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Effect of Chitosan and N,0-Carboxymethyl Chitosan of Different Sources
and Molecular Weights on Cadmium Toxicity

Bae, Kye Hyun - Kim, Mi Kyung

Department of Food and Nutrition, Ewha Womans University, Seoul, Korea

ABSTRACT

This study was performed to investigate the effect of chitosan and NOCC from different
sources and of different molecular weights on cadmium toxicity. Sprague-Dawley rats were
blocked into 26 groups according to body weight, and were raised for 4 wecks. Cadmium
chloride was given at the level of 0 or 400 ppm in diet. Various forms of chitosan and NOCC
were given at the level of 0 or 4%(w/w) of diet. Cd toxicity was alleviated by various chitosan
and NOCC supplements. However the alleviating effects were different with fiber source(crab
and shrimp), type(chitosan and NOCC), and molecular weight(low, medium, and high).
Molecular weight had no significant effect. Compared with shrimp-source-fiber-fed groups,
crab-source-fiber-fed groups showed lower Cd concentrations in blood and kidney, lower
kidney metallothionein concentration, and lower liver and kidney MT-Cd contents. Compared
with NOCC-fed groups, chitosan-fed groups showed lower intestine and liver Cd concen-
trations, lower liver and kidney MT concentrations and MT-Cd content, and higher fecal Cd
excretion. Among cadmium-exposed group, low molecular weight shrimp chitosan group
showed low Cd concentrations of liver and kidney, high fecal Cd excretions, and the lowest
intestine and liver MT concentrations and liver MT-Cd content. In summary, a crab source
fiber was more effective than shrimp source fiber, chitosan was more effective than NOCC, and
the most effective one in alleviating Cd toxicity was low molecular weight shrimp chitosan.
(Korean J Nutrition 30(7) : 751~769, 1997)
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Fig. 1. Chemical structure of chitin, chitosan and N,O-car-
boxymethyl chitosan.
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Table 1. Classification of experimental groups
. Fiber
Experimental cd
group’ Source ~ Type Mol.bWt. '
Shrimp Crab Chitosan NOCC Low Medium High
Cd(-) F(-)
Cd(-) SCL +¥ +
Cdi-) SCM + + +
Cd(-) SCH + +
Cd(-) SNL + +
Cd(-) SNM + + +
Cd(-) SNH + +
Cd(-) CCL 4 +
Cd(-) CCM + + +
Cd(-) CCH + +
Cd(-) CNL 4 +
Cd(-) CNM + + +
Cd(-) CNH + +
Cd(+) F(-) +?
Cd(+) SCL + + +
Cd(+) SCM + + + +
Cd(+) SCH + + +
Cd(+) SNL + + +
Cd(+) SNM + + + +
Cd(+) SNH + + +
Cd(+) CCL + + +
Cdi+) €CMm + + + +
Cd(+) CCH + + +
Cd(+) CNL + + +
Cd(+) CNM + + + +
Cd(+) CNH + + +
1) Cd(-)F(~) : No Cd+No fiber
Cd(-)SCL : No Cd+Shrimp Chitosan, Low molecular weight
Cd(-)SCM : No Cd+Shrimp Chitosan, Medium molecular weight
Cd(-)SCH : No Cd+Shrimp Chitosan, High molecular weight
Cd(—)SNL : No Cd+ Shrimp NOCC, Low molecular weight
Cd(—)SNM : No Cd+Shrimp NOCC, Medium molecular weight
Cd(—-)SNH : No Cd+Shrimp NOCC, High molecular weight
Cd(-)CCL : No Cd+Crab Chitosan, Low molecular weight
Cd(—)CCM : No Cd+Crab Chitosan, Medium molecular weight
Cd(—)CCH : No Cd+Crab Chitosan, High molecular weight
Cd(-)CNL : No Cd+Crab NOCC, Low molecular weight
Cd(-)CNM : No Cd+Crab NOCC, Medium molecular weight
Cd(-)CNH : No Cd+Crab NOCC, High molecular weight
Cd(+)F(-) : Cd added+ No fiber
Cd(+)SCL : Cd added+ Shrimp Chitosan, Low molecular weight
Cd(+)SCM : Cd added+Shrimp  Chitosan, Medium molecular weight
Cd(+)SCH : Cd added+Shrimp Chitosan, High molecular weight
Cd(+)SNL : Cd added+ Shrimp NOCC, Low molecular weight
Cd(+)SNM : Cd added+Shrimp ~ NOCC, Medium molecular weight
Cd(+)SNH : Cd added+Shrimp ~ NOCC, High molecular weight
Cd(+)CCL : Cd added+Crab Chitosan, Low molecular weight
Cd(+)CCM : Cd added+Crab Chitosan, Medium molecular weight
Cd(+)CCH : Cd added+ Crab Chitosan, High molecular weight
Cd(+)CNL : Cd added+Crab NOCC, Low molecular weight
Cd(+)CNM : Cd added+Crab NOCC, Medium molecular weight

Cd(+)CNH : Cd added+Crab
2) CdCl; level in diet is 0.04%(w/w)

NOCC, High molecular weight

3) Existing fiber source(or type, moledcular weight) in diet
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Table 3. Viscosity, deacetylation and carboxymethylation of chitosan and NOCC

Fib Viscosity Deacetylation Carboxymethylation
iber

{cps) (%) (%)
Shrimp Chitosan,  Low Mol. Wt. 232 87 - -
Shrimp Chitosan,  Med. Mol. Wt. 12.25 88 -
Shrimp Chitosan,  High Mol. Wt, 1039 90 -
Shrimp NOCC, Low Mol. Wt. 0.67 - 77.64
Shrimp NOCC, Med. Mol. Wt. 3.59 - 57.70
Shrimp NOCC, High Mol. Wt. 17.23 - 45.12
Crab Chitosan, Low Mol. Wt. 2.35 88 -
Crab Chitosan, Med. Mol. Wt. 17.77 90 -
Crab Chitosan, High Mol. Wit. 2125 93 -
Crab NOCC, Low Mol. Wt. 1.13 - 88.89
Crab NOCC, Med. Mol. Wit. 6.40 - 59.16
Crab NOCC, High Mol. Wt. 65.46 - 59.74

CA(HF()TH CA(HF(-)T2 ALY = AY
& CdCl, (0, 0.04%), A9 FLEAEE, A,
A9 FF(chitosan, NOCC), 4fel EA#A,
%, 1) 92 Egsle a=0.05 54 Duncan’s
multiple range test@ HX|7te] f-2)A4S HA 59
o w3k 7} 2lo]Qlatel 93 L 0=0.05 T
A AR AR (four-way analysis of vari-
ance) 2& o8& AH A ey dolxg &
o]7] flal F 8907kl A5 aute Aatslgn) &
CAER-&7 74 2% MTY CdeEE 4Hgulx

#9)

ox ML
o 2 1

4 (three-way analysis of variance) <
A st
Hnp 4 A
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Table 33} 2%t} Viscometer® A3 459 Ax
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Table 4. Food intake and body weight gain

Group Food intake Body weight gain
Cd Source Type MW. (g/day) (g/4weeks)
cd(-)" Fiber(-)? 19.0+ 120%™ 1247 +16.0°
Cd(+) Fiber(-) 13.1+0.58" 21.7+7.51°
Cd(-)  Shrimp Chitosan Low 19.941.03" 99.4+10.2°
Med. 20.3+0.53" 110.6+9.95"
High 18.1 40,79 82.1-+12.9%
Cd(-)  Shrimp NOCC Low 17.5+1.52°% 102.9+17.5%
Med. 18.9+0.92° 102.0+18.7"
High 16.1£1.37% 76.4+£22.3>
Cd(-)  Crab  Chitosan Low 18.7 £1.25%% 91.5+9.74
Med. 18.6+1.27%% 85.0+11.7°
High 20.140.48™ 89.7+16.6™
Cd(-) Crab NOCC Low 20.3+0.50° 118.6+4.97°
Med. 18.7 +0.63"" 112.4+15.6™
High 19.440.89°" 101.7+13.1%
Cd(+)  Shrimp Chitosan Low 16.7+1.47%% 73.8+17.5"
Med. 16.8+0.67*% 62.5+6.90%
High 17.04+0.24°%% 60.24+2.69%
Cd+)  Shrimp NOCC Low 15.6-0.16% 61.8+8.40%
Med. 16.21.18°® 65.3+15.1%
High 18.1£0.55"% 58.64+9.04%
Cd(4+)  Crab Chitosan Low 16.6+1.08% 68.6+13.5%
Med. 16.3+1.05 62.7+17.0%
High 17.7 41.16%% 85.9+7.49°
Cd+)  Crab NOCC Low 16.9+0.40°® 64.4+7.09%
Med. 16.8+1.18%" 60.6+13.3%
High 18.340.70™% 81.7415.4%¢
cdct, 0 18.9° 97.9°
0.04 16.9° 67.2°
Source Shrimp 17.6° 80.0°
Crab 18.2° 85.5°
Type Chitosan 18.1° 81.6"
NOCC 17.7¢ 83.9°
Mol. Wit Low 17.8° 85.7°
Medium 17.8° 82.6°
High 18.1° 79.9°
Significant Factor” A A

1) Cd(—) means no Cd. Cd(-+) means that Cd is added
2) Fiber(—) means no fiber

3) Mean =+ Standard Error(n=6)

4)

5)

Values with different alphabet within the column are significantly different at «=0.05 by Duncan’s multiple range test
Statistical significance of dietary factors was calculated based on 4 —way ANOVA. Significant factor notations used for

3 or 4 — way ANOVA mean as follows :
A : Cadmium effect was sighificant at =0.05
B : Fiber source was significant at a=0.05
C : Fiber type was significant at a=0.05
D : Molecular weight was significant at a=0.05
AB : Effect of Cadmium x fiber source was significant at a=0.05
AC : Effect of Cadmium X fiber type was significant at a=0.05
AD : Effect of Cadmium X molecular weight was significant at ¢=0.05
BC : Effect of fiber source X fiber type was significant at 2=0.05
BD : Effect of fiber source x molecular weight was significant at a=0.05
CD : Effect of fiber type X molecular weight was significant at a=0.05
BCD : Fffect of fiber source x fiber type x molecular weight was significant at a=0.05
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Table 5. Liver and kidney weights

Group Liver weight  Kidney wieght
(8) ®)

Cd(-) F(-) T1.4841.29""2 2110110
Cd(+) F(-) 5.38+0.42" 1.35+0.07'
Cd(-) SCL 9.18+1.05* 1.8340.14%*
Cd(-) SCM 8.5140.55*"  1.76+£0.06™*
Cd(-) SCH 7.774+0.61°%%  1.5940.09%
Cd(-) SNL 10.23+0.67% 1.95+0.17*
Cd(—) SNM 9.914+0.98™ 1.85+0.15%
Cd(—) SNH 7.8640.65% 1.660.125
Cd(-) CCL 8.35+0.43  1.73+0.11"%*
Cd(-) CCM 7.77-0.62°%%  1.7240.14%¢
Cd(-) CCH 8.07+0.64“%  1.70+0.06™*
Cd(-) CNL 8.53i0.51h‘d° 1.81+0.10%*
Cd(-) CNM 9.7640.70%  1.95+0.12%
Cd(-) CNH 9.29+0.93 1.884+0.08*
Cd(+) SCL 6.414£0.79%" 1.6340.13
Cd(+) SCM 6.43+0.31° 1.59+4-0.05%
Cd(+) SCH 6.25+0.25%" 1.524+0.08*
Cd(+) SNL 6.52+0.35°" 1.51+0.06™
Cd(+) SNM 6.61+0.54°% 1.5240.06™
Cd(+) SNH 7.24+0.42%%  1.6440.17b<
Cd(+) CCL 6.124+0.49¢ 1.49+0.06°
Cd(+) CCM 6.23+0.44"% 1.62+0.10
Cd(+) CCH 6.97+0.49°%" 1.69+0.08™
Cd(+) CNL 6.70+0.27°%" 1.6340.06™*
Cd(+) CNM 7.01+0.56%" 1.6540.11%%
Cd(+) CNH 7.00+0.38%" 1.65+0.08
CdCl, 0 8.78° 1.79°

0.04 6.64" 1.60°

Shrimp 7.80° 1.67°

Crab 7.67° 1.71°
Type Chitosan 7.38° 1.66*

NOCC 8.08° 1.73%
MW. Low 7.82% 1.70°

Medium 7.80° 1.712

High 7.58° 1.67°

Significant Factor” A, C A

1) Mean £ Standard Error(n==6)

2) Values with different alphabet within the column are
significantly different at «=0.05 by Duncan’s mul-
tiple range test

3) Statistical significance of dietary factors was calcula-
ted based on 4-way ANOVA(See Table 4)
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Table 6. Cadmium concentrations in blood, small intestine, liver and kidney

Group Blood Cd Intestine Cd Liver Cd Kidney Cd
(ug/100mi) (Ug/g wet wt) (ug/g wet wt) (ug/g wet wt)
Cd(-) F(-) 2.3940.55"? 4.6840.94° 18.2-+2.45' 19.34+2.29°
Cd(+) F-) 40.12+2.69° 69.48+10.2° 119.9+18.2° 156.3+11.3°
Cd(-) sCL 1.89-+0.49' 5.99+1.73° 18.1+3.32 21.0+3.18°
Cd(-) SCM 2.27+0.35 3.63+0.92° 18.2+2.74' 24.5+4.50°
Cd(-) SCH 1.91+0.46' 3.55+0.92° 19.5+4.53% 23.144.06°
Cd(-) SNL 2.08+0.47° 4.93+1.29° 15.5+3.85' 20.9.+4.58°
Cd(-) SNM 2.38+0.60" 4.33+1.06° 20.6+3.15¢ 20.9+5.63°
Cd(-) SNH 2.16+0.62 4.03+1.05° 21.1+4.16¢ 22.7+4.01°
Cd(-) CCL 2344037 3.26+0.55° 17.2+5.24' 20.7+5.05°
Cd(-) CCM 2.17+0.54' 3.48+0.62° 19.4+2.93" 20.24+3.60°
Cd(-) CCH 2.45+0.30' 4.024+0.49° 18.5+3.76' 22.54+4.99°
Cd(-) CNL 2.19+0.40' 3.6940.52° 19.4+4.17% 21.8+4.98°
Cd(-) CNM 1.96+0.47' 3.67+0.50° 18.1+3.25' 22.0+4.90°
Cd(-) CNH 1.89+0.40 3.244+0.74° 17.9+4.60' 23.4+5.76°
Cd(+) SCL 26.96+3.16" 44.20+4.20" 31.1£9.00* 80.8415.9°
Cd(+) SCM 30.60+1.90° 37.73-+2.08° 39.3+6.78% 128.8+13.9®
Cd(+) SCH 271041120 48.40+7.31% 32.045.08" 146.0+11.8°
Cd(+) SNL 27.8240.85" 39.30+4.08“ 68.7+8.54° 94.04+9.96
Cdi+) SNM 25.62+1.06* 52.02+8.13% 43.245.16< 96.4+7.50°
Cd(+) SNH 28.68+1.85™ 47.5344.99™ 41.6+2.75 120.5+16.5™
Cd(+) CcCt 22.90+1.22° 46.94+8.51> 48.9+5.84% 95.247.50¢
Cd(+) CCM 23.754+2.36% 38.37+3.38° 41.3+1.55% 90.5+16.2
Cd(+) CCH 28.68+1.05" 42.5742.92> 39.24+4.13% 82.0+5.84°
Cd(+) CNL 24624275 52.33+4.70™ 50.8+8.86™¢ 87.5+16.7
Cd(+) CNM 24.05+2.16% 51.80+2.89" 44.5+6.04 80.9+7.52
Cd(+) CNH 25.2242.27%% 53.55+5.62° 55.5+4.84 88.1+17.1¢
cdcl, o 2.14° 3.98° 18.7° 219"
0.04 26.37° 46.19° 44.4* 99.3°
Source Shrimp 14.64° 24.88° 30.4° 67.2°
Crab 13.39" 25.27° 32.5° 54,0
Type  Chitosan 14.11° 23.10° 28.5 63.0°
NOCC 13.89° 27.01° 34.4° 58.2°
MW. Low 13.37° 25.04° 33.3° 54.4°
Medium 13.86° 24.38° 30.3° 60.5"
High 14.77° 25.86" 30.7¢ 66.9°
Significant Factor” A, B, AB A, C, AC A, AC A, B, AB, BD

1) Mean + Standard Error(n=6)

2) Values with different alphabet within the column are significantly different at «=0.05 by Duncan’s multiple range test
3) Statistical significance of dietary factors was calculated based on 4-way ANOVA(See Table 4)
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Table 7. Metallothionein concentrations in small intestine, liver and kidney
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Group Intestine MT Liver MT Kidney MT
(ng/p wet wy) (ug/g wet wi) (ug/g wet wt)
Cd(—) F(-) 23.8+2.94™ 35.541.68% 41.4+1.88"
Cd(+) F(-) 114.6+5.50° 405.0+10.8° 648.9+34.8*
Cd(-) SCL 18.3+1.71 29.5+2.028 39.14+1.04"
Cd(-) SCM 18.74+2.14 29.741.528 4344176
Cd(-) SCH 16.61+1.12° 34.041.208 23.440.85"
Cd(-) SNL 18.0+1.67 29342508 25.6+1.33"
Cd(-) SNM 15.74+1.86' 42741718 29.341.38"
Cd(-) SNH 14.5+0.76' 41.9+1.65% 27.2+2.11"
Cd(-) CCL 16.5+1.36' 41.3+1.54° 24.8+0.97"
Cd(-) CCM 14.8+0.60' 36.5+2.91¢ 26.6+1.39"
Cd(-) CCH 16.3+1.69 41442528 26.5+£0.93"
Cd(-) CNL 15.3+1.15 40.4+0.88" 27.8+1.80"
Cd(-) CNM 16.74+1.05' 41842118 23.1+1.87"
Cd(-) CNH 18.7+0.99 39.5+0.89" 31.7+3.26
Cd(+) SCL 53.5+2.58" 213.2+10.8 346.1+15.4%%
Cd(+) SCM 82.5+2.24° 301.9+£18.1% 368.54+21.7%
Cd(+) SCH 86.1+2.37% 294.5+19.6% 379.6+16.6%
Cd(+) SNL 106.7+5.11" 367.9+28.2"° 464.7+22.1°
Cd(+) SNM 85.9+2.56™ 346.2+17.8™ 407.5+17.1¢
Cd(+) SNH 99.6+3.26" 330.8+12.5¢ 374.0£10.7°%
Cdi+) CCL 92.5+3.80% 328.6+24.1+ 329.4+16.7%
Cd(+) CCM 76.74+1.67% 318.24+17.5%¢ 315.4+10.3¢
Cd(+) CCH 80.9+4.90% 206.7+13.6% 348.9411.0%8
Cd(+) CNL 93.4+5.03% 287.8+13.4° 355.9+10.1%
Cdi+) CNM 75.014.83 305.3+15.9* 337.8+7.06%%
Cd(+) CNH 75.94+4.41% 286.3+12.3° 354.5-+14 0%
cdcl, 0 16.7° 37.3° 29.1°
0.04 844" 305.9° 365.2°
Source  Shrimp 51.3° 173.1° 213.3°
Crab 48.8° 170.1° 183.5
Type Chitosan 470 165.4" 191.7°
NOCC 53.0° 178.0° 204.9°
MW.  Low 50.9" 170.2° 201.7°
Medium 48.3° 171.3° 193.9°
High 51.1° 173.2° 199.4°
Significant Factor” A, C, AC, BC, BD, CD A, C, AC, BC A, B, C, AB, AC, CD

1) Mean =+ Standard Error(n=16)

2) Values with different alphabet within the column are significantly different at =0.05 by Duncan’s multiple range test
3) Statistical significance of dietary factors was calculated based on 4-way ANOVA(See Table 4)
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Table 8. Cadmium contents in MT-fractions of liver and

kidney
Group Liver MT—Cd Kidney MT—Cd
(ug/MT fraction)  (ug/MT fraction)

Cd(-) F(-) - -
Cd+) F(-) 0.367+0.009°" 0.358+0.003°
Cd(-) SCL - -
Cd(-) SCM - -
Cd(-) SCH - -
Cd(—) SNL - -
Cd(~) SNM - -
Cd(-) SNH - -
Cd(-) CCL - -
Cd(-) CCM - -
Cd(-) CCH - -
Cd(-) CNL - -
Cd(-) CNM - -
Cd(-) CNH - -
Cd(+) SCL 0.187+0.003"  0.086+0.003¢
Cd(+) SCM 0.250+0.000°  0.050+0.001"
Cd(+) SCH 0.247+0.003°  0.064+0.001°
Cdi+) SNL 0.353+0.003°  0.121-0.001°
Cdi+) SNM 0.273+0.003*  0.122+0.001"
Cd(+) SNH 0.3174£0.003°  0.122+0.001°
Cd(+) CcCL 0.25740.003°  0.055+0.001°
Cdi+) CCM 0.220+0.000°  0.060+0.001'
Cd+) CCH 0.193+0.003*  0.071+0.001°
Cd(+) CNL 0.203+0.003®*  0.089+0.001°
Cd(+) CNM 0.227+0.003"  0.090+0.001¢
Cd(+) CNH 0.19740.003%"  0.081+0.001°
CdCl, o - -

0.04 - -
Source Shrimp 0.271° 0.094°

Crab 0.216° 0.074°
Type  Chitosan  0.226" 0.064°

NOCC 0.262* 0.104*
MW. Low 0.250° 0.088°

Medium  0.243° 0.081¢

High 0.238° 0.084°
Significant Factor” E’D’C'CED): EE'D gb,C’CB: E(C:'D
1) Mean+Standard Error of triplicate trials for pooled

samples

2) Values with different alphabet within the column are
significantly different at «=0.05 by Duncan’'s multi-
ple range test

3) Statistical significance of dietary factors was calcula-
ted based on 3-way ANOVA(See Table 4)
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Table 9. Concentrations of blood urea nitrogen and serum creatinine, uringary creatinine excretion, and creatinine clear-

ance rate
Group Blood urea nitrogen Serum creatinine Urinary creatinine Creatinine c_learance
{mg/100ml) (mg/100ml) (mg/day) (ml/min)

Cd(-) F(-) 17.94+1.01%? 0.54+0.02" 6.06+0.81° 0.76+0.06"
Cd(+) F(-) 19.24+2.41™ 0.66+0.03°" 4.1240.51% 0.44+0.05°
Cd(-) SCL 16.7+1.98™" 0.64+0.022dck 5.50+0.971* 0.62+0.05"*
Cd(-) SCM 15.04-0.96"% 0.59+0.02% 3.91+0.65"* 0.46+0.08“
Cd(-) SCH 15.140.47%< 0.59+0.03% 3.42+0.54°* 0.43-+0.06
Cd(-) SNL 16.441.32%% 0.5940.02¢ 5.5140.83" 0.65+0.10"
Cd(-) SNM 13.5+1.01°% 0.63+0.072<dekh 6.01+0.91% 0.660.10™
Cd(-) SNH 17.341.81™ 0.72£0.03™ 4.40+0.83"% 0.41+0.07%
Cd(-) CcCL 18.0+0.77™ 0.7340.05” 3.80+0.53"% 0.38+0.06
Cd(-) CCM 16.741.40"% 0.60+0.03°% 2.73+0.62° 0.37+0.08'
Cd(-) CCH 14.841.01"% 0.62+0.07%" 4.66+0.85"% 0.5340.10%*
Cd(-) CNL 15.9+1.41"% 0.63 40,020k 4.5140.60" 0.5140.07"
Cd(-) CNM 14.140.92%% 0.64+0.,02°k" 6.61+1.16 0.7240.12*
Cd(-) CNH 14.341.16"" 0.610.03%% 5.28+41.42"% 0.63+0.05"
Cd(+) SCL 19.6+1.29° 0.70+0.04° 3.55+ .74 0.3540.07°
Cdi+) SCM 16.0+£1.67™M% 0.69+0.02" 3.31+0.37% 0.3340.04°
Cd(+) SCH 17.7+1.57% 0.7340.04%" 3.72+0.41%% 0.35-£0.03
Cd(+) SNL 13.84:0.99% 0.69+0.03" 4.7140.55%% 0.49+0.06""
Cd(+) SNM 15.5+1.24b<e 0.6940.02°" 4.15+0.64% 0.50-£0.03"
Cd(+) SNH 12.2-+0.75° 0.72+0.04" 5.2340.93%% 0.5040.08"
Cdi+) CCL 17.942.27% 0.63--0.03"% 2.90+0.44° 0.3110.04°
Cdi+) CCM™ 17 4+2.56™ 0.65-0.047% 2.81+0.44° 0.45+0.03°
Cdi+) CCH 12.54+0.93" 0.67+0.04™* 5.97+0.45™ 0.63+0.07°
Cd(+) CNL 1534114 0.57 40,022k 4.8340.47"% 0.534 0,052
Cd(+) CNM 14.741.48% 0.60+0.03" 4.06+0.68"% 0.47+0.07
Cd(+) CNH 17.241.13% 0.65+0.04*de% 4.58+0.93% 0.4940.110
Ccdch, 0 15.7° 0.63" 473" 0.53"

0.04 15.7° 0.67*" 418 0.45°
Source Shrimp 15.7° 0.66" 4.49° 0.48"

Crab 15.7° 0.64° 4.43° 0.50°
Type  Chitosan 16.4* 0.65* 3.90° 0.44°

NOCC 15.0° 0.64° 4.99° 0.55°
MW. Low 16.6° 0.65° 4.46* 0.49°

Medium 15.4% 0.64" 4.23" 0.50°

High 15.1° 0.66 4.69 0.50°

Significant Factor” C A, AB, CD C A, C, BD

1) Mean+ Standard Error(n=26)
2) Values with different alphabet within the column are significantly different at =0.05 by Duncan’s multiple range test

3) Statistical significance of dietary factors was calculated based on 4-way ANOVA(See Table 4)
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Table 10. Feces weigh, urinary and fecal Cd excretions, and Cd retention ratio
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Group Feces weight Urinary Cd Fecal Cd Cd rgtention
(g dry wt/sdays) (ug/day) (ug/day) ratio(%)

Cd(-) F(-) 1.7640.19%72 1.484+0.35° 1.70+0.24¢ -
Cd+) F(-) 1.1940.10" 58.08+13.7° 458.74+16.9' 78.9+0.97°
Cd(-) SCL 4.02+0.17" 1.87+0.44° 1.554+0.53° -
Cd(-) SCM 4.20+0.32™ 2.134+0.43¢ 1.6810.24% ~
Cd(-) SCH 3.63+0.18"%* 1.90+0.46° 1.87+0.458 -
Cd(-) SNL 2.73+40.18% 1.94+0.36° 1.93+£0.41° -
Cd(-) SNM 3.03+0.30°" 1.994+0.43° 2.0240.438 -
Cd(-) SNH 2.73+0.21%" 1.97+0.56° 1.82+£0.418 -
Cd(-) CcCL 3.6340.11%% 2.14-+0.56° 2.4340.34° -
Cd(-) CCM 4.03+0.27" 2.33+0.33° 1.72+0.24% -
Cd(-) CCH 4.50+0.37° 2.03+0.46° 2.0940.28 -
Cd(-) CNL 3.21+0.28% 2.05+0.41° 2.25+0.27¢ -
Cd(-) CNM 2.42+0.23" 1.90+0.41° 1.974+0.34° -
Cd(-) CNH 3.10+0.28°% 1.96+0.50° 1.9740.36° -
Cd(+) SCL 3.7240.27°* 19.92+8.66% 817.86+26.6" 65.7+1.32°
Cd(+) SCM 3.43+0.37° 38.34-+4.08" 829.51+18.5" 64.6+0.92°
Cd(+) SCH 3.64+0.14" 40.52+11.6™ 829.79+44.4" 64.4+1.79"
Cdi+) SNL 1.95+0.30" 88.374+17.9° 636.72+30.3 70.4+1.21°
Cdi+) SNM 2.29+0.12" 47.12+9.88™ 558.39+17.7° 75.240.78"
Cd(+) SNH 3.14+0.26%8 48.93+12.8™ 703.93+31.4° 69.2+1.28°
Cd(+) ccCL 3.3340.33% 40.08+9.84" 927.38+419° 60.7+1.55
Cdi+) CCM 3.534-0.39%% 46.17+10.7" 598.04+30.1% 71.441.83"
Cd(+) CCH 427+0.25" 46.72+12.6" 905.92+28.5" 61.04+1.23¢
Cdi+) CNL 3.30+0.22% 44.554+5.15™ 616.40+24 4% 72.8+0.96
Cdi+) CNM 2.1540.23% 47.62+11.4" 619.34+30.4% 72.1£0.86™
Cd(+) CNH 3.2540.17% 33.17+8.67¢ 573.49+26.2° 74.9+1.02°
CdCl, 0 3.43° 2.02° 1.94° -

0.04 3.15° 44.36° 713.64° -
Source  Shrimp 3.19° 22.61° 357.58° 68.4°

Crab 3.39° 21.59° 342.75 69.0°
Type  Chitosan 3.84° 19.35° 393.20° 64.5"

NOCC 2.78° 24717 310.02° 72.4°
MW. Low 3.22° 22.02° 354217 67.8"

Medium 3.13° 22.60° 320.81° 70.8°

High 3.53° 21.65° 375.95° 67.5°

Significant Factor” A, C, D, BD A, BC A, C, D, AC, AD B, C, D, BCD

1) Mean = Standard Error(n=6)

2) Values with different alphabet within the column are significantly different at @=0.05 by Duncan’s multiple range test
3) Statistical significance of dietary factors was calculated based on 4-way ANOVA except for Cd retention ratio based on

3-way ANOVA(See Table 4)
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