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E B BEBMEENTRE BEEEOERZEREHARNEMTHD. 2, FHINEHEININE
EDBERIMRE CBRBRBIEEAORSBMEDE T rEoRm0EE T NERD OREICEAGEZELER
FY. ZOMJFEPBITD LTI TN D I7DOBESEFBEORECLT, FEUINOREBR
ERRIEERER Y Y JEE, ATP BEYEHNSBRHLE. RYZVIBEEZD MUDBETSICHREL
JERER, FEPFNEERNFEIL, JO7S—DBIERAY ZYIEEE 156.7~22.3V THoZ. FEPHN
BECERBAD ATP BEYE (P /Y Y=UVE, P/ YVUVE, PF/Iy—UVEg, (/Y
VB, /Yy, ERFTYTFY) FREL, BROOBOBEARRTDHAD Ka BEradLrE. =1
FNEZLETOCMS—DKafEld 935 £ 1.9% () + SD), EBEHJO-15—IE88.0 + 31% THD
2. —5, 29V DAY Y TEETAEESOE FICHMMHERHSN/ZEBHAD Ka fBld 90.1 + 2.3% T#HD
Z. BLEDZEDD, BERY IS—RAY Y JBREEIFPFINBHINERICEDTHD, BEBESEED

HHBNVERRLD Ka BICFEBLTVWS EREENE
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BEROEENSIMEICEDRMIET, BEDBGEEERS
[CHBIFBDNENGHS, BRLEBETORENRY v o
DY IR EANBHICEERTD600GDHD, NIBBEEIC
RETHHEMDBBEELLLROOND. BIC, BRRILEE
RTCFBSNBTRECROSND LB CES, REBEODE
ERERICEM, REOGEDONBEEBBEEFPINCIFATV
3

ZONUOREER, BIMEOSHEBAL, 5~7 85
XTCEER, NESICRALTBREE=NS 05—
FEYBEHC10~20BHETREE LIES NS RRFBO
VP EREDOHIEEICHETED. &z, JOIS5—F+
YU ELLDESNTVSIBEICE, FHOBETPEX
ik, i, RFEREOSIERCUTEHEE L TRBSNDX
eBMEEROR O3 FFFYA) cUTRBSN
DPBHDDD.

EERMEICHTDEEBOBRBIERMIK, IFPHKRED
Bmik, U/ REFERSNERROZENRDS
N30, WBTEOSDEFESHCERDRMIRODZEIE
RODONEMRORBEBSDICIBRNTEND, BR
MIMMB TR ST HFPANSIBIIROUFRIC R D TH
MENTVBEICREESNDEDEEZSND.

TO1S5—DBBICHNT, FRRNERKEPERD
MFCEETERO UEBIEER TRERGRERERD
REEBOTVD. KEVLAKETEHRAREMPEEE

DSFdDN (Gregory & Wilkins 1989, 1990 ; Kranen
5 2000), BABICBWTFEPFRNOBSEEL.

EE, HENICPIVILD DIV T FPOBADEREY
BNTHBUENTVBDD, BRTIFEBRODIRETERU
BIFNEBSBRWNERPRUTEDS N TNBRIEDD,
ZOMUEBSN, EENDIVEMOFATRBEEED
FENEAETNTND (AVMA 2001 ; EFSA 2004). L
U, BAETEREBRNEREDZER, RABREERL,
TSR MEBOMIRH AT+ ENSEBHT, SN
SueEE T RYZVY) ZEREUTOERVLIEEH
2. BRMMBRICAYZVYT (UF  PIY—RIY
Zv0) BESALUTVWDIEBILEREH SN, E0DH0
BEMFICDVNTIEREBNICEELU TVWDIOMRIRTCH D,

BEIBERHBEOEUWVETOMIENERS KO 7 =L
DI TITPHSERBNETRICBIR P II—RAYZ
Y ONREBEBRURRUEDTRET 2.

MRBLUFE

1. BEFZSLUHERE

TONUDIBETORBEULT, SEREN DRSS
ETOHXEFE G 2 BRLA, DBBICHALUERIE
FTOFRBEEE 2BELAEL, B8 (3YF7) H

SO T EEFARBRZETREBERRL, D1 F—
L—YICBESNEZEY v v IILBIC O MUDPESEZE
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OoDFgEEmDICL, 20 WRICEBMIME THEEIR
EUFREMRML, K210BRBMIUPZERBUSETEIC
ABDMEEIFFEREUZ. PIS—RE_VIIERER
[CARVEHESRE, JOr5—F+>&cUTITE38 -
B (T gl 1,007, D755 8 (LUITF 1 A8H
1,100, #8REe LT/ \— Ly RTJOE(87.5%0—
P75y RLy RE) 69 B (LIT 88438) 1,000 3,
TP EE 109 B LT Y+ ER) 100 PERREUE.

—7, CEEivetRRmE, B5ICY Py IILEEnD
B E D DBEBHIEB T DL DOFRUICEBMIC 25V
DEET 20 EBBEUBET BT 25V 75—
SZVIBBREUE. 26V P USRIV IEER
[CEAULEHEBE, 83003, KB 300%, MR
3003, ¥+ERI100PEIRELE.

iz, KBOWEPHOBROPT—ELZ L, FPIN
[CRDERDBREBDLERICEDIEDD, REDFD
Y—RYZVITREDEFEERDIZH 20V 775 -5
ZYIMBEUTKB LA NEAVE. BH, BREOD
Ty 2 LOBENE 2,400 B/BEC L.

2. BEEEORESIUVHEE

SR CRELEZ2BORBIEBOFPIIINERAY Y
JBEDOHEDSEE 16 EROBERERZICQRINE
FolElDB1 DEBDTHoZ. FHANORER
HSBEMBEN 15~30V [CBWVWTFIHINFEED DN
&, FELRIMICHITDIEHEDND 19~25V DRI
VIBEEREUEZ.

BERERE BB 20V, K22V, P10V EL,
FNENBUVEHEEEIMTE 300 T, KB 5433, P
IBPTHD. Tz, PRICBVWTCTFIY—-RITY
JBEEIBRE, BUIEBE (16V, 18V, 20V, 22V
DELBEFRE) Uz, FFRER, B 250 PNORERZE S
BfFofz. BEICDWVTCE, & 100 PORBEBRICS
5817V, BEDLUIFBETET 3260 P DNTERER

¢ FHhHEER
]

FRINRER(%)

BIEWM

B 1 2B 16 BRRLBBOFPPIINRERERSI YT
BEFED>SOQREDHICKDIERE (0 = 16).
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3. ATPEEE#MEOBEE

RN TP IY—R5 Ty TBBNBLUERRE (M1),
A8t (B1), gt (C1) DOKRBREPEIAACIEBBNIBDEE
WER (M2), K8 (B2), gt (C2), E[rnkcst (T
DHXEREBERN, EBIC20VFPII—RITVIEBELUT
B FCHMBEZEROZRAMRIBEHA (S) OB LBHE, &
40 #&fa7E ATP BBENEDRAREICHUE.

KERE B Ag L, TNBBIEREBOmMLENX
TREYF X%, &t (3000xg, 1598 Uiz
FOEBERBEKFZHUDAIT pH 65 (THREL, &5
[ORODEE (3000xg, 15 2@) ULE#, FL=ZE045um
DAVIS VI E—TEBL, 20uL ZERKED
OX NIST(LCI0 Y RAT A (BF) E2RRERT, 38R (WU
T HPLC) TRIZEULE.

HPLC D& & UTIREN SR e (260nm), NS
LlE CLC-ODST (4.6x150mm), ;BE 40T, #7E1.0
mL/aEU, BHEBFE N IFILPZY209mL U Y
Be8mLzE, EBKICTILICUEBDICZEN MY
JL10mL ZNZ TEALE.

ATP BEE, RESSI (1994) OREESEIC,
HPLC ZAWVWTEZULE. gR0O5, ATP EEmE (ATP,
PrF/IV=UVE L ADP, P /Y YTUVE  AMP,
PF/o—UVEIMP, /Y VES  Ino, 1./
Hyp, ERFEYYF V) ODEETHID Ka E(Ka = (IMP
+ino+Hyp)/(ATP+ADP+AMP+IMP+Ino+Hyp))
ZERD, KaBEZBROBBRRIMICHITDEERIGEHAD
ZOERE U

4. it

BONZBOFEHIRICE, FEEEETOIS A (WG
CEEL2004) EHEL, BIFFHELEERETERDU,
unpaired t—testiCRDEZRTEL, FHBBRIF P <0.05
DESICEREEHRUE.

s ES

1. FRERCEBXOFHINEOLR

IBBBRICHEDD2FRIING,. TOMS—FF VP,
KBED 30%LLEICROSA, #HIFBLY v ERTE 10%
SOEREZTROHED, APEILCBVTEEX 20V HRU
25V EREICKDMMITYU P TORD/NGYFEHHEESN
BDEEHIC, FRFNDORERZ 10%LUTICME SN
ABHLIBTIED 20V P I —RE TV TNBICKDEFED
FNORERTENETF TH—RY Z Y JYPIBETDEN
FPANORERI 8N EM 2., KBBINP IS5 —
AF VI DIFBBOFPIINFEERQE PR 35.2%, K
3£ 31.8%, #WEL10.3%, Y P EWBOUTH D,
25V BBLEBOFPUMNFEREPRHT 18.5%, K3t
10%, #®IAFE 1%, P EBREBRUER 3 [CRUIE.
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B 3 BE7DI—RAS Y IDIEEBEBBNIBOFIPINREZDLER.
LEREP DY —RE Y TIBBBIBOFPFINFELER.
TRIEFDY—RAS 2T 25V BENBOEPIINFEE.

®1 BEINFPIY-RYTYITBEDRE

HEsE
wRE YrE KB st
Bt 72 106 52 39

RYZVIHRTEBE (V) 25 25 22 18

2. EEBEOREELTFIHINEDLR

NIBFIOREEE, YrvIlBBAL—F, 7IO5—
ATV IBENBIEEOIIERE 16 nieLlL, €
DIERZERICOFOMHOEREERE, 19~25V D7
VYRS JBEER 1 DEHDRELE.

PITTL 19V, ABTE 22V, RINBT 25V &BE
LzEls, FPFNEREENZEN 39%, 55%, 1.0%
CRD, EBEBICHRLT, RV IBEDETICHD
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TREAURE (B3BRTE Y. =2, PHICSWVNTEE
&2V B TIHERE, 16V, 18V, 20V, 22V &&=
56, IEBETIF35.0 £ 3.2%THoro=0, 16V T88
£12%, 18V T112£17%, 20V 7.0 £ 1.4%,
2V T52 £12%Tholz (85).

3. ATPHEEMHEOBIE

ATP BBEMEDRE TIEAIREHR 1gPIC51~78
mg D ATP BEPENBBENE. KafBlEFP 79~
SV IIEBBXTIEMT 1861 £ 1.7%, B1:88.0 =x
31% BKXUC1:885 £02%, PIOIY—RY_UIHE
BXTEM2:87.8 £1.0%, B2:86.7 £1.8% HKU
C2:879 £08%THD, PIY¥—RE_IDERIC
FHERELFROONBH . ULHUEDS, FHiTN
KBETHD T D KafBlF 935 = 1.9% cBVMEERL,
FE 2V TP II—RY - INBUE R CEMER
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$EHRZE 25VEE
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FRPFNFEE(%)
B4 BERICREULETII—RY Y ITBEOEICIDFIHINRER (%).

o1 Q—

FRFNFEERE (%)

16 18 20 22

FIB—ARBAZUGBFE (V)
5 O CHBITDTP IRV IBEEEICRDEFRANEERDELL.

5 £ 8D (n = b).

® 2

BREOF IY—RY "y JIBOEE, LORBLTFPIINEFD Ka 8

7

Kafg (%)

FPIOE—RE I

FPIE—RE_VIH

B FPIN

FRAREE (M2) 861 = 1.7
PN (B2) 88.0 = 3.1
chgt (C2) 885 =02

(M1) 87.8 = 1.0
(B1) 867 = 1.8
(C1) 879 %09

(8) 90.1 £ 23* () 935 = 1.9¢

Z{@lE (mean £ 8D, n=5)
aoct BFSHICEREDLD (P <005

HEBESTE01 +£23% ThHole. KECHHD
KafEld B1 XU B2LD T TBWMEZRL, F/izbB1
&D ST, SKD T THRICBWLEZTRL (P < 0.05) &
2), KRTEMUZBHYEERBTHDIFHIINEEE
IHBNEREH OZBFTEVRRNRO SN,

z %=

BOETR, BEREICOVWTENINIFEENGEE
CODEBRTEZOIREEL TV, EARICRITTZ
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VIEMIBETHDBHCE—REBLTVD. BINEE-
BIMBRDERL THREONRELTWVS. UHL, FEPH
NEIBERMEORTEVWSRE LOXELEBESUTCER
BBICEH>TEETHDY, BHBICBLTERBDER
BOFPHFNICODVTHEBESNTOERW. Gregory &
Wilkins (1989) FBBEADEROEZERMABIETO-
S—BRTE—RNERHTHE2CL, FEUTRIBTRE
TRETDHEUTVD. EREBOBITE—RINTEL, &
BERECTHETDIEE LB Y v v o LICERT D =T



BRAUEBOTOr S—HEEiEE

RGN OT, BT NS, Fiz, BHE
U UTRHRPE, L8, BB HEBIHBENEHRSELT
V.

AB/ETE, FPFN (RBEERE) ICOWTHELUE.
HEBEEBLBECRA, ¥ vy I VBRI TIHERRAN
KREUVTEROMNBEEREBIERDSNan oz &2, 25V
FPOY—AE Y T mBNEBOF PN FEEEGFNIEOE
|ICKD (F&:31.8%, B 10%) [SBLWHRDSN,
JO04 S—COREXFEEHFORVIBMB LY » TR
CHEUTEETH 2. JNEEERRRCRBEEOER
[CEELTVSEEZSND.

KECHITBT D5 —RY Y TBFEDEAICKDFR
FINFEER (20V 1 7.6%, 22V :55%, 25V 10.0%,
X3, 4) OEVDD, BEOHABNFEPINAERER
<BRUTWB CEHRaENE.

B (1997) 13, MREE - KEHO ATP BEYE
DAEICEDE, DYOBRITEICHIT DL - BRERIR
[CRDEEFHROREICRIFEELTVDERELTN
2. ZUMUDATP EEYERF, BIAP18ICDVTHIG
~7.8 mgBETHD, B BHICKIEVEERDSN
goolz. LHL, ATP BEEBNEDRERBREZEICKa
BEEDUREECD, RETPIS—RS -y J@EiiE
EHRXBVEEC KaBO/ISYHNROSNEZ. N
BENEBECES, MMECOIREOBLDIRTERY
DEDBREDEENEBN, BERERINNSVEDEE [HIE
] &0, FRFNOFEED Ka BIC/\SVYFHMRNTZ
EOCHRTD. £, BELCTPII-RI_VIBEZE
SX15H6, AESCEMBENLIIRL, Ka BHFPN
E2UREBCERIC 0% -2 CLOE. InICHL, B
VR7I25—R5 -V IBEESZDE, KafBEBEIC
MHTDENTE, FRFNEERDBERICHI TS
EOTEE., IN5DIENS, BRBMBHIFRELURE
BEEIUDHEUVEENOLRNTO S—OFEIHNICE
BU TV I CHERSN, BURESNT I5—A5Z
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YO BFIHNORELEERHIDEOICEN THDER
DNz Tz, HEEEEBULREACBBEUEVER,
AEEBEREICEMUZBE, FERRNUEBFENZNOX
fREZ Ka BICRDHERUIZETS, FPRNUEZBHD
KEREHD Ka Er'® <, BWERER G Ka BIC3<E
LTWS ERBSNE.

FRROEEICHRUT, SRBRTHHZEVEZERUE
BERIEEN [PEVERASHIB LTS OBRICK
#HOZUET.
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£81
Reduction of broken wings in broiler chickens during processing

Tsuyoshi HASEGAWA'

"Meat Hygiene Inspection Office, Fukushima Prefecture, Fukushima 960-0101, Japan
Corresponding : Tsuyoshi HASEGAWA (fax : +81 (0) 24-554-6878, e-mail : fnm27@ac.auone-net.jp)

In poultry processing facilities, bleeding is considered as a major cause of economic loss. Operations
are also largely impacted by chicken wing break, which is a term for open dislocation of the elbow joint
and dislocation of the shoulder, due to the diminished commercial value of the carcass and the need to
partially reshape the meat. The causes of chicken wing break and countermeasures for its prevention
were examined using the stunning voltage and ATP-related substances as part of efforts in increasing
awareness for animal welfare and measures against economic loss in chicken processing. Stunning
voltages were set for different types of chickens, and the optimal stunning voltage for the broiler was
determined to be 22V, which was lower than the routine voltage used and was thus strongly associated
with chicken wing break. ATP-related substances (i.e., adenosine triphosphate, adenosine diphosphate,
adenosine monophosphate, inosinic acid, inosine, and hypoxanthine) in the meat of wing-broken and
normal chickens were measured, and the Ka value in the muscle, which was an indicator of the extent
of muscle breakdown, was determined. The Ka values of broilers exhibiting chicken wing break and of
normal-carcass broilers were 935 + 1.9% and 88.0 = 3.1%, respectively. The Ka value of carcasses
showing bleeding spots under the thigh skin at a stunning voltage of 29V was 90.1 £ 2.3%. This
information suggests that an optimum after-stunning voltage is effective in preventing chicken wing
break, and that the Ka value is impacted by a strong convuisive reaction, which is associated with joint
damage.

Ka = (IMP + Ino + Hyp)/(ATP + ADP + AMP + IMP + Ino + Hyp).
Nihon Chikusan Gakkaiho 85 (3), 309-314, 2014
Key words : ATP-related substances, chicken wing break, Ka value, poultry processing, stunning voltage.
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