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Fig 1 Saurida tumbil fish caught from Bushehr
port waters, the Persian Gulf, located in south of
Iran (N 28° 59’ E 050° 52).
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Fig 2 The fish Sausage which has made by Ohmic heating process.
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Table 1 Independent variables and their levels applied in central composite design.

X Independent Variables Levels
- -1 0 +1 +2
Xi=A KCI (%) 0.7 1 15 2 2.3
X,=B Soy Oil (%) 4 6 9 12 14
X3=C Isolated Soy Protein (%) 0.2 0.5 1 1.5 1.8
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Table 2 Central composite design for independent factors with experimental responses.

Independent variables Responses
Run  Kci Soy Qil Isolated Soy Total pltate H Peroxide value ~ Cooking WHC
(%) (%) Protein (%) (|ogcganu 0 P (MEQ/Kg) loss (%) (%)
1 2 12 0.5 2.87 6.62 4.15 7.25 45.98
2 1 12 15 3.16 6.68 4.25 7.37 44.46
3 1 6 0.5 2.96 6.71 3.14 5.27 42.6
4 1 6 1.5 3 6.65 3.24 7.28 70.33
5 15 9 2 2.4 6.71 3.98 8.41 57.26
6 2.3 9 1 2.85 6.65 4.12 6.52 59.24
7 15 9 1 3.18 6.69 3.91 8.38 58.4
8 15 9 1 3.18 6.7 3.82 8.05 59.06
9 0.7 9 1 3.03 6.62 4.15 6.15 56.65
10 2 12 15 2.78 6.71 411 7.09 45.24
11 15 4 1 3 6.69 2.53 5.03 68.27
12 15 9 0.2 2.7 6.73 3.84 6.63 43.79
13 15 9 1 3.3 6.68 3.93 8.32 52.41
14 2 6 0.5 2.85 6.68 3.12 6.51 45.98
15 15 9 1 3.2 6.72 3.93 8.32 54.5
16 1 12 0.5 3.07 6.58 4.19 7.13 46.44
17 2 6 15 2.75 6.65 3.18 7.14 71.14
18 15 9 1 3.24 6.68 3.95 7.51 53.46
19 15 14 1 3.21 6.61 3.99 6.52 43.97
20 15 9 1 3.3 6.71 3.84 8.26 52.65
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Predicted vs. Actual

Predicted
L

Actual

Fig 1The comparison of Total plate count
amount distribution between predicted and actual
samples.
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Table 3 The results of analysis of variance (ANOVA) for responses including total plate count,
pH, and peroxide value.

Total plate count pH Peroxide value
Source df " Sum of F- Sum of Sum of
p-value F- value  p-value F- value p-value
Squares value Squares Squares
Model 9 09992 2578 <0.000° 0.0287 9.04 0.0010" 4.07 78.48  <0.0001"
A-Salt 1 0.1149 26.69 0.0004" 0.0006 1.67 0.2250 25 0.0072 1.25 0.2888 ”S*
B-Soy Oil 1 0.0331 7.69 0.0197™ 0.0040 11.38 0.0071 3.07 533.16 < 0.0001
S%f::g:g:jn 1 00007 01595 0.6980™  0.0002 05339 04817™ 00150 260  0.1376™
AB 1 0.0060 1.40 0.2633"™ 0.0012 3.54 0.0892"™ 0.0013 0.2169 0.6514"™
AC 1 0.0128 2.97 0.1154"™ 0.0000 0.1417 0.7145™ 0.0025 0.4252 0.5291"™
BC 1 0.0005 0.1045 0.7532"™ 0.0098 27.77 0.0004" 0.0025 0.4252 0.5291"™
A2 1 01178 27.35 0.0004" 0.0077 21.75  0.0009°  0.0608 10.55 0.0088"
B2 1 0.0143 3.31 0.0989" 0.0043 12.27 0.0057" 0.8642 149.98 < 0.0001"
C2 1 0.7246 168.23 < 0.0001 0.0004 1.26 0.2870™ 0.0021 0.3688 0.5572"™
Residual 10 0.0431 0.0035 0.0576
Lack of Fit 5 0.0273 1.74 0.2795" 0.0022 1.65 0.2987™ 0.0433 3.02 0.1252"
Pure Error 5 0.0157 0.0013 0.0143
Cor Total 19 1.04 0.0323 413

Note:*: Significant Difference (p<0.05); ™: non-significant difference (p>0.05).
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Table 4 The results of analysis of variance (ANOVA) for responses including cooking loss and
water holding capacity.

Cooking loss Water holding capacity
Source df = Sum of
Sum of Squares p-value F- value p-value
value Squares
Model 9 16.90 11.09 0.0004" 1449.20 16.97 <0.0001"
A-Salt 1 0.1789 1.06 0.3282"™ 571 0.6017 0.4559"™
B-Soy Oil 1 1.94 11.44 0.0070" 576.88 60.81 <0.0001"
C"SF‘,’r'g:;dnsoy 1 2.48 14.63 0.0033" 438.81 46.26 <0.0001"
AB 1 0.1985 1.17 0.3044 ™ 1.87 0.1974 0.6663™
AC 1 0.3961 2.34 0.1571"™ 0.2211 0.0233 0.8817"™
BC 1 0.8192 4.84 0.0525™ 386.56 40.75 <0.0001"
A? 1 4.03 23.81 0.0006" 0.7946 0.0838 0.7782"™
B2 1 7.61 44.96 <0.0001 1.88 0.1979 0.6659™
C? 1 0.2572 1.52 0.2459™ 105.85 11.16 0.0075"
Residual 10 1.69 94.86
Lack of Fit 5 1.15 212 0.2139™ 52.00 1.21 0.4185™
Pure Error 5 0.5418 42.86
Cor Total 19 18.59 1544.06
Note:*: Significant Difference (p<0.05); ™: non-significant difference (p>0.05).
Table 5 Estimated regression coefficient for different response variables.
Coefficient
Factor Total plate Peroxide Cooking WHC
count pH value l0ss(%) %)
(log CFU /g) (mEq/Kg)
Intercept 3.23 6.70 3.90 8.11 55.30
A-Salt(%) -0.0936 0.0067 -0.0235 0.1168 0.6596
B-Soy Oil(%) 0.0494 -0.0172 0.4761 0.3780 -6.52
C-lsolated Soy 0.0070 0.0037 0.0329 0.4222 5,62
Protein(%)
AB -0.0275 0.0125 -0.0125 -0.1575 -0.4838
AC -0.0400 0.0025 -0.0175 -0.2225 -0.1662
BC 0.0075 0.0350 -0.0175 -0.3200 -6.95
A? -0.0979 -0.0250 0.0703 -0.5723 0.2541
B2 -0.0319 -0.0176 -0.2486 -0.7378 -0.3664
C? -0.1972 0.0049 -0.0107 -0.1175 -2.38
Std. Dev. 0.0656 0.0188 0.0759 0.4115 3.08
Mean 3.00 6.67 3.77 7.16 53.59
CV.% 2.19 0.2815 2.01 5.75 5.75
R2 0.9587 0.8906 0.9860 0.9089 0.9386
Adjusted R? 0.9215 0.7921 0.9735 0.8270 0.8833
Predicted R2 0.7846 0.3816 0.9099 0.5076 0.7214
Adeq Precision 17.3051 10.3308 34.2783 11.7510 15.0004
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Fig 2 The comparison of pH distribution
between predicted and actual samples.
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Fig 3The interaction effect of isolated soy
protein (%) and soy oil (%) on pH.
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Fig 7 The interaction effect of isolated soy
protein (%) and soy oil (%) on WHC.
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Table 6 Independent and dependent variables values for ohmic heating optimization.

Criteria Goal Lower Upper Importance

A=Salt(%) Is in range 1 2 3

B=Soy Oil(%) Is in range 6 12 3

C=lsolated Soy Protein(%) Is in range 0.5 1.5 3

Total Plate Count(log CFU/g) Minimize 2.4 3.3 3

pH Is in range 6.58 6.73 3

Peroxide Value (mEg/Kg) Minimize 2.53 4.25 3

Cooking Loss(%) Minimize 5.03 8.41 3

WHC (%) Maximize 42.6 71.14 3

Table7 Solutions for process optimization.
Independent Variables Responses
Solutions . Isolated Total Plate Peroxide .
Number Salt — Soy Oil Soy Protein Count pH Value Cooking  WHC Desirability
(%) (%) loss(%) (%)
(%) (log CFU/q) (mEg/Kg)

1 2.000  6.000 1.500 2.734 6.643 3.255 7.098 72.871 0.613
2 2.000  6.000 1.493 2.741 6.643 3.255 7.094  72.757 0.612
3 1.994  6.000 1.500 2.738 6.644 3.254 7111  72.853 0.611
4 2.000 6.022 1.500 2.735 6.644 3.262 7.108 72.774 0.611
5 2.000  6.000 1.482 2.750 6.644 3.254 7.087  72.589 0.610
6 2.000  6.000 1.477 2.755 6.644 3.254 7.084  72.508 0.609
7 1.987  6.000 1.500 2.742 6.644 3.252 7.126  72.832 0.608
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ABSTRACT

ARTICLE INFO

Nowadays, by converting the cheap and commercial low-valued fish into
value-added products such as fish sausages, as well as the application of
novel ohmic heating method to cook more uniform, faster compared to
other thermal severe methods and with minimal processing can play an
important role in producing a safe and nutritious product. Therefore, the
purpose of this study is to investigate some microbial and chemical
characteristics of (Saurida tumbil) greater lizardfish sausage heated by
emerging ohmic heating method and formulation optimization was
performed by response surface methodology -central composite design
(RSM-CCD) by considering KCI (0.7- 2.3 %), Soy Oil ( 4-14 %) and
Isolated Soy Protein (0.2-1.8%). Optimization of 20 fish sausage
formulation produced by ohmic heating was done by response surface
methodology using Design Expert software version 11 and the relationship
between the independent variables and the five responses was investigated.
KCI has been shown an inhibitory effect on samples total plate count level.
The interaction effect of soybean oil and soy protein isolate had a
significant effect on pH changes. Increasing soybean oil percentage caused
a little increase and subsequently reduction of pH and increasing soy
protein isolate led to a significant decrease in pH. Furthermore, higher
amount of KCI and soy protein isolate reduced the amount of cooking loss.
In addition increase of soy bean oil percentage caused reduction and
increase of soy protein isolate lead to increase of water holding capacity.
Based on the results of formulation optimization in fish sausages with
formulations containing 2% potassium chloride, 6% soybean oil and 1.5%
soy protein isolate can increase water holding capacity, the lowest
microbial load and the lowest peroxide value, cooking loss and optimized
pH.
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