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Abstract 

This research aims to study the production of Low salted fish from Pangasius by 
substituting sodium salt with potassium salts in salted fish . Effects of salting and drying on 
the changes in physicochemical properties of salted fish were studied. The results showed 
that dry salting and brine salting by substituting sodium salt with potassium salt at different 
salting times and temperatures have aw 0.85 as standard. Salting conditions affect protein 
degradation effected on texture, microstructure changes and color as redness index of 
salted fish especially, salted fish with Long salting and high drying temperature. Substitution 
of sodium salt with potassium salts affected sodium reduction in salted fish. Drying at 60 
degrees Celsius has a higher rate of humidity reduction when compared to other drying 
temperature. The drying rate of the sample was highest during the first 2 hours of drying. 
Water diffusion coefficients increased as drying temperatures increased. The value is 

2 
between 0.0015-0.003 em /h. Salt diffusion coefficients decreases with the decrease of 
sodium salt. Response Surface Methodology (RSM) was used to determine optimum 
condition for Low sodium-salted fish production. Box-Behnken experimental design was 
applied to optimize the ratio of sodium chloride to potassium chloride, salting time and 
drying temperature. The results showed that these three factors affected sodium and 
potassium content. The experimental data obtained were fitted to quadratic equation 

2 
because it showed high coefficient of determination (R > 0.90). The 3-D response surface 
plot derived from the mathematical models was applied to determine the optimal 
conditions. The optimum extraction conditions were as follows: the ideal conditions for 
brine salting are sodium chloride to potassium chloride at ratio of 60:40, salting time at 12 hr 

and drying temperature at 58 °C and for dry salting are chloride to potassium chloride at 

ratio of 60:40, salting time at 22.62 hr and drying temperature at 48 °C. Under the optimal 
condition, sodium and potassium content of dry salting were 3.50 and 5.90, respectively and 

-. of brine salting were 3.56 and 5.11, respectively 



; 

' 'IJ 

6'111\Jqj 

?111'lTqJm11\l 

?111'lTqjfi1'V'l 

'U 'V1 Vl 1 'U 'V1 '111 
d 

'U'Vl'Vl 2 

'U'VlVl 3 
'U'VlVl 4 

5 
' "' "' bBn?I11B1\IB\I 

m11\l b tJ'U b VltJUr n\1 b 'U'U\ITU 
' 

[6] 

[1] 
[2] 
[4] 

[6] 

[7] 

[8] 
1 
4 

10 
13 
36 
37 

40 

47 
48 



1 
2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

(Water activity, aw) 

L * a* b* redness 
' 

brine salting 

dry salting 
II "" ' f)LJ bb 

brine salting 

I , , 

bb bb tJtJ dry salting 

I ' ' 
111 ru 1 Yl bb b 66 EJ 11 bb"' 1 b EJ 11 "1.1 tJ"' 1 ?111 EJ vi' 1 b 11 bb tJ tJ dry 

salting brine salting 
?111 1 Yl bb 'VI?! b 6i1EJ11 bb"' 1 

m1vi'1 n'U 

dry salting brine 
salting 

"' 'Vf'U1 

12 

21 

23 

24 

25 

26 

27 

28 

29 

30 

33 

[7] 



; 

cl 
.f11VfVI 

1 

2 

3 

4 

s 

6 

7 

8 

9 

10 

11 

rh water activity dry salting (D) 

brine salting (B) 

100:0 80:20 60:40 60 -B'11:w.:t 

d ry salting (D) 

brine salting (B) 1 

100:0 80:20 60:40 60 i11:w.:J 

dry salting (D) brine 

salting (B) 1 100:0 

80:20 60:40 60 -B'11:w.:t 

L tJt.lbL Lb Lb 'U'U dry 
salting(DS) brine salting (BS) 

1 100:0 80:20 60:40 40 , 'U 

dry salting 

(DS) brine salting (BS) 

1 100:0 80:20 60:40 SO , 'U 

L tJt.lbL bL 'IX.:ttlmii111 LL 'U'U d ry salting 

(DS) brine salting (BS) 

100:0 80:20 60:40 60 , 'U 

dry salting (DS) 

brine salting (BS) 1 

100:0 80:20 60:40 40 , 'U 

" dry salting (DS) 

brine salting (BS) 1 

100:0 80:20 60:40 SO , 'U 

dry salting (D) 

brine salting (B) 1 1 1 
100:0 80:20 60:40 Viaru'VIfliJ , 'U 

(water activity, aw) 

Lb'U'U dry salting (DS) brine salting (BS) 

1 100:0 'VIlJflt.l1t.l 12 24 36 48 

Bt"\J'\II[IlJ 40 (a) SO (b) 60 (c) , 'U 

Lb bb 'IX.:t"1la.:ttlmii111 tJ bb 'U'U dry 
salting brine salting 'VIlJflt.l1t.l 12 24 36 48 -B'11:w.:t 

1 100:0 (a) 80:20 (b) 

60:40 (c) 

[8] 

... 
'\11\.!1 

14 

14 

14 

16 

17 

17 

18 

18 

19 

19 

20 



d 
.f11W'VI 

12 bb vd"1Ja\l bb bb 'U'U dry 
salting (DS) bbfl::: brine salting (BS) Vll!m.nu 12 24 36 bbfl::: 48 i1Lll\l 

fl11llb hvl19ia 1 'Y'nb hvl 100:0 (a) 80:20 
(b) bbfl::: 60:40 (c) 

[9] 

"' 'VI'U1 

20 



d 
'U'Vl'Vl 1 
u'V1'111 

1 

1 n:ff'U eJ 1"1l 1 
q 'tl q 'U 

(He and MacGregor, 2003; Obarzanek et al., 2003; Matthews and Strong, 
" 

2005) hr1l\>l h rl'W , " , 
1 3 1r;l nn1V!'UI'I r111lJ 1 'Uel1V!11 

" 
"lleJ?f ndJ 1\>ltJr;l1 , " 

2552) , 
b 10 

" " 
773 11tJ 

'U 'U , 'U \J 

2410 11tJ (www. Bryancavesemimar.com) 
tJm 1 1 vh 1 (water activity, aw) r;ll'!r;l'l1 hJ 

" 
(lsmil and Wootton, 1992) "' , , 

1 tJlJ;s\l b u'U1 \>1 (I 1 b tl'U \>ltJr;)1 'U e1 nliJ 1n bn e1 1 "ll , 
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(DM)/hour (h) 1 'W"Ii1.:! 14 i11lJ.:Jbb'jfl"UB.:Jfl1'jvJ1LblX.:J 40 0.15 
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ri1 hardness cohesiveness 

" 
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' 

b"li'W 
' 

a b tl'W bb tJ"l 'Wil-;u-;uu'U ' 
1 1nmlJ tJlJb dmr\?11 tJ1 ' 

1'\.J b"li'W bbftlJ ' 
en-;uiJ m1 b CJ'Wbb ru41 bb 3 bb 'Wl'V11.:J 

' 
bbn 1) m1 an1 1 bb n'U tJlJ 

' 
1 2) f11':i 1 off611':ib '1 b 

1 3) f111U1'Ub 

1 1 1 

m1 n1 off a 1 bb 'V161 b tl'W bb 'Wl'V11.:J a b 1 off'Vl bb m1 1 off a 

1 b U'Wbb iJ'U'Vl'U1'VlG11Rqj 1 'Wf111"1il tJ 1 

b"li'W b da n11?11 
' ' 

(hyperacidity) 
1 1 h ' 

1 1 1r1 

1 2554) Asche rio et al. (1998) 

':i1r1.:!1'Wl1f11':i 1 1 1 40-7 5 tJ 611lJ11CJ"Iil tJ 
' 

30 % 14 1'\.J 
' ' 

fll':i 1 4. 7 1Ji'1'U 1 

1 1 1 ' 
b"li'W erthtJ hJ611lJ1':iel 

1 bb 1 1Jl v111 bb 'V161 1 tJ 
' 

(hyperkalemia) U1f1 hliJbb':i.:J 

1 (hypokalemia) VlB.:Je.Jf1 

1Ji'1'U 1 bb 'V161 n-J1 4. 7 a 

i''W b bb er b B.:! rl'WeJ'W\?1)1 tJ ( 

2554; "1llJ':ilJiJB.:Jrl'W 1 11"111?1, 2556) 

1 bb 1 

lJ1f1f1l1 50:50 m-;uv111 'WB1'1t11':i (Desmond, 2006) 
(T 1, Nacl 1 00) Ji'1r1 
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(T 2, NaCL 50: KCL 50) (T 3, NaCL 55: KCL 25: CaCL2 15: MgCL2 5) 

1 'WI'i'1eJ (dry-cured ham) 
fl1';JL tJ'U bL LLMlJ 

1 YlLL VI?! 1 aw 1 tJlJ 

aw (Tl) 32 , 
(16 1'W) (60 1'W) 

52 (26 1'W) (Alino et al. , 2010a) 

1 1 aw 
" 

1 fl1 aw 
" 

(Ali no et al., 2010b) 

Blesa et al (2008) 1 
1 offnm 1 'Ufl1'j'VhLfllJ'U1'Ufll1fl1'j 1 VI aw 

1'11'UI'1ll (NaCL 100%) , 



• 

d 
'U'VI'VI 3 

10 

dry salting brine salting 
20 - 25 nm 24 i1111\l 8-10 

48 

9-13 CiJruru, 2556) 121 
"' ' 

(Sankatand and Mujaffar, 2006) 

aw > 0.95 lle:Jfl. (2536) 
'IJ ... 

dry salting brine salting 25 48 i1111\l 

aw 0.85 ... 
1. • 

1.5 fli'n161 '*'Umll"ll11\I'V1'U1 

2 1tJd&i'U Lt11 AOAC 
(2000) aw (Thermoconstanter, Novasina) 
2. vm 

1 

2 

0-60 i1L1I\I 

2.1 (dry salting) 
(dry salting) 25 "lle:J\1 

1 100:0, 80:20 60:40 

2.2 (brine salting) 

(brine salting) 25 

1:20 (Sobukola 
and Olatunde, 2011) 100:0, 80:20 

60:40 

2.3 

dry salting (oVe:J 2.1) brine salting (oVe:J 2.2) 

60 i1111\l o 3 6 9 12 24 36 48 60 , cu , " 

n. AOAC (2000) 

"ll. 1 (AOAC, 2000) 

fl. aw (Thermoconstanter, Novasina) 

(Completely Randomized Design, CRD) 
(Analysis of Variance, ANOVA) 

15 Duncan's Multiple Range Test (DMRT) 

3. • 
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3.1 
dry saltins 2.1) brine saltins 

2.2) 12 24 36 48 

3.2 

dry saltins brine saltins 

40 so 60 1 D1 30 
' ' 

'U1Vl 611V1-r'U 2 ilLl.l\lbb')fl 1 
' ' 

fl. AOAC (2000) 

'V. aw (Thermoconstanter, Novasina) 

r1. V11el\>1')1n1')vl1bb 1 hw 1 ud 
dM 

Dryins rate = dt (1) 

\l. 'U'Llm (Effective diffusivity, Deff) 

m1 (Fick's second law) bb 
' 

1 'U')U bb 'U'U bb (1) (2) 611V1-r'U fl1')bb 
'IJ 

Deff Slope method 

M, =_;I 1 
2 
exp[- (2n -1Y

7
7r

2 
DeJJ' ] 

Mo 7r n=l (2n -1) L-

Mt = ru 

M0 = 

St = ru 

S0 = 
Deff = 

L = 
t = 

(2) 

(3) 

(Completely Randomized Desisn, CRD) 

(Analysis of Variance, ANOVA) 
'IJ 

15 Duncan's Multiple Ranse Test (DMRT) 

4. b bb • 
Box-Behnken Desisn 3 

(NaCl) (KCl) (60-1 oo %) 

02-36 (40-60 1 
' 'IJ 

3 2 1 

3 
' 
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n. Hunter Lab (Hunter Lab Color Flex Model 45/0 S/N Cx-0413, 

" ' 
"ll . Texture analyzer (LLOYD, Model LR5K, USA) 

fl. Scanning Electron Microscope (SEM) 

\1. lon Exchange Chromatography 

"il. 1 CJ 
q q 'U 

-;J1'W1'W 50 rl'W 9-hedonic scale 

9 VI:I.J1CJi.1\l"tle:J'U:U1n 1 VI:U1CJi.1\l 

1:iJ"tl e:J'Um n 

-1 

NaCL KCL (%, w/w): xl 60 
12 
40 

1 o G 
'Wn1';i'V11br1:U (h): X3 

tC) : X2 q 

1 

2 
3 
4 

5 
6 

7 

8 

9 

10 
11 

12 
13 
14 

15 

-1 

1 
-1 

1 
-1 

1 
-1 

1 
0 
0 

0 

0 
0 
0 
0 

Code Level 

-1 

-1 

1 
1 

0 
0 
0 
0 
-1 

1 
-1 

1 
0 

0 
0 

0 

0 

0 
0 
-1 

-1 

1 
1 
-1 
-1 

1 
1 

0 

0 
0 

NaCL KCL 
(%) 

60 
100 

60 
100 

60 
100 
60 
100 

80 
80 
80 
80 
80 
80 
80 

0 

80 
24 
50 

+1 

100 

36 
60 

e:Jfl.!VIf1i11'W m';i 
q 'U 

(h) 

tC) 
12 50 

12 50 

36 50 

36 50 

24 40 
24 
24 
24 
12 

36 
12 

36 
24 
24 
24 

40 

60 
60 
40 

40 
60 
60 
50 

50 

50 



13 

d 
\J'Vl'Vl 4 

..::1 0 c:.: . . .d !J' t.l 4 l.l dry salt1ng bnne salting 25 

60 i11:w,:j 'W'UrJ1 f11 water activity (aw) 
d V .d CV I 

'Vl1bfl:lJ'Vl,:j?f€J,:j bb bfl:W b 1 2 Bm1 aw 
1 'W'1i1,:jfl11Vl:W'n 0-12 i1 1:w,:j m1:w 

'\J 

L .U:w-U''U"'JeJ,:jJ1 11 'U L dmJmv\'11 -U'11 t.J1 'Ub d (?tt.l11ru, , 
2544) salting out 1 1:wm1 

1 1 1 

1 'U'li'J,:jbb ':ifl"'J€J,:jfl11Vl:W'n 

dry salting aw 
brine salting 60 i11:w,:j 1) dry 
salting ,!'UL n\!1fl L dBt.Jm 'U'U brine 
salting dry salting brine salting 

dry salting aw < 0.85 
c::r. Q.l d q Q.l 0 c:.: 

brine salting 
dry salting brine salting 

2) aw 
1 1 Jittinandana et al. (2002) 

11 CJ,:j 1'U fl1 ruJ11 'UUm b 'Vl11"1i1:Wf11'U b b oU:WoU'U"'J €J,:jJ1 €1 CJ L 1m fl1 ':ivl1 
C: c::a,Q 0 • I I I i.l' I Q.J d 

Lfl:W 1l5fl1':i'Vl1bfl:WLL'U'U dry salt1ng brine salting 
'\J 

f1d 1:W fll'i 1,:j"'J €1 €1?1 ,:j\J L 1 fl t:.J fl1':i L €1 €1 CJ L 1fl1 fl1 ':ivl1 

3) aw 1 2) , 
dry salting brine salting 

Bellagha et al. (2007) 

dry salting brine saltino , '\J :;, 

vhn'U 1 i 1 1 'Wbb 'VI?! b;CJ:Wflfi€1 1 

fl1':ib 1 



1.000 

0.950 

0.900 
<{ 

u 
1;; 0.850 
!1: 

0.800 

0.750 
0 20 40 

salting Time (h) 

60 80 

14 

--0100 :0 

-4- 0 80:20 

-..- o60:40 

-8100:0 

- 880:20 

--860:40 

1 fl1 water activity dry salting (D) brine salting (B) 
1 100:0 80:20 60:40 

60 off11lJ'l 

85.00 

80.00 

75.00 

70.00 

i u 65.00 

60.00 
·5 
:E 55.00 

50.00 

45.00 
0 20 40 

Salting lime 

60 80 

--0100:0 

-4-080:20 

-..-060:40 

-8100:0 

- 880:20 

--860:40 

2 dry salting (D) brine salting (B) Vi 
1 100:0 80:20 60:40 

60 off11lJ'l 

18.00 

16.00 

14.00 

12.00 --0100:0 

10.00 .. -4-080:20 
c 

-..-060:40 0 8.00 v - -8100:0 ii 6.00 II) 

4.00 - 880:20 

2.00 --860:40 

0.00 
0 20 40 60 80 

Salting Time 

3 dry salting (D) brine salting (B) 

1 100:0 80:20 60:40 
60 off11lJ'l 
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2. 
' 

b i'J'U fn'jvl1bb fn'j'Vhbb dry salting 
bb'U'U brine saltine 40-60 nm 12 24 36 48 -B'11l.l..:J 

::. ' 'IJ 

B 1 'UtJm (Effective diffusivity, Deff) 'V!1eJ\91'j1fl1'jvl1 . ... . 
bb "tJ f11 l.lVi ?In 11 m 'jvl1 bb 1?1 1..:1 "l f1 m ';i 1 b i'J'U n1 ';i'W'U'.h fi 1 1'11 -v 1..:1 f1 V1 fl..:J bii -v 

4-6 dry salting ii 

brine salting fl1'jvl1bbVI..:Jbb'U'U dry sating 
'IJ 

rKl.ler?fn'U -v 1V'ICJ n l'l1 -v 
'IJ 

vl1bbVI..:Jbb'U'U dry salting brine salting 
b -iJl.l-iJ'U"tJB-.:1 1 -w bb 7 -9) bb 

b -iJl.l-iJ'U"tJB-.:1 -v 1 n11i1eJI'l'j1fl1'jvl1bb 
'IJ 'IJ 'IJ 

1 Hofmeister series 
1 1 1 1 1vv'U (K +) 

'IJ 

fl1'j b?f CJ';i 1fl'.i..:! 1 tJ fl111 "'! CJl.J 1 BB B'U ( Na +) bfl b b?f CJ 'j fl 1'W"tl B-.:1 1 e.J flvl11 Vltl 1 
'IJ 

1 1 

(clathrate structure) v\'11 m CJ1 'Vl vftl.J b 
' 

1 'YJUflfl1CJ 1 'U 1l.lbflflfl b b w;hJ'U m 1 'U?ffl1'W 
' 'IJ 

(surface tension) "tlv..:Jtl1 fn';ibUV'll'i'1 

BBfl"tlB-.:1 1 1 2549) 1 

1 ci1'U1BBB'U Na + 1 K+ 
'IJ 

1 v\'11 1 

1 tJ bb b UV'll'l1v v n-J1 bfl 1'1 "il 1 n fl1'jfl V'lfl..:J"tl m bbfl m1 fl1'jvl1 bb 
'IJ 

1 'W bb 'Vl?f b -iJl.J-iJ'U"tJB-.:1 1 'W bb b b 1m 1 'Ufl1'j 
OC:0:1VI I I V 0 II .c:::, 

'Vl1 bfll.J f1 \91 B fl1'jf1(;1fl..:J"tl B..:Jfl1 fl1 1l.J"If'U fl1 aw bbfl B \91 'j1 fl1'j'VJ1 bb fl1'j b b1 f11 fl1'j'VJ1 bfll.Jl.J e.Jfl 

"li1 m fl1'jvl1bb fl1'jvl1 bb nv 1 VlbnV'lfl11l.l bb\91 
' 'IJ 'IJ 

1-v 1 'UB1'V!1'.i?f..:Jfl11m'j'Vl1bb (i1fl, 254 7) fl11l.l bb\91 
'IJ ' 'IJ 

tl1vBfl"il1flB1'Vf1'j 60 
' 'IJ . . 

50 40 (fl1'WVi 7 -9) eJI'l'j1fl1'jvl1bbVI..:J"tJB..:J 
'IJ ' 'IJ 

1 b1fnfl1'jvl1 bb 2 -B'11l.J..:J bb 'jfl VI..:JflV'lfl-.:1 
'IJ ' 

fl1';ivl1 bb 2 Bl'l'.i1fl1'.ivl1 bb fl1'.ivl1bb (falling rate 
period) 1 bb?IV'l..:J 1 Vlb 1 'W bb 'Vl?f b;CJl.l 

VI..:J"tJB..:JtJm 40-60 B..:JI"l1b"'!fl b;CJ?f 1 'U 
' 'IJ 

1'11-v 5n'U aru'V!niJ bbfl b 1f11 n1'.iv\'1 bb a b 1 f11 fl1'jvl1 bb 
' 'IJ 

40 B..:JI"l1b"'!flb;CJ?f dJ 'U 50 bbfl:t: 60 
' 'IJ 

Omodara and Olaniyan (2012) 'j1CJ..:J1'U11fl1'j pre-treatment 
... ... ' 

fl1'jf11fl (0.15% 1111'11fl 1.4 °brix) ( 1.2 °brix) 
v o vd ..:::. • 0 

Bl'l'.i1fl1'j'Vl1bb'V!..:J'V1Bru'V!fll.J 40 45 50 55 B..:JI"l1b"'!flb"'!CJ?f 40-55 B-.:11"11 , 'U , 'U 

b"'!flb;CJ?f (falling rate period) Sankatand 
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and Mujaffar (2006) falling rate period 50 60 
' ' ., 

30 40 constant rate , 'IJ 

falling rate period Sobukola and Olatunde (2011) 
dry salting brine salting falling rate 

period bbii'l1 dry salting brine salting 
(Effective diffusivity, Deff) (Fick's second Law) 

fl1";ibb 'U';i'\.J bb UU bb 1U e.JG'l\\l1 fl , 'IJ 

11 12 
0.0015-0.003 em 2/h 

• 'IJ 'IJ 

'V'lbb 1 b 1 'V'l 1 

1 m 1BBB'U"IJB-:J 

1 B1\\ljje.JG-11 1 'VItJBBfl"IJB'lJ11 'U 

1 2 

2 dry salting 
bbUU brine salting 1 'V'lbb 

b \\l1fl b bb tJ nUU\\l'<il tJ fl11:U b oU:UoU'U"IJB-:1 B 
'IJ 

1 1 1 Vl-:1 

r--
ii .OO 

60.00 

ssoo 

50.00 
.c 
:;:: -tS.OO 
! ; ..a.oo 

35.00 • .... 
JCOO 

25.00 

20.00 
0.0 1.0 2.0 3.0 1.0 5.0 6.0 7.0 8.0 9.0 10.0 

Orvin& tim• lh-) 

,. 
0.0 2.0 1.0 6.0 8.0 10.0 

Oryinftir!W (h.) 

11 
..,._OS.100.0 

-05.80...20 

-OSGG-40 u 

-IISlro<l l! 
-.-as.ao-10 • " - BS.iG-40 

! 
"' Jl 

ii 
.... 
j 

" 
60 

ss 

50 .. 
"" 
" 
30 

2S 

20 
0.0 

25 

20 
0.0 

• 'IJ 

2.0 

2.0 

1.0 6.0 
Dryw'l( hiM (h.) 

1.0 6.0 
Dtytnlh'M (h.) 

8.0 10.0 

8.0 10.0 

_...os.1oo.o 
...... OS.ao-20 I 
...... os.&040 _,()(>.() 

...... DS.I0-10 

-'l$.60-40 

_j 

.fl1'V'l-vi 4 dry salting (OS) brine 
salting (BS) 1 100:0 80:20 
60:40 YiBUJ'VI.flii 40 , 'IJ 



= 

65.00 

60.00 
u 

55.00 

j 5000 
.<!. 
::: 45 .00 

i 40.00 

-s lS.OO 
"li a 1000 

lS.OO 

'lO.OO 
0.0 1.0 2.0 3.0 -1.0 s.o 6.0 7.0 8.0 9.0 10.0 

Drytnc tima jh.) 

65.00 

6000 

u ss.oo 
5! 5000 

i 45.00 
.c 40..00 

15..00 .. 
110.00 

lSOO 

'i 20.00 

15.00 

10.00 

soo 
0.00 

0.0 2.0 '1.0 6.0 8.0 10.0 

DryinJ tJm• {h.) 

-e-05.100-0 

-OS.S0-10 

-05.60-40 

......... 85.1()()..() i 
- as.ao-20 

-DSI0-20 

- 0$60-40 

..... as t00-4 

- 8$.10-20 

6000 

55.00 

5000 

25.00 

20.00 
0.0 

6500 

60.00 

- 8$.60-40 10.00 

25.00 

2000 
0.0 

2.0 

2.0 

4.0 6.0 8.0 
orvmc ttm•(h.) 

4.0 6.0 8.0 

10.0 

10.0 

.....05.100-0 

-'lS.S0-20 

-0$.60-40 

-85.100.0 

- BS.B0-20 

_.aSJi0-40 

......OSlQO..O 

.......-os.W-40 

..-es.too..o 
-as.so.2o ! 
- 8$.60-40 

m'WVi 5 dry salting (DS) brine 
salting (BS) 'Wbb bii 100:0 80:20 

60:40 Vimu'Vlflil 50 mmL'Ilm61itJ?t 
' " 

.l! 
lS .OO 

10.00 

25.00 

20.00 
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

..:. 40.00 

! lS.OO j .. l )().00 

.S lS.OO 
Q 20.00 

lSOO 1 
1000 i 

S.OO 

0.00 

l>ryinc tim• (h.) 

0.0 1.0 2.0 3.0 -1.0 5.0 6.0 7.0 

......-os 100-0 

.......OS.IO..lO 

....-as 100.0 

---as.ao-20 
- 8560.-40 

2S 00 

2000 

6500 

60.00 
u 5I 55.00 

J 5000 

• 4SOO 

-4000 

.l! i lSOO 

1000 

2500 

20.00 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
Drymc tirM (h.) 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
Drttnr tim• (h.) 

--.-os.60-40 
......SS.l()().D 

- ss.ao-lo 
- 85.60-40 

=::::1 
...... os.60-40 

6 dry salting (DS) brine 
salting (BS) 1 bii 100:0 80:20 
60:40 Vimu'Vlflil 60 

' " 

17 
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0.1800 0.1800 ...... ,>S.l00-0 

0.1600 ... DS.S0..20 0.1600 ....... 05.80-20 

d-' ..... [)5_6040 u _._lh6()J10 0 
0.1400 0.1400 ...,_:r:.. l ()()...Q 

.r. 0.1200 .r. 0.1200 --ns.ao-20 -lf<.,.8()..2(i 
N 

j 0.1000 ..... RS.60-10 .c: 0.1000 -BS.60-110 

"' 0.0800 " 0.0800 ... c 

" 
0.0600 B 0.0600 ill 
0.0400 " 0.0400 

0.0200 ... ?>, E 0.0200 j • • • ' "" 2:- • I • 0.0000 c 0.0000 

0.0 1.0 2.0 l.O 4.0 5.0 6.0 7.0 8.0 ?.0 10.0 0.0 1.0 2.0 l.O 4.0 5.0 6.0 7.0 8.0 ?.0 10.0 

time (h.) Dryins time (h.) 

0.1800 -+-n..,_ t!lfl..O 0.1800 -+-DSHX).() 

0.1600 
.... 0.1600 .... !>SR0-20 

d-' -D5.60-'1C d-' ...,._DS.60-110 
0.1400 0 0.1400 

-.... llS.lOO-O .. 
.c 0.1200 .c 0.1200 
"' -ns.ao..2o <0 _,_,r.,_ao..2o 
.... .. 
j 0.1000 j 0.1000 -RS.6MO 

0.0800 0.0800 
E 
:i 0.0600 0.0600 

0.0400 0.0400 

... 0.0200 A 
... 0.0200 i {. 1 c Iii u 1 1 • Iii 

c 0.0000 c 0.0000 

0.0 1.0 2.0 l.O 4.0 5.0 6.0 7.0 8.0 ?.0 10.0 0.0 1.0 2.0 l.O 4.0 5.0 6.0 7.0 8.0 ?.0 10.0 

Dryins time (h.) time (h.) 

7 dry salting (DS) brine salting (BS) 

hl'il'la 1 hl'i 100:0 80:20 60:40 Viaru'Vlnii 

0.180 

d-' 0.160 

5l 0.140 
.r. 

0.120 

j 0.100 

... 0.080 

0.060 

0.040 

0.020 

0.000 

0.0 

0.180 

0.160 

0.140 

0.120 

0. 100 

0.080 

0.060 

0.040 

0.020 

0.000 

I 1 ( 
1.0 2.0 l.O 4.0 5.0 6.0 7.0 8.0 ?.0 10.0 

time (h.) 

0.0 1.0 2.0 l.O 4.0 5.0 6.0 7.0 8.0 ?.0 10.0 

Dryins time (h.) 

..,._ t>S. l()().{) 

- I)S_R0-20 

-a-05(,040 

..-,r.;_l()()...Q 

---lf.:..B0-20 

-AS.60-10 

0.180 

0.160 

0.140 

0.120 

0.100 

0.080 

0.060 

0.040 

0.020 

0.000 

0.180 

0.160 

0.140 

0.120 

0.100 

0.080 

OJWl 

0.040 

O.o20 

0.000 

0.0 1.0 2.0 l.O 4.0 5.0 6.0 7.0 8.0 ?.0 10.0 

Dryins time (h.) 

0.0 1.0 2.0 l.O 4.0 5.0 6.0 7.0 8.0 ?.0 10.0 

time (h.) 

' 'U 

...... ,)5_1()0.0 

---lhfiD-20 

...... f)5_(,(M0 

-ns_ t()(HI 
.....,.US.S0-20 

_ffi,_6040 

-+-OS. I()(}.() 

--IJS.S0-20 
_.,_,)Ci_6().40 

-1\$.80-20 

8 dry salting (DS) brine salting (BS) 

hl'il'ia 1 hl'i 100:0 80:20 60:40 Viaru'Vlnii 
' 'U 
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0.180 -t-1)5.100-0 0.180 ...... IJS. lOO.O 

0.160 0.160 -..osRo-20 
}' -.-r:J<;_60Jio }' ....,_DS.6MO 
0 O.IQO O.IQO "' ..... llS.l(l()..() _._. !iS_lOO-(I 
L 0.120 L 0.120 ......,..IJS.80-20 "' N 
.c 0.100 -1\S.GOJtO ·" i! 0.100 _fi<:,_6().110 .. 0.080 .. 0.080 c: c 

0.060 0.060 
O.OQO .. 

O.OQO .. 0.020 .. .s c 0.020 ;?:> 
0 0.000 0.000 

0.0 1.0 2.0 1.0 Q.O 5.0 6.0 7.0 8.0 ?.0 10.0 0.0 t.O 2.0 1.0 4.0 5.0 6.0 7.0 8.0 ?.0 10.0 
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;?:> 

0.000 0 0.000 0 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 ?.0 10.0 o.n t.O 2.0 1.0 4.0 5.0 7.0 8.0 ? .0 10.0 

Drying time (h.) time (h.) 

9 dry salting (D) brine salting (B) 
biil9iEJ 1 bii 100:0 80:20 60:40 

a 
·if'·---

''·.B\"<"' 

·" i'SO'•' 
<( 

0.1\SM 

f'l.6rfY) 

0.5MO 

0.0 B.O 

Drying time (h.) 

-+-:. u.-
...... ; 2-1-

:-v-
---:. tL-
-.--.. : .. 21-

lJ) 2.1' 

c 

r ?St-"' 

('!,-J.",.".", 

1":75t-" 
<( 

(',_7N:-"' 

1"\_1'._1"!{'."" 

.... 

('1_5(',(V\ 

1/' 

Drying time (h.) 
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en 
time (h.) 

"-./'· 

' " 

_._. . JL-

10 (water activity, aw) d ry salting 

(DS) brine salting (BS) hii\91EJ 1 bii 

100:0 VllJn'U1'U 12 24 36 48 40 (a) 50 (b) 60 (c) 
' " 
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a !'r'Y1S5 b 
<'!.MSt; 

('!t¥'·25 
....... i\C\O·l r";'! 

.f 1","¥'2:1''· --,;: 12 ... 
..§ 1\:':c"t}l''f!'! 

lt 
§ 5 
.§ 
8 " '" I '' o n.""'"'2'""' 

O.'J'J !')() OC\""·5 

f'!·lf"'"' 

41' so 
tempera ture 

Drying temperature 

c 

:,;>. u.-

' ,.. C' ' ' 

sr-
temperature ( •c ) 

11 dry salting brine 
salting 12 24 36 48 off'.l1:W'I 

1 hi! 100:0 (a) 80:20 (b) 60:40 (c) 

l:: o 
I : .:: 

-{)_003 

-{).004 
"e -0.005 
:!; 

-0.006 

-0 .007 

-0.008 

-{).009 

-{) .01 
salting conditions 

mwVi 12 dry salting (DS) 

brine salting (BS) 12 24 36 48 off'.l1:W'I 

1 hill 00:0 (a) 80:20 (b) 60:40 (c) 

vl1 b tJ'U f11".iPi tu.fl1Vl"lleJ'IU 611 f11".i'.l1'1 f11 ".i'Vl Box-Behnken Design 
3 (NaCl) (KCl) (60-100 %) 

1 (12-36 off'.l1:w-:J) (40-60 
' 'U 

61 -u eJ 1 ru tl 1 a ?t ".i 1 'U 
' ' 

0.83-0.85 3 
' 'U .... 
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aw hJbi1'U 0.85 ;'lrh aw 

, v , 

Treatment Water activity (aw) 

NaCL:KCL Time (h.) Temp.(oC) Dry salting Brine salting 

100:0 24 40 0.8484 ± 0.001 0.8494 ± 0.002 

12 50 0.8456 ± 0.001 0.8460 ± 0.001 

36 50 0.8348 ± 0.002 0.8507 ± 0.000 

24 60 0.8343 ± 0.000 0.8385 ± 0.000 

80:20 12 40 0.8505 ± 0.001 0.8506 ± 0.000 

36 40 0.8433 ± 0.001 0.8477 ± 0.000 

24 50 0.8480 ± 0.000 0.8504 ± 0.000 

24 50 0.8488 ± 0.001 0.8514 ± 0.000 

24 50 0.8489 ± 0.000 0.8493 ± 0.000 

12 60 0.8345 ± 0.001 0.8456 ± 0.002 

36 60 0.8396 ± 0.002 0.8456 ± 0.001 

60:40 24 40 0.8458 ± 0.001 0.8474 ± 0.001 

12 50 0.8426 ± 0.000 0.8501 ± 0.001 

36 50 0.8427 ± 0.001 0.8493 ± 0.001 

24 60 0.8407 ± 0.000 0.8421 ± 0.001 

' 'lJ 

(L *) (a*) 
'lJ 

(b*) dry salting brine 

salting 4) 'Wtll1 L* 

1 1 LL 50 
'lJ ' 'lJ 

e:J'II"!Wim 'U11 61 (redness index, 
\J , 'll I 

a* /b*) 'WtJl1 redness index 

myoglobin metmyoblobin 1 1 

ri1 redness Chaijan (2110) 11tJ'I1'Ul1rl1 redness index 

180 metmyglobin 
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(Texture Profile Analysis, TPA) dry salting bbG'l::: 
'IJ 

brine saltino 25 12-36 i11:w.:J 40-
::. ' 'IJ 

60 5 1 

1 hardness 'U'U dry salting bbr;'l::: brine 
salting NaCl:KCl BI'1J1r;i·;ru 60:40 12 i11:w.:J bbr;'l:::vl1 

50 
' 'IJ 

bdaaw'Vliliim"jvJ1 bb bbG'l:::"j:::CJ::: b 1m f11"jvJ1 bb r;:, \91 am "j b CJ'U bb UG'l\I'Zle:J\1 
' 'IJ 'U 

1 m 
17.4 'U1'U 120 'U1Yi iJf'i1 hardness bbG'l::: cohesiveness 

'IJ 

8.7 (Jittinandana et al., 2002) 
L bb t.h.mr;:,::: b wuCJl n-J1 m"j b CJ'Ubb tJG'l\lb 

'U 

tJm b m fn"j bbG'l :::m1:W611:1J1"j(l1 u 
'U 

(Barat et al ., 2002; Jittinandana et al., 
2002) 6-7) 1 

' 'U 

tJ"j1f11l'Yl 1 
d.J' 'U 

8-9) 'W'U11 
' 

bb\>1 n (P>0.05) bbG'l:::'W'U11 ' ' ., 
CJ bb uu CJmn n11 6.5 a 

' 
1 100:0 bbr;'l::: 60:40 dry salting bbr;'l::: 

brine salting 1 bbG'l:::bda 
' 

bb 1 iirt::: bb uu:w1nn11 7 

rt:::bb uu a 1 'W bb 1 oo:o "j::: CJ::: 24 

i11:w\l 40 
1 m"j1 1 1 1 60:40 24 

i11:w\l 40 brine salting 
(7.10) dry salting 

1 'Wbb (6.50) 1 'Wbb 60:40 
12 i11:w\l 5o 

' 'U 
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Cll.JI"lfl B 1 ... W 1 Y'4 bb '1'161 1 m 
nTI/f'U B flbb 'U'U bb 'U B flb 'Uvl'U bl"l'U 3 U ';ij B el 'j1611'U 

f.I:UI"lfl eJ 1 Y'4 bb '1'161 f.I:UI"lfl B nm fl1'j'Yh bA:U fl1'jvl1 bb 
' " ' 

.: 3 15 10 

10 dry salting brine salting 

Treatment 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Dry salting Brine salting 
NaCl:KCl Time (h.) Temp.( 0 C) --------------

K(%) Na (%) K(%) Na (%) 

60:40 

100:0 

60:40 

100:0 

60:40 

100:0 

60:40 

100:0 

80:20 

80:20 

80:20 

80:20 

80:20 

80:20 

80:20 

12 

12 

36 

36 

24 

24 

24 

24 

12 

36 

12 

36 

24 

24 

24 

50 

50 

50 

50 

40 

40 

60 

60 

40 

40 

60 

60 

50 

50 

50 

3.8 

0.84 

4.29 

0.85 

3.63 

0.85 

3.78 

0.97 

4.39 

3.61 

4.59 

3.79 

3.24 

3.66 

3.1 8 

5.06 

9.37 

7.04 

11.72 

6.01 

10.5 

6.12 

10.64 

8.79 

10.41 

9.31 

10.68 

9.38 

8.88 

10.96 

3.64 

0.64 

4.38 

0.22 

3.92 

0.25 

4.09 

0.19 

3.96 

4.09 

3.59 

4.21 

3.96 

3.75 

3.96 

5.54 

8.46 

5.8 

12.2 

5.55 

11.56 

5.63 

10.43 

6.98 

9.42 

6.48 

9.24 

8.29 

8.88 

8.83 

h (R-Square) b U'U fi1ffi .ff'U f1 fl1 'j b f.I'U bb 'IJ bb 

1 ';ij1flt:-Jf1 fl1'ji estimated regression coefficients 
iJfi1 R-Square brine salting iJfi1bvhn'U 0. 9977 0. 9877 

dry salting iJfi1 0. 9721 0. 9 549 1 Y'4bb 

fi1 R-Square 95 
1 tJ'l b 

V11f11 t:-Jfl a'U 6'l'U b fl1'ji 1:u bb 'IJ'j'IJ'j'J'U b u'U B'U bb er'U bb 'IJ 

bb 'U'U-;J1f1 B.:J ';ij1fl fl1'ji bb 1 1 Y'4 bb '1'16'1 b o. 05 
P-value 0.01 1-ff 
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?ll.J n1'.ibb 'U'U -:il1J;\ 1611 EJl.J bb(;i 1 bb 'Vl?l b EJl.l-v 1 1'U n1'.ivl1 bAl.! 1 'U 

m 1 bb bAl.! 1 

1 1 'U 

10 11 
'IJ 

Salting method 

Dry salting 

Brine salting 

K =- 403475 + 0.4794 * Na- 001146 *Time- 002866 *Temp- 000034 * Na
2 

+ 000030 * Time
2 

+ 000030 * Temp
2

- 000005 * Na *Time- 0000 * Na * 
Temp- 0000 *Time* Temp 

Na = - 2308113 + 006859 * Na + 0006521 *Time- 0001625 *Temp- 0000365 
2 0 2 2 0 * Na + 0000013 *Time + 0000039 *Temp + 00000385 * Na *Time+ 

0000* Na *Temp- 0000052 *Time* Temp 
K =-19.4075 + 006553 * Na + 000268 *Time+ 0001425 *Temp- 000044 * 

Na
2 

+ 00000625 * Time
2

- 0000017 * Temp
2

- 0000121 * Na *Time-
0000029 * Na *Temp+ 00001021 *Time* Temp 

Na =- 1003008 + 00195271 * Na- 0007264 *Time+ 00255458 *Temp-
2 2 2 

0000051 * Na - 0000323 *Time - 0000172 *Temp + 00003625 * Na * 
Time- 0000151 * Na *Temp+ 00000667 *Time* Temp 

(lack of fit) lack of fit , 
fl1'.ivl1bAl.lbb'U'U brine salting dry salting iif11 

lack of fit bvhn'U 009685 009571 0.4279 0.4487 0005 ?11l.l1'.if:l?l'.itl , 
bb bb U'.i 1 'U?Il.Jfl1'.i 1m 

1 1 1v1 

13-14 

a 1 b1(;11 1 

a 1 'Vl?l b6iiEJl.Jfl(;la 1 b 1 1 b 

fl1'.ivl1LAl.lbb'U'U dry salting brine salting 1 'Ufl1'.ivl1LAl.lbb'U'U 

dry salting 1 1 
'IJ 

bb 'U11tJl.J(;j lil(;i'l 1 1(;11 b1(;11fl1'.ivl1 
'IJ 

aru'Vl.niJ1 'Ufl1'.ivl1 bb ru 1 bb CJl.l il"il..ij b 1(;11fl1'.ivl1 , 'IJ 

bb bAl.lbL 'U'U dry salting 
aru'Vl.nilfl1'.ivl1 bb b 1 (;11fl1'.ivl1 bb , 'IJ 'IJ 

b b bb , , 
J11 1m 1 'Ufl1'.iflm m U'U 1 

" " 'IJ 

1 
'IJ 
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(Al) (A2) 

(A3) 

BT""' 

(81) (82) 

A No 

(83) 

' 

a 



i 

(Al) 

431625 

(A3) 

41513 

'"""' 
2331.S 

8 1200 

(A2) 

(Bl) (B2) 

1077Q6 

100157 9S70D1 

(A3) 

8 Time 

32 
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1 1 t1 fl1';iVll'!bb 1 rm Vl?l 

1 1 response optimizer 
1 brine salting fia 

60:40 12 -i11:w'l 58 , " 
dry salting AB 1 60:40 22.62 -i11:w'l 

48 3.50 , " 
OCl.IOCl.l Oi.J • t.l OQ.JOQ.J 5. 90 dry salt1ng 3.56 5.11 

bb 'U'U brine salting 1 CJ mJ -ru f11';ivl1 

1 1 1 60:40 100:0 
CJ'Wbb 

12 CJ'Wbb 1 CJ'Wbb '\J(;j-:J , 
1 12-36 -i11:w'l 

100 6:1-:Jt:.Jm'Wbb 1'1tl'\Jf11';j , 
'V111 m nmm';i " ... 

bb 1 tl'W f11';ivl1 bb bb 'U'U 

dry salting jjt:.J(;l f11';i b ti'Wbb b'OJ'W f1l1f11';ivl1 bb bb 'U'U 

brine salting 

Treatment Dry salting Brine salting 
Time Temp. 

NaCl:KCl 

control 

1 60:40 12 50 

2 100:0 12 50 



34 

Treatment Dry salting Brine salting 
Time 

NaCl:KCl 
(h.) 

3 60:40 36 50 

4 100:0 36 50 

5 60:40 24 40 

6 100:0 24 40 

7 60:40 24 60 

8 100:0 24 60 

9 80:20 12 40 
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Treatment Dry salting Brine salting 
Time 

NaCl:KCl 
(h.) 

10 80:20 36 40 

11 80:20 12 60 

12 80:20 36 60 

13 80:20 24 50 

• 
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dry salting brine salting 
aw ' 

b m b 

f11i b LJ CJ'W bb .:J .n1r1 a Ji'1 CJ 111 ri 1fl11l.J b bbl1l.:J"ll 
' 

1111 tJ b 1mmi'Vl1 n'Ua ru'Vl.nD m iVl1 bb f11i'V1111 u 'Vl'W a 1 CJl.JJi'& v a 
' 'U 'U 

1 bb 'V161 1 'WLJm CJ nl'11 imiaan bb 'U'U bb 
' 

1'1B'U61'W B.:! b b () 1 'Wf11iVl1 () () a 

1 1 ' 
brine salting dry salting 3 611l.J1itlbb6111l.:J1'W';iD 

61l.J 1Vl-r'UVi1'W1 ru 1 "If tJl.J 1 bb 'V161 tJll "UB.:J f11';i"Vl1 bb 2 bb 'U'U 1111 vii ri1G1'l.JLJ B f11i 

hmn11 0. 9 1 'Wf11';i"Vl1 

1 60:40 ( 12-24 

i1 1ll.:J) aru'Vl.nDmiVl1bb (50-60 brine saltino , 'V 'tl :::> 

dry salting 
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