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Abstract

This study investigated the effects of sodium chloride, potassium chloride, potassium lactate and calcium ascorbate on the
physico-chemical and sensory characteristics of sodium-reduced pork patties. Pork patties were prepared in 4 ways: T1
{(control, 1.0% NaCl), T2 (0.6% NaCl, 0.4% KCI}, T3 (0.7% NaCl, 0.3% potassium lactate) and T4 (0.7% NaCl, 0.3% cal-
cium ascorbate). The pH, cooking loss, total plate counts, TBARS (2-thiobarbituric acid reactive substances), surface color
(L, a, b) and sensory characteristics were evaluated. The partial substitution of NaCl with KCI and calcium ascorbate
decreased the cooking loss and TBARS values, and enhanced microbial stability. The partial substitution of NaCl with
potassium lactate significantly decreased TBARS values and enhanced microbial stability, but significantly increased cook-
ing loss compared to the control after 1 and 4 days of storage. However, the surface color and sensory characteristics were
not affected by any of the treatments.
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A Fe I V) wjEe] A8 0dlA 2%
oA AMESlaL 1O k(Nielsen et al, 1995; Tseng et al.,
2000), F-E9) 3 SAFNA NaCl) A 58 1%
o} v $-218k drtH(Ruusunen and Puolanne, 2005).

Gelabert 5(2003)2 28 AAA] NaCl(2.6%)2] YH-
& KCl, potassium lactate 18]1L glycine® & Z}Z} 10, 20,
30, 40%% thAlEte] NaCle] H71ekE Eolaal a4t
o] Aol o3k wAYE g S FRE S 2l
21}, NaCle] 371 tlH] KCE: 40%(1.04 g), potassium
lactate®} glycines Z+2F 30%(0.78 g)9F 20%(0.52 g) ©}4
o A B9 #ed 549 v 247 EAE
itk Buslgoh. Cheng 5(2007)& NaCks KCIZ 25,
33, 50% o2 212} 0.5, 0.66, 1 g8 & i) 3598 ul
=5 el H4xe SA% 7831 TBARS(2-thiobar-
bituric acid reactive substances)= 7ZFA-3}Q o1}, WAL o}
pHollE Q3kS F2] et 31tk TanT Shelef(2002)
= Ws 2 ¥ B3 E89A sodium lactate?} potassium
lactateZ 2%(2 g) =02 H7VsPA wjAEe] A3 o
Al &77} 913, NaClFt 87 Efste] AR d=o
2 AT w1 AEe] g AAsket Aol
1 Bastgoh. ] A9 3 $(2006y2 NaCl sodium
tripolyphosphate 8210 2 ulglyje|= A3 =5 F4le
F4 5ol B3 dFolM NaCl(10%)9] 9= ARSET
NaCl(10%)3} sodium tripolyphosphate(3%)2] & §HAl-8-o]
Ve AEE foHoez B a AFe) 2447 pHeF
& 183 BFEs fFYHeE Aty Bt
(p<0.05).

mehA] B AT 17 A AY =5 g s
#8ll A7IE= NaClg KCl, potassium lactate, calcium
ascorbateZ 27} 40%%} 30%, 30%E thAEHE W =5
sjeje] olslehy 547 s F4d viXe e ¢ot
Bzl AAEH

Mz 3 Yl

ME AE ¥ HE Hx

2 A% A8 A9 =5 el Table 19 wign)
£ ulee g Azt ddHes f5E5 e HA
S M. longissimus dorsi)®] 11719} AR Helgt 5 Z+
7% 3mm SHOlER EH3Ith BT AHS 825%
th8] NaCl 1%, B-pepper 0.3%, €455 10%E Wil 30%
7F 12 £33 % ISP 0.5%F A%5%, Olive oil 0.5% 2
Carageenan 02%S 9 H 30%7F 23 E3}1 2cm F
Az HEE AFste] UIRTHTL, NaCl 1%)E skch A
2 e dE&Te Hpdy 2 ks sdsh sisle
™ NaClo] ##he st Aot Agd2s
T2(0.6% NaCl, 0.4% KCI), T3(0.7% NaCl, 0.3% potas-

Table 1. Experimental design for examination

. Treatments
Ingredients(%)
TV T2 T3 T4
Pork ham 825 825 825 825
Fat 5.0 5.0 50 5.0
Olive oil 0.5 0.5 0.5 0.5
ISP 0.5 0.5 0.5 0.5
Carageenan 0.2 0.2 0.2 0.2
NaCl 1.0 0.6 0.7 0.7
Na(l KCl - 0.4 - -
replacement Potassium lactate - - 0.3
Calcium ascorbate - - - 0.3
B-pepper” 0.3
Ice/water 10.0
Total 100.0 100.0 100.0 100.0

D'T1 : control, treated with 1% NaCl, T2 : treated with 0.6% NaCl
and 0.4% KCI, T3 : treated with 0.7% NaCl and 0.3% potassium
lactate, T4 : treated with 0.7% NaCl and 0.3% calcium ascorbate.
P ISP : isolated soy protein.

3 B-pepper : Black pepper.

sium lactate)®} T4(0.7% NaCl, 0.3% calcium ascorbate)®
NaCle] 485 A8l pattyE A|=23 & 0°ColA A%
A Aol ARk

pH

pHE AlE 3g2 575 27mL$ €74 Homogenizer
(T25B, IKA Sdn. Bhd., Malaysia)Z 13,500 rpmoﬂfxﬂ 102
¢ A 3 5] pH-meter(8603, Metrohm, Swiss)2 =73}
.

7tz

AlEE 200°C A7) E(TG 101-E, Fri-Jado Inc., Nether-
lands)oll Al HFH 9024 7hgsle] 23 & [(7FE A A
T A -71E8 T A8 FAWIE A AR FA 10019
Heog 7t ¥ IS ALttt

& 0|42 (aerobic plate counts)

AlE 10g9) 0.1% ZES 90 mL(peptone: Difco Labo-
ratories, Detroit, MDE & H 28 ¢ 2Eu}7(sto-
macher 400, Seward)E o835} AlFES £&519th &
£9 892 HEFE o3t HHsH 84T H, plate
count agar(PCA, Difco)oll &3l 37°Col A 247 7F vl
& A8t o] W & HAESFE Log CFU/gE 7|53}
Ao

XA Lst
A& A8HE Buege$t Aust(1978)2] ol o3l AlE
5 goll butylated hydroxyanisole(BHA) 50 uL®} S/ 15
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2 Hryste] A F AN 1 mLE A T ¥
3 7)ol 2 mL 2-thiobarbituric acid(TBA)/trichloroacetic
acid(TCA) B89 Yol &3] &3 v, 90°Ce]
oz 1587F Gxla)s T WAAA 3,000 pmol
A 1087 AR, AAEHT /\LE'LA o
< 531 nmolN FBEE S5t FFE SR 5.88
< F3l TBARS7IE A4 oluf TBARSE mg
malonadehyde/kg® 2 A3

4

2.2 Chroma meter(CR-400, Minolta Co., Japan)& A}
/3t CIE L(3E, lightness), a(% A=, redness), bgk(3
AT yellowness)yS 93] ¥HE- Sl FAISIRIL, F4
ZAo] AHEE EEMER Mgk Y=93.9, x=0.3131,
y=0.31932.2 3}ar}.

s 54

HeR7Re JteAR U8 WHoR 71EE ABE
Z Fad S d 108e AT
9d HA=Wez drERen,
&, odle e FAY dge= A, ?:,\ 735, o),
EAT AA7 55 sl Hrlslach

SHEN

ope] Aol BolH A= SAS(1999)°] GLM(general

linear model) W o2 B3935 Az H
Z 98 Duncan®] Multiple range test’} o] Q&’i‘jr

R

pH, cooking loss, & O|¥&<, TBARS

NaCl& KCI(T2), potassium lactate(T3), calcium ascor-
bate(THES] HAl7} &5 siE]e] pH, 7FE4E, & v

2= 2 TBARS Ztoll =l 43RS Table 2004 B= wf
o} Zt},

pHE A% 2719 HET(T2, T3, TA7F 7l His}
o fojFos F& e UEMITHp<0.05). AT 1ol
= 129} T3 Xl 77 22k 5759 5.74 T4 A2+ 5.71
o mlgly EL Ao ot FoHQl Aol e
A7 gdAo T ole} ARG Aol UTt A7 713kl wh
2 pH W3k= T4 Aol BE 73l Z2A fejde
2 Z7lske 222 YO (p<0.05), T29F T3 A2l
INE A% 4 ol sWAA FeHeE ST
(p<0.05). TE 2T A% A7 PRkl BE Aol
JERGA 2skh ol Cheng 50070 S5 FElo]
NaCl 371 & 98E KCIE ZH2} 25(0.5 g), 33(0.66 g),
50%(1 g) FEo =2 A slAE o =% el pHel 9
&2 pix|R] Fton A7 FAT ztol7t AT
Hye} thh t}E g0 2 KC(I, potassium lactate, calcium
ascorbate®] tiHlE 5 el pHe| FEFE WA= A

Table 2. Effects of pH, Cooking loss, Total plate counts and TBARS values of sodium-reduced pork patties with different treat-

ments during storage at 0°C

Storage (d)

Items Treatments
1 4 8
TV 5.67+0.03° 5.75+0.04 5.73+0.06°
q T2 5.75+0.018¢ 5.77+£0.028 5.85+0.024¢
p T3 5.7410.0182 5.74+0.028 5.86+0.017
T4 5.71£0.01¢* 5.80+0.05% 5.89+0.014°
Tl 16.64+2.23% 14.20+0.23° 16.93+£2.022
T2 14.59+1.648° 14.0120.36%° 17.11£0.47%
Cooking loss(%) o A . : B ’ B
T3 20.94+0.8643 16.83+0.808° 18.06x1.165
T4 15.35+1.36%° 13.52+0.165° 14.20+£0.254B>
Tl 3.77+0.01 3.84+0.0388 4.01£0.03%
Total plate counts T2 3.53£0.07%" 3.57£0.08" 3.83+0.04%°
(Log CFU/g) T3 3.63+0.06%* 3.740.025° 3.90£0.074°
T4 3.53+0.09% 3.67+0.01%° 3.85+0.034°
T1 0.50£0.13% 0.55+0.005¢ 0.70+0.02"*
TBARS T2 0.48+0.05* 0.49+0.03° 0.560.02°
(mg MA/kg) T3 0.45+0.028¢ 0.44+0.035° 0.5420.024°
T4 0.31+0.02¢% 0.38+0.03B 0.52+0.024°

DT1 : control, treated with 1% NaCl, T2 :

treated with 0.6% NaCl and 0.4% KCl, T3 :
lactate, T4 : treated with 0.7% NaCl and 0.3% calcium ascorbate.

treated with 0.7% NaCl and 0.3% potassium

A€ Means with different superscripts in the same row significantly differ at p<0.05.
*bMeans with different superscripts in the same column significantly differ at p<0.05.
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7FE7EE A7 717F Akl 2A T3 A7) 2T
(THsH T2 AZT-E(T2, T4l HlIsk] =4 U &
3] A7 197 49 T3 AT U7 g2 HgT
=(T2, T4Holl HIgtd FoJHo 2 &2 AFS HYY
(p<0.05). §HH T29} T4 AH2Te A7)t Hdlel] 23
T3 279} th2F(TDo B8 v 73S BHoy &
o1 Aol= AT

T PAESE AR 717 Al ZA A2aNT2, T3,
T4y} tizTol] Hlgte] Fo)Hoz v Yeht(p<0.05),
KCl, potassium lactate, calcium ascorbate®] A7} =%
sele) A E 4EE ARl F= Aoz AdEA
Gelabert 5(2003)2 &d AA)R|oflA] NaCl(2.6%)S KCl,
potassium lactate 12|31 glycine® 2 Z+z} 40%(1.04 g)X
A SRS A W& 5 KCI1F glycine A g)TollA &
AEFY] FoHQl 78 Bl 3o (p<0.05),
B dAFolA KCI19 AHrb gz Hlste] folHo
2 ol Aold A¥E BYth Tan? Shelef(2002)=
potassium lactate®] lactate”} ¥ & 4] =52 njdE
33g AABl Fohar 81901, Knock S(2006)% lactate
o] AR beef rip steak®] HAYE BFS dAste] Fob
a1 e} SR B Aol A= potassium lactateS 3]
gk T3 AEFollA A7 717e] Aol wet 40 &
71 B tHp<0.05). ©]Z-2 potassium lactate®] H7}o]
0.4 g(04%)Z 1.5 g1.5%)°N A 2g2.0%) =22 283t

£ A0l Higte @3ty] il Aoz AdE Tk

A& T A A5 HEE AREI JlE TBARS 3
< AZ7|1ZE Al A Z2(TH7} A7 7-5(T2, T3,
T4l vt =4 Jephddh B3] A3 4U3 8doj of

ZTTH7F A5 vt fojdoz w4 veht
(p<0.05), KCl, potassium lactate, calcium ascorbate®] thA]
= <% HEH9 XA A Ao =8 F= Hew 3
S AT T3 Aol A A% 49 0.44(mg malonaldhyde/
kg), 8¥oll 0.542 742l Z7IE B (p<0.05), potassium
lactate®] A= A7 271 49712 AA A5 A3}
At 2 0]%9] A= wokgt Aog FHET T4 X
g7 A A% 27) gE AHeFEd vigte felFo
2 92 TBARS FA5 HQl §hH A3 7|zke] A}
w2} o129l xfolE Kol F71FATH(p<0.05). Calcium
ascorbate®] A7} O-2 X)+S vt AR 27] A
A At A 2go] AT A 7179 Aol gE |
2 FEAEY FHe v HEFE vigte HojAe A
° 2 FAHAt vhE T2 X2t A AR 7174 A
Fto] @& TBARS T2l 53] zlolg Ho|A| gro}
AR F AR e JA F= At e A=
FAE T} Cheng 5(2007)°] =% e}l NaCl2%) 5
YREZ KCIZ 212} 25%(0.5 g), 33%(0.66 2), 50%(1 g) 5
o8 A e Wl A 7)o HEFNaCl 2%)°)
H]gtd 50% thA|T(NaCl 1%, KCl 1%)lA fFodgoz
22 TBARS S WSO H(p<0.05), 25%(NaCl 1.5%,
KCl 0.5%)9} 33%(NaCl 1.34%, KCl 0.66%) & 59
2 zto]7t Itk Basle] 0.4%(0.4 g)o] thATte 2%
AA Aste] oA BHE Bl £ A7) o o A
< Ho FF KCE 7 2 H Aol i m7 4
Fol B8 & RO AIEHU

S Al
|4

NaCl€ KCI(T2), potassium lactate(T3), calcium ascor-

Table 3. Effects of L, a and b of sodium-reduced pork patties with different treatments during storage at 0°C

Storage (d
Items Treatments ge @
1 4 8
T1V 53.81+2.24B 54.92+0.71°8 57.67+1.80"
L T2 56.68+3.14 55.30+1.23 58.48+1.29
T3 57.51+0.60® 56.69+1.028 59.05+0.42%
T4 55.75+1.05 55.3120.83 56.87+1.23
Tl 11.40+0.33% 10.67+0.35%° 10.68+0.328
. T2 11.35+0.314 10.18+0.62B4® 10.28+0.338
T3 11.79+0.28%4 11.09+0.1282 11.000.29®
T4 11.89+0.122 10.82+0.258 10.2720.518
T1 7.77+0.38 7.40£0.26 7.88+0.09°
b T2 8.11+0.61% 7.39+0.478 7.66+0.215°
T3 8.19+0.14 7.89+0.48 8.05+0.35%
T4 7.98+0.514 7.74+0.4148 7.15+£0.075°

UT1 : control, treated with 1% NaCl, T2 : treated with 0.6% NaCl and 0.4% KCI, T3 : treated with 0.7% NaCl and 0.3% potassium

lactate, T4 : treated with 0.7% NaCl and 0.3% calcium ascorbate.

ABMeans with different superscripts in the same row significantly differ at p<0.05.
*>Means with different superscripts in the same column significantly differ at p<0.05.
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Fig. 1. Sensory characteristics of sodium-reduced pork patties with different treatments during storage at 0°C(A :1d,B:4d,C
: 8 d). T1 : control, treated with 1% NaCl, T2 : treated with 0.6% NaCl and 0.4% KCl, T3 : treated with 0.7% NaCl and 0.3%
potassium lactate, T4 : treated with 0.7% NaCl and 0.3% calcium ascorbate. Saltiness, Bitterness : 1 = not present, 9 = very
intense. Hardness, Flavor, Juiciness, Overall acceptability : 1 = very bad, 9 = very good.
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A2 717ke] Azl ulet A2 Ade Agellen,
A% 8dell T4 ATt i&2HTD9 T2, T3 A7
Hlgte frojFHog v FATE B AT (p<0.05). BEY)
A T29} T4o) A AR F AL X3 v Faso
A dIZHTHH T3 A2FelA 8e FA4 9

Cheng 5(2007)°] NaCl & YH-E KCIZ 33%(0.66 g)
o} 50%(1 g) o2 YA S19E o AR 27 =8
He]e] Mz ol STl g ZF(NaCl 100%, 2 g)ol ¥
st FrolFoz Wglom(p<0.05), 25%(0.5 g) T A&
9] ZA-fo] T AT el B, HNE aejn
A% Zholl #9134 o)} gldlrkar st o]
B AFollA KCie) thA] 75 40%(0.4 g7t AR 27 &
Aol g TR Aethe FAY AR AR
R} S0 9ekg XA gv ¥ oA NaCle] 3
7V S E0|2 KCES giAZt 7 & ez wd
HAh

s 5

NaCl& KCI(T2), potassium lactate(T3), calcium ascor-
bate(THES] hA7F = HEle] s S0 rixle 3
&R Fig. 1914 B wie} 2t}

Aok AR 4UA7EA] (T ARlT-E(T2, T3, T4)
Atolo] frold ztele gl A% 8ol dx(TH%t
T4 A2 77} 242} 5209 4298 T4 277t felHew
2 JETHp<0.05). AA7|E e A7 49 27
(THY T2 A2l vlgte T4 A7 FoHoz =
& 7155E RAGE<0.05). 22 TR, 1), A%
2 2ot {932l zhole gl AoE UER}, NaCls
KCl, potassium lactate®} calcium ascorbate© 2 thA] 3}
& W IsF BN & TS vAA = AeE d
= At

Gelabert 520030} 28 AAlAA NaCl(2.6%)yS KCl,
potassium lactate 18]I glycine® 2 Z}Z} 40%(1.04 g)¥)
Wrhad Eojsh 2A70) BAZ ol|E 4 Sloke B
o= e Zgollem, Hand 5(1982)0] NaClE KCIZ
thAsted Az A7 E52 roasting A TET 23
ol WstE Fx| goul, olHE ikl 71sgde ¥
ojzgle HRle] Hrhe Aol thh Ajolrt e AL
2 Yeid, M9 =8 dElelA NaClE& KCl, potassium
lactate®} calcium ascorbate® Z}zZ} 40%(0.4 g), 30%(0.3 g,
30%(0.3 g8 A7} 7hesiu, 2 o) Aristat & u
= oA gk HESF 38 3 AoE AREEHUTH

2 %

B d3E= =S g AR A #H7MEE NaCly] 9Bs

KCl, potassium lactate, potassium lactate % calcium

ascorbate® ZYZF 40%, 30%, 30% hA|S}59S W =5 o)
E]9] o|g}sld EAz Be 54 vAe TS 73
A A8 NaCls KC13 calcium ascorbate® T A
39E W Azd =5 e /MRS Folun A
rele} viAEe] AAE dAlEi e, A A 54
v FEE vIAA] R AeE vt ol A
EAY $AEY AL A NaCle] A2 KCi#
calcium ascorbate®] Alg-o] 7158 Aoz ATEc) 3}
A9t potassium lactater= |2 Akstol w|AE2] 44 oA
B} JJSL ST T2 B Je T4 G
vk, 7hEzko]l A 279 4ol viETe thE A
ol vl3 Fodo 2 EA YERY NaCle] giAjAZ A}
Bo17] HMe Hrbde Y oot e FeE A
FEH
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