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Effect of Food Humectant on Lowering Water Activity of Casing Kamaboko

3. Effect of Humectants Used in Combination

Hae-Kyung JEONG, Dong-Soo KiM, Seok-Jo CHUN
Kil-Seok Jo and Yeung-Ho PARK

Department of Food Science and Technology, National Fisheries University of Pusan
Namgu, Pusan, 608 Korea

The effect of lowering water activity of various humectants has been reported in the previous
papers. In this study, that effect of humectants used in combination with each other was discussed.
Additionally, the Aw measurements were also compared to the predicted values of Aw derived
from the equation of Raoult’s law and the linear slope method by Sloan and Labuza. Each mixed
humectant was thought to be salted-out by the other, and thus Aw values were observed to be
somewhat lower as the result in all model preparations. The effect of lowering water activity
by NaCl was the highest, and the efficiency of reduction of Aw was decreased in the order of
NaCl, sodium lactate, glycerin, propylene glycol and sorbitol when each of them was combinated
with other humectants. Aw values calculated by the equation of Raoult’s law were not agreed
so well to the measured Aw, so it was likely not to be the useful method for predicting Aw
values in mixed humectants so far as they have showed higher ability for lowering Aw in the
previous papers. The equations of prediction were derived from Aw values to be measured
actually in the model Kamaboko.
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Table 1. Chemical composition of yellow
croaker meat used for frozen fish

paste
Moisture (%) 80.6
Crude protein (%) 17.1
Crude fat (%) 1.1
Crude ash (%) 1.4
VBNY (mg/100 &) 27.1
pH 7.2

*VBN: Volatile Basic Nitrogen
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Table 2. Composition of model Kamaboko prepared with frozen fish meat paste of

moisture content 81.1% unit: g(%)
Humectants NaCl Sucrose Corn starch H.0 Exﬁerﬁaﬁih
1.1(1): 0(0) 2.0(1.8) 3.0(2.7) 10.0(9.1) 9.6 (8.7)  84.3(76.7)
1.1(1D): 3.6(2) ” " ” 17.2(15.6) 72.7(66.1)
1.1(D): 7.2(4) p " " 24.8(22.5) 61.2(55.6)
NaCl: Sodium* 1.1(1):10.8(6) " » » 32.3(29.4)  49.6(45.1)
lactate 1.1(1):14.3(8) P v » 39.9(36.3)  38.0(34.5)
*s.g.: 1.227
509% soln. 2.2(2): 0(0) ” " ” 14.3(12.9) 78.5(71.4)
2.2(2): 3.6(2) " » ” 21.9019.9) 67.0(60.9)
2.2(2): 7.2(4) ” ” » 29.5(26.8) 55.4(50.3)
2.2(2):10.8(6) ” " " 37.0(33.7) 43.8(39.8)
2.2(2):14.3(8) " " » 44.6(40. 6) 32.2(29.3)
1.9(2): 0(0) " " " 14.2(12.9)  78.5(71.4)
1.9(2): 2.2(2) " " ” 23.6(21.4)  67.0(60.9)
1.9(2): 4.4(4 ” ” ” 32.9(29.9) 55.4(50.3)
Glycerin*:Sorbitol  1.9(2): 6.6(6) " v ” 42.3(38.5) 43.8(39.8)
1.9(2): 8.8(8) " ” » 51.7(47.0)  32.2(29.3)
*s.g.:1.252
95% soln. 3.7(4): 00 ” ” ” 23.5(21.3) 67.0(60.9)
3.7(4): 2.2(2) ” " " 32.9(29.9)  55.4(50.3)
3.7(4): 4.4(4 ” ” ” 42.2(88.4) 43.8(39.8)
3.7(4): 6.6(6) " " " 51.6(46.9)  32.2(28.3)
2.2(2): 0(® " » " 14.2(12.9) 78.5(71. 4)
2.2(2): 1.9(2) " " " 23.5(21. 3) 67. 0(60. 9)
2.2(2): 3.7¢4) “ " ” 32.7(29.8)  55.4(50.3)
Propylene 2.2(2): 5.6(6) ” ” " 42,0(38.2) 43.8(39.8)
glycol:Glycerin* 2.2(2): 7.4(8) ” ” " 51.3(46.6) 32.2(29.3)
*s.g.:1.252
959% soln. 4.5(4): 0(0) " " " 23.4(21.3) 67. 0(60. 9)
4.504): 1.9(2) " " " 32.7(29.7)  55.4(50.3)
4.5(4)1 3.7(4) " " " 41.9(38.1) 43.8(39.8)
4.5(4): 5.6(6) " " N 51.3(46.6)  32.2(29.3)
3.6(2): 0(0) " » ” 12.5(11.3) 78.5(71.4)
3.6(2): 2.2(2) " " " 21.7¢19.8)  67.0(60.9)
Sodium lactate: 3.6(2): 4.5(4) ” ” ” 31.0(28.2) 55. 4(50.3)
Propylene glycol* 3.6(2): 6.7(6) ” ” » 40.3(36.6) 43.8(39.8)
3.6(2): 8.9(8) » " ” 49.6(45.0) 32.2(29.3)
*s.g. 1 1.038 7.2(4): 0(0) ” " ” 20.1(18.2)  67.0(60.9)
959% soln. 7.2(4)7 2.2(2) v " » 29.3(26.7)  55.4(50.3)
7.2(4): 4.5(4) " " " 38.6(35.1)  43.8(39.8)
7.2(4): 6.7(6) ” " " 47.9(43.5) 32.2(29.3)

*s. g. :specific gravity
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Fig. 1. Effect of lowering Aw in binary hum-

ectants combined with sodium lactate
(SL), glycerin(G), propylene glycol(PG)
and sorbitol(S) to 1% NaCl(A) and 2%
NaCll(B), respectively.
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Fig. 2. Effect of lowering Aw in binary hume-
ctants combined with propylene glycol
(PG), sorbitol (8), NaCl(SC) and
glycerin (G) to 5% sodium lactate (A)
and 4% sodium lactate (B), respectively.
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Fig. 5. Effect of lowering Aw in binary hume-

ctants combined with NaCI(SC), sodium
lactate(SL), propylene glycol(PG) and
sorbitol(S) to 2% glycerin(A) and 4%
glycerin(B), respectively.
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Fig. 4. Effect of lowering Aw in binary hume-~
ctants combined with NaCl(SC), sodium
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Fig. 5. Effect of lowering Aw in binary humec-
tants combined with glycerin(G), prop-
ylene glycol(PG), NaCl(SC) and sodium
lactate(SL) to 2% sorbitol(A) and 4%
sorbitol(B), respectively.
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Table 3. Comparison of measured Aw to predicted 4w by Raoult’s law

Humectant Mejz}ured Przcgcted Humectant MeAaufured Prjg}icted
0. 98 0. 986 0.98 0.986
0. 97-0. 98 0. 982 0.97-0.98 0.984
A 0. 97 0.977 A 0.977 0.981
NaCl 0. 95-0. 96 0.973 NaCl 0.97 0.979
: 0.94 0. 969 : 0.97 0.976
Sodium lactate 0.97 0.982  Sorbitol 0.97-0. 98 0. 982
0. 96-0. 97 0.978 0.97 0. 980
B 0.95 0.973 B 0.97 0.977
0.94 0. 969 0. 96-0. 97 0.974
0.93 0. 965 0.96 0.972
0.98 0. 986 0.98 0. 985
0.97-0.98 0. 980 0.98 0. 981
A 0. 96-0. 97 0.976 A 0. 96-0. 97 0.977
NaCl 0. 96 0.970  Glycerin 0.96 0.973
H 0.95 0. 966 : 0.94-0. 95 0. 969
Glycerin 0.97 0.982 NaCl 0.97 0. 980
0. 96-0. 97 0.977 0.96-0. 97 0. 976
B 0.96 0. 977 B 0. 96 0.977
0. 95 0. 967 0.94-0. 95 0. 968
0. 93-0.94 0. 963 0. 93-0. 94 0.963
0. 98 0. 986 0.98 0.985
0.97-0.98 0. 980 0. 97-0. 98 0.981
A 0.97 0.974 A 0.97 0.977
NaCl 0. 95-0. 96 0.968  Glycerin 0.96 0.972
: 0.95 0. 962 : 0.95 0.969
Propylene glycol 0.97 0.982  Sodium lactate 0.97 0. 980
0. 96 0. 976 0. 96-0. 97 0.976
B 0. 95-0. 96 0. 970 B 0. 95-0. 98 0. 962
0.94 0. 964 0.94 0. 968
0. 93-0. 94 0 959
0.98 0. 985 0.98 0.984
0.97-0.98 0.979 0.97-0.98 0. 979
A 0.97 0.973 A 0.97 0.974
Glycerin 0.96-0.97 0.967  Propylene glycol 0. 96 0. 968
: 0.95-0. 96 0. 961 : 0.95 0.964
Propylene glycol 0.97-0.98 0. 980 Glycerin 0.98 0.978
0. 96-0. 97 0.974 0.97 0.973
B 0. 96 0. 968 B 0. 96 0.968
0.95 0. 962 0.95 0. 963
0. 98 0. 985 ’ 0.98 0.984
0. 97-0. 98 0. 983 0.98 Q. 982
A 0.97 0.980 A 0.97-0.98 0.979
Glycerin 0.97 0.977  Propylene glycol 0.97 0. 976
: 0.97 0.975 H 0.97 0.974
Sorbitol 0.98 0. 980 Sorbitol 0.97 0.978
0.97-0.98 0.977 0.96-0. 97 0.976
B 0.97 0.975 B 0.96 0.973
0.96 0.972 0. 96 0.970
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Table 3. Continued

0.99 0.984 0.98 0. 986
0.97-0.98 - 0.980 A 0.97-0.98 0.932
A 0.96-0.97 0.976 0.96-0.97 0.977
Propylene glycol 0.96 0.972  Sodium lactate 0.95 0.973
: 0.95 0.558 : 0.94-0.95 0.970
NaCl 0.98 0.978 NaCl 0.97 0.982
B 0.97 0.974 B 0.96-0.97 0.978
0.95-0.96 0.970 0.95 0.974
0.95 0, 966 0.94-0.95 0. 969
0.94 0.962 0.94 0.966
0.98 0.984 0.98 0. 986
0.97 0.980 0.97-0.98 0.981
A 0.96 0.976 A 0.97 0.976
Propylene glycol 0.95-0.96 0.971  Sodium lactate 0.96 0.971
: 0.95 0.968 H 0.96 0.966
Sodium lactate 0.98 0.978 Glycerin 0.97 0.982
0. 97 0.974 0.96 0.977
B 0.95-0.96 0.970 B 0.95-0.98 0.972
0.95 0.966 0.94-0.95 0.967
0.98 0.986 0.98 0.988
0.97 0.980 0.97-0.98 0.984
A 0.96-0.97 0.974 A 0.96 0.979
Sodium lactate 0.96 0.968  Sorbitol 0.95-0.98 0.975
: 0.96 0.962 : 0.95 0.971
Propylene glycol 0.97 0.982  Sodium lactate 0.98 0.985
0.96 0.976 0.97-0.98 0.981
B 0. 95-0. 96 0. 969 B 0.97 0.976
0.95 0.964 0.95-0.96 0.972
0.98 0.986 0.98 0.988
0.98 0.984 A 0.98 0.983
A 0.97-0.98 0.981 Sorbitol 0.95-0.97 0.978
Sodium lactate 0.97 0.978 : 0.96 0.972
: 0.97 0.976 Glycerin 0.95 0.967
Sorbitol 0.97 0.982 0.98 0.985
B 0.97 0.979 B 0.97-0.98 0. 980
0.97 0.976 0.96-0.97 0.975
0. 96 0.974 0.96 0. 969
0.98 0.687 0.98 0.988
0.98 0.984 : 0.97 0.982
A 0. 97 0.979 A 0.97 0.976
Sorbitol 0.96~0.97 0.975 Sorbitol 0.96~0.97 0.969
: 0.95 0.971 : 0.96 0.963
NaCl 0.99 0.985 Propylene glycol  0.98 0.985
B 0.97-0.98 0.981 B 0.97 0.979
0.97 0.977 0.97 0.973
0.96 0.973 0.96 0.970
0.94-0.95 0. 969
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Takle 4. Equation of Aw prediction in model Kamaboko A and B prepared at different

mixed ratio of binary humectants

Humectant

A B

NaCl : Sodium lactate
NaCl : Glycerin

NaCl : Propylere glycol
NaCl : Sorbitol

Glycerin : NaCl
Glycerin : Sodium lactate Aw
Glycerin : Propylene glycol Aw=
Glycerin : Sorbitol

Il
o=

Propylene : glycol NaCl

Aw=0.983-0.0045H (r=-0.98)
Aw=0.984-0.0037H (r=-0,94)
Aw=0.984-0.0035H (r=-0.96)
Aw=0.978-0.0010H (r=-0.99)

Aw=0.999-0.0087H (r=-0.95)  Aw=1.008-0.0090H (r=-0.92)
.987-0.0037H (r=-0.97)  Aw=0.991-0.0090H (r=-0.95)
.983-0.0029H (r=-0.96)  Aw=0.983-0.0020H (r=-0.94)
Aw=0.980-0.0003H (r=-0.93)

Aw=0.998-0.0077H (r=-0.94)

Aw=0.983-0.0051H (r=-~0.98)
Aw=0.982-0.0042H (r=-0.96)
Aw=0.976-0.0040H (r=-0.99)
Aw=0.975-0.0012H (r=-0.90)

Aw=0.979-0. 0009H (r=-0.91)
Aw=1.002-0.0080H (r=-0.92)

Propylene glycol : Sodium lactate Aw=0, 988-0.0043H (r=-0.98) Aw=0.995-0.0049H (r=-0.98)

Propylene glyco* : Glycerin
Propylene glycol : Sorbitol

Sodium lactate : NaCl
Sodium lactate : Glycerin

Sodium lactate : Sorbitol

Sorbitol : NaCl

Sorbitol : Sodium lactate
Sorbitol : Glycerin
Sorbitol : Propylene glycol

Aw=0,991-0.0037H (r=
Aw=0.982-0.0009H (r=-0.98)

Aw=0.999-0.0087H (r=-0.98) Aw=
Aw=0.984-0.0026H (r=-0.96)
Sodium lactate : Propylene glycol Aw=0.981-0.0022H (r=-0.90)
Aw=0.980-0.0005H (r=-0.98)

Aw=1,000-0.0097H (r=-0.97)
Aw=0,991-0.0042H (r=-0.98)  Aw=1.000-0.0044H (r=-0.96)
Aw=0,986-0.0029H (r=-0.91)
Aw=0,986-0.0024H (r=-0.98)

-0.96) Aw=0.992-0.0039H (r=-0.99)
Aw=0.979-0.0014H (r=-0.92)

.010-0. 0087H (r=-0.96)
Aw=0.980-0.0032H (r=-1)

Aw=0.983-0.0025H (r=-0.97)
Aw=0.977-0.0009H (r=-0.97)

Aw=1,014-0.0080H (r=-0.96)

Aw=0.996-0.0036H (r=-0.97)
Aw=0.990-0.0027H (r=-0.92)

H : Humectant concentration in model Kamaboko

r : Correlation coefficient

-3 #J

A4, sodium lactate, glycerin, propylene gly-
col & sorbitol &) 5 &8 HoAZE 5 224 ex
HE2 Egele] Argo ey oF EHASAY £
+24 AstEAE 2459 o] & AsbAl o] NaCl

+ 44 ¥EE ERANME A9 g2 A
of wete AstEFst WAls Fgow, sodium

lactate & H71% Frle] W2 FRBYASEA}E
Aol 1/2 JE 2 JElie, glycerin, propylene
glycol, sorbitol ¥ iy L4siqc}, glycerin 3}
propylene glycol & i 2

AEd 9F ¥4 &

7RAZIRA A S A9 s38g st
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7} 7bg HA hebyker,

AA E49 F2YA9 Raoult & 4e) o3} )
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