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Abstract

This study investigated the effect of salt and glucono-d-lactone (GdL) on the cold-set binding of restructured
pork washed and pressurized at 200 MPa. Binding strength, pH, water holding capacity (WHC) and color were
determined. NaCl improved pH, WHC and binding strength. GdL also increased binding strength while
decreased WHC and pH significantly (»<0.05). However, low GdL level combined with NaCl showed high pH
and WHC, compared to control. In color, NaCl decreased L*-value with increasing a*-value significantly
(<0.05). In contrast to NaCl, GdL increased L*-value and decreased a*-value. GAL tended to decrease b*-value
and significant differences were found when GdL was added above 1%. Pearson’s correlation coefficients
presented that NaCl had a significant effect on binding strength (0.6632) and lightness (—0.7330) while GdL had
a significant correlation with all parameters barring binding strength. The results indicated that under washing
and pressure treatments, GdL. had a potential effect on cold-set binding with reducing NaCl concentration,
especially when low GdL concentration combined with NaCl was added.
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ZH7b m BAeEdAME ¥t gt RaEHnt
(Nielsen et al., 1995). B3} TGaseol| 23 AR = &
o} Z7ldl gk Uk, AERd 2#E A1 I
A7t o8 g} Baw e chKuraishi ef al., 1997). ©]
3t TGase2| A7} ol9d| algin/calciume] 7}l 2]%t cold-
set 7o) @o] AFH 1 UciBoles and Shand, 1988;
Clarke et al., 1988). 121} o] 9] Hriwte g 71
A A B zzto] HI AANTEE A7) oA WE
xj2]7} ¥-8-EKSheard, 2002). 0|23 WEXElE &F &
Ao WS FAA &4 APATIH, SFHgl 3 I
Azre] Z7HE of71A1ZItk. 13y cold-set AAAEA ca-
mageenan®] AHE-2 W AAFEE B gk »hE
Y3FEE 92 carageenand H7HFe] Flel| wE o
A 7ke] Z-2-9] HE|E obr)elA] 31 (Pérez-Mateos and Mon-
tero, 2000), THA Ao] Wi AFA oA ALAR] v E- X
B gAsld A JrE Z7A1ZIcKMontero et al., 2000).
AFo BE 9 y5d 540 Mg % 2149 &
go| o] A= glm, 0|9 LF 2 F] AzEotellN
AL 3 gitHMontero ef al., 2002). Znge] A F
zo| v|X|& &7} o) thdled Lullien-Pellerin®} Balny(2002)°]
B33 vyt glck webd 239k Ao o & G
Az} w8 FFe ATHEF] Azl oA A4 o
AE 7K1 9t} Macfarlane $(1984)& 259 H7tet =
gt APl wE ATAEe AAEE Fgste] 4
Z7he Sk AAAEE AT Basiitt O
i olE2 AEE rIEAE AFREE SHAL
Hong 5(2006)°] ©]8HH 200 MPa7hA| 2] e 9] v 5%
Wzo] AFA 2 ArtElE §HIte] FRo] BrFsda,
§3)7ke] AL 50°Ce] IA2)7} seutslolol hvta B
t}. ol2igt A3 okslE Ry st surimi A|z2el &
451 e A= (washing) Hele STWAE] AZE=Z A
3| A17] = sarcoplasmic &S A 7 &}aL, myofibrillar THY
AL e Zoe I S BeEs FTe &%
2 9 4 9lvKPark and Morrissey, 2000). ZL2ju} o] gt
Eeta AFel oF g9 tE XEo 84
31A 3 8kS mA )k Glucono-8-lactone(GdL)2] H7h= &
o] 7ol 2% =d pH 3 Sxd] Zdsted e
& Azt A 4 UrHNgapo et al., 1996). wEpA] o]/de]
cold-set AT KA F] A& JF& v = AAES
z¥o N G FtHE @5 St AXPEE &
AL = Y& Aoz AlsdTh
el 27iE ATFAS FE ATE Lee(1984)9} Song
(1987) A7A5 AP Bl AfstRa, vl&e
Ae] 7o) u} o|3etA E(Lee et al., 1987), PSE =5

o)
9
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NTHE M=
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AE 8- Table 1o] Jehd vjen] 2 582 E4=905 44
4.5 cm9) fibrous #Alo|Al ol A3+ & polyethylene bagl &
153 324351] 2% pHol| R3S 4°C WAILA 304]
A 7= AT

(R

Table 1. Experimental design and formulation ingredients

used
Additives (%)
Treatment” NaCl Glucono-- Carrageenan  Phosphate
lactone

C 0 0 0.5 0.3
S 1 0 0.5 0.3
G 0 1 0.5 0.3
LSLG 0.5 0.5 0.5 0.3
LSHG 0.5 1.5 0.5 0.3
HSLG 1.5 0.5 0.5 0.3
HSHG 1.5 1.5 0.5 0.3

b C; control, S; salt, G; GdL, LSLG; low salt low GdL, LSHG,
low salt high GdL, HSLG; high salt low GdL, HSHG; high
salt high GdL.
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7retx 2
IR EE 2 AR A Y o]&3te e
t}. 7154 = pressure vessel, pressure intensifier @ 2%
controller2 7393, 71 SAEE ethanolo) A
on] 719} AelE 200 MPasl ) 3087 SA=I. olwl, 7}
oF & 7lot Al £x 247t 2.7 2 20 MPasE EU359 L,
e AR s ol FREAT

=)
‘:’IB—V’S% A 292 Gomall S(1949)°] £]3} biuretd o
Z2 519tk Biuret ¥H-2-A]2k2 1.5 g9 CuSO,05H0%} 6
g4 NaKC4Os - 4H,0Z 500 mLe] ZF5o] gol fajA7l
% 300 mL2) 10% NaOH §-9% #Hrletd mytelsla HF
1 L2 mass up 3t AR&SITh 413 &9 | mLE 33}
4 mLe] biuret 98 AJoFE H7Fsted 30E3F &l @A T
% 540 nmollX FF=E =HF, standard curves
bovine serum albuming o}-&3kd T}

3
AANEE A BE ALY (2x1x4.5 cm) 02 FHET F,
Agel F BREOZRE | cm9] Yo 270e) Ho]
= holderE E3}e], 3% Digital force gauge(DPS-20,
IMADA Co., Japan)o] 138A7]x, ThE % -2 tabled]
A7) F 60 mm/min®] head speedo}r] A E7T ATEHE
ol gg3 NS AAREE Uepich 2 s 7
AT 123 9HE S AT

pH 53

A8 5 go) 257 20 mLE £33 Homogenizer(SMT
Process Homogenizer, SMT Co. Ltd., Japan)E A}-&3}
13,000 pmoijA] 187 72 F pH-meter(pH Meter 440,
Corning, UK)Z %—73‘ a3t

E Y % 2

AOAC(1990)°ﬂ % 102°C A=

%l%ﬂ— ‘i‘i%é}fﬁ 33] H&% é%ﬂ&’irﬂr e 1 g9 *15%

H AzE YolE dARydd ¥1, 4C2 2Hd
Automatic refrigerated centrifuge (RC-3, SORVALL Co.,
USA)E ©]-83k] 3,000 rpmell A 1087 YHE2 si5ict 9
A ¥, ABE AASE Az A% F FAE S
t} 258 e AR FA AAE FEEFeEA eIt

K A(Color)

A &2 AL Color meter(JC801S, Color Techno Sys-
tem Co. Ltd., Japan)E A}-&-3la] L*, a* L b*3t 53] whE
27319t} olu L*gko] 97.83, a*gko] —0.43, b*3to] +1.98

¢l calibration plateE ZF O 2 AMS-3IFAT)

gasle] A71H%S
o 47989 AR DAL BHE PRSI A
Ak zZ+ 23X AF}EAL SAS(Statistics Analytical
System, USA, 1989~1996) Z213(Ver. 9.1)& AHE-3}d
Duncan®] multiple range testol] ojsta] B39 FJ3S
AzsgT. B3 23 2 GdL Pk SYA ABBA
= Pearson’s correlation coefficientsE o] &3] VERHRITE

da 3 o

MA il 7 s2F Q chE wis)

AH A e f88e 8 g gl Gl W
£ Fig. 1o YepSIEE 27] &2 7472%8] FE¢FE B
Az, 13} AFGA A 77.05%2 T8I o] A TV}
AR, o] F HlZiDH%MWL ok7te] F7F FAE BRI,
HE AﬂZ—Mﬁl Z28 ¥ 7827%9 FEFFS By} v
Y gdoz &2 vl a2 AHTA | H|H s
o Z7ketaa, 39 AT oA 85.82 mgmLe F T
Aol £4g Bk AR wE 8 FF 2 F ol
Ao] ¢4 Z7}= Lin? Park(1996)2] Ao E S

Table 2. Effects of NaCl and glucono-S-lactone level on
color” of restructured pork washed and pre-
ssurized at 200 MPa

Treatment” L*-value a*-value b*-value
C 63.25+0.86° 7.08£0.40°  10.18£0.61°
S 60.10£1.09°  6.88+0.81°  10.83x0.58"
G 68.70+0.10° 5.18+0.81° 9.48+0.60"
LSLG 66.4422.08°  7.44£021°  11.0320.15°
LSHG 66.90£0.73®  5.75:0.49%°  10.26+£0.67°
HSLG 60.141.26 6.54+1.17°  10.10+0.17"
HSHG 64.12£1.60°  4.73+0.12° 8.10+1.01°

) MeantS.D. of three replicates.

2 C; control, S; salt, G; GAL, LSLG; low salt.low GdL, LSHG,
low salt high GdL, HSLG; high salt low GdL, HSHG; high
salt high GdL.

>4 Means with different superscripts in the same column are

significantly different (p<0.05).
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Fig. 1. Changes in moisture content and protein loss during
washing process of raw meat.

FAHNE, o5 B2 F=3 A 2E myofibrillar
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237 GdLe] H7pF A% A vXe &
2}+E Fig. 2] JeRATh ¥1E carrageenan®} 1AMAS A
Fretelz, 237 Gdle] H7IEA ke tl2H0)E 200
MPag] 7}k gl &3t Azte] Brbeatsith 22{v NaCl
9 GdLe] 7} BF & Ao AAAEE F7MAIA
£ AP GIL H7FHG)IM 7HE W& ZAGEE e
Witk zEy G Hete ZRES] 3.13 N(159.69 ¢/
em)yE ¥ 23 gy 2 Aol we ol X
Kuraishi 5(1997)0] Ha13t vle} o] 7}E A A d=’de)
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Fig. 2. Effects of NaCl and glucono-5-lactone level on binding
strength of restructured pork washed and pressurized
at 200 MPa.

a4 Means with different superscripts in the same column are

significantly different (p<0.05).

B A AT, & A5 94 ApE el dde

o

Y3, 0.5% &7, 0.5% GdL 2 1% carrageenang 3713t
AT 5 200 MPaoll A 308 A5t o, vAlH g
T 172 No| 2FA=E 2ol whd, Al Aol e
422 Noz AR} st A 2716103, 2 washing A
o ojste] myofibrillar ¥ Ho] 7r3td YmHo] GAL 7t
o 9Jsld FHA R acid-induced AS}Z ofr)sled A2}
=8 PP Aoz AeHth &F% GALE €4 At
F Ay A7t wel e A HWF GALEY 2
ol o FoAQd AHE e Aoz AEHQU =3
w9 ko] 1.5% o)dolA GdLY v =% F7he 2R E
Tha 39129 HSHG 2 HSLGe] F Al #itd&
A ztele UFHA LATHp>0.05). o]t AIe
MedyDski 5(2000)l] 2|3t Azlol= 2018 EFEH, ©l&
< &8 lactic acid®] H7t W& Ad =59 JFHE
2ALet Zt 7HEo] 0.5% o3 A7EH AR o] Ashd
thar skt L3y lactic acide] AV A &e] pHE W&
o] FAARE, 0|52 59| pH A& E ol w2 A 3,
A= o] myofibrillar S A ] WAL Zefete] AT
Ate 2HYBIATE AT FA Yol 27 A EE
2 2ol & 24 HF A FAA & dAREY A ¥
AL 9ste] 223 HIMEojtiGray and Crackel, 1992).
Macfarlane 5(1984)2 29} A 2|9} A5 557 5 patty
o] A& vX& FFHE AT &7 T Fhe
myofibrillar T 2lo] 34§ 9 83 o] 7]Ql5}e] peak forced}
work done #1& FF o= F7MIZTL it 12y o]
E2 ANEE AT & AR E gl £ 4
oA & cold-set binding®] A7} TE & TA AEH
A, o] Aol oSt AFAAZA v]E DR Hot
(Hong et al., 2006), TGase(Kuraishi et al., 1997) % hy-
drocolloid(Boles and Shand, 1998)9] AH7}7} Husdct 7}
9t 3lel| 4] carrageenan®] cold-set binding E ol thaled @
2 dF7E50] Rudgdct. 2@y} carrageenane] Hriwtow
= S ZAREE A& F 3, AR e 99
7h} 71AA mrle] ejste] WEE myofibrillar T el A
318 EXAI7IT) Aste] S| lojA, GdLe] A8 o5
o] 7hEahell &3 =¥ pH 73t Aol 7]Qlsle] AFe
AMEES SFo T ZAYEE FFIAIE F U THNgapo
et al., 1996). 3 n¥xe| 277 GILS AFA7}EE 2u)
old F7M7e EHE e 22y LFES &
o] H7IEAE o, 1EEY GIL HZHHSHG)ol| <% 22
dEe] SR BRHA R 257 GdLe| A=
e G AN ot oL PASHA T
(Table 3). A7}E 42 otara} A2 7holls 0.66329] &
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of restructured pork

NaCl GdL pH BS WHC L* a*
GdL —0.0909
pH 0.1981 —0.9648***
BS 0.6632*** 0.2583 —0.2353
WHC 0.3529 —0.8682* 0.9221*+* 0.0747
L* —0.7330%** 0.5259%** —0.6969 —0.3203 ~0.6998
a* —0.0923 —0.6403%** 0.8424* —0.0987 0.9107* -03677
b* —0.3069 —0.5823%* 0.7453 —0.3123 0.7049 —0.1510 0.9081*

Y GdL, Glucono-8-lactone; BS, Binding strength; WHC, Water holding capacity.

* Significant at 0.05 level.
** Significant at 0.01 level.
**+* Significant at 0.001 level.

£ UehAAR (p<0001) GdLe| 3wt
FolA ol AHAA AFHA gty
0.05). }r o] Azl o, AT ArlE AYPE
Z7tll @A 538 Yehlm, GILe ¥rh8el Fw)
2 BRI, 1 A7) AT golAolr) gt A=
A7l olsla] 228 944 wulzo] ¢4g 9 pH
7o) wal Astelm, d7HE GILE o] B9 Asls &3
gte] AP gl AN EE F7M o g ALRE I

o

age

FEEL HSHG A 70.26%A] 71.23%% thh 2
= B AN o 2 [ 27E QIR EA] R tHp>
0.05). Fig. 3& A5 2 GdL &7} 53 w2 274529
yAok &g Hrzke dzTd vt B

4
&
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o
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Fig. 3. Effects of NaCl and glucono-§-lactone level on water
holding capacity of restructured pork washed and
pressurized at 200 MPa.

*~¢ Means with different superscripts in the same column are

significantly different (p<0.05).

FEE fo¥oz Z7MAR THp<0.05), 1% o] GdL
o k= *394 HA7HF BARLe] HETFET foF
VERN QA thp<0.05). 22} %52
GdLo] 7“7}54013 wo] st A7HEAE o GdL&
G082 ARG ATHORED oo & By
HIthp<0.05). |49 ATe ABASLE £t
VRt vl gl Hkel BaERie] A da
o Ao] Q1A SR BRI THP>0.05), GLS] H7te} B
de F9H 59 AAAAE HEPUTHp<0.05). Hz
At Ee] Bede pHY FoAQ AAdAE 2tk
(p<0.01). 23 A774S)2] pHE 5912 7} =& 32
Q) W, GdLe| H7hreEe] S7hs pHE| Z4E op7lsigia
HSHG A2]7olA 4912 7P W2 pHEt& HATHFig. 4).
dubA o @ Aol Hrhe SAFS] pHE thd AIA7)A

Yﬁ i of, J
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s:

63
60 a
&E
g 57 ' -
g e 1,
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Fig. 4. Effects of NaCl and glucono-3-lactone level on pH
value of restructured pork washed and pressurized at
200 MPa.
®¢ Means with different superscripts in the same column are
significantly different (p<0.05).
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THPuolanne ef al., 2001), & A@H 423 /IS &
< pHE kAol A7l 7] Ao AlgE At £33
E AdoM AT7E8] pHe A7ME 23R GdL
TEe foA AABA(P<0.00)E e D, wEb 1
FE9 GAL HrtolA Fo8 o0& e pHEkS veld 3
o2 AlRE Tk &g HUbel B4Ee] e B I
AHEC ot HEATE dvtdoz AFAE S pHE
myofibrillar Tl ] FHF K} 7] wfjiol] Thild Fx
= Aty oz gHets "ok &g Hrldl 93 Cl ol &
il o] ksl 159 screend F3te] BRIl FA
718 QEE <dsrzlozA whlde] faE g
(King and Macfarlane, 1987). o]=|3l ¢hillzl gejile] =7}
© A5 AT AT 2 ByEo S o7l gt
ol¢h= 2] GAL2 7halol oldtod pHE 2]A| THAA]
71M, ol2igk pH ZrAaF o] ofdle] Fzak9le] dalAzle
APETE FEE Y] A3 ooz FEe
A ZEg op|sA) T, 23 myofibrillar Tl e} FHAA 7}
A pHE AStAII o BA & Sldy) B7he] A= S 4
3} A)ZItKPearson and Gillett, 1996). 2 A& H]E 1%
olde] GALY] H7t= AT S pHeY B5E S ASAIA
AR, AH 8l 719k 2] ¢ carrageenan®] H7be] ofste] oA
3] 80% o}d9 HoEE UERIAL %3 0.5% GdLo] &
9 Bty HrHEAE o, dRFEY 68 52 B54Y
< YR A4S Az o] AL Ao B AR
At

flo

= M

aF 9 GLY| H7W A& Azd mAe Ege
Table 20 eI AFe] H7ME S AHTte RFE
o el og e L*ghe BAATHp<0.05), a*F 2 b*3t
e fFgHd Zolrt AFHA keh(p>0.05). ¥hHd
GAL(G)& L*gh& foA g ZIM AT, a*3te AN
THp<0.05). &F B GAL 23 A2l JloiA, 3% FEqk
o] RF=E H7IEUE 7-HLSHG Z HSLG) @522
7He S 2 G FF Aol HolA] UA|THp>
0.05), = A&e] a2 HIIEA S WHSHG), dETE
o foFez we a*@g? b*EgEe JERRUTHp<0.05).
Baublits 5{2006)2 4AF9] F=7F F7F8IH o|2W=rt &
7Y8ted 42591 retention?] Z7}E obr|glrtx §+9 31, Faust-
man®} Cassens(1990)= =59] retentiono] 29 U] S F55
SA-g vepditia 3t} ol9= ¥l E Ngapo $5(1996)
< GILE #H7lste] AR & Ao 948 FA3 Ay,
GdL sx9 F7he 7193 H 9 22 $4E opkn &
Ak &AM GILH 279 H7ke L #9139 4

AE ERAT a*3H b*glollre GdLTke] Feol=<l
BAE Bo ~ge H7MEoE GALY #H77t S<f ¥

< AT 292 vA Aoz AdEUTHTable 3).
T2 23 GdLe| A7HHSHG)= &7 B}
A AN g oA T, 0| EE AR 2§t I
7}e 7-HLSLG) &A9] Wsts HAs & & Ug Flen
o= ek

2 = 2 oox i
a2 R

R %

2 <

2 HEE &5 9 GdLe] H7P AlE F ok AEE A
T4 ogetd B4 vlXe ENE FHstuzl A
dLe] Hrbe AT Se] AT E dA
Al S7MA L, AP EE BE aFo] T4Vt Ho® &%
o] GdL] 7tel| gk AA7dwe] g 71E 5 AU
a3y GdLe] H7be AEE ZEA et fAFeA A
A3, o]k ML GdLe] &7k} vl Ee] A AT} a8
w0l DAL AlHo Y Z1E M HE ot IAE F
leaizt Bt wepr B AP0 Al oJshd A
o] &7 % GALO] £3-& Bt vl 2a47te 2 W
A At 7IE 4 U, F7FE A4rA T} carrageenano]
o3 e g 592 48 F U
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