 0.89
di-iso—propylamine - - 18.27 - - -
25,8 11,14-pentaoxahexadecan-16-ol 1.46 - - - - -
trans—geraniol 2.72 - 5.50 - 6.60 6.84
3,6,9,12,15-pentaoxanonadecane—1-ol - - 1.03 - - -
Total 1406.85 993.32 5042.09 986.10 2001.34 2607.26

Samples shown in Table 9



Table 14. Contents of flavor components from leaves of Chopi and
Minchopi by methanol extraction

(mg2%)
Samples
Flavor components
CL1 CL2 CL3 ML1 ML2 ML3

a-pinene 2.07 3.22 4.65 15.04 8.57 8.61
unknown 1 - - - - - -
[i-pinene - - 0.62 2.14 - 2.55
unknown 2 - - - - - -
ff-myrcene 8.13 3.03 12.11 6.25 5.29 591
ao-thujene - - - - - -

1-phellandrene - - - - _ _
limonene + [i-phellandrene 4191 4518 64.01 2062 2512 24.19

1,8-cineol 11.17  11.88 13.28 33.03 13.80 15.83
cis—ocimene 2.93 - - - _ _
cymene - - - - _ _

unknown 3 - - - - - -

unknown 4 - 1462 6.64 1956  14.80 12.79
unknown 5 - - - 244 - 4.07
unknown 6 6.07 9.29 8.71 10.23 9.24 11.45
unknown 7 - - - - - -
citronellal 17.07  21.02 28.04 1915 1324 14.74
unknown 8 - - - - - 0.10
linalool - - - - - -

a-terpinolene - - - - _ _
unknown 9 - - - - _ _
thujil alcohol - - - - _ _

camphene hydrate - - - - _ _

isopulegol 497 3.93 - - 2.08 -
1,4-terpineol - - 2.33 - - 4.94
citronellyl acetate 0.85 - 1.45 14.25 - 1.47

Z2—pentadecanol 2827 1245 8.04 - 8.60  16.25




Table 14. Continued

(mg%)
Samples

Flavor components
CL1 CL2 CL3 ML1 ML2  ML3
2-tridecanol - 3.03 330 2244 2.38 1.02
1,4,7,10,13,16-hexaoxacyclooctad 1024 1759 10.87 - 19.85 301

ecane

a-terpineol 3.44 4.30 1.91 8.57 3.78 5.64
unknown 10 - 0.70 - - - 0.81
unknown 11 2.43 - - 0.71 0.35 2.22
unknown 12 - 0.67 - - 1.49 1.87
unknown 13 - - - - - 0.60
geranyl acetate - - - - - 3.01
. 155
[i—citronellol 25.02 1333 764 2202 2121 9
2-cyclohexen—-1-one, 3-methyl - - - - - -
di-iso—propylamine - - - - - -
?,65_,5(3),111,14*pentaoxahexadecanf 9.70 - 047 - - -
trans—geraniol 1.15 - - - 1.38 1.36
1sopulegol - 2.93 - - - 2.01
Total 17542 17217 17407 196.45 151.18 164.97

Samples shown in Table 9
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Table 15. Contents of flavor components from peels of Chopi and Minchopi
by diethyl ether extraction

(mg%)

Flavor components Samples
CP1 CP2 CP3 MP1  MP2 MP3
i-pinene 8.54 8.02 1586 9.00 11.11 9.11
unknown 1 0.87 1.42 2.21 3.34 4.07 3.33
[i-pinene 4.62 547  11.70 1.90 3.43 3.08
unknown 2 16.42 1951  41.44 874  14.15 12.26
[i-myrcene 609.05 706.29 1536.58 29050 492.87 41861
n-thujene 19.35 1883 3861 393 1270 543
1-phellandrene 16.18 1871 3175 - 11.39 22.35
a-terpinene 0.57 0.59 - - - -
limonene + [i-phellandrene 2434.05 272251 3933.99 1119.81 1879.92 2582.49
1,8-cineol 72429 1843775 1809.11 2216.70 2801.16 3457.25
cis—ocimene 297 3.68 9.17 297 3.86 2.96
y—terpinene - 1.13 2.95 - - -
cymene 43.73 40.37 104.20 1822 2642 26.83
unknown 3 - - - - - 1.13
unknown 4 - - - - - -
fi-3-carene - - 0.66 - - -
rose oxide - - 2.03 - - -
unknown 5 - - 0.56 - - -
unknown 6 - - - 0.55 1.50 1.41
unknown 7 3.57 555 1518 - 4.15 3.62
citronellal 489.11 65596 97895 6142 103.44 93.46
unknown 8 - - 1.42 - 3.53 2.67
unknown 9 - - - 2.45 - -
linalool 6.87 848 1278 589 1242 9.99
unknown 10 - - 1.42 - - -
n-terpinolene 10.25 13.67  29.15 5.50 9.17 8.57
unknown 11 - 0.47 0.67 - - -
thujil alcohol 1.26 2.15 531 - - -
unknown 12 3.86 6.02  11.68 - - -

camphene hydrate 4.40 6.23 11.28 - - -




Table 15. Continued

(mg%)
Flavor components Samples
CpP1  CP2 CP3 MP1 MP2 MP3
isopulegol 10.17 1372 19.21 - 073 1.46
1,4-terpineol - - - 291 403 3.30
ethanol,2-(1-methylethoxy) - - 111 - - -
citronellyl acetate 1450 2095 46.00 3227 4618 38.34
2-pentadecanol - - - - 0.39 1.65
2-tridecanol 2770 3729 101.89 572 873 9.73
1,4,7,10,13,16-hexaoxacyclooctadecane 569 11.18 28.79 0.41 512 4.86
unknown 13 - - 1.50 - - -
ethylene oxide trimer - - 3.46 1.17 1.33 2.61
1-a-terpineol 31.27 5146 12494 1564 3131 31.61
unknown 14 448 486 11.84 594 802 6.96
unknown 15 1466 1999 4522 738 1396 12.04
geranyl acetate 1070 1622 34.92 792 12774 1052
[i-citronellol 86.86 111.48 516.77 5531 61847 447.14
2-cyclohexen—1-one, 3—-methyl 4.42 431 7.52 0.69 2.30 0.97
di-iso—propylamine - 2.33 1.71 - 3.56 1.47
2,5,8,11,14-pentaoxahexadecan—16-ol - 0.33 - - - -
trans—teraniol 358 328 1033 075 1432 7.94
3,6,9,12,15-pentaoxanonadecane—1-ol - 1.20 2.22 - - -

Total 4613.99 6387.41 9566.09 3887.03 6166.48 7245.15




Table 16. Contents of flavor components from leaves of Chopi and
Minchopi by diethyl ether extraction

(mg%)

Flavor components

Sampls

CL1

CL2

CL3

ML1

ML2

ML3

a-pinene
unknown 1
[f-pinene
unknown 2
fi-myrcene
ao-thujene
1-phellandrene
a-terpinene
limonene + [-phellandrene
1,8-cineol
cis-ocimene
y-terpinene
cymene
unknown 3
unknown 4
fi-3-carene
rose oxide
unknown 5
unknown 6
unknown 7
citronellal
unknown 8
unknown 9
linalool
unknown 10
a-terpinolene
unknown 11
thujil alcohol

unknown 12

68.80
19.73
3.31

51.33
14.84

1.35
417

19.54
14.29

2.02

3.70




Table 16. Contineud

(mg2%)
Samples

Flavor components
CL1 CL2 CL3 ML1 ML2 ML3
camphene hydrate - - - - - -
isopulegol - - - - - -
1,4-terpineol 3.22 - - - - -
ethanol,2-(1-methylethoxy) - - - - - -
citronellyl acetate 26.06 6.57 254 9.98 3.38  6.81
2-pentadecanol - - - - - -
2-tridecanol 1.98 1.56 - - - -
1,4,7,10,13,16-hexaoxacyclooctadecane - - - - - -
unknown 13 - - - - - -
ethylene oxide trimer - - - - - -
n-terpineol 32.42 817 9.59 695 10.66 7.66
unknown 14 4.09 - - 0.26 - -
unknown 15 - - - 0.75 - -
geranyl acetate - - - 3.17 - 217
[i-citronellol 23775 10.04 499 1.33 1034 6.48
2-cyclohexen—-1-one, 3-methyl - - - - - -
di-iso—propylamine - - - - - -
2,5,8,11,14-pentaoxahexadecan—-16-ol 10.07 - - - - -
trans—geraniol 1.65 0.58 - - 1.65 -
3,6,9,12,15-pentaoxanonadecane—1-ol - - - 3.46 - -
Total 225,78 11333 99.61 11527 7262 68.19
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Table 17. Contents of flavor components from peels of Chopi and Minchopi
by hexane extraction
( mg% )

Samples

Flavor components
CP1 CP2 CpP3 MP1 MP2 MP3

a-pinene - - - - - -
unknown 1 0.68 0.74 4.82 - - -
[i-pinene - - - - - -
unknown 2 - - - - - -
fi-myrcene - - - - - -
a-thujene - - - - - -
1-phellandrene - - - - - -
a-terpinene - - - - - -
limonene + [-phellandrene - - - - - -
1,8-cineol

cis-ocimene - - - - - -
¥—terpinene - - - - - -
cymene 3979 3850 3768 6.78 5.57 3.30
unknown 3 - - - - - -
unknown 4 - - - - - -
fi-3-carene - - - - - -
rose oxide - - - - - -
unknown 5 1.06 - 151 043 1.40 1.37
unknown 6 1.54 - - - - -

unknown 7 - - - - - -

citronellal 336 1145 1212 191 3.30 10.83
unknown 8 - - - 079 - -
unknown 9 - - 7.49 - - -
linalool 405 1373 1404 178 1736 16.76

unknown 10 - - - - _ _
a-terpinolene - - - - _ _
unknown 11 - - - - _ _
thujil alcohol - - - _ _ _

unknown 12 - - - - - -




Table 17. Continued

Flavor components

camphene hydrate

1sopulegol

1,4-terpineol
ethanol,2-(1-methylethoxy)
citronellyl acetate

2-pentadecanol

2-tridecanol
1,4,7,10,13,16-hexaoxacyclooctadecane
unknown 13

ethylene oxide trimer

1-a-terpineol

unknown 14

unknown 15

geranyl acetate

[i—citronellol

2-cyclohexen—-1-one, 3-methyl
di-iso—propylamine
2,5,8,11,14-pentaoxahexadecan—-16-ol
trans—geraniol

3,6,9,12,15-pentaoxanonadecane—1-ol

Total

( mg% )

Samples
CP3 MP2 MP3
4.95 - 192
0.71 - -
491 4.74
- 0.36
24.06 13.09 -
11.39 1.75 -
- 1951 30.14
16.25 22.33
10.43 722 1513
27.21 1.38 -
- 148 562
0.18 -
17775 72.06 112.50




Table 18. Contents of flavor components from leaves of Chopi and
Minchopi by hexane extraction
( mg% )

Samples

Flavor components CL1 Clo CL3 ML i N3

d-pinene -
unknown 1 -
[i-pinene -
unknown 2 -
fi-myrcene -
n-thujene -
1-phellandrene -
a-terpinene -
limonene + [i-phellandrene -
1,8-cineol -
cis—ocimene -
y—terpinene -
cymene -
unknown 3 -
unknown 4 -
fi-3-carene -
rose oxide -
unknown 5 -
unknown 6 -
unknown 7 0.36 - - - - -
citronellal - 0.44 413 - - 2.40
unknown 8 -
unknown 9 -
linalool -
unknown 10 -
a-terpinolene -
unknown 11 -
thujil alcohol - - - - - -
unknown 12 -




Table 18. Continued
( mg% )

Samples

Flavor components
CL1 CL2 CL3 ML1 ML2 ML3

camphene hydrate - - _ _ _ _
isopulegol - - _ _ _ _
1,4-terpineol - - - _ _ _
ethanol,2-(1-methylethoxy) - - . _ _ _
citronellyl acetate - - - - _ _
2-pentadecanol - _ _ _ _ B

2-tridecanol 0.20 - - 0.20 - 019
1,4,7,10,13,16-hexaoxacyclooctadecane - - - 2.40 - -
unknown 13 - - - 7.89 - -

ethylene oxide trimer - - - - _ _
n-terpineol - - - - 0.47 -

unknown 14 - - - - - -

unknown 15 348 13.23 - 1.81 - 052
geranyl acetate 1445 16.21 - 1543 - -
[i-citronellol 2233 261 1011 28.01 - -
2-cyclohexen—1-one, 3-methyl 6.23 783 443  20.38 - 1.10
di-iso—propylamine 7.93 - - 7.95 - 0.02
2,5,8,11,14-pentaoxahexadecan—-16-ol - - 966 1.04 - -
trans—geraniol 32.96 - - 2261 2438 1659

3,6,9,12,15-pentaoxanonadecane—1-ol - - - - - -

Total 8794 4037 2833 10772 2485 20.82
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Table 19. Sensory quality of pungent principles of Chopi by extracting

method
Extract Solvent
Water Ethanol Chloroform Ethyl ether Hexane
Sensgry + ++ +++ +++ ++
quality

+! weakly, ++: strong, +++ ! very strong
2) Am el e 2 AA
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Table 20. Sensory quality of the fraction of the pungent principle of Chopi

Fraction No.

1~23 24 25 26 27 28 29 30 31 32 33 34 35 36 37~100

Sensory quality - + 4+ e+ e e+ + o+ -

- not detected, +: weakly, ++: strong, +++ ! very strong
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Table 21. Optical dencity of the fraction of the pungent principle of Chopi

Fraction No.

1~23 24 25 26 27 28 29 30 31 32 33 34 35 36 37~100

OD
o 05 14123213 1232 111.3 743 425153 91 33 23 22 2.1 1.7
(270nm)
Y E 8] A

th) 2m gl HPLCo 93t =4 2
Silica gel column chromatographyol] A % s}

HEE 31 2744 E HPLCE AlE38te] 58S
B vhel 23, ZF peake Alv|AgiEe] #FA HAMA e FEFe i 2204 HE uf
o} 2ty F peakd T 10707F &1E Ao, 1 F 7T/ packE A4to]l 7Hestda 7t
peakS EFH 3] Y =31 ethaolod] =oA TFTHAE 3 A3 7TH peakito]
2mpdol AL 71EF peakoll A= Alvd S =454 gldth
Peak®d W29 v &S B 7H peak”’} 65%, 61 peak 26.8%, 1¥H peak 4% =<
= S 63 79 peak7b AASEAL AT

2

el

o] AatA =W 26

A

#2% chromatogrm< Fig. 79 A

ut

Table 22. Sensory quality of each peak of chroloform extract separated by

the HPLC
Peak No.
1 2 3 4 5 6 7
Sensory quality - - - - - - i
Relative peak area(%)  4.0) 0.4 1.7 1.6 05 26.8 65.0

- not detected, +: weakly, ++: strong, +++ : very strong



A0 D u O
o
e
AT B q
| LI"III J""l_ JI
0 ] . ke 1l
b Filry-] R ] 11484 145 =]
Lk L e ]
[ |
514
24 2
- —_— o
11, LT ] [T ] F1-] 15 ol

Fig. 7. HPLC chromatogram of fraction No.26-31 in Table 20

monitored by UV detector.




3) AV 54

ML

7} UV spectrumel &3 F+Z2E4
HPLCol A #8¥d 78 peakE ®3F3sle sF Fo| hexand =9 UV
sectrophotometerS Al&3lo] 9-& UV spectrum< Fig. 83 Zt}. 209nmol A 1.24,
233nmel Al 0.65, 259nmell A4l 0.54, 269nmelA 0.61 2 279nmolA 0509 EHE=E H
o] Ao g Hol o]F A conjugationd2FS st Jdow C=0Z2&S zta

B4 4w Ak

rr

) IR spectrumeol] ] 3t Fx2E4
HPLCOl A Z2]¥ 7H peaks +FH3t 5 Fo chloroformel &3 Al#A
KBr cellel %o IR spectrophotometer® &4 spectrums =#3 ZA¥+= Fig. 9%
21} spectrumS 2900cm ', 1750cm !, 1450em ' 1375em ol A F peakES 2.4l
A o]& F+Z% CHp-CH, CH=CH, C=0, C=O-NH; ¢ %% 2t Z1o® Ay
ATt

t}) LC-Massoll 23 x4

AugEe EaFd Bd g9& fstel HPLCAAA sFidd 295
Hypersil columnE Ag3ted LC-Mass®Z #4391 e LC-Mass total ion
chromatogram= Fig. 109} #Zow 29 mass spectrum2 Fig. 113 2t}
mass spectrumol Al B 273m/z, 256m/z, 129m/z £ 69m/zol A peak’t U= HOS
2 BEx#e 2730l o]E Yasuda 5°] H i3 hydroxy y-sanshooldlA] o]F Ad
o] 17 #4&s FEAR F4Ho] Huh ¥WhH Yasuda 52 5719 peakoll A AlwAd &

I

O

rr

—

o] EA3tE Ao Hudg ot B dfoas HPLCS 79 peak ol &olAs Al
Aol gl oyt Yasuda S°] ® 113 HPLC chromatogram¥ Z2 A& w3t}

d



Print Window

AL
1.2
119

104/

0.0

0.84]

0.7

0.6 °

0.5
0.41

031

0.2
01

0.0

| (zoz.on.flLW“"““”’

270.0000674)

s +(431.0/0.1310)

O

T R NS T eI ma T ae R e

Fig. 8. UV spectrum of the pungent principle of Chopi

- 115 -




B8 2.6 238 R 2020699020080 08958¢A08080280808

n....l..-..-...t..I..O!la‘to.‘tco‘

Fig. 9. Infrared spectrum of the pungent principle of Chopi.

- 116 -




Abundance TICT TBSBITSRARS0-3.D — = ~———

1600000

11400000

c 1200000

£000000 ;

© 800000
i !
I 600000 ;
i

400000 |

200000 ;

[ ' i
TiTs::? ..?L?g 10 00 15. UU 20 00 25 00 30 00 35 00 40 00 45 00

Fig. 10. LC-Mass total ion chromatogram of the pungent
principle of Chopi

- 117 -




ABindanee” T S¢aR 2YZ (9.5IE min) i [BSBITSHANSD-Z D - CORKUPT
400000 ; 129 255

350000 ;
169

i

300000 |
250000 ;
200000
150000

100000

50000 .

313311363 399 45869498 545

300 380 400 450 500 580

[V
m/z--> 50

Fig. 11. Mass :s'pectrum of the pungent principle of Chopi

- 118 -




© © N>

10.
11.
12.
13.
14.
15. %
16.
17.

18.

19.
20.

21.

ojM e AFe) bAA AT, olstolthE A, pp. 389-397 (1993)
AFAEA 2 A+ 4148-149-150-151-153.

Gk, WIS o xIuE shele] Aepebd A1), EEEREEE, 134),
125-132 (1970).
RES S, dti-F, &
(1973)

Mz
bV
12

Bow Abz Aoke A , EEEEAEEE, 4(4), 209-212

]Im

CEERE, @Ok, i ¢ 2 YT O R OB kel A% AT,

i wgEHR A w3kl 1, 1-9 (1979)

PFAG + oA &4 1, 237

BN AREMIH, 807, LEAF (1975)

WEER ¢ SEEEL(ZFE), 160-161, 166, 5 H AL (1975)

RE=Y) 0 Zo5 A 2Rk, 203, =B 5 (1981)

3T R AL A SR, 234, A 2EHAE (1981)

JEASPURS, A R B ARl ORATR (D)), 324, tRE (1983)

FEIR ¢ K R EE#, 501-502, FE-AF (1982)

AR, BB T ORI Bk et s R, AL, 29-30 (1988)

olYdT 1 oFx AR I} oA Fx O] o] &, HEELIHIMit, 241-242 (1976)

S R B, 183-184 (1969)

AR RE—, AR 5 H ARSI E 8, 47-48 (1975)

o719, A5t ¢ TMAIglE AEE U X 7l dEFAAt 2 F84
I 24, A3B3] d=asdds] 53, 37-50 (1989)

KREEEE - wBIE Y, bt (1984)

RS« R B2 EL 200 (1973)

g, AT 0 ARV MEEe iR 2 ASE Mol B A, BMA
BRI, 3(2), 170-176, 1976. (Yoon, H.K. and Kim, C.M., Analytical Studies

I-I'T

R

%

H

on the Composition of Oil and Protein in the Seed of Thornless Chinese
Pepper Zanthoxylum schinifolium var. inermis Nakai, =9 st s 7]&AF
Ha, 3(2), 170-176 (1976)

FUFAY  QHY Fe]H

o



22. PEEE, Ry ¢ BUUREEL 256-257 (1972)

23. Asano, M. and Aihara, T. : Studies on the Components of Semen
Xanthoxylii, Yakugaku Zasshi 69, 79-82 (1949).

24. ligp 2= RHS 0 Ak T, = 2 e-fimikaAgit, 223-274 (1976)

25, WhgE = @ > v a ok & g, REHA 3, 60-61 (1990)

26. S+5 AA e W(1985), MR (FEA o S H )

27, RS 0 5 109 Pk

28. AL PR SRV B, A ekeks] A, 12(1), 5-11 (1981)

20. BREN ¢ LY ol o) BRI WEJE, 52-149-242-373, #Cit (1978)

30. BN ¢ S A SEESAE, aiEAL, 60-61 (1997)

31 RSN Ak Aopkte] gL, s A3k 8he] ] 5(3), 373-379 (1990)

32. R o A B AR TR S WSROt 54 (1992)

33. FAA - AFART, WAL 414 (1994)

4. AAE - A HAs A A, pp. 358-359, HAMS (1984)

B THETEFEIEY ¢ e, 10 (1996)

36. w414 1 ke S8, 283, WISAF (1991)

37 AAA S AREE A 24-63-84-126, F-8 E=HAF (1997)

38, MM, SN ¢ LR B Iz B T (O HR), Remk S UMy, FEEAMERE 71, 1323

(1951)

39. AW A - AEekEste, 37, A= 3AE (1980)

40. AEF, AT, LHE L A=Ak 299 ofFA R w3 AT, dI LA F
317 22(5), 617 (1993)

41, A5 Aokt 3] ¢ FefAg RSt 98-99 (1988)

42. FMEH, Bk, ek 0 29 USR] 3 3] dE R ety SA
et A A sAR 22-2, 77-83 (1988)

43. BFrg 3 e Ak A wek Aot whitdEd =28 6, 725-729
(1981)

44, FEHliE o Zanthoxyli Semen®] ARE ol BIgH 78, 48/ KB KREE &
iz 3 (1982)

45, WEERT 0 wEBRE Z 9ok kel w3 B ORE o gyl BHRE BEYE, R KEMR:

1B S0 (1988)



46.

47.

48.

49.

50.

ol.

o2.

53.

o4.

55.

56.

o7.

58.

AT, o= Ae ¢ " ExIYHF (Zanthoxylum piperitum D.C. var. inerme
Makino) ffi-f-o] ofv| =it} [ehie #lpcel b, A4 sta #eusAT1KE
16, 89-96 (1996)
, b AN - 2 Y F(Zanthoxylum piperitum D.C.) fi1-2] o}n| =

o JENGE #H Htu S AF AR 16, 97-104 (1996)
A< 1 B pE 23] (Zanthoxylum piperitum D.C.)2] =gk 2 Rsilgk ool B3
9, Axrd KBRS AREAMV R L (1984)
WL, MRES, BRI UF B TRER ol e Bge, NHRKE R S
£ 2, 223-228 (1983)

ol
o
=

2
i
iy
1o
&
gg
o
o
=
e
El
i

0(

o

¢

o] 44 1 g Ak 29 (Zanthoxylum piperitum D.C.)°l 3 7] w240l
#e A, AMUSI UstY MALeeEE (1989)

ARA 2R A0y 4R L FFY] B AT, PAhsta By
ek 9] 1= 7 (1992)

W L BMEIRNEY O ®EIC K IE T > & 3 7 (Zanthoxylum  piperitum DC)
DPLFERR & HiiEv b 5o E, Adv. Food Sci 18(1/2) (1996)

Has o FF AETATY w5zt AF Y AAAEAC M= FF, B
Stath bl wAFShe] =1 (1990)

Murayama, Y. und Shinozaki, K. : Uber den scharfen Bestandteil des

Xanthoxylum piperitum D.C.(Vorlaufige Mitteilung), Yakugaku Zasshi,
379-384 (1931)

Athara, T. : On the Principles of Xanthoxylum piperitum DC. II. The
Isolation of Sanshools and the Structure of Sanshool- 1., Yakugaku Zasshi
70, 405-409 (1950)

Aihara, T. : On the Principles of Xanthoxylum piperitum DC. . The
Structure of Sanshool-1I., Yakugaku Zasshi 70, 409-411 (1950)

Athara, Tutou : On the Principles of Xanthoxylum piperitum DC. IV. The
Structure of Sanshoamide., #EEERE 71, 1112-1115 (1951)

Crombie, L. and Shah, ]J.D. : Amides of Vegetable Origin. Part VI. Synthesis
of N-isoButyldodeca-trans-2: trans-4: trans-8- and trans-2: trans—4:
cis—8-trienamide and Their Relation to Sanshool I, J. Chem. Soc. 4244-4249
(1955)



99.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71

Crombie, L. and Tayler, J.L. : Amides of Vegetable Origin. Part VII. The
Constitution and Configuration of the Sanshools, J. Chem. Soc. 2760-2766
(1957)

Katayama, T. : Chemical Significance of the Volatile Components of Spices
in the Food Preservative Viewpoint I. On the Volatile Components of
Xanthoxylum piperitum, Bulletin of the Japanese Society of Scientific
Fisheries No. 6-7, 511-514 (1958)

Abe, F. and Furukawa : Yakugaku Zasshi 93, 624 (1973)

Abe, F., Yahara, S., Kubo, K. Nonaka, G., Okabe, H. and Nishioka, I. :
Studies on Xanthoxylum spp. II. Constituents of the bark of Xanthoxylum
piperitum DC, Chem. Pharm. Bull,, 22(11), 2650-2655 (1974)

Kurita, N. and Koike, S. : Synergistic Antimicrobial Effect of Sodium
Chloride and Essentiak Oil Components, Agric. Biol. Chem., 46(1), 159-165
(1982)

Kusumoto, S., Yoshihara, K. and Hirose, Y. : Constituents of Fruit Oil from
Japanese Pepper, Chem. Soc. Bull. 41, 1945-1950 (1968)

Kusumoto, S., Ohsuka, A. and Kotake, M. : Constituents of Leaf Oil from
Japanese Pepper, Chem. Soc. Bull,, 41, 1950-1953 (1968)

Sakai, T., Yoshihara, K. and Hirose, Y. : A Comparative Study of the
Constituents of Volatile Oils of Zanthoxylum, Chem. Soc. Bull. 43, 484-487
(1970)

Yasuda, I, Takeya, K., and Itokawa, H. : Two New Pungent Principles
isolated from the Pericarps of Zanthoxylum ailanthoides. Chem. Pharm. Bull.
29(6), 1791-1793 (1981)

LB, Ty, RINFHEG 0 ERE) B & ORI 12 & 2 Rl oo g
Lkt oD e B AT, SEELVEERE, 36(4), 301-306 (1982)

Yasuda, I, Takeya, K. and Itokawa, H. @ Distribution of Unsaturated
Aliphatic Acid Amides in Japanese Zanthoxylum Species. Phytochemistry,
21(6), 1295-1298 (1982)

LR T R B AR, BUCRTEEEEL 16(3), 422-428 (1995)

- HEIERN - RN OLEIEUr 2, F v s VEDT TR A F, RKEHE



72.

73.

74.

7.

76.
7.

78.

79.

80.

81.

82.

83.

34.

8.

86.

HERS 34(4), 236 (1983)

Fish, F., Gray, A. 1. and Waterman, P. G. : Methanol-soluble quaternary
alkaloids from African Fagara pecies, Phytochemistry 1(11), 3007-3014 (1972).
I —{ AR TR rpfenl, MFLERICB T2 7 Pl x5 oI 53
i, Nat. Med. 48(4), 317-321 (1994)

R, MHENmREk, RS T B O LI D B S 7 ) [F) 78 - T i & SORHEI B ),
HAEEYEEE GRS 70(9), 1001-1005 (1996)

NIEAR, MR, TN, P IER, AREEY o IR S A o0 BE R HTIC
DWW, KEEdERTE, 15, 27-30 (1996)

Feler =l o 1l oy G R)- S5 PR BUACRPEREEE 16(3), 429-431 (1995)

b7 2 7, W E W A BrhE— S, REOE, vaRd 7L 0 XanthoxylumhE ) o
WIECELHR) ¥ > v a v ooy, $EEERE 93, 624-628 (1973)

RO T, DR, BIR, BERRIERE ¢ TER SO IR o0 AR BEERA AR GE (BE 1)
H A pEZanrhoxylum/% k& U'Fagara/& > R 8 O JZRE, K O 1L, ) HE 12 D v T, Nat
Med 49(2), 137-147 (1995)

KL - o A pE & E, BURCREEREEL 16(3), 418-421 (1995)

AOAC : Official methods of analysis of the association of official analytical
chemists, 31-361-126-127-814 (1980)

RIS, PR 0 oot 19 EhnalR R R ik, gh=r2 & 2483 A,
10(4), 225 (1983)

Perkin-Elmer Corporation : Analytical Methods for Atomic Absorption
Spectrometry, Norwak Com. (1986)

Snell, D. and Snell, C.T. : Colorimetric method of analysis, 3rd ed. Van
Nostrand, N.Y., 3 (1963)

Instruction Manual for the L.K.B. 4150 Alpha Amino Acid Autoanalyzer
(1975)

Ohara, I. and S. Ariyoshi : Comparison of protein precipitants for the
determination of free amino acid in plasma, Agric. Biol. Chem., 43(7), 1473
(1979)

Schults, T.H., Flath, R.A., Mon, T.R. Enggel, SB. and Teranishi, R. :
Isolation of Volatile Components from a Model System, J. Agric. Food



87.

88.

89.

90.

91.

92.

93

Chem., 25, 446 (1977)
Teranishi, R., U. Keller, R.A. Flath and T.R. Mon : Comparison of Bathwise
and Continuous Stream Distillation: Solvent Extraction Recovery of Volatiles

from Oleoresin Capsicum, African Type, J. Agric. Food Chem. 28 (1980)

Vejaphan, W., C. Thomas, Y. Hsieh and S.S. Williams, Volatile Flavor
Components from Boiled Crayfish Tail Meat : J. Food Sci., 53(6) (1988)
Kovats, E. : Gas-chromatographe charakterisierung organischer Verbin—

dungen teil 1: Retentionindices aliphatischer halogenide, alkohole, aldehyde
und ketone, Helv. Chem. Acta 41, 1915 (1958)

Philip, 1. : Identification of Volatile Components: Mass Spectrometry for
Flavor Research, Food Tech. 23, 103 (1969)

Anthony, AW., Terry, AH. and Owen, G.T. : The Gas Chromatographic
Mass Spectrometric Examination of the Volatiles Produced by the
Fermentation of a Sucrose Solution, Z. Lebensm. Unters. Forsch. 172, 377
(1981)

Johnson, EL. and R. Stevenson :@ Basic Liquid Chromatography, Varian
Associates Inc. (1978)

OVEBL, sk, efRiE1, B Kse, FPIHER, IMA2O 1, Hpktame @ T &
ST LI A= S EL Y 42 (2553 ) - Zanthoxylum B8 & 1T 4 o 5 Kz K O T3 B it o0 i
KUK 7y, Nat. Med. 51(3), 249-258 (1997)



B-

To-

o

0
Hin

e

o
)

Aol 3s 74

o]},

]_

571

= 5

ol

)
b

=0

|

0

)}

B 3EA] 7] A]

)
file)

)

ok

A

o

oF

o

N

7FA

R =

spol %ol

25 ALE

BE

1

0

Hin
o
;OH

;O_l

o)

o

|

= Aol e

A7 A H T o B8 He A

AR

71914

ki3

A7 el

ko
™

Al
2

pul

3 A HERV)

3

Foolf iz AAe] F

5
i

o]

B e ¥ ol

H
T

S

A7k LA

=

Fo nEd ol gatug

A Al = &

%qﬁ*l()).

gl A o 7HA FEje] A7)

wEA e

14

9]

o] AFREREA o] &7 M=

=i
=

3

A<

7]

1 5] of of

3}
o}

A3t Aol

T T

S R
=

EEGS

™ o

o =

<

= D

= M
~X

o He

w =T

A o)

o "

ajo

0

T

=

N

-

el

g

7

b=

-

3
ol M @A7EA] dFA DA wol A3

ol
=
=

&
Els

5
o] ¥



!
oz~

ofelgt A Ay M A =& T 71Fe] AT wEAal sl dd
2 Ao r SASAY 9Fo A=l ofste] A

= T
M dFELdE e AAY TEAY T YHE seEdo]l vE v A%

=

iz AR oz Ao -F% ovalbumin, avidin, lysozymed} $-fro] &4 3=
lactoferrin 5¢] FA L /A= Aoz A Ju¥? m wmE ) EAs=
cation protein®]  Escherichia coliol 423 ddAHS e 9t
Lactoperoxidase= H0.9} ZAE35le] o7 7% SCN-S &Ast= S 4
So] o]5o] FHAS HolE Aow I Ui

AAE 78 ALS 2 succinic, malic, tartaric 2 benzoic acid 5& nAdEo] E

kel o] 88 ARAFORA F2] A EHE YJErHH T ZAE Ao

A Bagrh 12-18709 AAtE gy BAE dEA At
Joll &t 285 dEtitE AR o
2o dyz 2uda gk Ueda 50 245 gaaso SvgEggo #ato]
L F7s GRS o849 AAA HEAE Bustgal, Al-Delaimy 53 Johnson
¥ 183 Tansey P& nlso| A, Shama 5°

AT BHudgrl. Farag £°7¢ A8 AfAE] Batt ¥ gite] Fx 7] =2o)

FAREE L4 FuE R /57 5

>

fo
E
1o,
Bl
e
d
fr
X
Al
ot
B
e
o,
o

Aspergillus parasiticus®l 2|3t aflatoxin4d AR 237} At B 1349312, Conner
TYVe 3% AEAHF T AR FAREC 13F9 AF Ry a9 F44
[e=]

g 24 TV 26%9 9N Agord F o9, v
Escherichia coli, Staphylococcus aureus®] Z2< oAst=a#7 9o, 4 Ve
&M Fo Aol Saccharomyces
cerevisiae, Leuconostoc mesenteroides, Lactobacillus plantarum, Aspergillus

oryzae 2 Bacillus subtilis 5o Fa &7t ddvta ruagda, 3 Pe it

FZHo| A, AR 2 23o] So ZPe gl 2EZo) BTy AFEF, AE
7 o] = A @ GRo Ze granst iy BRaskgch



PR FF
HAAHA ) AAHHE AFE IR ®AF, AFEAgke] gl glycine, 714k A
FAAE o 2H 2, FEHANY 5 W dAREAV BRFFHa o

%3] (Zanthoxylum Piperitum De Candolie)+ & ¥} (Rutaceae)2]
Citrus ol &3t Zanthoxylum 2| 3tU= o9 S =3, A, AT, )
(Az), BREz), HRCEz), B z), EREZ), GiEz) 2 Gz 2
TFES olFor Fa2u oqriy vt AAstar o] KK Fik AR of
U

24 gol Zedel gtk wE mse wol FHam b YR

O

A1 gl SHolged F2 Adst e 9L dRHFOEA, 2~3m
Ae Agh fLEED) el M ZHAZE oF lem 272 $Ased, 9 RS A
13 Mk EEeIH /hES 9~197] Ao 1 dZYow FUE 7HAAL drh
A~6°l fERERES S =3 22 Fro] WHKAEFE wWel vw 99 Ao
a , o dujel el oS wEate] Lt B
& o AR AF sy 2E 2 ihiEzh el ekt
7| B0l a9 U (Zanthoxylum Piperitum De Candolie)ol thale], MZolg} B <

Y- (Zanthoxylum Piperitum D.C. var. inerme)= 7}x| o]l 7FA17F =1

o7 HEZ YAk (AT FAH), A, A SAe AAsta e o)A T

)
)
o,
rr

e [TE%U AT -3 AT - A GO nEFA 2WE o
FHERE ol g $a, dRJME dRQF] E5f/3 FuE FE A FrREA
i AR RA 9 o gate] grp Y
Sl Ae 2ANY 2709 THERE), GFEADDAA 2002 S
AAS Gol % wHE - A - A - gol W - AR T oY s e x3(d&)
2 ggor wol ojgattn Matxw Yu Y 17417 Tl Tk, olgtE HAM
T esegd aF tal 297F HypE ol &H AT dafjxa 7] wiEel <
AP AF QB FYHAATE nF:0PE Agsly] A4 AREH 295 o] &3t
oS & 7 Aok mEbA fAtold FARA 27 2F7F Y7 AR
) FERE 2 E o] gdte] & Aow FHAGTY

dgel A FdF 7hed (xR T2 R G ), W), #RE),



+) T FEuEel A s & 2d ek Wi SRl viwste] 2vE
of R FRE TR &AL, ol B RE o] &H A=,
ol el AstA™ Aol = 2y 5o KK ke A oldew
& Aoz FHHW A
297 F2RHS BEA7 % 8
RO FERE ol g3 & old AAAAE
29 EE kst MERVIR e Sol AHsketm g, e &
37b Aol AAFe] MAYE AR L due Ere ZnE AL 3
o] FaF RATEHZA £40] gl HAFE Roltp™® olg zo] - iiei
NE 29% F2 FERRA olgatel goul, 23] BLE NN, T4 Mol
2 sto] #HoRE ol galetl AL AT AL TN/ @ - 3F %
Ee

q
2 S AE-AAE - AYGE - 9T - A7) FF Anel® mat Adn A

=
E
N

f o
o &
=
ar

P

s

uth 239 o] §E | Fob R
o wFoh A A%E 29E 4
&

™
lgel AR AGANE nFE

ol
3R

o

=]
5

£
g 2 R A HiE FEol WI ATEe ded, WA Ty dree g 5
o) 1970M 0] FEIAIE sue] Aoksa ATe] bz AZsl Zule] wu Ay
A9l Wl A Hla AR, B 5 & AxF Aol AEAAL e FAE

bAE Gxauret Sdle g HJA e =

2
P
to
ol
oft

i)
o
il
N
%0,
rr
rot
Ml
A

N

2 5% Fawln o= Zanthoxylums % 2339 orS daozyn
EfgHow 0 AAAAS nFegn, Z87HAE AxEan. v 59 zagy
el tEI ERte] Fe) 2 s 5SS ATt Uy Ee vAlvEAl fifiol
N AAES AT & TV wARU REEe) s 2 ESE Aol
g Aol RIAb R FAE BlaA vk 7] (47.04%), T A (20.14%) LElal 3]
(310%)& Hratar o] S =& AE 9 AERE o8& JMesttha Bty
ow ufPe & Z9 59 /s *Ado] oleic acid,

P
&,
o,
of
i1t
ftlo
ey
o _]}l_ll
_C;L
%
e -
rlo

linoleic acid, linolenic acidE FAEoZ 3, I 9o palmitic acid, stearic acid,
etk HA%e= z2utel fAabe v

FAS 23 FA4 R Ao AW HRE

ol
oL

arachidonic acid 52 3

el FE Byl wek

e
ST
2
>
o K
Mo
X



TLC, Gas chromatography(GC)S 2.2 X3 ZAy=E T4 AL HAZFTA, 29F
24, z39] Fyjo A Zhzh 71.23%, 69.27% 9} 48.87%<2] vl E B3 XA gl
it W oleic acid 9} palmitic acid9] §=Fo] =

e e} Az FAg TR T {7 A -
s AlsAom A -vusded e ART TEAeR ol 2 AR A
L limonene, [-phellandrene, citronellal, cineol 59 <<Aq2™ isopulegol =
linalool®] e Z¥ Hyjol A @43 wokeh A %Y A8 & Ae &wAH
2ohfige]l AYE A 21 T H W FAo| digh 2zbe] opn] e Aikd Ak
A 2AAs EAEA

e ZUUEE Jg 2 BhER TR ik W ek was 27 Gest
High performance liquid chromatography(HPLC)&® 213t o)A, Bz 2 fusz
Rl By e AR BajdA v =9k, 3o A= cineol?} limonene
o] ¥ AEoldi F3 o= a-terpineolT} pineneo] TiR-E-oldom, Rk WS
¥y 9@ 3o A sanshool-T 2J°l 3F 2] sanshoole] &= = o] 2n] A

-
W oEorel #uel of 120 AEYchm wud wh gk aelwm 23U S
Ad ARe 27 FAs wBue) F4 AARgE A o] FHH Y, FA

A A F triglyceride o] 7 ®okal GCeoll 2ldle] palmitoleic acid, oleic acid,
linoleic acid, linolenic acid ] FEEFI f5HLEC]l A S5 2™ myristic acid, palmitic

acid, stearic acid © A 7FA] #F1 EWiEe]l 2% AZHActa 2 FVe wae v

APe 23 9 Wzslel Bvs 9% g AAAINE Selste] opulwal, )
A, ANARSY oW gRMsE xARAGeRA AE FurzA 0§

=
22 2 FA3AE= Bl IIZ%Q A¥E = limonene¥} [i—phellandrene, citronellal,

citronellol, citronellyl acetate’} ¥ AEEo|AaL, A AR FHAdS whal 2

3 zslQ), 33, $4 ol zddelt »¥nth ARAA FHAE AWy B
sarh. ® @ 57 Az 2ue) AAEIGEY Bl BE HEAL S @

x =
Ao A, Zdo] g HElEs FEHY FEREZEE EYo] WAHE - 1xd TY o



o<
=l
=

TR

or

—~

;O.._

e
ol

No

}o]

S

NP e

g

' Semen Xanthoxylii®] A %o uj

A =3 Aihara(1949)", sanshool- I # sanshool-II

1;_:_76)01 =

193178 kil

« 50
o

-
Ju

e
tol Asano

iy
5

Zd 5ol d¥

ol A

Q]
=

A, M

ki3

28

sanshool 2]

A
Th

[ B ==+

w2l

=
=

sanshoamide

Aihara(1950)™

A

3%

N
N
iy

?_

Aihara(1951)™ % 9]

citronellal, d-limonene,

330 4

e

):]L [J_ISO)7]'

[
ERin

=y
5 %

3] #}3]of| A depentene, geraniol

o =
- X

terpenolene

g o A xanthoxylol ¢ tAl7}HA] A 22

o~
T

1)

el

lignansS #7391 ©™ L-asarinin, L-sesamin 5<& #&

y . 83)
< Kurita 5772 ¢

)

TL}- 82)

23]

}‘\_]:

=

g AgolA o

]

o] FmA=

B8

o

il
—_
Tor

o)
G

85 . 86 87
Y Sakais® ZmsS

=84
[e)

o] 2] Kusumoto

i sk=d o

17 2

S

thep

K

ol

or

o
Bo
—_
jant

el
]
=0

<
o)

—_—

°
g 8

o
)

%99

Seju) orol A Arwiulel o] el A
Jo] M Qoln} ol

Al

e

oj
%

T
0
plo

R

o)
<

T

sl

)A
00

=

<

A

A

=

ol

shelet A7y

HERY BEAZMN o]&o] 7ls

=
FEAL AR 1

= 7l

st

A}

_ﬂo

X
JJ

el

X

N

LS

el

o

~
.50

5

Az U

ol 3%
= ©

3} 3]

2398 ojag

1

o

s}

|

¢

10°
o

o)

Ho

alil
_ZT.C
-

=

o
mh
]
M
Ho

—_
To

'y

R
ojp

A

zel

B

~
.60

i



BoAfo] AE B A ZAR AMESE x 3] (Zanthoxylum Piperitum DC. 7}
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Table 1. List of used microorganisms

Bacillus cereus ATCC 27348
Gram positive . .
) Bacillus subtilis ATCC 9372
bacteria
Staphylococcus aureus ATCC 13301
] Escherichia coli ATCC 15489
Gram negative
bacteria Salmonella typhimurium ATCC 14028
Pseudomonas fluorescence ATCC 11250
Lactic acid Lactobacillus plantarum ATCC 8014
bacteria Luconostoc mesenteroides IFO 12060
Saccharomyces cerevisiae IFO 1950
Yeast
Hansenula anomala KCCM 11473
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clear zone 374 (mm)S &A3te] IS HusFoH(35, 36). F=H dTA B2
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AEE3le] SujE A3 AAT F Wungaardene HH 176 uwlzl BFs-
methanol<S ©]-&3t4] methyl ester2 ZA|$ ¥ gas liquid chromatography (GLC)el
ojgto] & AFsdoh. = AWME AR7F 5o U 50ml T vke flaskel 0.5N
methanolic sodium hydroxide 2m¢E 7}stal Wzt AZAAA FFEAA A7
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g A Q== 3t} olu] /3 (hexane)ol
A 1mE #H3Fe] cap test tubedl %7]3l, 232 anhydrous sodium sulfateZ 7}35}4]
Fis AAG & &F ool GLC A o] &3ttt #4312 Table 29 22
wooly X ukake] A S Sigmaile] methyl esterst® E XAl A=) A
A ske], EFA WA retention time¥t Hlulsto]l ZF Aol A At FRE
gkl skl vt

Table 2. The condition of gas chromatography for analysis of fatty

acids
Instrument Hewlett-Packard 5890A
Detector Flame ionization detector(FID)
Column 15% DEGS on chromosorb W,

glass column 3m X 4mm

Carrier gas N2
Oven temp. 130~190C (7°C/min, after 2min)
Injection temp. 250C
Detector temp. 250C
Flow rate 35 ml/min

Chart speed 0.2 cm/min
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Chopi(1.0kg)
|[EtOH© )
EtOH extract

Hexane:MeOH:H>O
(10:1:9)(3 2)

Hexane layer H>O layer
Evap.under
vacuum
Diethylether(3 ¢ )

Hexane extract

H>0 layer Diethylether layer
EtOAc Evap.under
(3¢) vacuum

Diethylether extract

EtOAc layer H-0 layer
Evap.under Evap.under
vacuum vacuum

EtOAc extract H20 extract

Fig. 1. Fractionation of ethanol extract from Chopi.



EtOAc extract
|
| Silica gel

| column chromatography

[ S-1
|
i | 1
(Fr.1-9) (Fr.10-15) (Fr.11-95)
|
| HPLC 1 ; S-2

| u-BondaPak Cig

| (30mm x 30cm)

|

i | | | | | | |
(Fr.1) (Fr2) (Fr3) (Frd) (Frbd (Fr6) Fr7) (Fr.8)

|

[ HPLC 2 ; S-2

| p-BondaPak Cis

[ (30mm x 30cm)

|

ZA-1

Fig.2. Isolation procedure of antimicrobial substance from ethylacetate
extract.
Solvent systems are as follows :
S-1, CHCIsMeOH step-wise(10:0, 9:1, 82 , 7:3, 6:4, 55, 3:7, 0:10)
S-2, 70% MeOH
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Table 3. The condition of HPLC for the analysis of antimicrobial

substance

Waters M244

Instrument

u-Bondapak Cis (30mm x 30cm)

Column

MeOH : Water(70 : 30, v/v)

Solvent

20 ml/min

Flow rate

UV 275 nm

Detector
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Table 4. Analytical condition LC-Mass for ZA-1

Items Conditions
Instrument 5989 Mass (Hewlett Packard Co. USA)

1090 HPLC (Hewlett Packard Co. USA)

59908B Particle Beam (Hewlett Packard Co. USA)
Interface He 70psi

Chamber temp. 55C
Detector 5898B Mass

Mass range 20~1000 m/z
Column ODS Hypersil (Hewlett Packard Co. USA)
Solvent 100mmx2.1mm

Injection

8096 Methanol

o0l
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Fig 3. Antimicrobial activities of water and ethanol extract
of Chopi against staphyococcus aureus.
C, control ; EP, ethanol extract of peels ; EL, ethanol extract of leaves ;

WP, water extract of peels ; WL, water extract of leaves



Table 5. Antimicrobial activities of water and ethanol extracts of Chopi

and Minchopi

Clear zone on plate(mm)?®

Strains Water extract Ethanol extract

(3.6mg/disc) (3.6mg/disc)
CL CP CS ML MP MS CL CpP CS ML MP MS
B. cereus 12 12 - 12 11 - 17 14 - 16 14 -
B. subtilis 12 13 - 12 12 - 8 15 - 15 13 -
S. aureus 12 12 - 13 12 - 20 14 - 17 14 -
E. coli 14 13 - 13 12 - 18 15 - 18 15 -
S. typhimurium 11 10 - 12 12 - 15 14 - 16 14 -
P. fluorescens 13 12 - 11 11 - 17 14 - 16 13 -
L. plantarum - - - - - - - - - - - -
L. mesenteroides - - - - - - - - - - - -
S. cerevisiae - - - - - - - - - - - -
H. anomala - - - - - - - - - - - -

a); in diameter(mm), b);not detected.
CL;leaves of Chopi, CP;peels of Chopi, CS;seeds of Chopi, ML;leaves of
Minchopi, MP; Peels of Minchopi, MS;seeds of Minchopi
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Table 6. Minimum inhibitory concentration(MIC) of the ethanol extracts
of Chopi against several microorganisms

Growth at various MIC
Strains Samples concentration(mg/ml)

025 05 1 15 (mg/mD

B. cereus CL
CP
CS

- - - - 0.25
- - - 0.25

+ + +

B. subtilis CL
CP
CS

0.5
0.5

+ —

+
+

0.5
- - 1.0

S. aureus CL
CP
CS

E. coli CL
CP
CS

- 15
- 15

- 15
- 15

+ —

S. typhimurium CL
Ccp
CS

P. fluorescens CL
CPp
CS

- 15
- 15

L. plantarum CL
CP
CS

L. mesenteroides CL
CP
CS

S. cerevisiae CL
CP
CS

H. anomala CL
CP
CS

o e S S T e I T S o S e S B e o B 1 E e o I E ST SN SR o (¥
I o I S T T T S e T S S S ol S S WOl N SO IS
e e = o I e S I S o o S IS I oS

R o o O i T o I T o S FAo IS S

T S e S o T e o I R
|

+, growth ; *, uncertain in growth ; —, no growth, a)

Samples shown in Table 2.



Table 7. Minimum inhibitory concentration(MIC) of the ethanol extracts

of Minchopi against several microorganisms

Growth at various MIC
Strains Samples concentration(mg/ml)

025 05 1 15 (mg/mb

- - - - 0.25
- - - - 0.25

+ —

B. cereus ML
MP
MS

+
+
+

B. subtilis ML
MP
MS

0.25
- - - 0.5

+
+
+

0.5
1.0

+ —

S. aureus ML
MP
MS

- 15
- 1.5

+ —

E. coli ML
MP
MS

- 15
- 1.5

S. typhimurium ML
MP
MS

15
1.5

P. fluorescens ML
MP
MS

L. plantarum ML
MP
MS

L. mesenteroides ML
MP
MS

S. cerevisiae ML
MP
MS

H. anomala ML
MP
MS

T T i o I S S I I N T R k=
B o I S S o e e e B T - T IS S RS NE RS v
B I o T o e S S B e B A T

B S o S i o 1 S o I S o S B N A e

B o I S S o S T B
[

+, growth ; *, uncertain in growth ; -, no growth,

Samples shown in Table 2.
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Table 8. Major fatty acid composition of E.coli ATCC 15489 treated with ethanol

extracts of Chopi

Added amount Fatty acid
(mg/ml) 140 160 161 170 180 181  Others
0.1 140 2235 2000 111 896 3022 1576
0.2 131 2220 2005 125 1007 3002  15.10
05 132 2445 1910 126 664 3110 1423
10 100 2511 1925 115 1006 3122 1221
20 104 2650 1925 125 842 3124 1220

Results are represented as percentage of total fatty acid.
Each value is the average of three determinations.
14:0,Myristic acid ; 16:0,Palmitic acid ; 16:1, Palmitoleic acid ;
17:0,Margaric acid ; 18:0,Stearic acid ; 18:1,0leic acid



Table 9. Major fatty acid composition of S.aureus ATCC 13301 treated with

ethanol extracts of chopi

Added amount Fatty acid
(mg/ml)
14:0 16:0 16:1 17:0 18:0 18:1 Others
0.1 1.11 13.71 .22 20.45 9.41 7.65 39.45
0.2 1.10 13.50 7.35 20.73 8.54 9.17 39.24
0.5 1.14 13.68 8.05 23.09 7.90 9.02 37.18
1.0 1.33 14.75 9.14 21.94 9.15 8.59 35.10
2.0 1.30 15.82 8.53 21.66 8.00 7.19 37.50

Results are represented as percentage of total fatty acid.

Each value is the average of three determinations.

14:0,Myristic acid ; 16:0,Palmitic acid ; 16:1, Palmitoleic acid ;

17:0,Margaric acid ; 18:0,Stearic acid ; 18:1,0leic acid
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Table 10. Amino acid composition of E. coli ATCC 15489 treated with

ethanol extracts of Chopi

(mg/g)
Amino Added amount(mg/ml)
acid 0.1 0.2 05 1.0 2.0
Asp 3331 31.67 3258 32.95 30.42
Thr 25.53 24.88 24.48 24.81 26.49
Ser 19.84 19.30 19.11 19.21 19.64
Glx 58.09 50.28 48.32 38.80 28.28
Pro 22.28 26.62 29.11 39.76 4373
Gly 29.99 34.90 32.43 32.76 34.97
Ala 33.96 30.52 31.49 3354 33.31
Val 32.10 31.42 32.12 32.48 35.11
Met 5.96 5.14 5.27 5.71 5.32
Ile 26.60 26.49 26.56 26.58 27.23
Leu 38.68 38.30 38.69 3851 40.22
Tyr 12.83 12,50 8.48 8.72 8.61
Phe 22.34 2157 22.19 23.19 24.61
His 30.87 3151 34.76 33.89 34.93
Lys 34.52 33.14 32.69 33.67 31.68
Arg 39.29 38.12 29.32 28.93 28.44
Total 466.19 456.36 447,60 45351 452.99

Each value is the average of three determinations.



Table 11. Amino acid composition of S.aureus ATCC 13301 treated with
ethanol extracts of Chopi

(mg/g)
Amino Added amount(mg/ml)
acid 0.1 0.2 05 1.0 2.0
Asp 29.23 28.37 26.83 21.66 21.49
Thr 19.79 20.11 1831 17.67 17.90
Ser 16.37 16.15 13.84 1391 13.36
Glx 4873 4591 43.87 44.94 38.71
Pro 25.62 26.49 3354 42,68 46.16
Gly 38.87 36,53 29.69 30.27 31.42
Ala 32.94 30.81 30.67 25.98 25.99
Val 25.35 24.83 22.86 25.25 23.44
Met 2.56 6.22 5.82 7.24 10.85
Ile 23.61 22.59 21.93 21.24 20.87
Leu 29.50 28.12 28.32 25.62 24.97
Tyr 12.59 12.48 5.88 379 4.49
Phe 19.18 18.24 1511 14.62 15.33
His 24.09 23.23 36.04 38.29 36.25
Lys 33.71 33.13 30.96 30.01 28.73
Arg 22.50 19.19 17.71 19.09 22.24
Total 404.64 392.40 381.38 382.26 382.20

Each value is the average of three determinations.
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Table 12. Leakage of cellular materials of E.coli and S.aureus by the

treatment of ethanol extract of Chopi

(mg/g)
Leakage of cellular materials
Added amount )
E. coli S. aureus
(mg/ml)
A B A B
0.1 0.478 0.002 0.640 0.001
0.2 0.499 0.003 0.665 0.003
0.5 0.501 0.023 0.690 0.043
1.0 1.234 0.087 0.870 0.068
2.0 1.548 0.128 0.834 0.076

A, Protein ; B, Absorbing materials at 260 nm
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Table 13. Effect of heat treatment on the growth inhibitory activity of

ethanol extract of Chopi for B.cereus and E. coli.

Clear zone on plate(mm)® (3.6mg/disc)

Strains Heating temperature(C)
Control

50 60 70 80 90 100 121

B. cereus  14.0 14.5 14.0 14.5 14.5 14.0 14.0 14.0

E. coli 13.0 13.0 135 135 13.0 135 135 13.0

a), diameter

Ethanol extract was heated for 60 min at 50~100C and heated for 15 min
at 121°C.

Table 14. Effect of pH treatment on the growth inhibitory activity of

ethanol extract of Chopi for B. cereus and E. coli.

Clear zone on plate(mm)®(3.6mg/disc)

Strains pH
Control

1 3 5 7 9 11 13

B. cereus 140 14.0 14.0 14.0 14.0 1.4.0 145 14.0

E. coli 14.0 14.5 14.5 14.5 14.5 14.0 14.0 14.0

a), diameter

The ethanol extract was adjusted to pH 1~13 for 60 min at room temperature.
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Table 15. Antimicrobial activities of fractions from ethanol extracts of

Chopi peels aganist severa microorganisms

Clear zone on plate(mm)® (3.6mg/disc)

Strains n-Hexane Ether Ethylacetate Water
extract extract extract extract
B. cereus 22 14 10 =D
B. subtilis 20 12 9 -
S. aureus 19 11 9 -
E. coli 22 12 9 -
S. typhimurium 18 10 10 -
P. fluorescens 17 10 9 -
L. plantarum - - - -
L. mesenteroides - - - -

S. cerevisiae - - - -

H. anomala - - - -

a), diameter ; b), no inhibitory zone was formed

2) Silica gel column chromatographyel &3 &84 =2 £z
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Fig. 6. Antimicrobial activities of the Chopi of hexane fraction

of against E. coli.
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Fig. 8. UV spectrum column chromatogrm of fraction NO 5, 13
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Fig. 9. HPLC chromatogram of fraction NO. 13 monitored by U.V(270nm)



Fig.10. Antimicrobial activities of the HPLC of peak from column
chromatography fraction NO. 13 of againt E. coli.
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T AT ds  AZA(Hunter

4) ¥t

H

7 20A AL 29 FEe BeAAE <AF 1> A st 37189
b Z3o] W Aol Qa, A7 AZA, Ao gI BAEE mHste] 10¥S
274 &e] model system¥} A&
v FZEAo] M(Color), WA (Flavor), ZH(Taste), A A2l A F %= (Overall preference)
of tatel 109AR TR Hu 57, AA 1PoR HFE A3, oA 1A,
F 34 22 1904 Wk ARE 2 %l dob Brsgm A4sE

ME 29 HJ7bgol A2 ARFH #eRFE stRoH, AAe § § Wkl &

M o

it

ke P73 e ARE A4stel BARES Ak

traps< tenax TAo| T&sle] Egl+= 180TA 487 AAA GC-Mas9 capillary
injectorol]l A AAs AL} oju EMo] AL&H GCi= Hewlett Packard 5890 series—
O 7|Fo)goem, GCY EXxHAoEE columne Ultra-2(5% diphenyl and 95%
dimethylpolysiloxane) id 2.2mm X lenght 25m, injection port®} dedector port®] <%
= 27 250C 9 280C, columne =%+ 70CAA 5&3F X% ts 3 25T A
200C7HA S84 £ul7]A= He gas, 52 23 1, & v]&& 60 :10] $1L,
massi= Hewlett Packard GC-Mass( HP 5970 MSD)Z sllom A&e] el
FHol WFE Willy libraryE AF&38td . 23950 &/ fusel oild AHA w9

AL FEFo ok o FEel gste] ALkei

=

Ly



2 29 2zs LS 9% 54 A3
A2d 2. o] A¥An HHzHoR ZHFRE 01% $E7F ATE7 =%
i, FEZEE 0T FEAIE2 58] Adsirta gas o], oo} 2 x4
oo e WeR, AUl $% UE AR, BenAls 330,
1) #3)7bFek SA7FFe] &3 HlE
Ha ot FAE 30 mesh® whafste] }uj7hgok FATEFS] wjguEol wE
2y FEe] 54& AP
2) A 7hFop o] £ A&

30 mesh® waj gt #3)7p7of whafaba] &2 %3] Fge] E3u & e %
sl 54 43S stk

3) I b ATl wE 54

10, 30, 50 mesh® ¥ I3 713 A7l mE 2IFE49 S4& A5}

Atk

4) 29379 byl g 54

29 74HE 100CAA 108 #He AlF, 100TCAA 108 72 AAsE 747

ppafshe] 30 mesh® & tha ZHzbe] 2y FE oo tid S4LAS o3

5) TAITE F5el we 23FEE AHzA 49

dulddE kel Ao datd FrE EXTAITHCAD 0.30%, 4]i17]th

ATEHCAR) 0.25%, Z=HTAITHCAD 0.40%, HHAIPHAIE T99) 1.0% $52=2 Al

q71e] =39 01%E H7tstel 54 28-S skt
6) el 7FA 2vEet st S wWe gre] gy A3
dudd Az Z+ zujge HAET=E 724z AAs Y S go] AFEA
2a(ELE) 05%, HPFHAESFZTE 500s, AMEAEFT2 AL 25%, DAY
A 20%, AxEG FRAZ, B4 FF 65-70 wi%) 2.0%, I 0.6%, vHs



1.0%, vF2313F 35%, A7 15%%F 23971 01%E 2FE = tgdsiA &3t 9

o ZAOR AW 2AFEA Wl 542 APk

Zy HZe HAS EYA] 50 mesh®E vhadt 71 600g, &F 8g, = 700ml

S T8t ofdt EolA Azl ofe old =9 AGYE AFH) 300gS xﬂ&

Z2 UM 50CoA 19 Ax3AY. HASEE 160ColA 30x U &+
7

rot
N1
N
=

lanchingste] &7|E A A

7H A=
v ek 600g, vt= 1070, 323 50g, A7k 300g, ©% 2Ts, 71 30g, 13
7FE 1/2Ts, 25 2z7F 2 1L, %39 33 7}F+(30 mesh)

(1) A7belel sk i golre A3 NFL F Mol AT
@ MFeAE F Aol e vhe vhastel Aol WA B2 H3 Bad

B) &7ME ZobA Al deiM W2t Qe ¥ vhs vl A, Ax7HE,



o &b QAN G
237h% b SAS SASY] 1Rde AR A F AT e4e
7 H7hst

FHF F AR A F TR TRl HEHET, FFe 0~1%F
A

A2d 2. Y. e} FAsA F7rek e
3) 292 A7t whA e BEA}
ZI7HEE G 2o 0~02%8 FEME Arste] e F PGus #d 9
A7tstol BeAArE AAET
4) 23] FolA

7hH AEAR

2y ¢} My E 19999 59 279 ¥ S AAHF A FRE AT

) oA A

BN

5 AEE 02% 19 At E71& AAg
fofgel Ham, fEFS AR Aol B7E AAT the @l B AF3
% e

15 Hle= slem, A% 6714 Aol Fopx e o

i=Re) =] =]
=, 4, A%, BEdA R AvgRe 2gsad.



o

2 9x=9 =
9= argentometric method o W& ZA AT = A F 50es Z=HF

F#fstal Watman No. 2 o] #%#] & %+ Buchner funnel® &<l o] 73}
A IE F7Fe  0.IN AgNOs

100me ek A =
250m = A& F 10mE skl IN KoCrOy

ooz mAsol A w744 gtk
0.00585 x A x FxD
A= FA(g)

0.IN AgNOs Im¢ = 0.00585 NaCl
A 0.IN AgNO; &9 24 mf
F : 0.IN AgNO; &9 97}

D FAlHe] A w5

() pH % A= 54

pH 2 AAMNEE F=4FT

[eRRuA

2] 4 A ETAe] W wet F45A
Z AR B0gs SFF 100me oF A whasla Watman No. 28 7 Buchner funnel
€3 & pH meter(CG 836, schott gerate, Germany)Z

2 52 o FHste] 200m = A
Abgske] 25ColA AT AAAEE AR 50gs 80% of €& 100meet 3 i

3 ¥ Watman No. 2 ¢J3A & 7k Buchner funnel® &<l o 3ste] 250ml= A&
ko)

O

# 5 WA S PASATIE 44 e Astel 2 Yo AHsto]

oo &8 % NaOHE NS v 2o met ALkt
009 x AxFxD

Alzel FA(g)
0.IN NaOH 1m¢ = 0.009 lactic acid
A 1 0.IN NaOH &<e] 2] ml
F : 0.IN NaOH &< <7}
D: EAe A3 w4



(5) #HsHA

Zyo] digh AXzrol glar, A7, A4, Aol i #Ad=E 18t 10
WS AABL] model systemy} ABEE o] &t FTHEAZ FH AT $EEE Y

th =39 AFolx el M(Color), WA (Flavor), BH(Taste), @7 (Texture), A A<

X (Overall preference)oﬂ sle] 10dAZ FE3e] Ha 53, HA 1802 H43t
ahlar, o 114, &% 3Alol Zbzh 1314 Hrtetgivh Alae 22 LRl "ol
7hskdaL, AlAlE g H dbRo] EE O YREs A1 TE ARE AAEtY #HTlet:

= sk
(6) Am A Ee] 24

7 AmAdEe] =&
Zy]Fol# 10g< chloroform 50ml% Y il 33] F&3to] o] yata of of
< Hol Y EH7IE w5310l hexane 10mlol| &313 & HPLC A5 = A&t T

(b)) AujAdEe] HPLCO o] dF A&

Auj Aol HPLCe] 2913 #al= Yasuda®ol <=3ttt = silica gel

column chromatographyoll Al 21| Eo] gQl¥ fractions EolAl 7Hebs=3laL, 045

me ol 2 ojyste] &43kA171 florsil sep-pak(Waters Co. USA)o| E A 7]

AS tA] HPLC(Waters Co., M224)& Al-&3te] EAS HF &Ldsiidd. 5

porasil(8mm x 30cm) column(Waters Co. USA)S Al-&3le] =8 3o, o o

A% 8w+ hexane : iso—propanol = 15 : 19| H]& & 3o, 5 B9 20ml, A
2 FYE2 01ml, 270nmell A AESAh ALES AR 2]

hydroxyv-sanshool 1lmgS hexane 10mlol &3&3te] ALE3 o, FFEH &%

oAd MReNoR BAY A% 95%0]9m BAE

2
rlo
=3
w
i
.
i)



# 3 VAR 245 $17F HPLC =4

Instrument Waters M244

Column Porasil(4mm x 30cm)

Solvent Hexane : iso—propanol=15:1(V/V)
Flow rate 20 m¢/min

Detector UV 270 nm

5 2337 AAFe MR g

=}
Ad sy FEHdA TGl 20000 7 12 Az wFHXAE A
A% WARHE 2PN gukstel AR Agedth & ARAAE 100g @92
238 A e daT 298 B4 AAToR o] Azsgn xd
O~

g &7l AAANE Y xS TEHE

B

0.05%, 0.1%, 0.5% B 2.0%% & 242 H7hsto] & Eeheh 5 100g 9= HEdEgA
o

of ®a gt 4T =4 TaATIHEA 2473 3HA

% 192 108 A& § dvhAldS PCA,
PATFE DA, F4H2 BCP WA S Z47; o] &3lo] 34 ImLA S pouring culture

method® HZF3gH ths 30TColA 29 wids At

RS
>
ll
il
oy
Q
X
e
:lo{é
o
o)
a1
X
oZ,
ACh
>

9 gaEAY HAxZAL 239 H7FEF 0.05%, 30 mesh® YERE vf Eof %

5 005%(30 mesh), MIEH C, TR, FAN HEF, 4Y 53 FFUE W]
108 W 5 olstatel B 54 AFAgch M C, FAL, TAN BEF,



MY Bo FEE QUYL Bl AABEE THEL, hd Fe uew C
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0.2%, T4t 0.1%, T+ HESF 0.05%, 2" 3.0% ot
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o
vacuum rotary evaporatorz £ulE FTHA|A AHAHES AU 294G 79 o]t
2 AAS A AL, 2OARFE 0-5% FEE A E79 3t 2%

o ) =
Ae At

Z397F gfE FFARE duAF o8] 7] ARE Fole] # 49 22 ¥
&2 et vHd § o/ 2HY HES AA wHE F de TFRvEE
Elwlo g wrEY} oS5 1ked ¥ 19, A 1%, &3 10g, 7+ 60g, & 30g, = 3
¢S Y Egtxuig Y 1XE Y oA #ZW 3t B2 o] offFfiE 308, &
FE 1A G g e AAE A e

X 4 TFIFF HE
(g)
= AR 2] 317] o %] 317] 7]
EXY 0.20 0.15 0.23 0.15
27} 5] gk 0.20 0.20 0.20 0.25

e 0.20 0.20 0.15 0.15

71 3] 0.20 0.15 0.25 0.25

A 5] 0.20 0.10 0.15 0.15

F 5 0.10 0.07

LU 0.10 0.15

Ak 0.10 0.07 0.15

1 2 0.10 0.08

AFA} 0.20

A}ol 0.15

T 1.00 2.50 1.50 1.10
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=
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=
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=
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(Aspergillus kawachii)

to]l B#3sta = Saccharomyces
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71 247490l
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(1) 255 ol &3 A+

1}

cerevisea S-3 TFE ALE
(2) Al oF
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=



2FE (PR ==(FA 25%)°] Ax HIE 0.01%, 0.05%, 0.1%
2 02%(W/V%)2 A7betel 309, 609 3 90Uzt A2ollA FEste] £45 HAAlst
[e=]
AN

o,

=2 o
=9

(@) &3 ofFA =
F5o wig vl&2 & 600g, ZA 300g, & 900mloll HujFAIzl SR A
100nE A7het 0TAA HEE AT 23 A7he AxAA F 4 wARE, =
Ange] FA, AN, FUR U FUE SO TR WS hstgon,
]_

29 H7EFS HJ7RATI7F A E SHEA dE B diske] 0.01%, 0.05%, 0.1% =

o

020%6(W/Vo)& A7t F WaAZ ¥ AdEestel Anz Agagn gars %
M8 kA %m BEAD AL AESRET. A7 2 ATl Age v

Arrs AR s

Ashes 295 2 A F 39 ol 9859 005%E H7Ht
o B

o
gale] A5 10mE 0.IN NaOH

©,
K
o
A\
2
rlo
=
Hu of\
A\
o,
e
2
1o
o
J[Nv
Oll
2
=
ofy
A\
o,
du
rlo
>
f
—
o
o
=
il

Astel ZR/ Ham
%

7| AR 42 gas chromatography mass(GC-Mass)S ©]-&3lg o 37 A+
EAWHLE Puge & Trap w4 HS AF8319 3 717l &= Tekmar(Tekmar co. USA)<9]

rape ©l-&3ke] BA5T FVIAEE EAS 91 AR ImlE ARl ¥

-
=
[}
o
o
)

Ir

I purge flows £9 50mlZ 1083 A7]13L, traps< tenax TA°| &2 35le] &g
180C ol A 487+ AAAX GC-Mas9 capillary injectore] ZH AZAstgct. ojw £
o] AF&% GCE Hewlett Packard 5890 series—II 7]|Fojdom GCo EAxHo=



= column< Ultra-2(5% diphenyl and 95% dimethylpolysiloxane) id 2.2mm X
lenght 25m, injection port®} dedector port?] =%+ Z2Z} 250C ¢ 280TC, column®]
SEE T0CAA 527 AT o2 9 25T A 200C7HA $&®4], &7 As
He gas, %2 49 1nf, ¥& 982 60:1°] 3, massE Hewlett Packard
GC-Mass( HP 5970 MSD)= &tglom Ao &212 7AFHo| UdE Willy library
S AbgsdTh 295 S fusel ol AFAEY FAHS BoEo 99 9 F

FaWel olste ALksnt.

(3) =90l TgfHE AvAAE 4
ZYFo FgiE An)(efHuHA RS B4 L2 YasudaHeol 3o FE9H
o ‘

< A& 1000mle 1/102 F%3F4] chloroform 100mlZ 33 F&3le 553 &
ether® £3|A]# 045um o722 of#3 F  high performance liquid
chromatography (HPLC) Al&= A}&3te] o] o silica columng AF&3t o o]&
A& hexane : iso propanol(15 : 1 V/V)& A}&3t9lo BENzALS & 33 #oh X

TE2 AL Aol A FYAAE As o883

4) 2979 A==
A% ZRe zvopRe 2WAAFE AATese] AEAL 427 (Super

color SP-80 Tokyo Denshoku Techenical Center Japan)® L

=

(lightness), agk

(redness/ greenness) % bzt (yellowness/blueness)S =4 3% th.

239 2obE, 29T AhE, 2K HE L 29 ZRHE 59 ol
ok 2 Az e FYa



3 A% 23 s FAE 474 Relshel TANE 4L H4F A ®
5b 2tk A MEE EYHAe W xu9 Bt 3653%, FAE 6447%2A F

o] Fgo] 1.8¥ o Eokth Wxue o Hlgte] o] F& offh =gt

Z2 N MEEpEe] BT osw AzAZl Ze] wivlsh Eae o] of
1

1: lojeta stgd ¥ 4% Avst ol g AL Evs 4 L@ 0 x
9] AxAEe} kA e] FFolehm Yz,
£ 5 %9 st FAe 58
313 (%) %7 (%) S L TCONNE S I SE
B 35.53 64.47 100 1:18
Wz 37.01 62.99 100 1:17

239 BT, FANE A7)0 BE F&S E 63 2rh 239 %] O =
= B3 = oF 31~-33%, A= oF 63~64% = FHI| o] F&o] FAH9

[e)
=
gtk 7bRe] Asle) e F&e AT ANt F25F FES A

FE&RT ¢
¥l A4S B9 o, S0meshe! A &9 At A
3E 6. 29 JA7HE 9 FAIFFY] £ &
B 7HEo] A7) AR} F=Fell ot z9 F o oigh
(mesh) 7HEY F5(%) 7HEe & (%)
10 91.67 32.57
7} 9] 30 90.78 32.25
50 88.04 31.28
10 99.89 64.40
Ak 30 99.78 64.33

50 98.54 63.53
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7He
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ZFE LA, 7HE A

7hekel uwh

h=}

=]

e

A=

it

7FeE(%)

3
=4

Z

0.050
16.88
16.24
17.13
16.26
18.04

18.11

~

o
-

M
N

N

0.100
21.03
21.11
21.88
22.97
22.31
23.04
23.32
23.52
24.74

0.075
19.85
19.23
19.53
20.90
21.38
21.45
21.76
20.57
21.86

16.72

18.79

19.58
=

|58
E}

9

0.025
13.22
13.29
13.65
13.32
13.55
14.12
13.34
13.51
14.00
Fz

7}l

=i
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10
10
10
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Eoll W Gl M A vEsen, FEk, FEARE o2 o] AT

%8 x3 BT Al e FEAY gE

FELE  FEAQ #he 0
() () 0025 (%)  0050(%)  0075(%)  0.100 (%)
1= 0.028 0.064 0.089 0.103
70°C 55 0.028 0.066 0.094 0.106
10 ¥ 0.030 0.074 0.093 0.105
1= 0.028 0.073 0.092 0.113
80°C 55 0.029 0.073 0.093 0.119
10 ¥ 0.030 0.074 0.094 0.121
1= 0.037 0.069 0.095 0.114
90°C 55 0.039 0.076 0.095 0.118
10 ¥ 0.043 0.083 0.106 0.123

3) 23 H3F W] We FH Aw

29 39745 Arbge] g e MR ¥ 99 Pk



T 9. 23 AT Aol wE FEoe] Ax

FE FEAL
70 80 90
(%) ()
L a b L a b L a b

1 8751 059 550 8712 060 5.88 8742 065 595

0.025 5) 8738 054 560 8755 058 5.87 8726 0.74 596

10 8741 055 580 8750 058 613 8795 080 6.14

1 8743 059  6.58 86.76  0.63  6.58 8768 063 6.63

0.050 5) 8740 061 6.81 86.57 064 685 8749 070 6.92

10 86.04 062 7.50 8738 067 751 8735 080 718

1 86.27 071 719 86.13 071 745 8706 071 814

0.075 5) 86.22 071 737 8737 074 756 86.97 0.77 855

10 86.20 073 747 8738 075 794 86.84 0.74 9.04

1 86.66 0.75 799 86.28 0.79  8.03 86.67 0.70 915

0.100 5) 86.51 075 816 86.58 079 879 86.70 0.82 9.28

10 86.69 0.77 870 86.73 083 923 86.50 091 993

4) 23 bR Abgel hE 2zae] Pl
23] Wb AEe] WE FEEO BEAA

Zolo] AZe Wrhgo] Zrhgl Wi @& w@dom RE Ad wFAe Uy
™

o 0.025%0 = ofF B2 =@ AE, 0.75%NAM e @2 =S, 01%dAE =5
Mg 015% e AwdAe 10%lAE 24 9 W = epich ol 2
of 29F2R9] A7 xve] FEs} wopdel weh Ao Folx NEEE v

ZA ko] W Ao ti3 NEEE A Aeolrt gl ey
=



WA of BhE 0.025% F=ollM WA eF glo] ofxb A Q1AL 0.05%1M = 2¥

WA sl whv A4SEQ =g AL Al 075% FEAAE 39 e
ool AFHos mAA W B OF S/ d9sgh 01% FEE x99
vrol My Fatel zMEEAY 540l Fgsrim sgon, VT A

7S w=7F 74 E Sk

o

05 (1) 0 80 0
A7 Ak 2% A7 WA % 2% A7 WA % 29
1 45 12 14 18 42 18 17 19 38 21 18 21
0.025 5 45 12 15 1.8 42 19 17 20 37 20 17 21
10 45 12 15 1.8 41 18 17 20 38 20 18 22
1 40 28 20 26 35 31 23 28 31 32 25 30
0.050 5 40 28 20 28 35 30 23 28 31 32 25 30
10 40 28 20 27 35 31 24 38 31 31 27 31
1 35 34 28 28 33 35 31 31 33 36 38 33
0.075 5 35 34 29 28 33 35 32 31 33 36 38 33
10 34 33 30 29 32 34 32 3.0 33 35 40 32
1 33 37 33 34 30 39 35 34 26 41 40 35
0.100 5 32 38 34 36 31 40 36 36 26 40 42 37
10 31 38 35 36 29 39 36 35 26 40 43 36

A Aol gt ARetkG), waAel ek =itk
WA zwe] gl AeitiG), xve] ol glrkD)

5 : zvle] Adddsha kel Fatk(), 23 Adska ujeutel glrk()
FRAQ AsE  gagzAd AgatG), FAR D)



ANxAREA 23 Artgd WE FAE FY, gE AR BEPAs

P
&,
o
ni
2
o
)
2
il
2 o\
o
A=
Sl
ki
rr
P
&,
et
)
ot
2
E
Z
i
N
N
i
2
O,

5 9 XU EEAE 0075~025% 55 destach

F 1L 90TelA 52 FEdde W 2dFade] Ade T, ", A= % A5

54

At Y "= A w574}

s ) L A7z W 3 THde -
A hui

0.025 1351 0039 8726 0.74 596 3.7 2.0 1.7 2.3 2.1
0.050 1879 0076 8749 0.70 6.92 3.1 3.2 2.5 3.4 3.0
0.075 2057 0.095 897 0.77 855 3.3 3.6 3.8 2.5 3.3
0.100 2352 0118 8670 082 9.28 2.6 4.0 4.2 2.1 3.7
025 12912 0473 8098 132 1589 2.9 4.2 4.4 15 3.4
050 17816 0.553 7655 246 21.85 2.8 4.2 4.5 1.0 3.0
075 201.34 0.830 6881 338 26.65 2.4 4.3 49 1.0 2.3
1.00 24355 1232 5748 430 29.56 2.2 45 5.0 1.0 2.0

A Ao] ga Z)Reltks), wwhdle] st =akri()
WA zwe) o) Aeltis),  zw el ol Ark()
Sz dedsa el 43t 239 Qe W este] §rk)

FA HEE  FUR(SR)ZA AFSHHE), FAF stk

D
o



259 AF F FNARE 2ARY] Aol 20E s FAR FEHD A
2, W% @ AxEAsel 4 F 3PWor AU G714 WHE Puge &

of o5t B3 A= ¥ 12, ¥ 1339 o &3 AAFS 1-limonened ©|

1) #}97h 7ok EAA LR £ v go] wle 29 FEe] 54

) AR FH gE

o) 7p ey FATFES] E w &l W 01% sEE 90TAA S& FE3t
S& W 23] FEe] FdE TF} HEE F 148 Lok FAE] TFES TAY

= 1 :
EF w&ol T e gAHAT R F37hE 100%Y ¢ 0118919 vl 3§}
of TA7HF 100% & W 0.263& Ho] FA7t Wy 7pFol] mlske]  of 2uf A=
|=23

w7t 79T ol FAe] FHhE Axsh Adel Aol Azt

—nt
rie



%12, 2 Ao Auel We gr)4Re] s

(mg%)

Storage time(month)
Compounds Room temp. Cold(4C) N2
2 3 5 2 3 5 2 3 5

Hexanal 011 020 034 016 133 077 001 056 020
l-pirllan-drene 003 006 055 003 010 014 002 013 008
I?éiiﬁloféé}ﬂﬁfft 006 001 043 008 010 027 014 026 0.0
§-3-Carene 1894 622 809 1948 1504 1025 1918 6.97 895
a-Terpinene 010 013 003 021 010 009 012 009 0.0
f-Myrcene 8815 494 799 9216 1054 1045 9314 1921 835
Citronella 002 001 024 013 023 031 013 023 026

1-Limonene 121.20 110.68 110.25

Cyclopropane 0.06 013 024
Linalool 3213 830 6.50
(-)-Isopulegol 6.69 1244 11.93
2-Cyclohexane—1-

one,3,4,4- trimetyl 006 0.16 052
2Cyelohexane™d 17 413 41
-one, 3—metyl

Unknow 0.20 0.06 0.03

120.59 116.14 114.21

0.10 020 0.27

4118 30.23 24.53

13.39 643 343

0.10 013 0.25

0.03 0.06 0.24

0.60 040 049

1247 110.20 110.05

0.17 0.61

31.0  9.03

8.21

0.03 0.20

028 0.21

039 0.19

0.33
8.33

1256 10.36

0.20

0.23

0.10

Total 269.72 190.87 152.52

289.64 183.63 170.21

279.13 162.29 152.54




3E 13 29 FAS A mE Uil Wt
(mg%)
Storage time(month)
Compounds Room temp. Cold(4C) N,
2 3 5 2 3 5 2 3 5
Hexanal 363 250 148 381 370 312 3656 224 146
1,8-Cineole 033 025 0.20 044 032 032 034 027 012
[i-Myrcyne 505 441 382 6.01 643 475 511 4.07 346
Citronella 2420 1968 16.62 2479 1712 1843  21.65 1508 14.88
1-Limonene 155.55 118.73 105.25 167.79 155.18 130.88 164.13 118.20 107.53
Cyclopropane 086 079 0.16 0.18 0.03 0.02 081 055 0.22
Allocimene 082 0656 0.71 083 058 0.75 089 075 044
Cyclopentane 1.02 095 054 18 1.05 0.86 1.01 099 068
(=)-Isopuregol 167 078 0.38 234 130 096 207 110 1.04
2-cyclohexane-1-
) 081 075 041 002 021 018 091 086 0.08
one, 3,4,4-trimetyl
Unknown 018 0.14 0.08 046 033 0.22 023 020 0.03
Total 19594 152.49 13457 210.07 188.92 165.27 202.57 232.25 134.91

E 14 HIATE AT £F vEol B x3) 229 Fo AR Ty
Y=
B 7hE  FANRO W) AARe FY e
100 0 23.52 0.118
70 30 18.37 0.133
50 50 16.01 0.185
30 70 15.18 0.205
0 : 100 13.39 0.263

(90CA 58 F=, 0.1%)



A ) 23 FEHde MwE ¥ 159 i
e 2271 F] £330 go] g et HE)E Ad FAEa HAE(a),

FAZDb)E A4 FHEQEE o A9 Ao] HAd sk Anz Yz

p

T 15. H37hRe} EALFe] B vl go] B 23 FEe] A

H3 b s SATEEE] v & (%) L a b
100 = 0 86.70 0.82 9.28
70 : 30 80.51 1.93 12.55
50 : 50 75.28 2.51 13.08
30 : 70 73.75 2.59 13.87
0 : 100 63.11 2.72 13.99

FAE Ao ol w7] WE Fah vl FF 2¥IHv Pu AU
g 2ARE] Astel, B37kRs FAAE
19 FEZ QTN 583 FEeke] 2 o BERAE

o

i
2

=
-

FA7bE) g0l obol whet Aol WolA WA WA G Az

HERE gasgrh ol 33 o] Zaeld wste] FAel Ae HaolwA A
Aol Fiwlo] 97 WFelth WAL FAE 3Gl gl FAT ugo] E
FA5E WAl UF FERE AASA Fastdrh we AT Wl o}
A5 zve S5 wol gaun, FAe FFo] FAAFE FTEHA HE



E 16, b FATY £F g mE 23] FE9 BEEA

P37} L FATFF9 a7 A o Z3k4 ¢l
H| &(%) ANz %
100 : 0 2.6 4.0 42 37
70 : 30 2.4 3.1 34 2.9
50 @ 50 2.1 2.3 2.3 2.6
30 : 70 2.0 1.7 1.7 1.9
0 : 100 1.8 1.0 1.1 1.1
(90Col A 58 F= 0.1%)
A Aol g ARETHGE),  =FMo] Hela gslrk(l)
WA o Z¥] 9] go] FEtth(5), X319 o] glti)
gk Z¥ 9] ddeta v ute] Aelths), ¥ ddsta vjeuke] glth1)
T Azw  FAgEA FFsorG), FHF 1)



® 17 AR Bhe 5 vgol ge Fioe AT I3 =S

Fo) 7p 0 o] v & (%) AdEe] TF =
100 = 0 23.52 0.118

70 30 24.40 0.093

o0 : 50 24.69 0.077

30 : 70 26.93 0.050

0 :100 31.64 0.007

(90CA 58 F=, 0.1%)

) A
}712e Bede] E£F W&o ge Fide Ani
EFgol 2ol gaA EANFE EFAAS Web v

shol Mze wold o, AME(), FAED)E FaHA

£ 18 377 e £ g e FE A%

Wy 7h o 2k e) vl (%) L a b
100 : 0 86.70 0.82 9.28

70 30 86.46 0.85 9.27

50 : 50 86.95 0.82 9.12

30 70 87.78 0.73 8.39

0 :100 88.33 0.69 8.47

(90CeNA 58 F=, 0.1%)



2 g diva g glon, FAER ARSS B9 dARvE 7R sidle W &

B7h ava @ & vk

E 19, A3 AT P EF v Ee] BE FEo9 B4 54

BT e M) A7 A % eus
S =

100 0 2.6 4.0 4.2 3.7

70 30 35 3.2 4.0 3.1

50 @ 50 35 2.3 3.1 3.0

30 @ 70 3.7 2.0 2.8 3.0

0 :100 3.6 2.3 2.0 2.8

(90Tl A 5% F=, 0.1%)

SA 1 Alo] B 7)REekG),

SRREas sko] ﬂa%) 2319 o] RTHY)

e QAo Azl whE AR FUI SR E 203 2ok ANAT
o @77t Aolgol mpet FE o] FAE FHe ghAGI FEE FAsE 7

7o 2717k Ao mWAe] Wold ¥ Hett Wol Welxy) wEe] FF g
—



F 20, B 7R Avle e FEAY JHAE FTHY =
S Rl L I Wd=e] T g
(mesh) (%)
v} 31.64 0.007
10 26.47 0.093
30 23.52 0.118
50 21.16 0.159

(0TCA 5% F=, 0.1%)

) A
}9 b2 QAo 7)ol wE

=
T ar
ol Wik WE(L) @ Fhdte] T A7 Bojd W, HME(a)

, , A =(b)
= S7hskA
3 21 FHIEFeY] Avle] mE 239 FEEY AL
73] 7p-2] 2.7
T L A b
(mesh)
74 88.33 0.69 8.47
10 87.46 0.80 9.15
30 86.70 0.82 998
50 84.78 0.99 11.12

(0Tl A 5% F=, 0.1%)

o #3524
B35 avlel whe 23 FEee] A Ane X 28 2 i
o 277k Aobgel mek MEe BolAA Mol o HEEE AAHAT WA

B2 A S7HEY. FAREA A2 5 19F dAAQ Sk 30meshd]



Aol A HA e,

3 22, bR ATl wE FEAC] A5 HA 54
23] 7} 2] A7) a7 ) o £33
(mesh) MNE e
74 36 2.3 2.0 2.8
10 35 32 33 2.7
30 2.6 4.0 4.2 37
50 2.3 43 44 34
(90Tl A 5% F==, 0.1%)
Al Aol Bl A RtEtth(5), = Aol FEkar gstui(l)
WAY - xy]e] &o] Aalh(5), Z3 el ko] gltk1)
gt Zy) o] ddslar vjgugro] Zeluh(5), 23] ddstal vjulo]l glth(1)
THAN V2% FARZA AFerr5), FAF 1)
4) Z3| 3yl 7lEHHe e 54

v

Aelsta WSl FEsh el Aot itk xWAYE B weh A

= =
2 e FAE FY BE AE U B5AAE AN AE Gen 2

ool 30 mesh AR F AR 22 4AE T4 % GEE T 29 Lol
2308 BAL AM A @ A BAGE vste]l FAge FFe o 345
%7

R, FEE Hee @ 5 AA
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0.118
0.162
0.125

23.92
60.70
18.75

2] 2]

, 0.1%)

15
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it

(90ClA 5

W) A

5

BAY AA DA s

=
=

£

249} 2t

22
jlN

X

o
ﬁo

el

)l

A el Wl

=

Ho] =

T

By

5o @Al

=

sto] A AT (a), FNE=h)E

S

el

°©

2ol H
°of 9

2]l H s}

&

=
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Gt
o

Ho
.

9.28
11.68
8.54

0.82
1.02
0.79

81.63
81.68

86.70
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\=]
T

(90CA 58 F=, 0.1%)
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o o

i)

o

s A
7]-—?)1]:](;—]:5 %;:ILZ__]I o]
A 7z wWAg gt A
A4 2.6 4.0 4.2 37
L= 2.1 36 4.4 35
g 2.8 4.1 4.0 35
(90Tl A 5% F=, 0.1%)
A Aol shal | REEeh(5), w=w Aol Xslal gslui(l)
WAl ozl gko] Felth(h), Z3 9] dko] glth1)
o xyle] ddsta wlegto] Astth(5), 3o dYsta uleute] §lvk1)
T VE% - dArEA Hgrelthh), A% shoh1)

dulAde Botol thAlth Fiel we thAlthe] HAFEE WAFRCAD
0.30%, 43715 (CAH 0.25%, Z7H&F(CAH 0.40%, ©hA#F 1.0% = dAstAt 2
Zhe] vhAthele]  237HE 01%8 H7bstel 90TeIA SR stdste] AAE F



E 26 AT FROl mE 23 FEe FAE T gE

Ao F 5 AHE] T %) g
o= (29) 23.52 0.118
= % (0.30 %), %9 23.19 0.247
23171025 %), %9 35.63 0.544
Z71(0.40 %), %] 24.17 0.204
CHATH(1.00 %), %] 113.54 0.117

(0Tl A 5% F=, 0.1%)

) A

SAT FRel we 23 F
437 GA vkl 2318 Hobstel AAw FE
2 99w, AR, FAEDE =3 = o
zol Wskel BEL) gol 4 wakod, AME(), FAEDE b B o
Avpol 298 Qe 2%

= 34 9 =4t

i
12
1o,
1
ki
s
o
[N}
ﬂ
fo
s N
i)
B
N
1o,
I
1
lo
i)
N
o

rlo
of
b
S
X
1%
b
S
rr
)
BN
M
B
Jo
>
Q\L
8
(o
i
oot
1%
b
S5

E 27 DAl ERel e 29FEee] AE

A F5F L a b

o 2=t (2 9]) 86.70 0.82 9.28
H%](0.30 %), =9 82.76 1.68 13.46
231710025 %), =9 83.15 1.52 13.55
2700040 %), =¥ 72.63 3.03 17.64
A PH(1.00 %), =9 86.67 0.72 13.18

(0Tl A 5% F=, 0.1%)



29 F%ole Bl e ® 89 prh 29 P
Satn AP WS AT Ut FAREA, ke 4EL AT A 4F, 18
A el we A, MAW B WA e 4% & o], AdgoRE /]
$Ao) AGH FARC|h 2] mAL YAZ sl AL wakstm, ¥, A7t
a%uﬂﬂé%ﬁﬁﬁwl&ﬁxﬂLWJr%%%W%W%ﬂﬂﬂﬁ%%ﬁﬂ?ﬁ,%

T AT BE AEHAL, gAn FEES dA-s gastsdch st WA e mpvt
AZ gAg Holl oJsto] xue] 573 sto] A= tAlvk odeN g 2
b ATt B3 A7) ToA =AXE =78 e x1d olste] 7AE )

3 ) AT EE vAleh 2o), A a7

fo

Rl

30
g

=3}
H

_1)4

<

F 28 tAY Fel e 29 FEE9 dsAA

A7z WA Bl s
MEw®
o = 2.6 4.0 4.2 36
= 2](0.30 %), %3] 24 35 3.7 3.7
413171(0.25 %), %9 19 3.0 36 3.8
271040 %), =9 2.6 3.7 3.8 39
THAIH(1.00 %), 5 25 1.8 31 4.1
(90CelA 5% F=, 0.1%)
A el Bral AEIHE), e el shal Hahrh(l)
A 2 298] o] Zelth(5), xd el Fel flvk)
gt 299 ddsta vl 7%}4(5) Z 39 Addsa wjLuto] gik)

FEAQ J1EE - FARRA AFSTHE), PAF sk



i

el

6) o= 7HA zv =9 &

oH

Nd

35%, A7 1.5%
Fol 90CellA 5

S

Az 2.0%, 3 0.6%, vt 1.0%, 115

RS

!

ojp

i

‘isj]—

=

IH7b+E 0.1%

=

N
ofp

)

T

=
-

Z 37}

~

el

iy
o

o}
i

o
Njo

A
</

KH
o)

|
0

Ay
N+
=
st
R
a
N

)

o
el
of
T
o)

=3

o
i

]
)

e
il

)
R

)
=e}
FAEE 15608 =gttt T}, vt

BFA]

7kl Bl
94

=]
=4

[e)
A%

=
=)

ol
ol

=
=

i
=)



29. o 7HA zv e}k
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0.118
0.124
0.163
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30. ofe] 7HA Z=v]

-
Ria

9.28
9.70
28.96

0.82
0.89
3.40
0.80
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7.14
6.74
9.52
4.89
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1o
BN
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e
2
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43 Fg49
ek 47w %
7 WYy ABE
=t (23] o)) 4.2 39 3.0 2.8 3.1 3.3
TR (UE) 4.2 4.7 35 4.3 3.5 24
A (A 4.1 3.0 2.2 3.3 2.6 3.6
F2HE K %) 1.3 1.1 1.0 4.7 4.8 44
F2HE 7171 A) 2.3 1.7 15 3.0 29 3.5
A AR A (5), ofFe )
WA : zwe] o] Zetth(s), zuel el Tk
% 12NN AR AEkl BHAHE) 2398 ALHT A& L] GHD
A (Eg 9 AP UE, 4d- FEAT (6), d713 wustia
B2h - waAAY (5), STk
FYAQA A5 A, %, @], Ay Fel $A0w AFHTHE), $AG SrhD)

23 E AU Folde] #eAt Asbe % 333 gk 29E Folgel H7te
A& w, 299 Fe Ad F AVE DA A7bel wiste] e d Asitha
B7hEglem, 0.05% Hrretgle W zve] Fol naH oAl wra sk 29

= 2 F AZb 2o etk FrhE 9l dAle 4 -9
#ol 0.05% ol H7bekls Wl x¥ stel Fsivti stalrh. FHA =
0.05% H7Hr7F Awzh 7bg E=okal 0.025% H bk dxs woh &
Hop 7t F 7 Ask
v el stat ol wijg Aote] HEwr

okt



E 33 239 BestRE AHE Felgel B
AA AL
A0 A (%) R o ]
Ase
o 2 (o) ) 10 10 40
0.025 2.7 25 41
0.050 3.9 3.7 42
7tdxd A7
0.075 45 A5 3.3
0.100 48 5.0 2.4
0.025 2.9 2.4 41
0.050 40 35 44
7tds M7
e 0.075 47 44 3.4
0.100 49 5.0 2.7
WA - 2] e] o] Astrh(), x¥le]l Fel fivk)
BRI E = i zsto] Aeteh(5), 2y o] ddsta sl glrk(l)
A9 5% AGHTHE), AT

3) 272 W eheel WAl

deel 2R E Wrhste] HAAE F AnE E Uk 2tk duszd 2
97RE Akl B W Gwel AZE 029 HATNAE WA giich WA
£ 0075% olelAl 23 WAIE FEA @ASAEE 23 FogelA =4 FE
(0.06%) wth 239 A7k 27 o ¥ ol 2ol g WAs o] &
@3} @ zaE Adea ARk FFA0 ABEE %E 005%~0075% H7Hol
A Fe EEE mgom, o u #u wel Aean Agstin selth 1
01% ool HrATelAE M thg APsn vl LRk Behe] ) s
srobA o,



T34, 23] HIATE Ah e s

_ 2 2 9l
A7 (%) 4 R o
AT &

o =2 ) 3.3 1.0 1.0 4.0
0.050 3.4 3.4 3.5 4.5
0.075 3.3 4.0 4.0 4.3
0.100 3.3 4.5 4.2 3.6
0.125 3.2 4.7 4.5 2.9
0.150 3.4 5.0 5.0 1.2
0.175 3.2 5.0 5.0 1.0
0.200 3.3 5.0 5.0 1.0

A Aol Bl AEerth(), 4ol Al Fer(l)

WAl 299 ol FakG), x99 ol glrkD)

Bz sk el FakthE), 23 Adsta vl kel §lrkD)
F4A 75%  ARSTHE), FAGSHD)

3) 23 gold AEFY 2 B5PA

b A

W A=
oot dEe ® 3634 2tk 29 FobHe dre 2¥ A WUxd
ool A% ztzt 507, 51002 79 FAE A, ¥ Dl dwtt dmrb o wok
oo adEe A g Fop= ATl viste] o, dvl B 4RIt we
BdEs B



3E 35 2] Zopx el ANk

Z 759 A g i Zowd z2Ad B5gE 34
_ -4 2 60.79 15.70 1.18 14.36 12.68
e
AEE AA 6227 11.63 1.88 16.03 12.30
i 212 59.63 15.25 0.83 1458 12.41
RLE
AHE A 5967 10.25 1.59 13.49 12.83
_ -2 2 64.37 15.65 3.21 15.59 9.68
2] A
A29E A 6493 11.82 2.05 16.53 8.92
w7 59.56 15.60 8.30 15.08 18.00
F 36, 23] Folm o dx
Z 9] 5-9] A g A=
o
23 o A48 5.07
2aE A 5.49
o
—_— A 2] 5.10
2aE A 5.18
o
S5 ou) A48 4.70
2aE A 4.82
4 % 5.77
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F719%E 2R UUL Puge & Trap £4M& AFSetGl 7 A 3 489 & 499
Al BE kel 2ok dag FRS xR 29 HUbgel] wE Wste gllew 1
TS 173%~177%% W7t 8 Itk o= =39 Aito] ol #Hofdt &%
ol 3ol gle AH 2 AF4E BAH

%29 ¢FF9] fusel o0il9 FHE 65.6meg%~67.3mg% = 239 Hrlwd wE W3}
= A9 Q. wkA 37 |AE S B-myrcene, 1-phellandrene, citronella, «
—terpinnolene, isopulegol, citronellyl acetate & geranyl acetate S°] AEEFHAoH

ke 0.01% H7F oA f-myrcene 0.0lmg%¢t citronella 0.11mg%, 0.05% 37}
Tl f-myrcene 0.06mg%¢} citronella 0.45mg% FHEHJL yHx AR &
AAE AEHAT. 01%F 74 F-myrcene 0.09mg%, citronella 0.91mg% %
a-terpinnolene 0.0lmg%7} AEFAom vmA A& S4AE A=A, 02%
A7 A= B-myrcene 0.12mg%, 1-phellandrene 0.01mg%, citronella 1.23mg?%,
n-terpinnolene 0.02mg%, isopulegol 0.0lmg%, citronellyl acetate 0.0lmg% 2%
geranyl acetate 0.0lmg%7} HEH At xv o] H7pge] Fristd 74w ol
S7HEAR oY, 23] fFo VSAS FUbekAl & 005% H7bF ds A A

NEwI} g E ket

F 48 2] HA7bEel mE 29 5] das T
(%)
HA7FEW/ V%)
3 (%)
o=+ 0.01 0.05 0.1 0.2
&5 175 17.3 176 177 17.3




¥ 49, 23 Hrbgdd 2 %239 9 fusel oil# VYT T

(mg/100ml)
AW/, %)
e
Bl 0.01 0.05 0.1 0.2

Methyl alcohol 2.4 2.3 2.8 2.6 2.8
Iso propyl alcohol 129 12.3 11.8 145 12.0
Ethyl acetate 0.8 0.9 0.8 0.3 0.4
2-Methyl 2 propyl alcohol 2.1 3.2 2.3 2.3 3.3
Propyl acetate 39 4.2 51 4.6 4.3
2 Buthyl alcohol 199 21.1 20.3 18.0 19.3
2 Methyl propyl alcohol 12.2 9.8 10.6 10.3 11.0
2 Pentanol 6.7 7.0 6.8 72 7.4
2 Methyl 1 buthanol 6.3 6.5 59 5.8 6.5
[i-Myrcene 0 0.01 0.06 0.09 0.12
1-Phellandrene 0 t t t 0.01
Citronella 0 0.11 0.45 0.91 1.23
a-Terpinnolene 0 t t 0.01 0.02
Isopulegol 0 t t t 0.01
Citronellyl acetate 0 t t t 0.01
Geranyl acetate 0 t t t 0.01

g 67.2 67.43 66.96 66.71 68.59
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A AR FrARS Zol skfsta dE  ZY(Zanthoxylum piperitum De
Candole)¥= Citrus & 33} ( Rutaceae)o| £3}e] thE Zanthoxylum=E S3 &4
o} gk} 53] Abx(Zanthoxylum schinifolium) €= 1 FE|7F v]5z3te] 3ty nhA &
¥l gtoy O WFPELS Foldte] Flo] FEFE 4 e Citrus Al WA

29 e JE2FE Fo. dolA chinese pepper,
Japanese pepper® HE|HA FA TR ARG Eo] g3 53] i A= ZEfo] okALF
2} 2tz (Zanthoxylum pireritum. var. inerme Makino)gtE= Ad @] Wi F/HAE
o]l e S TS ASAT HARR Ve FAaE g AAEgEHI Q)
o vl A 2AAY 25 A aFgial 295 ALQEithe 7150

Rom Aol A FH o] RIFtelA A @AY WEar]e HEWE A7 s=
ol AbESFaL lom HdmA o R SFokAl. Fol'Fel "ol 2 AR&sta vk 29

o] vglgk WA E AAsI= &34
oty ol g xyef I} Bt 4 A 239 e Al

o]
AN
ol " dAFE =addolt. diEeA uR HilEFE a-Sansol, [-Sansol,

r

hydroxy a-Sansol, hydroxy [-Sansol, ¥-Sansol, 7123 hydroxy %-Sansol % 6
7HA A RS e St —
gl FE SlolA AFTA AMREISd 257 SRWHold SuEER A 2
UA FAFZE(SFE)E AHE3] Aln]A 2
gRAM gl 7]efste] 2¥E AR THA7E e Ador gl Frba
sz AR 39s HuAgH

wepa] 2 Ao dE B ATl e 2 FE8AEES HUYFe &9 (MeOH,
EtOAC, CHCls3, Hexane)® =2 F%, #73}¢] DPPH(1,1-diphenyl-2-picrylhydrazyl)

Zvle] AR Bt ATE ATk

_11n



lo
o
o
o
>,
Ko
oX,
o
ol
z
ot
i)
nj
e
2
D
@

of 9]d HA}F 53} thiocyanatedp ol

ek & &
GC-MS &< o|&3te] =99 AF AZ|E, F9dE, 283 FFE=E AWiad 4
RS BEA ZALSYE 3 moused] Tl S AFS AAEe] kA S FA Y
stal  SFE (Suercritical fluid extrator)& o] &3t 23 #H3joA AX7F & F
ot HARAES g9ety] 9t SFEAA Az &%, o9 % Modifierdd 2 =
AFEABle] 23] X7} AR HAHFE A3 HPLCSl 93 23 971 A%

12

& gYey o8 'H-NMR “C-NMR , FT-IR &4 <]at
A3

=4
RAEF A A3} AL 24 TRl 29E of

A2d Az L "
1. A=
7F A&
29 NEE SdUE AETAHAET B)olA BF wob WP sl
AHg S
i Aok

palmitic acid, palmitoleic acid, stearic acid, behenic acid, lignocelic acid, oleic
acid, linoleic acid, arachidonic acid 5 AW+t Standard= Aldrich (U.S.A)dlA +¢
S 3} 3, a-Pinene, Myrcene, Limonene, Linalool, Terpineol, n-Terpineols *--
J+ Standard™ Sigma (US.A)lA FAS3sA e 1 9 solvents®t Ak EF
Swo®m ARgsTh

S
™

[e]

d

>,

1o A -]1%k A5 o] 23~24g balb CE =4}
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1) SFE : Supercritical fluid extractor, JASCO, JAPAN

2) HPLC : High performance liquid chromatograph, KONTRON, ITALA

3) GC : Gas chromatograph, HEWLETTPACKARD, HP4890A, USA

4) GC-MS : Gas chromatography Mass spectrometer, HEWLETTPACKARD,
HP... A, USA.

5 'H - NMR : Hydrogen 1, Nuclear magnetic resonance abosrption, Unity
plus - 300 ( 300 MHz), Varian, USA.

6) “C -NMR : Carbon 13, Nuclear magnetic resonance abosrption, Unity
inova-500(500 MHz), Varian, USA.

7) FT-IR : Fourier Transform Infrared spectrometer, FTS 175 C Biorad, USA
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7 . AlE ZA
ANBEE 5 6. 79 37) A7ds (S 2424 dARASHA QdR=
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M
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1) z=39¢] A%
%23 A8 0.1ge test tubeo]l ¥-& ¥ Chloroform : MeOH = 2:1 &w] 5ml

Y 1 internal standard(Behenic acid) 1mé(100ppm)E A -=o]A =t} Sonicator
o A 2023t sonication ¥ ¥ 20 4 vk thAl 2043F sonicationdtt. o 7]ell 4md
0.58% NaClE sampleo] ¥ il 10%%F sonicationdtt}. o] A|&E 1500rpmolA YA E
g Z 3 & pasteur pipetlE A5 HE A AT the A5 A W9 celluloses 1Y
T2 AofaFo R wulA HEn o F<l chloroform 5& L@ Eo] Eo7HA4 ¥k
& o35 o] o3 S crude extract(CE)Z AME3tth. CEE A&7t~ E o] 8359
%S &, o] uf heating block 2% 40C=E 3tk o] A&l 05ml toluened}
5N NaOH in MeOHZ #H7F3tt}. sampleS 90C ¢ water bathollA] 5&%F

L

Ll
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=
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7198 & Aeoa] A3tk 20me BF3 MeOHE sampled] YolA 2ZE A4S
=9l & 80C water bathollA 3E7F 71<g3sk & A3t} o] sample2 30ml test tube
of %713 10mee] A cHZ2 AFACIANTHS A2 F 30me] test tubeol &
Atk oA7le S 10mE FHolFed, 2 Al v 54 42 nydEo] do

F4E2 BT =20 ¥ 30md test tubeo] ¥ oli=th. ©] sampleS Vortex mixerol|
Al & 43 107t sonication $F T 53 AXAAFET o714 #EE Ao
L 9k 1g9 NaySOZ ¥& Whatman #6 filter paperZ ©]&3slo] ez, Adir%s
S 3t} o] sampleo] A olHZ ImlE Yo A ¥ F AL micro vial o A
A B33 o] samples GC E4o) o] 8313

29 BAE AL, RAW, FFAR ole) AP AT T3

AN

palmitic, palmitorec, stearic, behenic, lignoceric acid®} &3 3% ®AFQl oleic, linoleic,
linolenic, arachidonic acid®] %2 GColA o}z Table 13 #& ZAdA XA
skt

Table 1. Coditions of Gas cromatography analysis

Integrator Hewlett Packread 3395

Columns HP-1(Crosslinked methl siloxane ), length 30m, ID 0.53mm
Detector FID

Carrier gas Ny

Injector temp. 2007C, oven temp : 180T for 2min, rate 2C/min to 200C
Detector temp. 2307C, final time : 10min

SrAl TAE 5, 6, 78 M AIVIEE ST b AR Aol dis) o9k
e 674 AHFAE a-Pinene, Myrcene, Limonene, Linalool ,Terpineol, 12 il
a-Terpineol o tjal] ZFAIEATE AIEE FF7] THHULE 100 ml FE2H4E 4
o] Ethyl Ether 100 mlZ AfAE 238 dAt. 5% o
chromatographyell M S48 2} 28-S Z17] 100 mlE ¥ st A&

2ml AFAES F338te] GCe GC/MS A4S &t AfARE 24 248 Table

Silica gel



of Oil from

Gas chromatography analysis

HP-1(Crosslinked methl siloxane ), length 30m, ID 0.53mm

37T EHAA
;'ax I

Table 2. Conditions of
Zanthoxylum
Integrator Hewlett Packread 3395
Columns
Detector FID
Carrier gas Ns
Injector temp. 2007, oven temp : 180T for 2min, rate 2C/min to 200TC
Detector temp 230C, final time : 10min
ot FAkstEd 5 9 drksas A

1) DPPH(1,1-diphenyl-2-picrylhydrazyDell €3t Ax}Fols =4
z9) FAe] Adx 225 4o uE 74 &vid (MeOH, EtOAC, CHCI;,

Hexane)Z2 2A|7F &< 3/ F55 39 o343 & 40ToA rotary evaporatorE Ab

&3] Y wFeTh o FEES A4 & 2uE &sfste] ddAtks &4 AA
£ A== AFE3F9th. DPPH 1.9me(80pg/mi)ell ZF A& 100E H7betar A4 5
B A 5 a2 A S 525nmel A UV spectrophotometer & 578 F 31
7zt Alge] AAkE o] 59 (Electron Donating Ability, EDA%) Als H7b¢F F3 7}
7o FREAE WEEE FASAT
2) Thiocyanateol <]g+ gatsl=] =4
z¥ FEEY FA4 FAsA BHTe9Re datst @48 vastr] $shed
Thiocynate W 22 t53 o] SA&th. 2 sample solution( 20040 in EtOH )
S sample tube( 1.5x4.3cm )el linoleic acid(200u)E &4 7}stH pH 7.4, 0.2M
phosphate buffer(400x¢), =123l distilled water(200u)E 7}3Fe] ©] tubeZ 244 3t
HE- A1 71tk 2 sample  solution(100g8)ol  75% EtOH(3mL),
NH,SCN(10040) Ferrous chloride reagent(100x described)S 7}3F % 382 3% B33
§omA Fikste S xAbet

=419 500mol A FFE=E



2}, Mouse°l]l W3k =44

ZI o= 2n, ARAE, FA7F FHHI¢)
A el A QAT AHEEogith EI 2=
I 97l SJekF o R WEY A9 A9, ok, 7FA, AT, AESH, AAE,
WS, A, A, WA, TR o]277hA] dEl AbgE e gk oA 71A]
Z3 F9)e] ofFAel B W= YA 29 99 mousedl] ek HAo BT

HEE 79 It 298 o] &3 R el 7tEs tHAd HEE 5t

}Ju
r

%3 ¥y FEE°] mouse I+ microsome I cytosol 9 FHEEgol ATt
Glutathione-S-transferase (GSH-T)&/dol| digt JF& AR A FAEo] dut
Ao 3F HFHT= 279 ¥ 1~2g( 30mg/KgAF)¥S 1283+e] mousedl A=

7 (200mg/Kg Aol A x3 #HFo] SFEFEE, SFETAL §WjF:55E
9 Pyl SujFEEL] THES S5 7|5 9 AlFo] 23-24g mouseol Al ©]

T ATFFASAL dExTRE ST VIES ARE HAE, AER Hdx 7 £
= o] APz givete] AAsAT s AFEIE e Z
1.15 % KCIg el 303+ Al g5 0.25M sucrose& Aoz @8 7]3 3500 gol
A 104, 12,000 goll A1 40%, 105,000 goll A 60% 7+ YAR2ste] microsome (-74C
oA B)¥} cytosol S A}

Z mouseE AAE 7S

1) Microsome #3 : 2 % triton X-100 0.15 ml, 0.25M phosphate buffer (PH 6.5)
0.2 ml, 0.05 M glutathione(reduced) 0.1 ml9] &38| microsome(10mg/mD-S 0.1
ml A FH7}ste] 7HESMS=E &St

2) Cytosol 3 : 2 % triton X-100 0.15 ml, 0.25 M phosphate buffer (PH 6.5)
0.2 ml, 0.05 M glutathione(reduced) 0.1 mle] &3g-& Ao microsome(10mg/ml)< 0.1
ml % H7tsle] 7183 MSZ 8kt CytosolE 3= 919 22 wyo=z et
Glutathione-S-transferase(GSH-T)&4 342 Habigse WHol w& 025 M
phosphate buffer (PH 6.5) 0.4 ml, &F4 045 ml , 7}&3 MSE 005 ml, 20 m M
CDNB (1-chloro-2,4-dinitrobenzene) &} 0.05 ml¥ Y31 Z &35 UV 340 nmel

A 1R 5E FHE W SYsdc



710 AAE FEUHES 7|8 E T2 FEEUE AFESAst=d ol W
71 &m el Bk el flald, fule] 744, AHEAAe] F T ofe] 7HA Aeks W)
el Hole fF718mE A AA Abgetar #4354 Supecritical Fluid
Extractor(SFE)ell o]gk FE&Wiio]l of g Eopo A tpFalr| o] & ¥l d= AA ot
ZH oA AATMEES FES] HAEA S FHe7I 96kl ¥ 300 kg/em’,
modifier= MeOH 20 %, &%= 60C9 SFE 7]¥% ZANA %3 AuAdES F&3}
o] oJ#] 7}A] mobile phase ratio %7 (n-Hexane : isopropanol 14:1, 15:1, 16:1, 17:1
19:1)akell A HPLC® 9 x]7F A8 2239t Columne Waters pporasil' ™ < /\}
£3}3, Detectors= UV 275nmoll A, Flow rate®= 1lml/min &2 EA&Act. Ix7}
Ao AL AFe] deHAF AANRE FATF AR(WS e FEAFE FE3

7.

modifier ¥ @2 EEZA7MER A7 ARS 2E3)9]
= o1

2 300kg/cm®, BZ&m2Z MeOH 20 % , 121 FEAI7F 208
o7 2xE ggdle] 60T, 50C 40T & 30ColA z+7] %3 Iy ZF Jx71 A
RS SFE® %3l HPLCOIA #A138t9ith

SFE¢ #H7Z F=¢#ES #3487 98te] &% modifier %, flow rate —12] L
FEAZte] AAF xANA gES Zelate] 320, 300, 28] 280 kg/em” =7
=

9 B9F AR ARS BAZA S,



SFEC] #4 modifier ratios 47 $late] 2=, 48 agm FEA 7] 4
A3 z7stel] M CO, 1 MeOH ratioZ 90:10, 80:20 123 73:30 (V/V %)= &

sfol AA7} Qe FFE BH A

4) SFE FZ Akl gt 24
SFE HAFZAbs FAs7] AAste] 712 =491 <
223 modifier F(CO2 1 MeOH(V/V %) 80:202.2 & x7stA FEAE &

gate] Ag 208&. v 208 123l UE 4059 F=
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MeOH(V/V %) 80:20, 18]al FZA
CHCL= &3lste] GCEAlS dstaion SuiFES 2241 AlsEE FHAste] 50
ml MeOHZE 7}slar 60Co|A 24 7+5 ¢t Shaking 3t}g o3}, FsH3slo] 7229k
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SFEE Ahgste] 23 suloln A7} 4Eg FF, AAde] 29F ol§F 4

vg el ol &staA sk ¥ o] AAVF AT F AvARe dATAA=

B d An A RS g-Sansol, [-Sansol, hydroxy o-Sansol, hydroxy B-Sansol,
¥-Sansol, Z18]3 hydroxy ¥-Sansol & 6 7FA] AE™ dHx o olxE 1 HT}
O e wA e AnAgdie] oF 205 7Hholde Ao Rl gt

SFEE AR&ste] %3 #ye] AnARS FEt] AFSE s Akl o
SFEFZ2o 43 dA7Hd&e] Ades
2SS 79e7] ¢998t9] column chromatography & Abg3le] X7 A &S
, "C-NMR, IR #4& AAstgch. 23 #9F Angdes e8] 98
o SFE F=& 3 F==9 HFA4 F&( CHCR =+ £3% )& Column
chromatography(ID 2.5cm, L 50cm)el silica gel (70-230 mesh)30g<S n-Hexane :
Ethylacetate 14:12 52%A3te] 10g9 %3 FH3o FEES =39 columnol
loading 3}ith. ©]%5AFS n-Hexane : Ethylacetate 14:1& AFg3lo] €& A7 TLCE

st TLCE A3 =4 e 3 2902 4FAA

O % dad eFsitn AzEs 3 W 239 disled 'H-NMR, “C-NMR,
FT-IR £4& @3¢k 'H-NMREA &0l CDCLE &3kl em PC-NMR #4]
S22 DOE AM&edt, 28] FT-IREAA] Sampleg KBR Windows (25x
4. KRS-H)ell Z=xste] 433

;H
z
=
=

A3d 23 2 uzF

1 2309 Agatat 46

94

p)

£

Me

z23 FAE AGAIE, P, FFEE 23 palmitic, palmitoleic,
stearic, behenic, lignoceric acid®} E3X XAl oleic, linoleic, linolenic,

arachidonic acid®] &= tjste] GCAlA Table 13 2 7oz FBEAZRAS 2



&= olgl e Table 3, Fig. 1 18] 1 Fig. 29

2},

Table 3. Relative contents of fatty acids in zanthoxylum piperitum DC
Seeds Seeds Leaves Leaves

(ng) ’ (ng) v (ng) v (ng) v

Palmitic acid 118 0.74 333 537 210 4.06 2.59 3.64

Palmitoreic | 4959 31.15 | 3547 57.15 | 3213 32.16 3513 4945

May Stearic acid| 106.36 66.80 | 21.69 34.95 | 1500 29.02 3091 4351

Oleic acid 2.08 131 157 253 246 4776 2.41 3.39
Total 159.21 62.06 51.69 71.04

Palmitic acid 443  6.08 711 6.59 1.70 243 1.38 1.31

Palmitoreic | 3956 54.33 | 57.33 53.11 | 33.49 47.92 32.06 3191

June Stearic acid| 2258 31.11 | 3872 3587 | 32.74 46.85 39.37  39.19

Oleic acid 6.24 851 419 3.88 196 280 2765 27152
Total 72.81 107.95 69.89 100.46

Palmitic acid 87 079 | 1093 1.70 548  7.28 1.18 2.13

Palmitoreic | 27865 2540 [226.84 3536 | 32.79 43.58 2472 4461

July Stearic acid| 74525 67.93 [324.07 5051 | 2878 38.25 2712 4894

Oleic acid 64.35 587 | 79.73 1243 8.19 10.89 2.39 4.31
Total 1097.01 641.57 75.24 55.41
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Fatty acid of relativ
contents(%)

5, k-seed 5, J-seed 6, k—seed 6, J-seed 7, k—seed 7, J-seed

The fatty acid in zanthoxylum seeds

I

O palmitic

M palmitorec
Ostearic
Ooleic

Fig. 1. Relative contents of Fatty acid from Zanthoxylum seeds

of Korean and Japan in various period
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Fig. 2. Relative contents of Fatty acid from Zanthoxylum leaves

of Korean and Japan in various period



At FFE AVEE 2 BN Aot

el FAe} 9

palmitoleic, stearic acid®] 3r#e] =31 palmitic, oleic acid<]

4
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Table 4. Relative contents of essential oil in Zanthoxylum seeds of

korean from May and July

Oils May seeds(%) July seeds (%)

a-Pinene 14.04 443

Myrcene 2.43 1.78

Limonene 0.75 217.74

Linalool 12.93 10.75

Terpineol 21.48 24.18

a-"Terpineol 48.37 31.12

Table 4] A4 67h] AFALL RA0R 4o FF& 2ANE A% 593 7

49 FAA Ethyl Etheri-3o] Az oz #e AFAES 201 52 Uedls
g 2 Fo X% a-Terpinen, Terpinen, a-Pinene, Limolool ©] 5% Fx}o|A 484,

215, 140, 129% =2 grgFo] FJux oz Ektw Wi 79+
a-Pinene ¢] Zy7) 3112, 10.75, 4.43%= vrolA
°© 937 242 %, 277 %= dreFo] molxth.

gl

a-"Terpineol, Linalool,

o1 Terpineol®} Limonene
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Table 5. DPPH antioxidative (EDA%) of Extract from Zanthoxylum

in various solvents

Collecting Samo] DPPH antioxidative activity = ( EDA% )
. ample
Time MeOH EtOAc CHCI; Hexane
k 90.2 73.7 75 2.3
Seeds
] 85.9 72.2 5.7 1.8
May.25th
k 91.9 86.0 5.8 2.5
Leaves
J 84.9 89.8 6.0 2.6
k 934 84.5 8.6 0.4
Seeds
J 93.9 85.4 8.1 14
June.25th
k 879 86.6 49 1.3
Leaves
] 85.5 91.9 7.2 2.0
k 94.3 875 10.0 14
Seeds
J 949 839 9.1 0.6
July. 25th
k 90.6 88.7 6.3 1.1
Leaves
J 90.2 89.2 10.3 2.1
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Fig. 3. DPPH antioxidative activity (EDA%) of
Extract from Zanthoxylum seeds in Korean

and Japan by various time.
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Fig. 4. DPPH antioxidative activity (EDA%) of MeOH Extract
from Zanthoxylum seeds and leaves in Korean and

Japan by various time.
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Fig. 5 Chromatogram of HPLC analysis of SFE extract from
Zanthoxylum pericarps
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Table 6. Result of HPLC analysis by various mobile phase(n-Hexane ;

Isopropanol) from pericaps of Zathoxylum piperitum in SFE

extract
mobhile plhase ratio peak area” x10°
peak NO

14:1 15:1 16:1 17:1 19:1
1 11.6+1.13 15.4+0.10 11.8+1.64 10.7+£0.33 10.4+0.79
2 8.610.18 13.5+0.10 8.3+£0.73 7.97+0.38 7.5+0.65
3 12.8+£2.69 12.1£0.39 11.1+£3.14 6.1+1.46 6.6£0.91
> 24.4 41.0 31.2 24.8 245

* means of triplicate
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Fig. 6 Result of HPLC analysis by various mobile phase from

pungent compound of Zanthoxylum piperitum




¢ o] A3 (Table 6)oA4 Ho]FEt} 4lo] n-Hexane-Isopropanol ¢ mobile phase <]
ol#] 7}A] ratioolA] HPLCZ A 7}A] A¥2] peak areas ¥4 ®]a 3 A3} peak 1,
2 2 39 area & Z}7] mobile phase ratio 14:19]A4+ 11.6+1.13, 8.6+0.18 181
12.8£2.69¢] 31, 15194 & 154+0.10, 135+0.10 2831 12.1+0.39, 1614 &= 11.8%
1.64, 83%0.73, 11.1£3.14, 17:1°l4+= 10.7£0.33, 7.97+0.38, 6.1+1.46, 19:10]4+=
10.4+0.79, 7.5+0.65 183 6.6+091=2 YEFRTE. 1 FolA X mobile phase ratio
15104 Al 71x) AR dtgo] AgjE oz AU =o} o] mobile phase ratioZ} 7}
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Table 7 . Result of HPLC analysis from SFE extract by various

temperature
SFE Temp peak area’ x 10°
Peak No.

60C 50C 40C 30T
1 15.4+0.10 9.1+0.49 8.9+0.06 8.8+0.21
2 13.5+0.10 5.7+0.30 5.7+1.39 6.7+1.56
3 12.1+0.39 6.3+0.92 5.7+0.27 5.0+1.56
> 41.0 21.1 20.3 205

* means of triplicate
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Fig. 7. Result of HPLC analysis from SFE extract by

various temperature
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Table 8. Result of HPLC analysis from SFE extract by various pressure

SFE Pressure peak area” x 10°

Peak NO
320 kg/cm” 300 kg/cm” 280 kg/cm’
1 105+0.12 15.4+0.10 10.0+055
2 9.8+0.31 135+0.10 4.4+0.73
3 9.7+0.49 12.1+0.39 71+1.05
= 30.0 41.0 215

* means of triplicate
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Fig. 8. Result of HPLC analysis from SFE extract by

various pressure
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Table 9. Result of HPLC analysis from SFE extract by modifier ratio

CO, : MeOH(V/V %)  peak area” x10°
Peak No.
90:10 80:20 70:30
1 13.5+0.79 15.4%0.10 10.5+1.68
2 10.4+1.85 13.50.10 9.5+2.29
3 15.8+2.08 12.1+0.39 12.5+2.08
> 39.7 41.0 325

* means of triplicate
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Fig. 9. Result of HPLC analysis from SFE extract by modifier ratio.
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Table 10. Result of HPLC analysis from SFE extraction in various time

SFE extraction time peak area” x10°

Peak No.
first 20min second 20min final 40min
1 15.4+0.01 1.4+0.56 0.4£0.10
2 13.5+0.01 0.5+0.12 0.2+£0.07
3 12.1+0.39 0.1+£0.09 0.1+£0.06
2. 41.0 2.0 0.7

* means of triplicate
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Fig. 10 Result of HPLC analysis from SFE extract in various time
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Table 11. Optimal conditions of SFE extraction

Temperature
pressure

Modifier ratio COq
Extraction Time

Flow rate

60 C

300kg/cm’

MeOH: 80:20 % (V/V)
20 min

3 ml/min
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Fig. 11 Schematic flow diagram of SFE/SFC modular system.
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Table 12. Result of HPLC analysis comparison from two mathods that

SFE and Solvent extract
SFE extract Solvent extract peak
Peak No. . - r
peak area’ x 10’ area”  x10°
1 15.41+0.10 10.2+£0.92
2 13.52+0.10 7.9+0.52
3 12.1+£0.39 11.2+1.95
> 41.0 29.3

* means of triplicate
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Fig. 12. Result of HPLC analysis comparison from two mathods

that SFE and Solvent extract
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Fig. 13. Result of analysis of pungent compounds from Zanthoxylum
piperitum by 'H - NMR
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