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Table 1 Percentage of ingredients in batter
Ingredients (%) Control A B C
Wheat flour 75 73 71 69
Corn flour 24.5 24 24.5 24.5
Salt 0.5 0.5 0.5 0.5
CMC 0 2 4 6

Control (without CMC in batter), A (with 2% CMC in batter), B (with 4% CMC in batter) and C
(with 6% CMC in batter).
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6. Hedonic method
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Table 2 Fat and moisture contend (%) of breaded shrimp with different levels of Carboxymethyl
Cellulose (CMC) in batter

Moisture (%) Lipid (%)
Control 35.81+0.59° 14.21+0.61°
A 39.02+0.41° 11.57+0.32°
B 42.03+0.85" 9.07+0.51°
C 43.77+0.25° 8.40+0.32°

Different superscript letters in the same column indicate significant differences between values, P > 0.05.
Control (without CMC in batter), A (with 2% CMC in batter), B (with 4% CMC in batter) and C (with 6% CMC
in batter).
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Carboxymethyl Cellulose (CMC) in batter

Table 3Fatty acid composition (g/100 g of total fatty acids) of breaded shrimp with different levels of

Fatty Acids Control A B C
C14:0 0.057+0.007° 0.049+0.002° 0.047+0.001° 0.041+0.003¢
C15:0 0.023+0.002° 0.023+0.002° 0.022+0.001° 0.022+0.001"
C16:0 7.812+0.231% 8.450+0.210% 8.510+0.302% 8.620+0.218°
C17:0 0.060+0.003* 0.060+0.007* 0.061+0.009° 0.060+0.081°
C18:0 4.211+0.031° 4.820+0.071%® 4.921+0.061% 5.231+0.071%
C20:0 0.24140.006° 0.271+0.003* 0.282+0.002° 0.281+0.003*
C22:0 0.708+0.029° 0.719+0.031° 0.821+0.019° 0.832+0.018°
C24:0 0.220+0.004* 0.230+0.002° 0.220+0.003* 0.231+0.001°
Cl6:1 0.09+0.00" 0.10+0.10% 0.09+0.00" 0.09+0.00°
C17:1 0.02+0.00" 0.03+0.00" 0.02+0.00" 0.02+0.00°

C18:1 -cis 25.55+0.06 26.80+0.48° 26.10+0.18" 26.00+0.04

C18:1 trans 0.22+0.00" 0.11£0.05° 0.09+0.01° 0.04+0.00°
C20:1 0.13+0.00" 0.13+0.00% 0.12+0.01* 0.14+0.12°

Cl18:2 ® -6 60.94+0.13° 56.23+0.16 52.01+0.18° 49.25+0.11¢

C18:3 ®-3 0.13+0.01° 0.19+0.01° 0.30+0.02° 0.35+0.01°
C20:2 -6 0.06:0.04* 0.05+0.00" 0.04+0.00" 0.04+0.00°
C20:3 ®-3 0.11£0.00* 0.13+0.02% 0.22+0.38" 0.12+0.01°
C20:5 ©-3(EPA) 0.53+0.03¢ 1.36+0.07° 1.68+0.02° 2.30+0.01°
C22:6 ®3(DHA) 1.42+0.01¢ 2.40+0.02° 3.4440.03° 5.41+0.01°
SFAY 13.60+0.14° 15.06+0.23% 14.88+0.13% 15.31+0.12°
MUFAY 26.01+0.83° 27.17+0.30° 26.42+0.39° 26.29+0.56"
PUFAY 60.23+0.13° 60.36+0.14° 57.69+0.13° 57.4740.20°
©-3Y 2.53+0.09¢ 4.08+0.14° 5.64+0.11° 8.81+0.10°
-6 61.04+1.11° 56.28+1.12° 52.05+1.13° 49.29+1.15¢
PUFA/SFA 4.7440.01° 4.00+0.02° 3.8+0.01° 3.740.02°
DHA/EPA 1.63+0.02¢ 1.76+0.04° 2.04+0.03° 3.35+0.02°
©0-6Ym-3/%. 0.04+0.01¢ 0.07+0.01°¢ 0.10+0.01° 0.17+0.01°

EPA+DHAY 2.29+0.09¢ 3.79+0.11¢ 5.13+0.08" 7.71£0.12°

C22:6+C20:5/C16:0 0.29+0.03¢ 0.44+0.01° 0.60+0.07° 0.89+0.02°

Different superscript letters in the same row indicate significant differences between values, P > 0.05.

Control (without CMC in batter), A (with 2% CMC in batter), B (with 4% CMC in batter) and C (with 6% CMC
in batter).
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7. Barrier properties
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Table 4Sensory evaluation of breaded shrimp with different levels of Carboxymethyl Cellulose
(CMC) in batter

---------- Control Treatment A Treatment B Treatment C
Color 4.6+0.412° 4.4+0.236° 4.6+£0.223? 4.6+£0.132°
Odour 4.5+0.515° 4.5+0.315° 4.4+0.172° 4.5+0.413%
Flavor 4.2+0.114° 4.4+0.321° 4.2+0.412° 4.2+0.461°

Texture 4.5+0.123° 4.6+£0.315° 4.4+0.321° 4.1£0.126°

Appearance 4.8+0.216° 4.7+0.266° 4.7+0.166° 4.6+0.251°

Overall 4.1£0.431° 4.2+0.271° 4.1+£0.611° 4.0+0.311°

acceptability

Different superscript letters in the same row indicate significant differences between values, P > 0.05.
Control (without CMC in batter), A (with 2% CMC in batter), B (with 4% CMC in batter) and C (with 6% CMC
in batter).
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Effects of different levels of Carboxymethyl Cellulose (CMC) gum
added to batter of breaded shrimp on oil uptake, sensory
characteristics and fatty acid profile during deep-oil frying
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In this study, effect of carboxymethyl cellulose (CMC) gum added to batter of breaded shrimp on oil
uptake, sensory characteristics and fatty acid profile were evaluated during deep-oil frying.The
treatments consisted of control (without CMC), treatment A (with 2% CMC in batter), and treatment
B (with 4% CMC in batter) and treatment C (with 6% CMC in batter). Result of this study indicated
that adding different levels of CMC in batter, compared to control sample, was more effective in
reducing of oil uptakeand retention of moisture. The effect of using different concentration of CMC
in batter showed that the lowestamount of fatand maximum amount of moisture were related
totreatmentsC, B,A and control, respectively.There was significantly difference between treated
breaded shrimps with control one from fatty acid profiles (p<0.05). Results showed a higher ®-3 fatty
acid, EPA, DHA, YEPA+DHA, ®-3/®-6 ratio content in treatment Cwith 6% CMC in batter.The

lowestamount ofw-3 fatty acid, EPA, DHA, YEPA+DHA, ®-3/0-6 ratiowas related to control
samples.AddingCMC to batter showed significantly reduction on thermal oxidation
(C22:6+C20:5/C16:0) in samples (p<0.05). In sensory evaluation, all CMC treated samples were
accepted with all panelists. Result of this research showed that using CMC in batter formula for
producing breaded shrimp was so effective in reduction of fat uptake and retention of moisture and
-3 fatty acid with the best barrier properties during deep fat frying.

Key words: Breaded Shrimp, Deep frying, Fatty acid profile, Carboxy Methyl Cellulose.
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