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Table 1 Treatments

Entry Treatment
1 Control
2 CD 1% (T1)
3 CD 1.5% (T2)
4 CS 1% (T3)
5 CS 1%+ CD 1% (T4)
6 CS 1%+ CD 1.5% (T5)
7 CS 1.5% (To)
8 CS 1.5% + CD 1% (T7)
9 CS 1.5% + CD 1.5% (T8)
10 CS 2% (T9)
11 CS 2%+ CD 1(T10)
12 CS 2%+ CD 1.5% (T11)

CS= Chitosan B-CD= -Cyclodextrin
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Table 2 Changes of pH in different treatments during refrigerator storage

Treatment Day 1 Day 3 Day 6 Day 9 Day 12
Control 6.74 +0.03' 6.79 + 0.02F 6.88 = 0.03! 6.95 + 0.02F 7.28+0.04'
Tl 6.29 +0.03" 6.4+0.01 6.53 £0.02' 6.69 £ 0.02’ 6.97 +0.02"
T2 6.14 £ 0.058 6.16 +0.02" 6.31 £0.02" 6.52 £0.02" 6.77 +0.02F
T3 6.24 +0.04% 6.35+0.01' 6.49 £ 0.02' 6.61+0.02' 6.85+0.01¢
T4 5.72+0.06° 5.76 £ 0.03" 5.84 +0.02° 5.96+0.01" 6.02 + 0.02¢
T5 5.52+0.07° 5.51 £0.02¢ 5.65 £ 0.04° 5.81£0.01° 5.96 +0.02°
T6 5.95+0.04" 6.02+0.018 6.16+0.018 6.42+0.018 6.65 + 0.02°
T7 5.24 +0.05° 5.34+0.01° 5.49+0.01° 5.62+0.01° 5.82+0.02°
T8 4.61 +0.05 4.77 +0.02° 4.96 +0.02° 5.13+0.01° 5.33+0.03"
T9 5.59 £ 0.03¢ 5.63+0.02° 5.71 £0.02° 5.75 +0.02¢ 5.81+0.02°
T10 4.9+ 0.06° 5.05+0.02° 5.15+0.01° 5.26+0.03° 5.38 £0.02°
T11 4.94 +0.02° 5.01 £0.01° 5.13+0.01° 5.26+0.02° 5.34+0.01°

T1=CD 1%, T2= CD 1.5%, T3=CS 1%, T4= CS 1% + CD 1%, T5=CS 1% + CD 1.5%, T6=CS 1.5%, T7=
CS 1.5% + CD 1%, T8= CS 1.5% + CD 1.5%, T9=CS 2%, T10=CS 2%+ CD 1, T11=CS 2%+ CD 1.5%
CS= Chitosan B-CD= -Cyclodextrin
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Table 3 Changes of PV in different treatments during refrigerator storage

Treatment Day 1 Day 3 Day 6 Day 9 Day 12
Control 2.29+0.02"  4.21+0.02° 6.21+0.05 7.23£0.05 9.07 +0.04
T1 2.16+£0.01°  4.11+0.01° 5.97+0.02! 6.87 +0.02! 8.86 + 0.02
T2 2.05+0.01¢ 4.05 +0.02° 5.64+0.018 6.32 +0.028 8.38+£0.01¢
T3 2.12+0.01° 4.09+0.01° 5.87+£0.01" 6.66 £ 0.02" 8.72 +0.02"
T4 2.02+0.03¢  3.65+1.72° 4.11+0.01° 5.19+0.02° 7.33+0.01°
T5 1.87 +0.02° 2.32+0.02° 3.77 £ 0.01¢ 4.23 +0.02° 5.43 £0.02¢
T6 1.96+0.01° 3.95+0.01° 5.21+0.02f 6.09 £0.01° 8.04 +0.03"
T7 1.86+0.01° 2.35+0.02° 3.51+0.01° 4.96+0.01° 5.26+0.01°
TS 1.73+£0.01°  2.19+0.01° 2.22 +0.02° 4.03+0.01° 5.14+0.02°
T9 1.93 +0.04° 2.33+0.02° 3.64 +0.02° 5.1+ 0.03¢ 6.21 £ 0.03¢
T10 1.76 £0.03*  2.21+0.02° 2.25+0.02° 4.05 +0.03° 5.16+0.02°
T11 1.74+0.01°  2.19+0.01° 2.21+0.02° 4+0.01° 5.13+0.02°

T1=CD 1%, T2= CD 1.5%, T3=CS 1%, T4= CS 1% + CD 1%, T5=CS 1% + CD 1.5%, T6=CS 1.5%, T7=
CS 1.5% + CD 1%, T8= CS 1.5% + CD 1.5%, T9=CS 2%, T10=CS 2%+ CD 1, T11=CS 2%+ CD 1.5%
CS= Chitosan B-CD= -Cyclodextrin
Values are mean + standard deviation of three determinations
Different small letters in the same column indicate significant differences between means (p<0.05).
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Table 4 Changes of TBA in different treatments during refrigerator storage

Treatment Day 1 Day 3 Day 6 Day 9 Day 12

Control 0.51+0.02" 0.7+0.01' 1.63+0.02" 2.74+0.01" 3.44£0.00
T1 0.41+0.018 0.65+0.01" 1.5+0.018 2.58+0.018 3.26+0.01'
T2 0.36 £0.01" 0.61£0.01° 1.4+0.01% 2.46 £0.01° 3.2+0.01"
T3 0.35+0.01° 0.62+0.018 1.48+0.01% 2.53+0.02° 3.25+0.01'
T4 0.28 +0.02¢ 0.55+0.01° 1.37 +£0.02% 2.39 +0.02¢ 3.01 £0.02°
T5 0.22 +0.01* 0.48 +0.01% 1.3+0.01% 2.23+0.02° 2.69+0.01¢
T6 0.32+0.01¢ 0.58 +0.01° 1.38+0.01% 2.34+0.01° 3.1+0.028
T7 0.21 +£0.01° 0.46 +0.01° 1.24 +£0.01%° 2.2+0.01° 2.53+0.02°
TS 0.17+£0.01° 0.43+0.01° 1.23+0.01%¢ 2.13 +£0.02° 2.64 +0.02%
T9 0.24 £0.01¢ 0.5+0.01¢ 1.32+0.15% 2.31+£0.02¢ 2.73 +£0.02°
T10 0.19+0.01° 0.46 +0.02* 1.18+0.01%® 2.19+0.03° 2.67 +0.02%
T11 0.16 +0.01° 0.42+0.01° 1.15+0.01° 2.14 +0.02° 2.63+0.01°

T1=CD 1%, T2= CD 1.5%, T3=CS 1%, T4= CS 1% + CD 1%, T5=CS 1% + CD 1.5%, T6=CS 1.5%, T7=
CS 1.5% + CD 1%, T8= CS 1.5% + CD 1.5%, T9=CS 2%, T10=CS 2%+ CD 1, T11=CS 2%+ CD 1.5%
CS= Chitosan B-CD= -Cyclodextrin
Values are mean + standard deviation of three determinations
Different small letters in the same column indicate significant differences between means (p<0.05).
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Table 5 Changes of WHC in different treatments during refrigerator storage
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Treatment Day 1 Day 3 Day 6 Day 9 Day 12
Control 81.67 + 0.58° 68.67 + 0.58° 65.33 +0.58" 61.67 +0.58" 50.67 + 0.58°
T1 82.67 + 0.58% 69.67 + 0.58% 66.33 + 0.58%® 62.33 +0.58% 51.33 +£0.58"

T2 83.33 + 0.58" 70.67 + 0.58" 67.33 +£0.58" 63.67 + 0.58" 52 £ 0%
T3 83.33 £ 0.58" 70.67 + 0.58" 66.67 £ 0.58° 63 £ 0% 51.33 +£0.58%®
T4 84.33 + (.58 71.67 + 0.58°% 69 + 0¢ 64 + 0% 53.67 +£ 0.58%
T5 84.33 + 0.58% 72.33 + 0.58%f 70.33 + 0.58° 64.33 + 0.58°% 55.67 + 0.58°F
T6 83.67 +0.58" 71 + 0 67.67 £ 0.58" 63.67 + 0.58° 52.67 +0.58"

T7 84.67 + 0.58° 72.67 £ 0.58° 70.67 + 0.58° 64.67 + 0.58% 560"
T8 85.33 +0.58¢ 73.33 +£ 0.58® 71 £ 0° 65.67 £ 0.58° 59.67 + 0.58¢
T9 84.33 +0.58% 70.33 + 0.58" 68.67 + 0.58% 63.33 + 0.58° 54.33 +0.58%
T10 84.67 +0.58% 73.67 £ 0.58 71.33 +0.58° 64.67 + 0.58% 55.33 +£0.58°
T11 85.33 +0.58¢ 74.33 +0.58¢ 71.67 +0.58° 64.67 + 0.58% 55.67 + 0.58°F

T1=CD 1%, T2= CD 1.5%, T3=CS 1%, T4= CS 1% + CD 1%, T5=CS 1% + CD 1.5%, T6=CS 1.5%, T7=
CS 1.5% + CD 1%, T8= CS 1.5% + CD 1.5%, T9=CS 2%, T10=CS 2%+ CD 1, T11=CS 2%+ CD 1.5%
CS= Chitosan B-CD= -Cyclodextrin
Values are mean + standard deviation of three determinations
Different small letters in the same column indicate significant differences between means (p<0.05).
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Table 6 Changes of TVC in different treatments during refrigerator storage

Treatment Day 1 Day 3 Day 6 Day 9 Day 12

Control 2.95+0.01° 431 +0.02° 4.84 +0.04" 5.64 +0.02 7.83 +£0.04"
T1 2.92+0.01° 4.25+0.01° 4.77+0.018 5.59+0.01" 7.76 +0.018
T2 2.89+0.01° 42 +0.01% 47+0.01° 5.51+0.01% 7.63+0.01"
T3 2.92+0.01° 421+0.01% 473 +£0.01% 5.55+0.01% 7.72£0.01%
T4 2.82 +0.02° 4.14+0.01% 4.59 +0.03¢ 5.44 +0.02° 7.56+0.01°
T5 2.79 +0.02° 4.03 +0.01° 4.41 +0.02° 5.25+0.01¢ 7.39 £ 0.03¢
T6 4.87 +3.46° 4.15+0.01% 4.63+0.01° 5.47+£0.01¢ 7.58 £0.01°
T7 2.65+0.01° 4.04+0.01% 4.23 +0.02° 5.15+0.01% 7.24 +£0.02°
T8 2.49+0.01° 3.89 +0.03® 4.14 +0.02° 5.05+0.02° 7.11+0.01°
T9 2.79 +0.03* 4,02 +0.02° 443 +0.01° 5.18+0.06° 7.4 +0.02¢
T10 2.41+0.02° 3.95+0.01%° 42 +0.02° 5.12+0.01° 721 +0.01%
TI1 2.41+0.01° 3.8+ 0.26° 4.19+0.01° 5.12+0.01° 7.19+0.01°

T1=CD 1%, T2= CD 1.5%, T3=CS 1%, T4= CS 1% + CD 1%, T5=CS 1% + CD 1.5%, T6=CS 1.5%, T7=
CS 1.5% + CD 1%, T8= CS 1.5% + CD 1.5%, T9=CS 2%, T10=CS 2%+ CD 1, T11=CS 2% + CD 1.5%
CS= Chitosan B-CD= B-Cyclodextrin
Values are mean + standard deviation of three determinations

Different small letters in the same column indicate significant differences between means (p < .05).
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Table 7 Heavy metals content (ppm) in control and treated samples

Treatment Cadmium Nickel Lead Mercury
Control 0.239 + 0.0028 0.327 £0.001° 0.215+0.001" 0.22 +0.0037

Tl 0.238 +0.001% 0.323 £0.001° 0.204 +0.0018 0.224 £0.013°
T2 0.234 £ 0" 0.321 +0.001° 0.189 +0.001° 0.192 +0.001¢
T3 0.237 0% 0.262 +0.05° 0.197 £ 0.001° 0.212+0.001°
T4 0.229 +0.001° 0.317 +0.002° 0.155 + 0.004% 0.162 £ 0.002¢
T5 0.203 + 0.003¢ 0.302 +0.001* 0.150 £ 0.001° 0.148 £ 0.002"
T6 0.229 £ 0.001° 0.317+0° 0.186 + 0.002° 0.185+0.001°
T7 0.197 £0.001° 0.295 +0.001%® 0.143 £ 0.002° 0.140 + 0®

TS 0.186 +0.001° 0.286 + 0.002% 0.135+0.001° 0.135 + 0.004*
T9 0.215 +0.004¢ 0.311+0.003° 0.157 + 0.004¢ 0.157 + 0.004<
T10 0.202 +0.001° 0.301 +£0.001® 0.155+0.001% 0.14 +£0.001%
T11 0.201 £ 0.001° 0.298 +0.001% 0.151 £0.001° 0.136 +0.001°

T1=CD 1%, T2= CD 1.5%, T3=CS 1%, T4= CS 1% + CD 1%, T5= CS 1% + CD 1.5%, T6=CS 1.5%, T7=
CS 1.5% + CD 1%, T8= CS 1.5% + CD 1.5%, T9=CS 2%, T10=CS 2%+ CD 1, T11=CS 2% + CD 1.5%
CS= Chitosan B-CD= B-Cyclodextrin
Values are mean + standard deviation of three determinations

Different small letters in the same column indicate significant differences between means (p < .05).
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Seafood contains compounds such as omega-3 fatty acids, fat-soluble
vitamins, digestible proteins and micronutrients such as fluorine, calcium,
iodine, copper, iron and zinc. Therefore, it is important to provide methods
to increase the shelf life and also remove heavy metals from fish meat. In
this study, using the biopolymers of chitosan (CS) and beta-cyclodextrin
(B-CD), the oxidative stability of minced of commerson Scomberomorus
fish during 12 days of refrigeration with chemical evaluations (acidity
(pH), peroxide number (PV), and Thiobarbituric acid (TBA), water holding
capacity (WHC)) and microbial (total microbial load count (TVC)) were
studied. The ability of these two compounds to reduce the concentration of
heavy metals during refrigeration was also investigated. According to the
results, the use of CS and B-CD had a significant effect on the values of all
indicators compared to the control treatment (P <0.05). Therefore, it can be
said that the use of CS and -CD is effective in reducing the oxidation and
growth of minced meat bacteria during storage in the refrigerator. The
lowest pH value was observed in T8 and T11 treatments, the lowest PV
value was observed in T8, T10 and T11 treatments, the lowest TBA value
was observed in T7 treatment, the highest WHC value was observed in T8
treatment and the lowest TVC value was observed in T8 and Tl11
treatments. The use of CS and B-CD solutions also reduced the
concentration of heavy metals in the minced meat of S. commerson, so that
T8 treatment showed the best performance in reducing cadmium, lead and
mercury and against nickel removal, different treatments had almost the
same performance.
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