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Abstract

This study was investigated to determine the effect of additives and ionic strength on the functionality of ex-
tracted proteins in preblends in order to use less additive in restructured meat products. Preblends contained
the combinations of sodium chloride (NaCl; 0, 4.5, 9.0%), sodium tripolyphosphate (STPP; 0, 2.5, 5.0%), and
tetrasodium pyrophosphate (PP; 0, 2.44, 4.88%). The pH values increased linearly with increasing STPP and
PP concentrations (p<0.01). In the equivalent ionic strengths, PP was more effective than STPP in increasing
pH. Phosphate ions were more effective on total extractable protein (used 1 M NaCl buffer) than chloride ion
at equivalent ionic strengths. Solubility was decreased by adding NaCl and increasing total extractable pro-
teins. Meat sulfhydryl contents were high with increasing total extractable proteins. When protein extracts
were heated at '65°C, 7 min, meat sulfhydryl contents decreased and surface hydrophobicity increased (p<
0.01). However, all protein extracts showed no differences in SDS-PAGE pattern. In conclusion, PP is more
effective than STPP in order to use less additive but there was no linear relationship between functional im-

provement and ionic strength.
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FE2 HE] bt ole7beale] do] £, Ao
7] AAhgol e E3E 25k 239 o
2] 7154 S4el ol 2Abshodch

UL U1

AEgo= e cu
e B F 49170 oluls] AL E o
A Podate] 2ok 2 AAZHE HAh AA s}
Ak FAE(1.6 kg)ol 10% (W/W) F3Fg oflu] &2
2 o3k Ao Agsjel ol ERE Brhshe
2] 58 sodium chloride (NaCl) 0, 4.5, 9.0%, so-
dium tripolyphosphate (STPP) 0, 2.5, 5.0%, tetrasodium
pyrophosphate (PP) 0, 2.44, 4.88% %2 7}z AJuhA| 2 o]
LTS A AbEEle] 23Nt e g4 27717 €]
U] EFES Alxstdch A 88-L F497](Model A-
200 mixer-chopper, The Hobart Mfg. Co., U.S.A)}E- o]
43510 E2(1.6 cm plate)3t ¥, 0]71-2 0.3 cm plate &
ohA] Al stedct. 23] Al dR U85 160 gol| 3559
4714 (NaCl, STPP, PP)Z 277}%] ofju] &89 7}
H|Z AbEslo] z}hzb 44.5 mLe| deionized waterol] 4
AR F 2 §AE 7hste] EVR 5B EFAH
o} A 228 98 2217 Fob WA ROl A
AT F 1.05g& AHste] 35mLe| F2E84(0.01
M sodium phosphate, 1 mM MgCl., 1 M NaCl, pH 6.0)
of dol 10,000 pme] L% 2 137 FA 83 4°Col)
2] 3,000x g2 14]7F $3A)1 58] (Centrikon T-124, Kon-
tron instruments Co., Switzerland)3}3ic}. 525 AF7)
& YA (2)C)ell 4] o I (Whatman No.3, England)
ahadch

0| 2Z= (lonic Strength)
oflu] £3+-Eoll H7}=& NaCl, STPPS} PP2] ok
T ol T ohe a2 BANE o] 83)e Ak
&}l cH(Table 1).

u=1/2 ¥ CizZi’
Ci=concentration of species i
Zi=charge of species i

pH

Al 8. 4 g deionized water 20 mLE& Z33) &
& 7])(Ace Homogenizer AM-8, Nissei Co., Japan)&- o]
48t F7(5,000 rpm, 40 Gec)Ul- pH(Model No.
32, Beckman Co., US.A)E A 3}gc).

Table 1. Ionic strength (IS) of preblends

%NaCl %STPP %PP IS of preblend

0 0 0 0

0 0 2.44 0.77
0 0 4.88 1.54
0 2.5 0 0.77
0 25 2.44 1.54
0 25 4.88 231
0 5.0 0 1.54
0 5.0 244 2.31
0 5.0 4.88 3.08
4.5 0 0 0.77
45 0 2.44 1.54
4.5 0 4.88 231
4.5 2.5 0 1.54
4.5 2.5 2.44 231
4.5 2.5 4.88 3.08
4.5 5.0 0 2.31
4.5 5.0 2.44 3.08
45 5.0 4.88 3.85
9.0 0 0 1.54
9.0 0 2.44 231
9.0 0 4.88 3.08
9.0 2.5 0 231
9.0 2.5 2.44 3.08
9.0 2.5 4.88 3.85
9.0 5.0 0 3.08
9.0 5.0 2.44 3.85
9.0 5.0 4.88 4.62

% 4 F&4(Total Extractable Protein: TEP)

7% FFole] chilAd v Biuret Hf Vo) 2]
gto] ZAslgdet. Wl Erol $RITHL bovine
serum albumin (5 mg protein/mL)& o]&3}ed 213&&}
AL, ©lA Erie ohga) zhe A
22 ghbstgic).

192 mg protein

TEP(mg protein/g meat)=
H 3 F 5 (mgnl) x F F 25 (mL)
meatsample(g)

=L

Ol'

4 (Solubility)

® el a2 Li-Chan 59 whyi g

bl AAstelch od3he whilz 2z smLg
M.J 2](10,000x g, 1 hr, 4'C)gF ¥ Ay NS Biuret
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Sulfhydry| &zt
il FZ2E9] sulfhydryl (SH) 3Feke o7}
g Z7HE A R] 9Jste] ) & ZAa dAe 3}



27} B9 ol

A e Aoz wPrel AAjstaleh dAele s
Z(Model No.2440, Dongyang Sci. Co., Korea)ys o] &
3t} 65°C2 787k A2l8lsdet. 7 A2f72l sulthy-
dryl 3teF-2- Beveridge S""#} Li-Chan?9] ulHof| o}
2} Ellman's reagent (5,5'-dithiobis-2-nitrobenzoic acid,
DTNB)E- Ap8-3fe] & 8}odct. %5 85 uLe} reac-
tion buffer (0.086 M Tris-0.09 M glycine-0.004 M ethy-
lenediamine tetraacetic acid, pH 8, containing 8 M urea)
3 mL¢} Ellman's reagent (4 mg/mL of reaction buffer)
003 mLE &3} 1587 Ax& ¥ spectrophoto-
meter 2 ©]§3lo] FRE(AE FAHNAY. FEE
9] sulfhydryl 24 chg} & Aol 2lsfe] Axts]
st

UM SH=(A,,»/0.0136) X 36.647

A 412 nmel|A FAE FHE

0.0136 : micromolar extinction coefficient of DTNB!”

36.647 : dilution factor (total volume of 3.115 mL/

0.085 mL of extract)

o)171-& Y8552 g o SH 7|(meat sulfhydryl content)
9} Z2% el mg & Z§ SH 7|(unit sulfhydryl
content) 2. FHAFa}ed o},

FH 25 (Surface hydrophobicity)

x5l &AL sulfhydryl §HeFz) o372 A
g A dHe] %] @2 FE ] A e
. Li-Chan S"*'"2] v} © 2 cis-parinaric acid (CPA)
ARSI, FEEAS ol fafel sy 32%
A8 & CPAE Arisla 33233354 (SFM
25, Kontron instruments Co., Switzerland)2] o 7]} 3}
325 nm, BrEaAF 470 nmellA] P E EA 1]

:Llo Mo Lo

t}. o] At woll 4] CPAE 7 8hA] & 3%l o
WA WY 4e F 7 gula st sl
of ¥ A4Alo g Jehlalc)

M71d=E (SDS-PAGE)

Greaser 52| uh]-& wi3)slo] 217]94-5(SDS-PAGE)
S A A3 HSE 600 slab gels, Hoefer, U.S.A.). Re-
solving gel¥} stacking gel Z+7+ 10%$} 3% acrylam-
ide gel® FE & Y3o] Ab8slin). HEalekS molec-
ular weight marker (Sigma Chemical Co., U.S.A)2] 4}
ol ay 2tegh 474] Ao Fapefs &3t
A3 izl wi= = Porzio®} Pearson'"o] B _73&+
Gl 1719 £ 2 2 sk shch

7ol e

24

rle

SRl 7%

At

A 71

EA Ma| e

2 Age) 71 EAAE 3x3x38281 28 v]9d% com-
pletely randomized design (CRD)o}g] 2], A3 4 3=
SAS®™2] General Linear Model B}A] o 2 BAs)9d 7
least-squares (LS) meanst t-testE Al-8-3}o] v]zs}

siet

dat 3 g

ofu] &35} pHi= STPP9} PP7EO| 289) Wizt
ol el #o)(p<0.01)F Malrh. Table 20f Vet
o] STPP2} PPi= o 4] & pH At &2 B
o =d] 7zke] STPP 5220, 2.5, 5.0%)o| 4] PP2] X
hFol FoldsE dnlEgtee] pHIL 94 (p<
0053171 4H4=1%dch B4 PP7} H7hsix] oL eu)
Egel i STPP 37h5Fol afe} pH7} Z7}517)
w0, ek PPE A7HE A9 STPPS) H7lede] 3
ZhsolE pH wistel] & dgkg v1)7] g, ol
= PP7F H7kslof ol Atelol A& STPPS] pH AH4:
Ashis odAslE AR QAT EE, o 2w}
Folxol el ou| &R pHE Fola} g
ol 2SN PPE| GRulFol F&4F pH}
o 370 eht pHE £74407] % A3tz STPPRC
PP} #ofit o2 vejde}.

NaCle] %% o}2 Ariasle] meakae glolon}
olu] &&HE2] pHel| thd} NaCle] Z#-5 ¥Asud
NaCle] H7b58 %U4% pHE 2 A 2 §9f
A o2 574519 thp<0.05, Table 3). ¢ pHE 444
o)

2|71 STPP} PP2| &3}bele= Ao} & 4= 9l
=l & 27]E o] 88k AHFAIS A7l 4] Koh™
= B AYs §AsA NaCle] pH &} 7raste} STPP
9| pH A5 A58 ¥ walgic).

Table 2. Least squares means of pH of meat preblends
for the interactions of sodium tripolyphosphate and tetra-
sodium pyrophosphate treatments”

%STPP
Treatment level
0.0 24 5.0
.00 5.49* 6.38" 6.96°
%PP 2.44 6.75° 7.01¢ 7.39°
4.88 7.51™ 7.66™ 7.68°

"Standard error of LS mean is 0.09.
LS means with different superscripts are significantly different
(p<05).
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Table 3. Least squares means of pH difference between
meat sources and meat preblends for the additives

Treatment pH of pH of

levels meat sources’ meat preblends” DIFF”
0.00 5.55 7.21° 1.66°

(0.05)" 0.05) 0.06)

0.45 549 6.97" 1.49°

%NaCl (0.05) (0.05) (0.06)
0.90 5.51 6.76° 1.25°

(0.05) (0.05) (0.06)

0.00 5.49 6.58 Lo

(0.05) 0.05) (0.06)

0.25 5.58 7.01 1.43°

%STPP (0.05) 0.05) {0.06)
0.50 5.47 7.34 1.87

(0.05) (0.05) (0.06)

0.000 5.56 6.28 0.72*

(0.05) 0.05) (0.06)

0.244 5.50 7.05 1.55"

%PP 0.05) (0.05) (0.06)
0.488 5.49 7.62 2.13¢

(0.05) (0.05) (0.06)

““LS means with different superscripts in the same column
of each treatment group are significantly different (p<.05).
"Raw meat.
“After mixing with pre-salted meat.
DIFF—-pH of meat preblends-pH of meat sources.
“Standard error of LS means within each treatment group.

& CHHE =&M(Total Extractable Protein)
bl 224 of glelA] STPPe} PP 7he] 224)

D Z 247 NaCle] w5 gabube] §-2 " (p<0.05)3]
Zpo] B vlebit). Table 4ofj4] B ule} 7o) NaCl
S 4.5 % Hrhste] An|EGE A T} f9
Aol zpo]i= vhehta] koot FEAjo] zhasg]

L, 9.0% A7hste] 2 A fell= ohAl Foksledn)
Grabowska®} Hamm®"& & ghill o] 22%2 6%
Na(‘l°’ o Zofol] o] Zi=ul] o] & ZY AR e

Zol 6% NaClell4] 3{eho]7| af o]t st o

Table 4. Least squares means for total extractable pro-
tein and solubility of extracted protein

Table S. Least squares means of total extractable protein
(mg protein/g meat) for the interactions between sodium
tripolyphosphate and tetrasodium pyrophosphate treat-
ments"

%STPP
Treatment levels
0.0 25 5.0
0.00 66.88" 89.00° 69.14"
%PP 2.44 84.63* 72.79* 63.04°

4.88 79.97 71.53" 69.15"

TEP ..
Treatment level (mg protein/g meat) Solubility (%)
0.0 74.32" 92.21°
(1.77)" (1.29)
4.5 70.07" 87.84"
%NaCl (1.77) (1.29)
9.0 77.65" 87.45"
(1.77) (1.29)

"Standard error of LS means within each treatment.
*°LS means with different superscripts are significantly dif-
ferent (p<.05).

"Standard error of LS mean is 3.06.
“LS means with different superscripts are significantly dif-
ferent (p<.05).

Al e] 2EE NaCle] & 2ykslcty B
23kt =3k Gillett 5% T%%o_l,hﬂ NaCle] &
X 12%742], Koh"= 10.5%71%] shilz Z3430] 2

7¥ghela g arskgdch.

ZZ4o) gk STPPS} PP 7be] 5152H4-5 Abwin
A ' FAH e shilA 2E4d0] by Wk STPP
L PP 5 o] 274w 0.77 poll A FEAl0) 71 A
vrebdoi(Table 5). STPPY PP 2.5 o] 27k % 0.777}

A& FE40] A3 Frhslgd ov o] 27t % 1.540)
A FEA] oAl Zhasisct 22 o) 27wl
Aol vlwE Al R 154004 PPE 4.88% 27}3)
7} STPP 5.0% 718t TR} & Ao] wojyfon],
ok STPP7} 5.0% 71l Z1-& FE4o) Wojx| &=
e eptet

T A2 Arbalol digh whld 22408 7
2 o] 7% s}ellA] vl Bl STPPL} PP/} NaCly.
o} FEAe] & ZloR Veh chilal 224l
chloride ¢]¥ .t} phosphate o]-20] &3} ole}w Al
Z+s]odch

2354 (Solubility)

Gzl ? =22 S84 disi+&= STPPS} PP 7}
2] 289 W& 283} NaCloll thabo] §-2]7 (p<0.05)
ql zpol & LPEM}E} Sl Adeoll gl NaCl &3}2 45
%, 9.0% 74| Bl5:gk S-aA-S vepigl s £-H )

Toll wlal frelH e gaiado] A debidtri(Table
4). 221t Koh™& o 2382] 4342 7))
= NaClell s o]z} 1] @5 F3&8-<42] NaCl

o] F7E -5 Gl 4do] Frlslhe e vepickw
gtk

STPP¢} PP 72| w3 k8ol 4] PPE 27}s}x| ok
STPPYF #7718t A$ o] 27} % 0.7704 = LajAdo]
ZhaE 3 vhA) 154004 Z7bE 9l ek(Table 6). =3}
O] A% 154004 = B SalAde] Fol vpelyli)
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Table 6. Least squares means of solubility for the in-
teractions between sodium tripolyphosphate and tetra-
sodium pyrophosphate treatments”

FEH=

%STPP
Treatment levels
0.0 25 5.0
0.00 92.67 81.98 94.61°
%PP 2.44 88.13* 92.35° 88.88"
4.88 90.10° 89.18" 84.61

"Standard error of LS mean is 2.23
““LS means with different superscripts are significantly diffe-
rent {p<.05).

e "s’z"% T4 gaAde]
Hoz e 7
HAES E‘,’dt}. Scopes™i= o
o Fx7h %ﬂ%oﬂ w}ﬂ 7} pHo} 5ol shil ) g
#lAdo) Z7ksl= “salting-in” EIE Admisjeld B
AHAA 1 Bk FshA dehdxle edod) B
Aol 223 4910 BEES DelspE wob)
ol H7HE b by 53 Al gaii
ol & dge viAA ge ez 4w g
Creighton®2- disulfide group2 7}3] o} =4} cystineo|
sulfhydryl groupg& 73l o}t c) =& Ssi4l S
7F2] B2 sulfhydryl groups Bt} disulfide groupso] %
o a4 waTky shainh

Sulthydryl &zHSulfhydryl content)

il 2&20] sulfhydryl kol osll STPPS}
PP 7].0} 2_8.,1 x]-_g_o] 00]xq(p<001)o] i}’°1'§‘
veblict. o] Axbe & A &4 Axte} v

& A v, sl 2240] F& A4S SH|
ol b, FE40] B A SHY| el

7t 48] ]' ich(Table 7). U 4df=bAa el sulthydryl
¥ 7} actomyosin systemel] 95% o]Abo] &
AHEEE7] wf el £ Alge] Aus 2% 2044
whijal o] okel] ubZ xjolzfir Azbslch ghyd whula

T

Table 7. Least squares means of meat sulfhydryl con-
tents (umole SH/g meat) between sodium trlpolypho-
sphate and tetrasodium pyrophosphate treatments"

%STPP
Treatment levels
0.0 25 5.0
0.00 6.467" 7.087" 6.832"
%PP 2.44 7.501 6.872" 5.912"

4.88 7.318 6.445" 6.459"

"Standard error of LS mean is 0.282.
““LS means with different superscripts are significantly diffe-
rent (p<.05).

SebaAe )%

A

A 73

Table 8. Least squares means of meat sulfhydryl con-
tent of extracted protein for the heat treatments"

Meat SH (umole SH/g meat)
unheated heated
6.766" 6.398"

"Standard error of LS mean is 0.027.
*"LS means with different superscripts are significantly dif-
ferent (p<.01).

Table 9. Least squares means of meat sulfhydryl con-
tents of extracted protein for the interactions between
sodium tripolyphosphate and heat treatments"

Meat SH (umole SH/g meat)

Treatment
unheated heated
0.0 7.096 6.566°
%STPP 2.5 6.801" 6.537°
5.0 6.401° 6.092°

"Standard error of LS mean is 0.047.
"LS means with different superscripts are significantly dif-
ferent (p<.05).

FFE2| F78](umole SH/mg protein extracted)Z Ak
=3 Ag SH7lel el oAl 7o) (p<0.05)=
vep ] ookt

il FEolg 65°Coll ] 787 Axlg]sle] 7pd i
S 28 Aok sl SH7| e AHelel o

g el (p<01)E vhehi oo, 21882 sulthydryl §
goll thgk STPPo} o A2 7ol w % 2h-go] Vehytc).
Table 8ol vhepst whe} 7o) 17 8-0] SH7 )&= dAe
off olaf aepo] 7hasteit STPPS} < xie] 7be]
FAE-S 4T YR STPPe| gafo] Z7lE -8 SHY|
7} asisdn GAd e 2 Bl
R ZFAEeH(Table 9). Sulfhydryl groupsz} disul-
fidest At F W% 77 disulfide 73HS whw)r] z=
R3] AR e A Qi) pHY 2% 22
felel o] s AFsmiglo] oo 5= glon] SH7|9] 7}
A SS Age] Foka Az 4 gl

m[

HH 24 (Surface Hydrophobicity)

bl EEge] v Aol e 4= STPPs}
PP 7be] 298] i3 2hfo] §2] 4 (p<01)S ¥ Ic}. ot
WA Aol S7Rs STPP 3714 PPe vtz =
7bsl= e ® viehdan, of 2 2Ehsie] A9 §9)
Hel o]z} FlslA| vhehulr]a= okokont STPPe

5.0% 7l 218k PP 27 e S
o}z 7o g Jrelytrl(Table 10). Troute} Schmidt®®
= Aaksdel o)a) Srbmlale) v)5E B4e) Zvts)

ol
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Table 10. Least squares means of surface hydrophodi-
city (X10°) for the interactions between sodium trlpol;'
phosphate and tetrasodium pyrophosphate treatments’

%STPP
Treatment level
0.0 25 5.0
0.00 3.33% 3.86™* 3.58™¢
%PP 2.44 4.14 3.70°* 3.06°
4.88 4.01* 3.60™ 3.15™

"Standard error of LS mean is 0.10.
“LS means with different superscripts are significantly dif-
ferent (p<.05).

= Az Ahgoll g Wl wFoleby A
= = i%““% F7hE Z3 da) u
H - = il wiAd ) 1)-7.]] 7}
=], Melanderﬁ}— Horvath‘ "= 0.1 p.‘ELC} =& o]
.‘9__70 3]
Ell

| 25l dei=
STPP e|el] o)) Fo]4de] viehidhzdl #37b7el
A agpAdo) 74AF ¥ STPP 2.5, 5.0% A7kl =
AgrAdo] ol th(Table 11). E}Hlixalgl 7hed A e =
7HdE 65°C, TH-7e] bl FEEe] dAe] Ax
(p<0.01y= SH7| =k 7haA i 77 9 A4S
Z7HArHTable 12). ol2idt Aoz el dalele

disulfide §4¢ 27141712 shide] Fdol g4

Table 11. Least squares means of heated meat hydro-
phobicity of extracted protein for the sodium tripoly-
phosphate teatements”

Surface hydrophobicity

Treatment (x10Y)
0.0 7.15"
%STPP 2.5 6.39"
5.0 6.21"

“Standard error of LS mean is 0.22.
“"LS means with different superscripts are significantly dif-
ferent (p<.05).

Table 12. Least squares means of surface hydrophobl-
city (X 10%) of extracted protein for the heat treatment"

Surface hydrophobicity (x 10)

unheated heated
3.60° 6.58"

"Standard error of LS mean is 0.09.
*"LS means with different superscripts are significantly dif-
ferent (p<.01).

W1E 2E2AZ 22N FEdAe] duAgde o
vk & 5 glrt
H714E (SDS-PAGE)

A7 A Z&ell ofall 2 277 cnjEE] 2%
Hog chilAg ghlgt Ay} wE Ae]Fol el 2
Aol vhehdA] epstekFig. 1). Abdlel BAIgle]
2E bl FE-Eoll4 myosin heavy chain (205 K)
7} actin (45 K)o] F#8}A vlebt, creatine phos-
phokinase 2 |58 4 9l= 97K ¢} o} W =)= oF
2 60 K, 56 K2| #l =2} troponin (Tn)-T (37 K), myo-
sin light chain (25 K, LC-1), Ta-l (24 K)2} Tn-T (20
Kye &eld =+ 9ldct. 8k, myosin %o B g
o] 274t 0.5 o] AH o R okelx gla, B AY 2F
o] z7lo] o] 27 % 058 7] wF FHAT

205K

116K

97.4K

66K

45K

29K

M 1 2 3 4 5

Fig. 1. SDS polyacrylamide gel of proteins extracted
from meat preblends at different levels of presalting
conditions. Lanes marked M are molecular weight
markers. (Lane 1: 0%NaCl, 0%STPP, 0%PP, Lane 2:
4.5%NaCl, 0%STPP, 0%PP, Lane 3: 9.0%NaCl, 0%
STPP, 2.44%PP, Lane 4: 0%NaCl, 2.5%STPP, 2.44%
PP, Lane 5: 4.5%NaCl, 2.5%STPP, 4.88%PP).
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SIS 20l ZFelE Aoz 4rhech B 2
Z A o] tFF 4] Paterson 5 NaCle] &%
2 01 Mol 1 M7AX] 27441700l wheh 9-5e] 24
Hgugol o go| 329cky a2, Offers)
Trinick™-2 E-8-2] U4 -fhA o] &0l NaCl 5
T 0.6 M~1.0 M®) 220] 0.6 Me]3} 5% ¥} o &
FA-olgty ¥ w3t
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