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Distribution of Toxicity in Liver of Wild Pufferfish Takifugu rubripes

Kaori Tanigucar', Hideki Takao', Shinya NunNa®, Yuji Yamanaka®, Yukinaga Orapa®,
Rika NarasimMa®, Junjie WanG?, Ryohei Tarsuno®, Yoshitaka SAKAKURAZ,
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! Division of Research and Development, Manbou Corp:
1944—1 Tononoura Yobuko-cho, Karatsu, Saga 847-0304, Japan;
®Graduate School of Fisheries Science and Environmental Studies, Nagasaki University:
1-14 Bunkyo-machi, Nagasaki 852—8521, Japan;
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1-14 Bunkyo-machi, Nagasaki 852—8521, Japan;
*Faculty of Healthcare, Tokyo Healthcare University:
3—11-8 Setagaya, Setagaya-ku, Tokyo 154-8568, Japan;
* Corresponding author

Livers from wild pufferfish, Takifugu rubripes, can be described as having a smooth frontal side
and an upper-region that is attached to the hepatic portal vein. Based on this description, the liver
can be divided into 10 parts (L1-5 and R1-5), and in this work, the lethal potency of each part was
determined by mouse bioassay. Among the raw livers from 58 individuals, all 10 parts of 16 individ-
uals, and some parts of 4 individuals showed mouse lethality, but no toxicity was detected in any
part of the liver from 22 individuals. In the livers of 4 individuals that were partially toxic, the le-
thal potency of the toxic parts was less than 4 mouse units (MU)/g, and no part showed especially
high toxicity. The remaining 16 individuals were considered non-toxic based on the assay of only
one part. Among 13 frozen livers, all parts of 9 individuals were toxic, while all parts of 4 individu-
als were non-toxic. Liquid chromatography-mass spectrometry analysis revealed that all parts of a
weakly toxic raw liver and a strongly toxic frozen liver had tetrodotoxin as the major toxin. Regard-
ing the 16 raw and 9 frozen livers, whose parts were all toxic, the relative lethal potency of each
part to the mean lethal potency of the individual (8.9-709 MU/g) was calculated, and subjected to a
two-way analysis of variance with 2 factors (left/right and top/bottom) for each group of livers (raw
or frozen). The analysis indicated non-significance among factors and interactions at a significance
level of 5% in the frozen livers. However, in the raw livers, although no interaction between the 2
factors was detected, the right-side and the 4th-portion from the top were significantly higher than
the left-side and the other portions, respectively. Therefore, we concluded that individual inspection
using R4, which is the region that lies below the right-center location of the liver, is suitable for tox-
icity evaluation of liver to ensure the safe consumption of pufferfish.
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L, ZOIZHRBEBREHAE L TwES, 77HICLLE
FEEIBERIEL, BETIRRELTT Y, BicES
DBV EEXTHEZEETEANBREE R WY. —
B, 77 OBCIEEHERERONRETHY, ThE
EE L CEFOHETHETWIFE D EFE0 7 7 24EET
XL Lo TERYDY B BiBOBAICL
D, 77HEOAERE LTORGLR CREERIZEL N
T35, BEHOHEEREICLYFELIFIBBLR10 MU/
gD TTHAILEHMALLEAEMEICIORY TEEwnE
ENTHBY, FOLI) BHREICES CEY 2 EREH 2%
ITENT, ERRELS 7B EERLTE 2R
Bhb 77HEEERE LRI HES, HhkECBL
THEAEkz Bt 20—82HRT2HETIE, &
mE LTOMESKIBICKT T 2. —F, FEFoHEks
HEHALPIZTENLE, BERECBTA2HERNRY VT
VY THENBHEE Y, RECTERT AMUELIMNIEE
REGELTAMFAETES. 97 7HFRPOFEES
KoWTi, FFSOWEY 5575, 97 7 HFROAE
FEEMECRABOAFFRET, +5L2RAENSTELD o
LRI TWS, 22T, S0, 37 VEEHEPL
g% 1008 L BE0BUIRE2REL O THET
5.

ERAE

1. #

20124 CHAREH CHREEINIZKR NS 7 7071
BHRESEHE L. 209 beg@EiZ, RRBEEDLICE
DEIMEEICHBIREL UT, EFRET2). &
DOIBEAE FREBEEDICESEL, $ B XS
—20CTHEFERELA (UT, BEITEE5). AR
FEOTE, FEFBILEHRER EHorHrRE, B
fbE L oBEmLEN, FPRE OKBEHE LIE LTE
BIZ2FEIL, SO ETOEEZHEIC55E L TI088
£ L1~5BXTR1~E) 1257z (Fig. 1).

2. EHER

EREERERHBEE 7 VY EREEY ICEL, &
Bz REVFA A, BEI2EE, SHESSLVY
FE3~5BED0I%EEEL A TMEMBE Lz Eis
RO LEE2RBREE L, YECBLTEESFRD ) 2,
ddY R~ T A (KE19~21g) DEBERIKRSL, <@
ZAOFFHEER LS 1g4 -V 0FENEEH L. TTXD1
<~ AEA (MU) &, KE20gD~ Y A% 305 T
CTSE2BHEERSINTEBY, TTX 220ngictH43
59

Ly roEERRICOWT (BREM), WMs8EI12A 2R
FLESIE, BRBRUTF: FH2F9F 0B HEFE3265,
B AR R A R R A

27 rOBERRICOVWC GRREM), HAMs8EI2A2HRE
LS9, BRWIE: FR7EI12HTAFEALE 272, &
EAREEEEBILAEE RN

Upside:
portal vein

&
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Left side Right side

Fig. 1. Sampling scheme of 10 parts from a liver.
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Zspray™ MD 2000 % # # L 7 Alliance 2690 > & 7 A
(Waters# ) #FHv, B#MOFEY ICERL TTTX %
& E T BHLCMSHH 24T o 72, & T & IZ Mightysil
RP-18 GP (¢2.0X250 mm), FEIHHIZ1Z 30 mmol/L~ 7
FINFUEEEZET 1 mmo/LEEEE T VB ARBREHR
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N—3v 3 VIRE350T, v—X7 v Z7iRE120C, 23—
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1. FEDOsH
ERES8MED S H, 16WAEIX 10T~ 2
EEr AL, 2ERZIRTHFBERRRETH 7. &
no38MIEDOFEMZ Table 1I2RS. £h, EBHEHO
B 1B kOREN (FBLOBFEHOERME %
REETH-> %L, nd XTRTOTMISBEERKRHET
HollERT. —F, ssMisrh, —EOIAL THEME
DD SN 4ABARITDOWTIE, BALFIE T % Table 210
AT R 16ROV TIE, 1BOAOENRERICE
DE, EBLRELL EFEBOREEBEHIZ
709 MU/g T, EmEAE THFE  (100~999 MU/g) #°
10f81R (17.2%), ‘T5F (10~99MU/g) 35184k (8.6%),
E (10MU/gH i) 43 4E (7141%; FHFED
8.IMU/g DK, —HMOBATEEIED S h24MHE
EEL) Thol:. VI 770BFBERBEREE R
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HREFE OB % Table 312773, 13EMAP oEEkIZ 2
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BALIZw Y AERSBD ON, KR 4ERZERMIFNE

RBRMTHo /. WHFE 7THEME (63.8%), TFHFE 2@HF
(15.4%), &% 4k (30.8%) T, AHEFHLBEE
Table 1. Toxicity of raw livers
Collection Specimen Ll.ver Mean let}ial
location No. weight potency
(g) (MU/g)
Shizuocka Pref. 1 101.3 709
2 68.2 541
3 79.3 384
4 74.4 347
5 140.2 283
6 72.0 237
7 136.9 215
8 61.3 195
9 64.1 136
10 99.3 97.3
11 7.7 78.8
12 71.0 34.2
13 73.2 11.6
14 71.3 10.4
15 106.8 n.d.
16 79.9 n.d.
17 102.5 n.d.
18 88.5 n.d.
19 72.1 n.d.
20 70.7 n.d.
21 56.2 n.d.
22 63.6 n.d.
23 92.7 n.d.
24 98.1 n.d.
25 111.2 n.d.
26 93.7 n.d.
27 60.4 n.d.
Yamaguchi Pref. 28 144.8 n.d.
29 135.9 n.d.
30 161.3 n.d.
31 176.6 n.d.
Ishikawa Pref. 32 697.4 642
33 152.8 8.9
34 532.4 n.d.
Hyogo Pref. 35 113.6 n.d.
Unknown 36 104.1 n.d.
37 158.3 n.d.
38 88.4 n.d.

*Mean lethal potency was calculated by dividing the total le-
thal potency of whole liver (sum of the total lethal potency
of each part) by whole liver weight; ‘n.d.” indicates that no
toxicity was detected in any part (<3.0-<6.0).

BAFRL VIZA2ICEI o772, KRR 77T, Bl
BAEOREFFIRIZ L 512 EERIBLI EARB IR T
2970 4&E FEERBIZOWTIE, BEEOKEVLO
REERIER L2700, AEEAHBEEEIEL kol
LOELBbhb.

2. 8B R #

EHEE O LR (Specimen No. 33; E3555 8.9 MU/g;
Table 1) B LU BEHFEB O HF T (Specimen No. 44;
ST 202 MU/g: Table 8) DAEAIIZDOWT, LC-MS
T ERITo 2. BAEN 5B (Specimen No. 44 D L1
L R4DH) % Fig. 2127RF. Specimen No. 44 2B\ T,
L1 (180 MU/g) EHEHH & b KD o 72 FAL, R4 (235
MU/g) $2FBHICE P> 2HETHAE. m/z32004 F
Yrux M ARBWT, HREE bIZ, BHoBKR
b 6T, WTNOEFMS S b RFERSITTX & —3
THFEY—2, BIXU4-epiTTX B SN LN —
B LN SH, MOTTXFERLTHE L2SW
Birhhhorzd, LCMSHHTTRDZTIXE (MU
i) o<y 2FHIIHT AEE (B (Av) +EEFEE
(0)) &, BHEWEFRT3.5+119.8%, B35S
Ti380.9111.7% T, L HWTTXABEID8~9EH% 5
DLEBERSTHAZ EPRENT.

Table 3. Toxicity of frozen livers

. . Liver Mean lethal
Collection Specimen . *
location No. weight potency

(2 (MU/g)
Unknown 43 674.6 392
44 537.4 202
45 430.1 183
46 514.6 153
47 361.6 148
48 541.7 125
49 404.6 115
50 264.6 82.3
51 373.3 25.5
52 348.9 n.d.
53 242.5 n.d.
54 172.7 n.d.
55 241.1 n.d.

*Mean lethal potency was calculated by dividing the total le-
thal potency of whole liver (sum of the total lethal potency
of each part) by whole liver weight; ‘n.d.” indicates that no
toxicity was detected in any part (<3.0).

Table 2. Toxicity of raw livers that partially showed toxicity

Collection Specimen Liver Lethal potency (MU/g)
location No. weight R R2 R3 R4 RS L1 L2 L3 L4 L5
Shizuoka Pref 39 71.4 3.6 <3.0 <30 <380 <40 <30 <30 <30 <30 <30
40 109.2 3.1 <30 <30 <80 <50 <30 <30 <30 <30 <30
Yamaguchi Pref. 41 304.4 3.2 <3.0 <8.0 3.3 3.6 3.4 3.2 3.8 3.7 3.6
Unknown 42 120.7 <3.0 <3.0 3.5 3.7 3.1 <380 <3.0 3.5 3.3 3.3
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Fig. 2.

Fig. 3.

Fig. 4.

Intensity (x 104)

g 3. EEofm
AT AFEFRD SN EFE (n=16) 122
TTX & BENICEHFEN 1L LTEEMOENEDE K
O, TNOHEFHMUTEICFHLTRELLZEZS, BB
R RMOFBEIE L, WHOFEIMENERSR S
4-epiTTX (Fig. 8). ZHMOMNENICOX, EHELETO2ER
9 TR R o e e TR Nt el e WA T ZREES SISV L 25, AEK
W #5% CERBMOREAERD bNE D57 (p=
. 0054). ZITERILICHMLAL IS, AETRED
Z) AR BENAE L (p=0.0007), ET TIEFROLR
MADFENHPMMOTM LY bEH o7z (p=0.00005). 7
B5YE, o7 rEEFReEROBEESFERS, T
4-epiTTX D EREL 5% UNOY 3 Lo B WEEEZ R L2
e e e EHELTWDH, REFFETIE, R4, T4bbIFEAH
FRTHFE)OBESERICEVEREZRT I L0905
12,
—7. AHEMEIE (n=9) 1Z2%, FABKICEHLD
MNBENE RO THE LA2E A, AR & FBEOMER A
Ronzzn (Fig. 4), ZuRESEIITIC L 5 T,
EfH (=017, ETF (p=0.072) OWVFhOERID
. BFEENFRDOOLNT, ERMOZEMERDBHE SN ED o
o 20 40 6o 80 | 100 72 (p=0.64). 77T, B BEICEOEFMOME
Retention time (min) ~BATT A EHH BP0 BEREFETIR, $YIvE
LC-MS chromatograms at m/z 320 obtained from BOLRho7zDITMZ, B, BEIECFEROES 4
L1 (upper) and R4 (middle) of Specimen No. 44 DR BEFEH—LLTRERELZELONS.
(see Table 3), and from TTX standard (lower). WS, — IO CREA T & 7= T 4 R 8

407 TTX-STD Wik

Left side Right side
L1
L2
L3
L4
L5
14 12 1.0 0.8 0.6 0.4 0.2 0.0 0.0 0.2 0.4 0.6 0.8 1.0 1.2 14
Relative toxicity Relative toxicity

Distribution of toxicity in raw livers. Data are shown as mean (column) and standard deviation (SD, error bar) of
each part (n=16).

Left side Right side
: L1 R1
L2 R2 —
L3 R3
L4 R4
L5 RS
16 14 12 10 08 06 04 02 00 00 02 04 06 08 10 12 14 16
Relative toxicity Relative toxicity

Distribution of toxicity in frozen livers. Data are shown as mean (column) and standard deviation (SD, error bar) of
each part (n=9).
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&, BEEPRYVTHRETHRMENF 4T 2iEI5MUgl o7
LD B05, BHRBALOFHITND 4 MU/gRMET
»Y, ZHLTCEEFBENIIRD LN L 572 (Ta-
ble 2).

REMERETENE L-FERBETE, FErRIEL
RBIONLFEELDLEND L. L7z ->T, HNE
NHPMOTALL D ARICEL, »OoRERELNEVRL
BTy FORFE L TRDBEWEELOND. BB
OEZEFF1I6EMEICOE, RADENEL1E L THOI
MOMFNENEZER L2 25, AvEold0.88+£021, &
KA 1L Specimen No.14 (FE¥#EH 7 10.4 MU/g) BT 5
L1 (ZBALBIFES 14.6 MUlg) D1.7T, ReFBWi257—
144D H b, 1.0RHIX785%, 1.5KiHIL98.6%I:E
L7, Bk, FHEETFROEARTE, HdFEHDAy
+0i%0.88+0.28, % AKfEiX Specimen No. 51 ((E¥&EH
25.5 MU/g) X8I} 5 R1 (FRiLBIFES35.9MU/g) D 1.7
T, RAEBRW/F— 781D B 1.0KHIL67.9%, 1.5
K3 97.6% Tdh o7z

Kolmogorov—Smirnov i 12 & Y BN FEHIOIEH
EEFANIZEZS, EFE (p=0.1630), WHIE (p=
0.5819) & HICIERAHITHE) LHES NI, INEH
Bzl HAEHFAVHToDE (EFFET2.33,
BIFET2.84) 22 A2HFERILITESOLRHETH D,
BELOLALELTHA). —FH, RADEHIIHT S
g LEE OB FE OB EZ KDz 25, LR,
FREHRE DL ERIERS ALY (p>
0.999), Z£EFIE TiZAv+0=0.9110.09, Av+70=1.56,
HEFE TR AvE0=0.9110.22, Av+70=244& 7 o
7. Thbb, £FETIE, R4OFENH10 MU/gkiET
Hol%h, LEEHEOEHEENL15.6 MU/g%, L
MEA23.3MU/g B2 BHERIL, BELOLALZES
ZEizhb. Lz oT, BERAZEE L BREDEA,
INLEERLEE (B EFEORE, FE1AE
HBOFEERMLFENZFMTLOTHENE RAOEINLG
R, WoMeENT THEICT D THNIZ2.4EOEN
1I0MU/gaBABWEIRTARE) #RITAZEICX
D, TARERHERTELZLDOLHET L.

x &

KRRV 7 70EB L URENRICo S, EENIZ10
SELTRESHERAR LIS, MEOHAHIZELLT
BY, EHITBBIIEY, b LLFBEVENEZRTEMIE
oo ol. LELEAS, REHNRET T2
LIS, EOFBTRABICEERELRRIID Y, R4
(BEIRRTEY) O OFENRDBVI EPFFH,o

72. L72dSo T, 77 0REBED-D, OB EFMm
EBRLTIE, AFMNE2HEWCEERRL LBFE0ERE
THIEDNET LB

#t [
FERED AFIZE LT TWI 72720 72 () K ER SRS
vy —BREEREREL Yy - R ALICRHET 5.

X ik

1) Noguchi, T., Arakawa, O. Tetrodotoxin—Distribution
and accumulation in aquatic organisms, and cases of hu-
man intoxication. Marine Drugs, 6, 220—-242 (2008).

2) BHERK SRILEETF BF 2 JI 2 DOFELSE
J5EARBCIETERAOER (ERTE~24). &
3k, 53, 105-120 (2012).

3) FHOEM, BEEH R B BEuBEEEBICL)ERER
hiz 977 0FE. /% 45, 146-149 (2004).

4) KENE, BOXHE RI B BERRERKECBWT
BEESN T 7 VB OBRBHREL ZOREhOBER
gisr. HAEfbEk, 16, 157-162 (2009).

5 RIFET ¥ #i— B BB & X 77HBIHTA
B F4a8) FE7 STHRBOBRESAICOVT. KPR
DERELY ¥ —F],, 14, 28-29 (1986).

6) WEIER, ki % SBIEARF - ABYE-1 77
# ERHERTEGEILEE (BEEFBHEER, ALK
ERMEERHS, 2005, p. 661-666.

7) Nakashima, K., Arakawa, O., Taniyama, S., Nonaka,
M., Takatani, T., Yamamori, K., Fuchi, Y., Noguchi, T.
Occurrence of saxitoxins as a major toxin in the ovary of
a marine puffer Arothron firmamentum. Toxicon, 43,
207-212 (2004).

8) EEERE_, BATEE HP—K KRMNI77EEENT
7 7 OFEITOWT. WOREHTER, 24, 64-65 (1981).

9) JNMVEEHEE, BHOEMH, KEEAN HWEEA. 77 X Fugu
rubripes chinensis & + 7 7 7" Fugu rubripes rubripes @
FBholks. fEE 25, 436439 (1984).

100 # #H—, B BB, JFEL BENDE GERIEFE
BHBA, LHFE H B FI77L17XA0FED
FEHWE. AWML 27, 569-572 (1986).

11) Tatsuno, R., Shikina, M., Shirai, Y., Wang, J., Soyano,
K., Nishihara, G.N., Takatani, T., Arakawa O. Change
in the transfer profile of orally administered tetrodotox-
in to non-toxic cultured pufferfish Takifugu rubripes de-
pending of its development stage. Toxicon, 65, 76—80
(20183).

12) mR—ME, HPIE, RBAME, b3, FmER,
Wt WERT IBRRICBIAHANOFEL. HKE,
50, 341-347 (1984).

13) HR—H, W 8, LR, HHRE SE 7 SRR
BICBIIAHROBMICERERIZTHETORE. BX
#, 51, 619-625 (1985).



ZONMTITREBLUCRZEHEICDIIZBZOMER (H30)
EEREY EEEE  RERY FOREES

WA MHAT BINTETFT HE 2

ElTM MEEZ A WL &

AEE RNIET HEE— REREK

EHEE 54(4), 259~265 (2013)

STEOBME 70l 72F N, FYIKRAXAFNLEL
CoruF7=2IreF 2 ICBA L CHEBETCEEL, R
BOEXEONMLIRB L UBGEBRICIB 2 BEOHES
RELL. ARBECMBESLRBRZEOMTIIENALI L
T, MIFIIBIT 5 BIEBRAEERD U205, MERER <
RERHEIRL, BBEENMEDY TV LR L.

F7z, BEARICBVWTIBEEOBERTFRIIAEERHA
DoNhold, AEzaF )4 FRO7uF7Iy

DEHIZ, XTI =V RGEBREMEL KBREOBW
BRIIE, FRBE~NOBITENEL 2EAVRON
7z, —F, MBI BEBITRIIEELREIRDbNE
o 7z,

PRV ETHREMNEN L Yy —  EEHER

rOEOJVHDTEZVY B, B, BKU B; O LC-MS/
MS [CKDEFOTEDRBRERTEEE L, #E£30)
HHAH HYgE AEBE— WILIE—  RLsER
PEIETE WERIL KEERL AHRT*
fHEE 54(4), 266~276 (2013)
PyETIVIIZEEINETEZY VB, (FB), 7E=
YV B, (FBy BXU7E=3 > B, (FBy) @ LC-MS/MS
ERHWI-EBOIEL M T 520102, 9 B0 ERER
RERLA. RBRICIBNEE sE BARERA 2L
R E 12 Hv/2. FB, FB, B LU FB; EINEIL
FENEFNTI~87%, 79~103% B X UF80~93% TH b,
FENHHEB L UEHBEEEOMMERFER I SEO 7€
SV VO TRIZOVTHENEFN 20% B LT 30% LT T
Y, HorRat fElX 0.2~0.9 DEPETH - 72. AGHiE%
HAwT, BEATAFLAL2—-Y 7Yy yRIZ&TNET7E
=Y vESHT L. LLEoBRLY, KRR bYyEODOY
CBITET7EZ YV OBEREBRECERTHALZ LR
=Y (AN
* B RS R BSE

XRANSTIFRODEES (B30
AOEHR BRFE FaEd LWEH=
MHZEE FEFE £ #75 REEFP
REEF BAEHR TN B* HOEHK
B 54(4), 277~281 (2013)
PO T BICOE, WBOPLEERE, FMRE O
AFHEEMELTCL05EL, v~y ABERBTEEND
BHRHE L7222 A, R 58 BEP 16 Ak L HHIT
[ 13 BiER 9O BETTRTOLMEIFBERERL. ED
FHEEF IR FEY U Tho/z. IRHIZDE, kD
FHFE KT DLW FEN RO TCZTERE S
IR, FEFBRCIBOSMIIAERLRY
ERONL o728, EFBTIIERFRTEY OFEHRN
BEEBWI VD o7z HROSHFEMICEL T,
AREAL & 7 AHREOEBIE T L\ L HBT L 72,
*RIGKRFRZRKE - BENERAH R

BREERICHAYT 2RBEEESEFDBEREDLUZOERM
SR (330

MEHK=* HE B TE M

FERT RERT B 8

£EE 54(4), 282~289 (2013)
BESRICLIEFRESOREBEBEMEBRLIL, 30
DOEWIE (REFBIHR, PIO-NET 158 ©EFH) <TI
EXINTBHOERL AT REFERITY 204,/ F
BREINTBY, 0% PEFERBLEE»LOERTE
FERF— 7 e TN T2 PIO-NET B#id# 370 4
EPNEINTEY, SEEESAAE»SOBHT,
mARF RIS & OBEKBHRBE Dol SEEHR
EFRIEED S OB B ET, KEESHPEFBICHL T
AABRTH 7. REFEH & PIO-NET E#H%, 200
R BRI IS BRATRICEA L7 2 A, ERERIH
DHLWERMTE BRI o7, WHEENTWES
WESEH 2 ZeMRAICHENICERT 5201213, #E
BEOERICEHLTCEBOZEZ FiHEL, NEEFOHL
HEEEDLHYHEAIPLETH 5.
*OOE) ETAEEE - REMIEN BHtry—

PHEHESICERD— N v IHS LZERLE LC-MS/
MS [CXPERTOEYREER—FoHE (/— M)
INCTEEA *  AhiAElE AEHRES
IWOWE EERE BAEE LUAREE
BHEE 54(4), 290~297 (20183)
SEBEMABICEMEI— NIy VAT EHWLC-
MSMS I X B2 ERTOEBYHERN —FIMEEEREL
7. BB 8% T M= PUNKBEEMZ THNTHR
BaEHMEL, ODS FBEMB LR < —REHM» —
MIvPhTAEHCTREZIT-2. £R, BAR, B8
B CERINRE (0.002 uglg, 0.01 pglg) TORLVEEEM
RERL. COBE SR EEMZ S EFEMN R 70
Bzt U, A% 64 B, RIS 58 i, FBPIAT49
A TREET L 54 v oBEERZH L. SHWHAE
EHOERETIRIZ 0.001 ug/g %7214 0.005 pg/g TH -7z,
REICLEVEAN, BABLIUBAOKEREELEMEZ
L, oY ESA FS4 v BEEYH: L-BYHAE
EmiZ 405 THo 72,
* RBRRF LA R LB SR

FHRBEANDRBIC L BFERTREEEY D LBOREICE
gHEE (V- 1)
SETHEE T R B OBRAEBRT BELZT
AHEE 54(4), 298~302 (2013)
ERBRORSEYE SRS ECLHE - MTICET L%
H|MONEIE, BEHEDEORBHIIELEESE, XD
BETRLGEGEBNEERTI-OICEETHE. £2
T, K TRERE A TRAREANORBEOBRIZAL S
BEEEY YL (Cs) BOEERE L. FORE,
ERFOBEYE Cs 1T, EHIRE 8~10% DOFRBREFIZ 24
RERETAZ L TRENON 20%D5, ESBEEHNI%
DOIRMEFRIIC 7 HERIET 52 L TEREMOKN 55%
Brkahi £/, 10%REKEXBLENSTHES
TEETAILICED, FRTOHRSHE Cs 28 75%KRE
TAHIEVNETHo/. REBOFMKBIIEEINL
LD L, FARBEANDBREIZFAHOHEE Cs DBREIC
BN THLENZ S,
* 37 BRI A R A


http://www.tcpdf.org

