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Cadmium Concentration in the Fruits of Eleven Okura Varieties Cultivated
at the Experimental Farm, Faculty of Agriculture, Kagoshima University.

Isao Akagi®, Tatsu-umi Harada and Naoya Chishaki

Laboratory of Plant Nutrition and Fertilizer, Faculty of Agriculture, Kagoshima University,
Korimoto, Kagoshima 890-0065

Summary

We cultivated eleven okura varieties at the experimental farm, faculty of agriculture, Kagoshima
university, and analyzed cadmium concentration in the fruits of okura harvested there. The cadmium
concentration ranged from 0.0218 to 0.0482 mg kg'FW. The concentration levels below the Codex
guideline of 0.05 mg kg'. A significant difference in the cadmium concentrations among the okura
varieties was recognized. There was 1.4 times difference between the concentration of highest variety,
“Youkihi’, and the concentration of the lowest variety, ‘Green Star’. Additionally, the cadmium
concentration fluctuated with harvest date. There was not a significant correlation between cadmium
concentration and each essential micro-elements, manganese, copper, zinc and molybdenum, concentration

in okura fruits.

Key Words: Cadmium concentration, Codex guideline, Okura (4belmoschus esculentus)

F—17— K ! CodexZL¥e, &1 NIy AIREE, + 275 (dbelmoschus esculentus)
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A RITAFELEANLTROMICENE N EE)E
D—DOTHb. HRAADH F I 7 AEEUEIZIETE fedtb I
DIERTH > THMMEE KL TS W LRI
THBH (ERAES, 1986 ; &, 1998), #lzIE, ~uF—,
TAYISUR, AV —FUBIOAFY AICBIILE
HEKOH FI 7 A —HENREIZ20 pg day' L FTH 5

R L, HARTIZ31~59 pg day' (FEiHHHIE), 136
~245 pg day' (VHHeHIR) IETAH I EAREINTW
% (IPCS/WHO, 1992). % FI w7 Aidk MIxFL Thlt
Witk R R L, BENERE TH 5 BRI B W CORME GE
BEZFIERITIEDILLAMONTY S, 1, FHN
WIS N7=h B3 A0 EEE BN &0 5, K
METH->Td BB EEEIChz-> THENT S22
LI o TR EZ A LA RENEEIN TS
;@io& ﬁ%ﬁ%@ﬁh~ﬁAﬁﬂg%Wﬂéﬁé
i, BEMCEEINLG S FI YA LCERR
%7%%#&5

RZEENSE D F I LIV, FT4E, WHO/FAO
ARAENBEEZES (Codex Alimentarius Commission :

20174°10423H  ZfHH
20174127 7 H  =FA
*Corresponding author. E-mail: akagi046@chem.agri.kagoshima-u.ac.jp

UTF, a—7Fv 7 AFHER) IZBWTERLERHEORE
MHGETE N, 20054F 7 A 08280 DA T B TH RS
O FEBEEMEERDIRMIRINE N2, Thbh, A FIY
LM GFEEEN2Y)) & LT, FEEEA0.2 mg ke,
BARBRZEHE, EFH B L O~ ARBHHEIEA0.1 mg ke,
ZOMWDYFE (777 TR, B, ) FHRE,
b= b zER K 2 OMRFER) £%0.05 mg kg’ & ENLTN
ED LNz, LALRPS, BHKEZDIERK 9 ~144F
(1997~20024F) 1C9HE L 72 SEIEMATIC KA, &2 L
YUY, AR, TR, VY, RF, FIRF,
FA, F 7 TR EQOWEIIHEMAED 1 %0 LA 0k
WA BE L TWD 2 EITRENT WD (BHKES,
2002). HFIZ, F 27 FIX165MKD D H224%\23 72 %37
WAKASZ O FEHEAE (0.05 mg kg') ZHHELTWiZ &
PG SN T 5, ERERIZENG Lo i % 55
5% 27 SOEMTHY, +750REWEMIEL, Fh
FHBEFE IR T 5720120, UM TESNS L+ 2
TDH NI T AREOFEBILIEPLETH 55%, BIREA
T T RHE ITbh T w, KiFERETIE, +27 5
REOH FI T AREIIHET 27— OERMER 2720
12, BB RFRETHE RGBT 2 F11mfli%
L, 2011467 H EAA 5 9 ApAich i T s
T2RFEOHN I AREICOWTMA LT 72,



2 A

HHRBELOHE

EWNTAFWRELRL 7 110, 7—V—7747
(B, Whkf), A5V Gul, ko), 79—
YAY— (B, WRkt), FI—rV—F ($AF,
BRkt), BOE LB, #kt), €—27747 (%
A, k), FHALRA (U, k), LD
APy G, k), Ly N4> (SAK, %6),
Ly Fy—F ($MAF, %) BLIUOHEL (EMAL,
P ZiBRicft U (PN R EM TR S L O
REMERT). 2B, BERBRATLIEEILTY
LML LT, V=AW ABIOPTNV—=ANALZHD
505, BERIBEECICINSOMT2AFT5 28N
TELRPo 2 EDOARMETIIMIAL T, 3l
VX201 147 12 HE VR 5 R 2 B 2 S B B R 305 D 3 b PR 75 ~C it
L7, okt c, FEno hpH
(77 AEmE) 1359, ERISESR (1 0 5 KHMHE)
130140 dS m'THh o 72, T2, HEFOH F I 7 LRE
(0.1 mol LMEMEHNI:) 120.108 mg kg' TH VY, & F3
7 ADHHL RVFR G RSN D b D TH o7z 51
9 HIZRY Ry NCHEM L72ARLE 3 oM % w200 cm,
PRS0 cm, Z2fil40 em (2 5%), 18k 3 RIS COFMEHE
TEM L7z, FAEAMME ORI EIZ 128 (364 &L,
6T ORENENT ¥ ¥ AICEYA~E L7, HliE
N-P.O;-K. 0D 55 %, HME LT8-10-6 gm?®, BIL
L C8-4.8-6.4 g m*Z JifiJHl L7z, Z Dby E dBl kR o 3k
BB VEET 72, 727 F0EFIRWTR
O R D BRI % 8 U IR NET (Rl L 7.

SN B REIF201145 7 H 7T H, 7 H15H, 7H
290, 8 H11H, 8 H19H, 8 H26H B X 1¥9 H15HIC
IHE L7z, U S - o Hh SMmIESIC 5 ~10l %
I L ATEE & L7z, RIEFmATTIER PEv, &
HAKTT TV, @RS g iRE) Uik
oL, MRE Lzboz ozt L.

HRITA, W, Y, HBLOERYTTIO

i

WoEix, W0 M-FEEE T 7 A~ EESIiE (Cp-
MS#E) TIro 7z @R IE RFE oMol KR0S gl
sl (CAESBEAMH, FOUMIETER) smLzlz,
~ A 7 u B EEE (ETHOS D, A VA b—
EAITVAE) 2HCTHELE. ooz, L5
I U CHEARL, WEHESEYEE LTI v Y2
ACIRIELI0 pg L' 2% X DIl L 72 %, 1CP-MS%
& (ELAN DRC, /S—F < —%:#) 2 Hw,
Hwm#55 (x> y), 63 (8), 66 (W&, 95 (€Y
TT7FY), 111 (A RITA) BIU1S (LYo 4)
OMERNEL, FREFNOITLEDREZ KD, Ak
25> T, FRBRORAEHEYE (NMIJ CRM7501-a)
DOHFI7 LABWEEZREL2HE, 0.0509 mg kg' D fHE
RSN (GEIEE © 0.0517 mg kg!). &B, ¥~y
8, WERBLONEY TF oW TIE, 20114E 7 H15H,
S HI9HB X U°9 A15H® 3 530kl &4 % HilE L 7-.

BERBELUZEZ

LA 7 SoRERH F I LEEIL, HEEY
720 0.0218~0.0482 (HhJefiE © 0.0319) mg kg (LLF,
mg kg' FW) OfiIZH -7 (1K), REOHE=ES
TOKGEARERIER S NI LAEELOMIZIZHS
P HMEERIEEO SN h o7z (F—FEK).

ENTHEESIN/ A7 TORERS F I 7 AREICD
WTILEMIKEB I X - TEBIENEH SN TV,
PR 9 ~144F (1997~20024F) 1ZATbNZiAIC LU,
T2 I RFEIESHED A K I 7 AiEEIX0.01 mg kg' FWHR
i GEEBRA) ~0.22 mg kg' FWOHPHIZH 0, il
130.02~0.03 mg kg' FWOHIPHICH > 722 L AiF S
Twd (BMKEE, 2002). F72, FHK21~224E (2009
~20104F) IZATb Nz X, + 27 5 F522395
D K37 LEEIX0.01 mg kg' FW CGEERR) i~
0.11 mg kg' FWOHPAIZH b, HJfE1£0.03 mg kg' FW
THo T ERMEEIN TS (EHKES, 2016).

F1R FOSREFOHFIVLRE F#HEHRY)

T Cd (mg kg?) P
7/7 7/15 7/29 8/11 8/19 8 /26 9/15 H LAl
T—U—7747 0.0313 0.0350 0.0394 0.0305 0.0300 0.0442 0.0423 0.0350
IRAFIER 0.0305 0.0319 0.0318 0.0297 0.0291 0.0472 0.0482 0.0318
T =AY — 0.0357 0.0396 0.0310 0.0269 0.0218 0.0273 0.0229 0.0273
F)—vy—F 0.0332 0.0290 0.0347 0.0270 0.0319 0.0470 0.0412 0.0332
B o 0.0283 0.0308 0.0315 0.0309 0.0249 0.0339 0.0309 0.0309
¥—2 7747 0.0310 0.0360 0.0376 0.0244 0.0251 0.0347 0.0281 0.0310
FoAhb oA 0.0305 0.0348 0.0396 0.0363 0.0364 0.0435 0.0365 0.0364
AED OB 0.0285 0.0370 0.0452 0.0325 0.0298 0.0440 0.0318 0.0325
Ly F¥ > 0.0307 0.0382 0.0310 0.0236 0.0232 0.0372 0.0311 0.0310
Ly Fy—F 0.0286 0.0319 0.0384 0.0228 0.0224 0.0327 0.0296 0.0296
By B 0.0363 0.0472 0.0407 0.0369 0.0404 0.0424 0.0335 0.0404
#UHE H o rp e fil 0.0307 0.0350 0.0376 0.0297 0.0291 0.0424 0.0318




F 7 F1AEORFEN A B I LRIE 3

Al FAZz B SHEM L 22 THR O NREE, b
SEEFEEREOROFPNICH - 7-.

I—F v 7 ARHERE, T2 5%G0 [ZoME¥E
(W24, 777 FFH3E, T URESE, b b2
ZOMFEE) | 122 T0.05 mg kg' FWE T 5 £ (B
YD) A NI LAOREBREIER G E L, BEWICHE
T2 K37 2A0BIPEKKEEIE L Twb. SRR
AR L IUE, 7T HLEA2S 9 AR ToTX
TOPEHIZBWT, WINoWfEd0.05 mg kg FW#Z
TH-TBY, TOA—=—Fy 7 AE#EE ) TTHLD
Tholz. TOZ EIE, REWIE RO FEERE Y, CTHE
ENBE T TIEH I T AR L THARL DR
NTWBEIEERLTWDS, 727201, s ER 5
Bpo72b OO ZHUTEWEZ R L 723, #12130.045
mg kg’ FW#% LR 2K 5 I ERERRSI N, o2
i, REMBELE LI DDA FI 7 AHERLAXVOEN
B Cid, a—7 v 7 &ML LIS 4 27 F 0340 S
NAWEELELZ PHEELHDTHY, THOHIZOWTIE
A RENLETCHDLEEZ L.

KA 7 IO N F I AREE, FREOKVD O
PO, 7)) =A% — (0.0273 mg kg’ FW), L v
Fv— 1T (0.0296 mg kg' FW), O (0.0309 mg kg' FW),
¥—27 77547 (00310 mg kg' FW), L v F¥H
(0.0310 mg kg* FW), T 45 )L F (0.0318 mg kg' FW),
AED OB (00325 mg kg' FW), 7V —rV—F
(0.0332 mg kg' FW), 7—Y—7 74 7 (0.0350 mg kg’
FW), ¥5&H %A (00364 mg kg FW), #HiEid
(0.0404 mg kg' FW) Tho7z. TNOHmMEEMOA N3
Y LNVREEIZIE, FriedmantREIC X U 5 %/KHETHEED
HHZENPRDLNT.

VEMI DT RERICBT B4 F I 7 AREIZOWT, Bl
X, A A TR TERPREEICRE RERBH 5 2
LG E N TS (Morishitat, 1987 ; Arao * Ae, 2003).
Morishita & (1987) {2 kAU, EN28MALTIE2.1~27 g
kg', A4 V74 A 23 TI34.1~55.5 pg kg DHPHIZ D
720, IRV L E W FEO R T 105 DL R
WCEBHDEEINTWE, —J, FHZH0HELL
T SRETIE, HFI Y ABREICHEINAAEEETR
HHENTZLOD, KLBBENTED-ZWNE (BELE) &
Bdro 72l () — 2% —) ofgL i oREEx
14fERETH Y, PR EIMRALF 7 11N
BOTIEA ADENERLEL T/hE D o7,

FPHEH O H F I 7 AREOFHMEIE, FIEOK
oA SIEIZ, 8 H19H (0.0291 mg kg' FW), 8 H11H
(0.0297 mg kg' FW), 7 H 7 H (0.0307 mg kg' FW), 9 H
15H (0.0318 mg kg’ FW), 7 H15H (0.0350 mg kg' FW),
7 H29H (0.0376 mg kg' FW), 8 H26H (0.0424 mg kg’
FW) Thotz. B, INLIHEEHMON FI v Lk
JEIZIE, FriedmanfRBIZL ) 5 %KETHEENDHH
ENFOOLENT, ZOL)IIHEHIC X o THREFRDH
B3Iy ABEICESP RSN RIIZOWTIE, 275
DEB L FRREERONT VA, GGEM, THKIR

RBEOKA LERPHEGLTwA D LTFHEINLD

Bl L E B RIFRDER D SN 2 L 2 HM§ 252 &
WX TELho7z, HlIZIE, BIBET (EEEBXALRE) O
KRBT — ¥ &I G A L O Z TR X
R, BEFOH R I 7 LABE L BEAFIE (N4
HET2 S8 H) OFHLIERS L Ok EOREE & O
WX 2 AHBE B4R (22, = —0.270, .= —0.321 :
AYT < v ONEAAHBRED) IR b7 b,
F A % GG L 72 RAS - DRSS X uE, Fgih
BRI AREIIAERHNAEL RAIEE, $habBI
HEHPEL BRBEERTTLIEIRINT VDD (Y
M5, 2007), SR#FAEZTo7724 7 FRFITBVTIE
DX ) BRIENITERD S o 7.

A K I AOWINE X O LE~ofzitix, Wsh, ~
YAV, M EOMOESEOZN LMD B\ ITH;
M BRICH B Z L 25, WL OO > W TH
HENTWS, BIZIE, Liud (2003) &7 K37 ATH
sz CREEE s 24 R0 ICB W, BT
BRI AR L, HENB X O, MTikh F3
T LERE L BR, MR, SB XYY VIEEE OBICH
B IEOMHBEIED S22 & #HiE LT 5. Ishikawa
5 (2017) bFERIS, 1AM EIICBT S0 K340
JiE L HERIRIE B X O U VIR E ORI ERIED
MR O NI eE LTS, 22T, 477
OREFERICBITEH FI T ARELMOBESRIREL O
M2 HEEs A2 2 2 HWE LT, 7 H15H, 8 H19
HBXO9 AI5HICI#E S N2 REZo~H Y, §l, T
BBILOEYTTFVREXMEL: (F25). RFEP
DT VI EIEIX2.36~5.39 mg kg' FW, SHIEIE130.748
~1.51 mg kg' FW, Hi${iEEI1X3.73~6.21 mg kg’ FW,
EBY T T VEIZ33.5~144 pg kgt FWORIPAIZH - 72,
IS ofliE, HAZMEEN 220154 (L) (X
TR AR B - ER RS BT A SR, 2015)
WWRENRTWE A7 T CRE, B)]Jol (o7
4.8 mg kg’ FW, $fl : 1.3 mg kg' FW, Hi§h 6.0 mg kg’
FW, €Y 75 :0.04 mgkg' FW) &I3F—HT 5D
DTHotz, REHOH FIVLARELEINSHESIEIR
FEHE B OGN (A7~ > ONEMAHE) OfE%
B3 RITR LTz, L MO R ETREOMIITRRH
WIEOMBE (n=0.751, p<0.01) 2WEDSNZH DD,
A RFITATVTROESEICE L b K2 HEIRIRIX
BOONLDoT, T2k, it FrIlB
F575 K39 0BT H 5\ IEZ DS ORRE,
<UHY, M, HEBIWPEY T TFrOENE IR L 5
TWbIZEETHIELLDTHS.

Db X912, BRI RS RFERI IR 35 0 5 H 355
THIG L7247 Z1ILEORFER S B I v AREE, a—
Ty 7 ARAEHHRE L EEIL#E (0.05 mg kg' FW)
ZTHoTWSZ ARSI N, 72720, Kk, -
RO A K I AEEEAY0.1 mol LM T0.108 mg
kg'®H K37 AiHR L NVARBEIEWE A S5
B CTITo 2R TH A L IR ETILENH L. T
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F2R AUSBREDAOYUHY, fH, BRELUVEYITUVEE (FfEELNY)

R Mn (mg kg") Cu (mg kg") Zn (mg kg") Mo (pg kg")

7/15 8/19  8/26 7/15 8/19  8/26 7/15 8/19  9/15 8§/11  8/19 8/26
T=V—=7 747 3.52 3.75 3.32 1.00 1.21 1.14 4.48 4.35 4.75 63.6 118 43.0
IXAF)VEF 3.00 4.40 2.98 1.13 1.29 1.23 4.55 5.30 5.64 71.1 88.7 54.0
TN =AY — 3.42 3.11 2.47 1.07 1.24 0.920 4.04 5.10 3.92 93.6 144 91.1
J)—=rI—F 2.61 3.36 2.53 0.935 1.22 1.09 4.01 4.98 5.69 60.9 96.5 754
Bl 2.63 3.91 2.92 0.922  1.17 1.19 3.73 4.96 5.04 48.2 59.2 54.6
¥—2 7747 3.54 3.70 2.54 1.04 1.24 1.15 4.33 5.09 5.06 92.7 144 52.5
FHrAERA 5.39 5.21 2.96 1.41 1.33 1.22 5.27 4.58 5.26 119 98.0  51.9
A EYHOB) 3.58 3.15 2.36 1.51 1.30 1.12 6.21 5.45 5.34 85.9 68.1 44.2
Ly N 2.83 2.72 2.53 1.12 1.07 0.992 5.09 4.87 4.91 125 66.7 50.8
Ly FY—F 3.16 2.99 2.90 0.985 0.964 1.01 4.49 4.33 5.12 74.3 72.7 476
A A 4.08 4.39 2.50 0.830 0.877 0.748 3.81 3.92 3.95 63.0 514 33.5

$3k AVIREFOIUAY, 6, FEsh

EVITUELUN R LREROHERBERE

Mn Cu Zn Mo Cd
Mn - 0.421* =0.019 0.455%* —0.069
Cu - 0.751%** 0.446%** —0.068
Zn - 0.122 0.166
Mo - —0.389*
Cd -
SpearmanD MAAZAH B4R %L (n=33).
B LU EENENGERE 1%, 5% THEGHARTHL I EE2RT.
FHOBIGEIIKRZIZI LD E T MO & LT 5 & 5| FA3HEK

B, A FITAEIUEE L TCOBFEHOF 513/
WERBRENED, B FIT2OBEEIENEHINICH
LEDBENC BT, BEWOS NI T ARBEIXTEEZR
RS &5 2 EATRD LN T WD, ARICHET S
BRI LAOERERRDO-DD ) %KEELLETYH,
RO EIICETNL S FI T LBEICHT L7 —
5 OEREPUETHILEEZD.

C:

VR SR B T IR B T 7 7 11l 2 S5 L
IHESNIZREOH FI v AREEZIE L, L7
7 IREOH F I AWREEHEEE YD 0.0218~
0.0482 (W9l © 0.0319) mg kg' FWOHIPHIZH - 7=,
NSO, I—F v 7 ADEBEEZ VTS5
DTHoTz. REROH I L3RR T2
OHND, wbEPro il (BRI &Ko7z
i (FV—v2%—) LoEZIMERETH . F
72, A RITAREIIFENICK > TEHFRO SN,
WHEPOH FI v AEEEI~F Y, i, Witk L UE
U TF Y OWTNOMBELFICRIEE & b A7 MBI
RITRD SN h o7,
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A VEFF NIRRT LHON?

IR - B AR - BN - Bk MR - SR 3R
RICHLUE? « RFESE” - REB—RE - RJFwe’ - i R

eV B R F BRI R HEHAAIGEE T890-0065 HE W S TAIT
RE LB RS AT B 3 ARMYs T 895-1402 BEEENTNTH
LR S KA R AR AL AR TR T 890-0065 HE YR ST HEIT
"B A I — RS T565-0822 KFFIKHTH

Does Wild Boar Avoid Wolf Urine ?

Koji Takayama'*, Hiroshi Hara', Daisuke Ishii*, Daiki Yanagita’, Akira Tominaga’, Aoi Isakari’,
Satoshi Matsumoto’, Kiyomi Katahira®, Ichiro Oshima®, Katsumi Akai' and Yoshitaka Nakanishi'

' Laboratory of Animal Behaviour and Management, Faculty of Agriculture,

Kagoshima University, Korimoto, Kagoshima 890-0065

* Experimental Farm, Faculty of Agriculture, Kagoshima University,

Satsumasendai, Kagoshima 895-1402

* Laboratory of Animal Functional Anatomy, Faculty of Agriculture, Kagoshima University,
Korimoto, Kagoshima 890-0065

*Tiger MFG Co., LTD. Suita, Osaka 565-0822

Summary

The objective of this study was to obtain fundamental information on the development of the effective
methods for preventing invasions into a fattening cattle barn by wild boar (Sus vittatus leucomystax). We
investigated the effect of wolf (Canis lupus) urine as a repellent on wild boar.

Three treatments were assigned at the entrance of trap space (6.0 m”): 1) no plastic bottle and no wolf
urine (control), 2) plastic bottle without the urine (treatment 1) and 3) plastic bottle containing the urine
(treatment 2). The number of access to the entrance was 70, 50 and 67 heads per day for the control,
treatments 1 and 2, respectively. Wild boars were very cautious against plastic bottle immediately after
treatment 1, and they exhibited exploratory behavior using snout. However, there were no differences in
the time of access to the entrance among 3 treatments. In contrast, wild boars did not avoid wolf urine in

the treatment 2.

The results indicated that wolf urine had no effect on the prevention of wild boar invasion.

Key Words: Fattening cattle barn, repellent, wild boars, wildlife damage, wolf urine
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Adaptation to Water and Cold Tolerance of Goslings

Koji Takayama'®, Yoshitaka Honda', Ichiro Oshima® and Yoshitaka Nakanishi'

' Laboratory of Animal Behaviour and Management, Faculty of Agriculture,
Kagoshima University, Korimoto, Kagoshima 890-0065

* Laboratory of Animal Functional Anatomy, Faculty of Agriculture,
Kagoshima University, Korimoto, Kagoshima 890-0065

Summary

The objective of this study was to obtain fundamental information regarding the development of rearing
techniques for gosling. The adaptation to water and cold tolerance of goslings were investigated.

1) The time budget of bathing behaviour of the rearing goslings was significantly smaller than that of
Aigamo ducklings during 2-12 d of age (P < 0.05). 2) There were no significant differences in bathing time
under the forced bathing treatment between Aigamo ducklings and goslings at 0 d of age. However, the
bathing time of goslings at 7 and 14 d of age was significantly shorter than that of Aigamo ducklings.
3) Body temperature of goslings reached over 40C at 4 d of age. The drops in body temperature of
goslings after exposing cold environment (10C) for 180 min at 6 and 12 d of age were significantly
smaller than that of 0 d of age.

The results indicated that goslings had lower bathing ability compared to Aigamo ducklings, though

thermoregulation in goslings might be well-developed at about 6 d of age.

Key Words: Adaptation to water, cold tolerance, duckling, gosling, thermoregulation
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