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Fig 1 (a) The effect of the added gum percentage in the formulation stage and the percentage of gum in the batter
and (b) the percentage of gum added in the flouring stage and the percentage of gum in the batter on the moisture
content of the samples.
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Table 1 Model selection for measured parameters

. Absorpti.on . . . General
Model Moisture of pr:i-lﬁled Shrinkage Adhesion Brightness Acceptance
SS PL SS PL SS PL SS PL SS PL SS PL
y-intercept 67360.91 12.62 76.19 88011 23645.22 1124.62
Linear model 2.09 0.667 6.33 0.063 136 0.018 40.22 0.689 3.51 0.875 1.72 0.263
Polynomial 3.51 0.489 0.57 0873 0.49 0.151 137.79 0.155 13.17 0.458 0.92 0.547
(%“adr.am 1329  <0.0001 5.69 0.033 038 0.142 176.06 0.004 37.27 0.008 3.41  0.003
unction
Degree of a 0.067  0.645 2 0082 035 <0001 481 0.887 73  0.094 0017 0.989
polynomial
Residual 0.15 0.56 0.002 30.96 2.23 0.64
Total 67380.02 27.78 78.78 88401 23708.69 1131.33
SS: Sum of squares; PL: Probability level
Table 2 Variance analysis of the measured parameters
Absorption General
Model Moisture of pre-fried Shrinkage Adhesion Brightness
oil Acceptance
Source SS PL SS PL SS PL SS PL SS PL SS PL
Model 189 <0.001 12.6 0.045 1.36 0.0183 0.00 - 53.94 0.031 6.04 0.0084
X 0.029 0356 435 0.01 0.78 0.0129 - - 0.099 0.795 1.5 0.005
X, 2.06 <0.001 026 042 052 0.0361 - - 2.78 0.196 0.19 0.199
X; 0.003  0.765 .72 0.07 0.063 0.428 - - 0.62 0.521 0.03 0.59
X2 7.92 <0.001 5.03 0.01 - - - - 11.62 0.022 277 0.001
X, 0.73  0.0018 0.03 0.78 - - - - 0.11 0.784 0.033 0.574
X3 3.53 <0.001 0.85 0.17 - - - - 23.18 0.004 043 0.071
X1 X, 0.0002 0.934 035 036 - - - - 1.22 0375 0.099 0.339
X X5 0.26 0.023 0.005 0.9 - - - - 0.62 052 0.007 0.789
X5 X5 326 <0.001 0.21 0.47 - - - - 11.32 0.023 0.81 0.022
Residual 0.22 - 2.56 - 1.23 - - - 9.53 - 0.66 -
Sumofthe total 1 1y 516 - 250 - 0009 - 6348 - 67 -
squares
SS: Sum of squares; PL: Probability level
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Fig 3 (a) The effect of the gum-added percentage in the formulation stage; (b) the percentage of gum added in the
flouring stage on the shrinkage of the samples
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Table 3 Models obtained from data fitting

Measured

Coefficient of

Row . obtained model R2 R2-adj o
variable variation
y=+64.22 +0.060 X,+ 0.51 X,— 0.020 X5 —
1 Moisture 1.37X,% = 0.42 X,* — 0.92X52 —0.003X, X, - 0.989 0.974 0.28
0.25X;X; + 0.90 XX
oil y=+0.60 — 0.74X,— 0.18 X,— 0.46X; +1.09X,*
2 absorption 0.084 X,2 — 0.45X32 -0.30X,X, + 0.038X,X;  0.831 0.62 70.18
+0.23 XX
3 Shrinkage y=+2.12 +0.31 X;+0.25 X,-0.089 X; 0.725 0.613 14.51
y=+75.70 — 1.67X,+1.50 X,+0.072X; — 3.60X,’
4 Adhesion +0.80 X572 — 5.17X5% +3.11X, X, —0.33X, X5 + 0.908 0.79 3.14
4.97 X,X;
y=+39.26- 0.11 X;+0.59X,-0.28 X5 — 1.66 X,*
5 Brightness —0.16 X, —2.35X5* +0.55X,X;, —0.39X,X; 0.85 0.657 3.13
+1.68 XX
General Y= 871- 9.43 X1+02.15 Xo+0.061 X5 —0.81 X,2
Acceptance 0.088 X, —0.32X3> +0.16X,X, + 0.042X, X5 +  0.902 0.776 3.77

0. 45 X,X;

Olen Ml 53 &l et oo dops 1331 L s il )l

(0 US8) b alS s 5 Sl astla

30.8939

38.4605
370451
356207

34.1962

Brightness index

075
7500

cc 038 3750

B8

025 2500 Gum percentage of flouring stage

Gum percentage of leachate stage

Fig 5 The effect of the percentage of gum added in
the flouring stage and the percentage of gum in the
batter on the brightness index of the samples.
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Fig 6 The effect of the percentage of gum added in
the flouring stage and the percentage of gum in the
batter on the general acceptance of the samples
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Table 4 Comparison of the control sample with the optimal formulation of nugget produced from

Bighead carp
. Oil absorption Shrinkage . Brightness General
0, 0
Sampletype Moisture (%) %) %) Adhesion (%) Tndex (%) Acceptance
Optimal 64.35° 0.25° 1.72° 87.35% 39.04° 8.71°
Control 61.27° 2.67° 2.29° 66.9° 33.2° 6.89°
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To control the excess oil uptake and avoid the health problems associated with
consumption of foods with unsafe amount of oil, some additives have been used.
The aim of this study was to evaluate the effect of carboxymethyl cellulose
(CMC) on oil uptake and quality of bighead carp (Hypophthalmichthys nobilis)
nuggets. Twenty-seven treatments with a 3x3 factorial design was used to
optimize CMC at 0.25, 0.5 and 0.75% in meat, 0.25, 0.5 and 0.75% in batter and
25, 50 and 75% in pre-dust wheat flour and coating medium. All nuggets were
subjected to deep-frying at 180 °C for 3 min. some parameters in deep-fried
nuggets were measured. The oil uptake after pre frying ranged from 2.86
(treatment 5) to 0.99 (treatment 18) indicating moisture loss in some samples.
Shrinkage was affected by formulation and formulation x coating medium.
Also, results indicated no difference in surface oil among samples (p > 0.05).
However, the amount of absorbed oil was significantly different among nuggets.
Nuggets produced using 0.75% CMC showed the highest moisture content (p <
0.05). Coating layer stickiness ranged from 87.73 to 65.06% and with the
exception of wheat flour, the effect of all variables and their interactions
significantly influenced stickiness (p < 0.05). Therefore, the use of CMC at
0.75% in product formulation, 0.75% in coating medium and 0.25% in wheat
flour could be a promising process for lowering oil uptake and improving
quality of experimental nuggets.
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