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Department of Animal Sciences, University of Wisconsin—Madison

A2Are]o] glojA] HA7|&E ZEHIS Ringe & 12 1. XS S| Mes JHES Sai MBS ERo2 RCT 8%0| 7Y
Chill” Technology (RCT)= MPSC, Inc (Hudson,

Wisconsin, United States)7} &¢Fst AFS T4 9]
AE8A 8 AlA (vascular rinsing) 7]&2, 914
Ao g QPHgh ASS AR 4= 9IS gk ohyg},
4 (4, B8 E4) Pz 719 = &=
A

W o A Y2 W ol

-

[

[e)
27148 thaat Zo) A9E 4 Ytk $E =
23140 Qo4 WE AF MPSC7F A AR 1

ket 7HelE (catheter)'E 49 5ol 4t

ot (28 1). o] 7HIEE S3f APl 948 5

4 89 (isotonic solution)o] 7}&2] AAF 7]E2
ir

2 oF 1077} 75, o] $olo] RS A

1) 22U |0 U HFYO| SiLt S0l wet Crafst AHE, 371, Fefo] 0| Qlth 8== ML 25 712 Lol MeE| thE, MEE 2Rl
52 A=20|Lt ZHHMQ| M F SOI AUCH EX—HBISITHAR),
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12! 2. Rinse & Chill® Technology?| 7|&X 0|

Ofor

12 - James R. Claus

2] 7]& (SSOP: Sanitation Standard Operating
Procedures)® 93l oaZ5d#e|7|& (HACCP:
Hazard Analysis Critical Control Point)2 2 A3] &
5ol whet, 2020 @A 2371 3] 5= (B,
Ayt da, RERE, nl=)oA SFEL ot E
3 o] 7|&} WHsto] ot AE QHAA EAIE Bl

SR gk

2. Rinse & Chill® Technology
Associated with the Rinse Solution

RCT &2 oF 98 5% &1} 1.5%9] dArEZA
(dextrose), TEA (maltose), 214+ (phosphates)
of Td=EE FAH ok &Ho HrtH= IR
(saccharides)«= 5 TjAto] Q3 oyl E=
3 (glucose)d] F90] M, & thst Fei2 &
st A B3 2K £5F QI7F oY A Akl &
SH}, o] A9 A= el 19 3% A2 THHES
7|HFO. = it

RCT §9o] H7lE= BE ARS2 vF A9
ZoFHA (FDA, Food and Drug Administration) &2
HH 590 dgton, duto g kst QA=

GRAS (Generalized Recognized As Safe, ¢FdA] ¢l

=

More effective
exsanguination

F71H 22 40% HA

More rapid

pH decline

More efficient
heat removal

Carcass Cooling

down

2020, 6 (Vol.9, No.1) E



U - o A7| MARY |

12! 3, Rinse & Chill® Technology £212| 71A A&at 7|5

AN EH) 42t 71 W

o
&

Saccharides: dextrose, maltose
HIAEZEAQL BEAE= ZF0| HEE ZF2| 22
2O A o HX| (O 2 HBhr| oy,
HE 5ol MM 2 2= ZA|9| pH

t&sh

CH A2

=
zas

—@ Phosphates
715 s o| M ATP diks HEIA7|H,
oHx| S0 Fast dge ¢

* Chige on™® \ °
Water 92| 822 g8lAl7|= &oi

A B4 Aol SA=o] Yl AEH7HE (food grade
ingredients)o|c}, E3F o] AEEL 7] (substrates)
2 #5750l =T, ol ¢8| diAtEe] AE 7Hegt
oA AFEAE H7]A] S ou|eit,
RCT &9 H7t=l= 2E YAEES F714¢
AR B8l S HESH, oles &alAlTI=
gk 154 ol I P2 wxeHe AHA
Hof| aptgitt, o]9} T2 ARPH FH|7F EUH RCT &
=3
o

N2 AR Ao Try AmFAn} Zold AtEA
A YRR Az}
KT E T3l &3ty
55 g3tsty, 7142 AAkg] Al (CIP, cleaning—
in—place)?t HA?E B T7]E (SSOP) &5 &3

9 A48 27HE 08 BN 4 9

ofe] 1740| Titze

9w 91y A

=
=,
o

o
Aol 71AA Q] Ato] HAHENUS
AAZEe 2 ZFA|SEAL A ol3k= Programmable Logic
Controller7} EA|7} 2HASE 7| A2 H g oj=wi-2 vho}
Lo et BrE UYWAY 2ss BRI =
o

=

o

o AHF ERAE A B3 vhe 22 Y
ful

A &g o] &g
+ ot

RCT $42 =574 ol YA A5 574 Alof Al
Ldlof ofsf 715 AAER ATl SHE $ D Al
7goll Bagt RCT &4 o] Alitdrt, o] o 7HEg
o F4 % AAE A AEHe Fried AdA=
< HACCP 778l wheh At o A5 &3,

BE Aol 1wo] AL B3 ARl 45

(sanitary integrity) o= 7]oj&

R A, H71H A B EY2
7o) Hi 529 AR FAHS SHTEEA

sl

of 49 %S Az F A
7

805714 A7} 71sst

[}
6,000 = A=o| A27} o]=oj e},



2.1. Validation Testing of Potential
Residues in Meat Associated with
the Rinse Solution

RCT &4 AJ&o] =4 Well 273k a2 U5t
7] §18ke] 20009 By 4xEf thetarof A= RCT 2§ o
H7b A& Y dAERA (ZET)et ¢14te] Feo] b]
A& gl Boto] EATIGT &2 AFoA= 4 216
(tHz7<F RCT A2l ZF2F 1085)ollA A= Hf
AFTZ ARE AMSSIGlon, AR AZntED
efj =) (HPLC)§ Soto] 919 F 24E Rkttt
YAER A A9 2 (non-rinsed)®t A2l
(RCT—processedH ol ARoME HEE A ot
on, 27} HE5E fIgte] ti2e RCT A9 Al
FLHL 5l H5dte] HAS oM E dAEZA
AZEYLt dAEZ A7 AZE ok fzxre)t

gl & AP BF HE e 2edo] S
Aot=tl, ol HAERXA Jhefo] HETHA w|T

ZA5t7] wjZoletar A

x-{n

N, l‘l[‘ FI[‘
A HHE

AEE= gttt &, Al
(post—mortem) 7|9 L= 7|4 A
Soff w2A 24t (actic acid), oJ4tefg4: (COy),
(H0)2 tAtE|EE 2 Aol AMSH 2E AR
A EHEE Ao g HoZlt,

¢l (phosphorus)?] 3% th2FoA 2,113 ppm,
RCT AZFolA 2,079 ppmo| SHE Ao, A4S
(phosphate)?] ke tZLo| A 6,466 ppm, RCT
A2 tollAl 6,362 ppmoz UeERHo] weh & AP+
Atolof A 217 ZpolE HolR] Aottt (LH 4a). HE
of, Ql ol oA F A= 7+ EEHA= 34 pg/
gO 2 UEFET|, Mateescu et al, (2013)¢] oJshd
ofo] @ 9o A AFS-E AA (Iowa steer beef, n =
309)2} oA (Iowa cow beef, n = 231)2] w2 A9
A Ql 3 EAEIS W 2EHAE 242 249 ug/
g@} 278 ug/gelPtal sk3it), ol A= Aol YE
U= EA 9] A}o](normal biological variability) 5=
1231E o & (non-rinsed)9F A2l (RCT—

i

[e]

i m1o Jov Lo
B>

Ofor

12 - James R. Claus

processed) Atolof| Al G2 o]zt glel o 4= 9]
o 3t A7} Q4] Tkl SloiA] BAHOE §
9‘]‘6‘]— i]-o].‘: 0404;<]u]— RCT 7“131?'7]' EH E} ]7?]'%

TR & Eo]_t_

HEdA €

63'*— LrER et
AQ1 RCT §HY F¢ 2%

(chilling temperatures)ﬂ & (B4, cull dairy
cows) 9| SEAEA ] n|A]= FaFoll gt A7t ZZol
AAE U, & d400= Lean 559 71 AREEH A
o, AU ¥z 34E AX 1259 =2+ (non—
rinsed)®} 2852 RCT Ag]+7} &H|¥|Sict, RCT &

22 golol $95 B8 AT 7150 AAF ANEoR
<2$ 10%} RCT &Yo] FA= ¢t (RCT3: RCT &Y
2% 3C, n=13; RCT14: RCT $9 &% 14T, n =
15). ¢lAF (phosphorus), YEE (sodium), S5%3A
(glucose) FgF #4912 I8l wizd2o] A=A,
Attt HEES A% =9 A718 gojd dA4ta
(Deibel Laboratories, Chicago, IL, USA)olA S-=4
gt=u} B34-8247] (ICP-OES)E AMEsle] &0l%
HFH (AOAC 982,14 Modified) o2 EAI5}5 T
IA b‘]—E]:_Q. H/\Eﬁ_/\] UHE]./L\_ 1:]-]‘61—‘701]/\1 Kunst
et al. (1984)2] Hexokinase E-A41HHL& 283} Glucose
assay kit (GAHK—-20; Sigma Chemical Co., St.
Louis, MO, USA)E o]-g3}o] AA|33 Lt

o] &E tfetaof A AAIRE A AT Aifof A
o 4= %0 3TE YZE RCT §9L 4 =AY HE
A Gaol] Y8l o 19 TR 2+ (non—
rinsed)e} 9|42 Aol et A ATt HE
o], 14T=2 YZE RCT &4 7% ZAof 2831
& 5ol 919 ol eiA = (non—rinsed)
of 2ol & Holz] okttt (I9 4a). Mateescu et al.
(2013)°] o5t FAAQ ¥ HS AN AL &
4 (Iowa Angus cow beef)2} AA$ (Iowa Angus
steer beef)2] WiZAT W Q1o Tk Z7F 1,742 u
g/g¥t 1,759 ug/go= Rilgte| e} & Ao} FA
g A5 Yt HEEY o E3F iR =
-9t RCT A2t 7+e] Apol5 HolA] Fte=Hl,
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Y- 9 Ala AARY | A £H) W2t 71a: o

1% 4. RCT X (RCT3, RCT 8% & 37C; RCT14, RCT

8o 2 147C)0f| W2

5 SRI| MO BB V0| R0 BT U AE XN D[Rl B
A17| wiEEZe| TR Qi LIEE S (B + EEHAY

3,000

2,500

2,000

1,500

1,000 |---

500

Phosphorus concentration (ug/g)

0

1,000

750

460° 4782

441

500

250

Sodium concentration (ug/g)

Non-rinsed RCT 3°C Non-rinsed RCT 3°C RCT 14°C  Mateescu et al. Non-rinsed RCT 3°C RCT 14°C  Mateescu et al.
(2000) (2000) (2019) (2019) (2019) (2013) (2019) (2019) (2019) (2013)
° SYs HEl2Xt= 20198 ST0IA tHETR RCT X252 HiZIEZoIA 2t LIESL] st {2lZi2l Xtol7t eigS 2lo| (P)0.05, &AL QA
19.81; LIEE, 27.14). Mateescu et al. (2013)9] Zit= SHXQl HUAIHE HE WHA LA} AP0 AN Qlat LIEF >0 et ZS LIS,

Mateescu et al, (2013)7} AL e}t AA-2] Y
Lol M ST HEFY Y Wl AR 2
UERe} (19 4b).

5o i FZAN SHE R =FZE FFY
7%, =+ (non—rinsed)oA 4,91 ug/g, RCT39]
Al 4.56 ug/g, RCT14914 4.58 pg/go =&, thx4<t
= A= AloflA frofulRt 2to]E HolA] okttt
(P>0.05, I% 5). o= S4AA W48 AZ 4
11719] M. Sternocephalicus pars mandibularis (n
= 10)58 =5 49 Fof 2732 TS BASE 1
6.54 ug/g ©& R I38F Rhoades et al, (2005)2] 413}
Ao} gt 7] 9] AFS e,

Flze] dsdyet oo AG A7 Aue 3t
8 MSHS W), ROT §91¢] AHEL A% 2574
ltt. ol EAle] AlF 27]0] RCT

e

=

O]—.Q__Q_ §]-0 ‘61— /\ o]

7 489 o) 28e Aestdos st e,
2ug3} 28 JUAAL TEHAL A 25 Yo
A AR, Qi Ea QubH o 380 B Yt
an)E7] woltt, webd WS S SEE A}
$¥) vjapo] AEEo] =3 ROT §olo] $uisi
Aoz e el 24] oI 24 e 4

Nee slat & k. HRol, EF] A$ 28e

EAdA] o]85%] gron@ gizFel RCT Al

O3 5. RCT & (RCT3, RCT 8% 2 3T; RCT14, RCT 8N 2 147C)

Off M2 17| BEFZo| TE SRIA B (W + EEHI))

10

Glucose concentration (nug/g)

RCT 14°C
(2019)

Rhoades et al.
(2005)

RCT 3°C
(2019)

Non-rinsed
(2019)

‘SYst ME|SXt= 20198 AT thEFE RCT XM2lE2 HiEH2
OlN S22 A0| &0 F2IXQl Xt0|7F Q1SS 2ol (P)0.05, EERAL
0.39). Rhoades et al. (2005)2] Zih= EARO|I HZTXS 71Xl A EX|

of opH B2TA Bl BIZUS LIEIIAS

[elfe)

??}ooﬂ SlolH §17 Hol g Holx) o

3. How Rinse & Chill® Technology
Works: Major Advancements

RCTE= 1] 4 20?1 g7 A ede Bo) 24
3 7164 w5t §40| gtEate] x&H9l At
AT, ThF 1% 98 (A7), B4, HX27),
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sHA AFEUeH, 7w P w3
ot} gEo], MPSC & u|A|ZF 329 gistw
State University), "]U|4&8 gl (University
of Minnesota), Z&}A £ djshw

University), A2 o3 F9 fistn
Dakota State University), $J&ZAl |

& g}
(University of Wisconsin—Madison)2}2] AFats

A A8 Al

Ofor

7|2 HA]
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(South
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=

12 - James R. Claus

= &3l oo A AYE AlA 7 SheAle] EE
3 @1 Qlok, A4l wit]< tfshule] Jim Claus B
A= B4 0719 RIC 28 7K BHis] 9
3] Centre for Red Meat and Sheep Development 4>
2-9] David Hopkins BAFe} 719] 1% (Fowler et al.,
2017), WHE &t (University of Melbourne)2]
qY A=

£ ol E 12 JuTA 28 Aol mA9 A% o

2 S A

1, EAQ] M it M| Alge| 2|, s, s & EMof 0jXl= I
e =8/ =nl} Enlo)
82 SS, LL, ST « MEH (foughness) 37% ZiA Farouk et al., 1992
(Dairy cows) - CHEE Zolld BTt
o CHESE: 42.0%
o RCT: 435%
& LS « AR &7| BAIZE S X9 AR 228 HE Farouk & Price, 1994
(Lamb) o &R 397C (0h)—23.1C (3 h)
o RCT: 36.6°C (0h) —21.7°C (3 h)
* ST AR iET (12~24 h), RCT (6 h)
M2 LL, ST, QF « 4% =2 TH|E (dressing percentage) Dikeman et al,, 2003
(Steer) « £ 3 24AZt O|LY i pH Xfst
M2 LL, OSM, ISM, PM | + AlE 7| 4A[2H O|LH B2 pH X5} Hunt et al,, 2003
(Steer) - U2 MSMO| SMS LIEKH (L, OSM)
B LL « T 50% 24 Fowler et al, 2017
Lamb) « 52 YT (CE L2t ZM= (CE b¥)2 LIEHY
QF LL, SM « H7|X1= (electrical stimulation)Zt RCTE HE X{2|5IHS 1 F7|X=2F AAGH =X | Mickelson et al, 2018
(Lamb) HC} HREER0| 5% 244
« Al &7| 5AIZH St A2 pH 242 LIEH
2 LL, SM < 2.7% =2 B Moreira et al,, 2018
(Lean dairy cows) « it 2 2 X8 S22 H|wol| 2R 1 folXRIl XI0IE LIEIHX] 45
« KT 7URINNK] =2 HMT (CIE a*)2t C|=2A|0t0|2Z 28 (DMb) &2, &2
HED|2Z2H] (MMb) SIS LIEHA
o =T CE &*13.1; DMb 1.12; MMb,1.11
o RCT: CE a* 15.8; DMb, 1.29; MMb, 0.94
+ RCT =Xl A] LMl 57% 24
A LL o TCH 20% 2t Hite et al., 2019
(Cows)
EHX] L, T8 « A R7| 4A1Z2H SO 2 pH 24 LIEH Kethavath et al., 2019
(Market hogs) « QO|MOR &£ MM o} DMb &2 RS MMb S LIENH
« Moisture fat free (MFF basis, X2} M|2| $2 812 Haad mxl 212 (ourge), 71 212f
(cook loss) B4 Znts 7 |86IRSM, RCT7 A2 0| £-8 Sl Foks FX| UAUS
R L * Lean dairy cowsOllM ZIEE 56% 24 Moreia et al, 2019
(Lean dairy cows, LE), + Light dairy cows Ol T 52% ZtA
(Light dairy cows, L) « izt H|wotiE wf 2= 2017t 24 58
0 CHET: LE 1.44 pm; U 1.40 pm
o RCT: LE, 1.80 ym; L, 1.80 um
=4 LL,TB o TAEH 24% 2 Mickelson & Claus, 2020
(Bison) * T8 ZAE EMQOA KA AUXIIIK| =2 MM (CE &%) 2ot Cl=2Aloo|a 2y

(OMp) S LiEHH

* IS — Infraspinatus, ISM — Inside Semimembranosus, L — Longissimus thoracis et lumborum, OSM — Outside Semimembranosus,
PM — Psoas major, QF — Quadriceps femoris, SM — Semimembranosus, SS — Supraspinatus, ST — Semitendinosus, TB —Triceps brachi.
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U - 2 M71E MAR | AHE =X &2 7ls: YE A EHO| HEEA i M0 Alse 22 & AIF o] OIxl= &

A 8 Alge] B4 (A=, B B4, Ao u]x] I8 6 ROTHE0 UE wEel 584 vl
L=
=

m Blood removal  m Blood remaining

]

8kg

w
o

56% 75%

[y
o

Total blood volume in cattle (kg)
o 8

=T RCT X 2|7

of ot ‘21% 5w Y2 UVE of A o %@‘Oﬂ °]  deoxymyoglobin) ¥FS VeI en, RCT 289
AAQA iAol B R, =5 A Tttt F W E o dubAQd 419 WSk gk (CIE L¥, lightness)

o2 EAolA AASHE Ho] Fastc glol Z7keeHe olth, 9ATAl vhTle: tske] 4

MPSC7F A M 0.2 ANGE A7) W2, 454 kg AAIGE ofu] G Abo] up=l, RCTE Ak &) %
of 0] A9 ARAFY %0l AYSH o 32 ke®] @ (oxygen consumption)o] H B A4S AL,
ofo] EAstnl, BAH WH HAS AN 2T B ol AT TAZ AL MY §88 Aol

N A AL oF 18 kgO &, 14 kg AWol zH73t ﬁ 1 Aslct
olgtal ¢ &3sqth HEo], RCT A9 4% thx tj&o], RCT #-§o] 459 4SS £XA)7|1, &
of HlwslylE wf 5.6 kg EHo] FrtHoz 11174%] 4 Fulo RPA FFE 1A l—t— S| =Ry} o
of wat, 8 kge] o] JFaHL ¢S Aol +%  #WH (non—heme)?] ¥ Uf] RCT A€|o]
o (29 6). wekA] AAE XY F2 thx19 B 2 (Semitendinous)ol Al %41—1 w2 Cardboard
A dMgF thu] oF 56% (18 kg)o]lom, RCT A flavor’}, B2 =2 Beef flavor identity2}
T oF 75% (24 kg) ¢t} o9} 22 A:= RCT 3 22 Soapy/Chemical flavorS Yehlcte H 13}
80| o 40%9] A7 BHS FIHHO 2 AAL 4= ok $ok (Yancy et al., 2002).
L 7S oujsiet,

71E AR A7EE U Bk= W, RCT7E &4 3.2, Chilling Rate, Optimum pH,
A FFE HA = ALE B Tenderness

L
=
%

m{o
N
N
B>

L

53 gtk (23 7, 8). & 10] AAElo] el RCT
o Age 417 (BA4S, Lol B AN B A B EZIR A5 L=k A5 H,
CIE a*, redness) g2 DA Q22N (DMb,  wAE] 0@l Hopshalet, wetd =5 2pgolA %

oy

?2) 0|2 29| 42 AMAISAIX|% (BCS: body condition score)oil 2t Breakers, Boners, Lean, LightCZ 25 (Peel & Doye, 2012). Breakers (BCS 4 £+
1 0]Ad), Boners (BCS 2.75~35), Lean (BCS 1.5~2.5), Light (BCS 1~1.5).
3) American Meat Science AssociationOflAf AlR0| X2| HsmIL XXIZt =X Qe MAISH 710|= 20l HA|= 2sT7} of X| &,
- Cardboard flavor: aromatics commonly associated with oxidized fat and oils,
- Beef flavor identity: amount of beef flavor identity in the sample.
- Soapy flavor: an aromatic commonly found in unscented hand soap.
- Chemical flavor: aromatic associated with garden hose, hot Teflon pan, plastic packaging and petroleum—based products such as charcoal lighter fluide.



% 7. RCT ME0| A=x|Q| SMofl D[xl= FEF (=T - A&, RCT X2|F -

- James R. Claus

%)

& 8. RCT XE0| 4|17|2t &117|2] Mo Ojx|= Fe

BE 4 gl 29e Hasksa, R F4S o
A7) Aeide Aast Wz o] aguE et
o ZARR S| o] st EEAolA WEEE 4
%0 YHLEL 10T ofste WAstolof A 74
3o QT 49 Ae TAF B 983647k Aol £
o 4R-L7 100 OIF2, 4BARE BAAE ST ol
7 HEE Agsta gk mlRe] 49, =49 W
aetolel WA AL QAL & EA BY A T

oRHE WEE) WA ,;-Hr%_raﬂ 707t o

H
TR TR
o

o &% 7159 A5 16~24417F LHOH, 0d 7H=2) 73
T 48A1ZF ojyjef HF-EE7E T =2 4 kL
A Qe ol AdAFME el 4 U=d,

Ha17] ol & A|, WA d & =AY ARLEE 7T
A e 24 24A17F, 16A1%E, 10A17k0] Z42F 49
Et}ar 319}t (Brown et al., 2009).

RCTY| 7%, Aol ¥7H 5744 8945 HE8A
o Y52 A& iAol et =49 AR
E oF 50 AR avxog A £ Q. 7[E o
Tofl W= RCT &2 =49 472271 20C7F &
= a3t A7 2,647 oA 1.3A7EC.2 T3
o o= ou|l= MA o)kl ATt (Brown et
al., 2009). E3F =5 A7 & =49 L& 27}
Hlwstyls o oF 2T A= Weton pH 4 £ &
ot Z7}sbckal sttt (Farouk & Price, 1994).

201990 MPSC7} AHA| A o= ARt d+tof w=
W, ROTS 83 437] A9 ALEs s
o golom meA gamchy AEstgct o],

<

AR5
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=L - 2|

EAE 18AIRF A
< W RCT #2|77} dj=27-Hr} 8.8

Axf |

A7l A Ab A W2t Tl i
AT F GPeg v w3

1 sk (29 9).

A9 AR AEEA i A siE g oll=
Fe = o Ao EEA de=dl, ol 4ukste] pH
Ao S0t S Y, 7] A8 Ad 2%
o 98 (Parouk & Price, 1994), ti2+9 72

12~24A13t Atelo] sfgabgo] sl en, RCT A

g2 7
RCT &

pH+=

2! 9. RCT ME0| M2

49 6A7OR BEETHR ST, o,
om A¥WA B
247 E3t, HH2] Ag
2 WE pH 7425 Uel A
P EELO

A A=

Ut

AYE 29 A9 A7
A2 ) ol
sjelstsict (19 10),

251 AR olf

o :

A 4

S

=
==
LS

AT7| EHle) 22t

A, RCT &4 W 4
B pH 4 3

[o

=

7hs4o] gk,

o+ (Warner—Bratzler shear force)<

(Farouk et al.,
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6. The History of Rinse & Chill® Technology Approval (Overseas)
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