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Changes in Physicochemical Composition of Sea Urchin
Roe by Steaming Treatment

Sung-Uk Lee, Hye-Young Lee, Seong-Ho Kim, and Duk Jin Kim'

Dept. of Food Science and Technology, Daegu University, Gyeongbuk 712-714, Korea

Abstract

This study was performed to investigate the physicochemical properties of sea urchin (Anthocidaris crassispi—
na, Pseudocentrotus depressus, Hernicentrotus pulcherrimus) roe as a processed or canned food by steaming
treatment. Proximate compositions of A. crassispina roe and P. depressus roe were similar, but water, crude
ash, and carbohydrate contents of H. pulcherrimus roe showed little differences. Proximate compositions of
sea urchin roe showed slight differences with steaming time, raw samples showed no differences. Glycine content
of the three raw sea urchin roe samples showed the highest concentration among free amino acids, followed
by arginine, alanine, and lysine, in order. Total free amino acid contents of raw sea urchin roe were 754.70 mg%
(A. crassispina), 567.75 mg% (P. depressus), and 449.44 mg% (H. pulcherrimus). Total free amino acid content
of 5 min steaming sample was highest among steaming and canning conditions. ATP, ADP, and AMP contents
of raw P. depressus roe sample was higher than those of A. crassispina and H. pulcherrimus roe. Major fatty
acids of the three raw sea urchin roe samples were myristic acid, palmitic acid, and EPA. S.F.A. content of
raw samples of A. crassispina and H. pulcherrimus roe was higher than U.F.A content, whereas U.F.A. content
of P. depressus roe was highest among the three raw samples. For minerals K, P, Fe, and Zn contents were
highest in A. crassispina roe while Ca, Mg, Na, and Cu contents were highest in H. pulcherrimus roe. For heavy
metals, Cd, Pb and As were detected in all samples in trace amounts under the criteria of the Korea food codex.
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Table 1. Changes of proximate composition in sea urchin roe prepared by pre-treatment method (unit: %)

Samples” Proximate composition

D Moisture Crude protein Crude lipid Crude ash Carbohydrate
A-raw 70.57+0.20°" 14.00+0.10 4.10+0.04° 1.9440.02° 9.39+0.05
A-5 69.09+0.30° 15.07+0.14* 4.54+0.05" 1.73+0.02¢ 9.57+0.09
A-10 70.18+0.22° 14.26+0.11° 4.49+0.04" 1.8240.01° 9.25+0.07
A-can 76.88+0.92° 10.2540.41° 2.0440.08° 2.1040.08" 8.73+0.35"
P-raw 72.104+0.50" 13.74+0.25" 3.46+0.06° 1.89+0.04¢ 8.81+0.15°
P-5 68.69+0.36° 14.86+0.17° 3.81+0.04 2.05+0.02" 10.59+0.12°
P-10 69.86+0.49° 15.02+0.24° 3.60+0.06" 1.9340.03* 9.59+0.16"
P-can 73.45+0.41° 13.08+0.20° 1.7840.03 1.9740.03 9.72+0.15°
H-raw 74.52+0.90° 13.2240.47 351+0.13° 2.24+0.08" 6.51+0.23"
H-5 73.0240.38" 14.25+0.21" 4.1140.06" 1.8140.03" 6.81+0.09%
H-10 74.9440.24° 13.29+0.13° 3.71+0.03" 1.58+0.02¢ 6.48+0.06"
H-can 73.33+0.21° 15.80+0.12 2.81+0.02¢ 2.2240.02° 5.84+0.05°

YA-raw: raw sample of Anthocidaris crassispina roe, A-5: steamed sample for 5 minutes of Anthocidaris crassispina roe, A-10:
steamed sample for 10 minutes of Anthocidaris crassispina roe, A-can: canned sample of Anthocidaris crassispina roe, P-raw:
raw sample of Pseudocentrotus depressus roe, P-5. steamed sample for 5 minutes of Pseudocentrotus depressus roe, P-10: steamed
sample for 10 minutes of Pseudocentrotus depressus roe, P-can: canned sample of Pseudocentrotus depressus roe, H-raw: raw
sample of Hernicentrotus pulcherrimus roe, H-5: steamed sample for 5 minutes of Hernicentrotus pulcherrimus roe, H-10: steamed
sample for 10 minutes of Hernicentrotus pulcherrimus roe, H-can: canned sample of Hernicentrotus pulcherrimus roe.

?All values are the mean+SD (n=3).

YMeans with different letters in the column are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 2. Changes of free amino contents in sea urchin roe prepared by pre-treatment method (unit: mg/100 g)

A. crassispina

Free amino acid

A-raw? A-5 A-10 A-can

Phosphoserine 1.0340.057 0.91+0.03" 0.9240.05" 1.05+0.02°
Taurine 25.36+0.89" 24.81+0.92° 24.46+0.56" 10.0440.31
Aspartic acid 4.01+0.55" 2.61+0.31° 2.59+0.11° 1.1840.13°
Threonine 12.78+0.17 13.66+0.81° 13.1440.54 6.85+0.33"
Serine 16.49+0.28" 17.86+0.62° 17.12+0.28" 8.060.40°
Glutamic acid 39.84+0.24° 42.93+0.94" 41.87+051° 77.74+0.81°
Glycine 214.2743.22 219.67+1.58" 210.94+0.94™ 316.05+4.58
Alanine 69.93+0.56" 74.47+0.95" 70.65+0.23" 38.44+1.11°
Citric acid 0.84+0.02° 0.84+0.08" ND? ND

a-Aminobutyric acid 0.49+0.01" 0.51+0.04" 0.57+0.04% ND

Valine 29.91+0.16° 31.81+0.24° 30.65+0.65 17.26+0.23°
Cystein 1.38+0.08" ND ND ND

Methionine 12.1440.48" 12.67+0.65" 12.54+0.12° 6.7440.08"
Cystathionine 4.2140.24° 4.82+0.18° 4.78+0.36 3.21+0.17°
Isoleucine 17.97+0.11° 19.22+0.24° 18.64+0.07° 10.34+0.18
Leucine 29.02+1.17" 31.7240.81° 30.58+0.64° 16.114+0.16°
Tyrosine 34.68+1.56° 34.61+3.72° 33.15+2.52° 17.80+1.94
Phenylalanine 14.25+0.34° 14.51+0.41° 14.33+0.81° 7.35+0.45"
B-Alanine 1.2340.09 1.254+0.02" 1.604-0.04° 1.61+0.09°
vy-Amino—n-butyric acid ND ND ND ND

NH; 4.80+0.23° 5.2240.17™ 5.93+0.64" 6.93+0.48"
Hydroxylysine 3.66+0.18" 3.97+0.32" 4.80+0.51* 4724091
Ornithine 4.7440.08" 4.86+0.51° 472+0.15" 2.09+0.06"
Lysine 69.55+1.08" 72.60+0.95" 66.904+1.55" 29.9142.28°
Histidine 11.15+0.05" 11.83+0.13° 11.23+0.41° 5.29+0.08°
3-Methylhistidine ND ND ND ND

Anserine ND ND ND ND

Carnosine 11.77+0.09° 9.7740.12° 8.03+0.06° 13.94+0.14°
Arginine 113.23+2.25" 120.4744.23" 113.06+1.89" 47.4441.02°
Proline 5.99+0.05" 5.2940.18" 5.87+0.09" ND

Total 754.7049.23" 782.90+7.51° 749.07+8.56" 650.16+8.66°

P. depressus

Free amino acid

P-raw P-5 P-10 P-can
Phosphoserine ND ND ND 0.92+0.02
Taurine 9.75+0.25" 10.29+3.05" 9.83+2.17° 7.70+1.85"
Aspartic acid 0.90+0.02" 1.10+0.06* 1.0640.14 1.00+0.08"™
Threonine 5.67+0.24° 6.81+0.31% 6.63+0.17% 5.15+0.11¢
Serine 6.47+0.08" 7.46+0.31° 7.21+0.27 5.20+0.19°
Glutamic acid 33.35+1.56° 36.8840.98" 35514+2.14% 49.40+1.76°
Glycine 209.48+4.05° 240.91+1.89" 233.3442.58° 258.89+3.68"
Alanine 50.38+2.15 58.49+1.67° 56.23+3.06" 46.38+2.83"
Citric acid ND ND ND 0.87+0.05"
a-Aminobutyric acid 0.88+0.01° 0.97+0.05 0.93+0.04 0.89+0.07*
Valine 22.1641.08" 24.58+0.64° 24524285 16.63+1.06"
Cystein 1.64+0.05° 1.30+0.09" 0.9840.13° ND
Methionine 6.56+0.31" 7.59+0.18" 7.53+0.22" 4.0040.10°
Cystathionine 3.67+0.15" 4.07+0.05" 3.96+0.14% 1.75+0.06°
Isoleucine 11.37+0.34 12.64+0.51° 12.42+0.38 8.19+0.12°
Leucine 21.74+0.95" 23.31+0.64 23.06+1.61 15.88+0.85"
Tyrosine 30.7742.06 28.69+0.94 29.6341.25" 19.50+2.45"
Phenylalanine 8.41+0.15% 7.81+0.26" 7.97+0.19° 6.01+0.09°
B-Alanine ND ND ND 0.94+0.02°
y-Amino-n-butyric acid ND ND ND 0.57+0.05"
NH; 3.3240.18° 3.70+0.06" 3.7240.11° 6.04+0.15%
Hydroxylysine 5.2040.22° 5.06+0.12" 4.78+0.05° 4.81+0.09™
Ornithine 2.48+0.06° 2.86+0.08" 2.81+0.01° 2.19+0.05°
Lysine 35.874+2.25° 38.87+1.64° 37.58+0.96° 26.8341.88°
Histidine 12.07+0.49" 13.24+0.37 13.1840.29 9.12+0.11°
3-Methylhistidine ND ND ND ND
Anserine ND ND ND ND
Carnosine 4.06+0.03° 12.9340.29° 12.95+0.17° 8.32+0.11"
Arginine 81.53+2.08" 84.57+3.56" 81.15+2.28° 58.20+1.88°
Proline ND 3.76+0.18° 3.17+0.14° ND

Total 567.75+5.54 637.88+4.21° 620.14+6.01° 565.4143.18"




Table 2. Continued

X
[
©

lo

o

o

1%

)

o,

M

®

fo

555

H. pulcherrimus

Free amino acid

H-raw H-5 H-10 H-can

Phosphoserine ND 0.924+0.05 1.02+0.01" 1.23+0.12°
Taurine 7.30+0.05" 7.56+0.12° 8.81+0.18" 8.57+0.24*
Aspartic acid 1.6040.05" 1.99+0.08" 1.8740.10° 0.70+0.02°
Threonine 5.17+0.03¢ 6.30+0.05" 5.7540.01° 7.30+0.11°
Serine 10.90+0.65° 14.0940.47° 12.71+0.53" 7.82+0.16
Glutamic acid 20.90+0.13¢ 28.3740.55" 26.18+0.18° 54.4940.50°
Glycine 182.76+3.68° 235.84+8.66" 224.02+5.34° 372.0543.19°
Alanine 35.23+0.33° 4747+0.17° 44.14+0.59" 20.99+0.21¢
Citric acid 1.2240.02 1.1940.06™ 1.1040.01¢ 1.3640.09°
a-Aminobutyric acid ND ND ND 0.45+0.01°
Valine 9.97+0.20° 12.4940.11° 11.41+0.28" 8.28+0.09"
Cystein 1.2840.09" ND ND 4.4240.11°
Methionine 4.20+0.25° 4.9140.13" 4.56+0.60" 4.2340.32°
Cystathionine 3.79+0.17" 4.99+0.89" 3.81+0.36° 4.90+0.28"
Isoleucine 6.10+0.08° 7.47+0.23 6.70+0.50" 6.8140.43"
Leucine 9.3940.53° 11.43+0.11° 10.8240.29" 5.8940.09°
Tyrosine 11.85+0.51° 13.52+0.17" 11.86+0.16° 14.74+0.46°
Phenylalanine 5.56+0.22" 6.76+0.19" 5.77+0.28° 3.7340.06°
B-Alanine ND ND 1.01+0.03" ND
vy-Amino—n-butyric acid ND ND ND ND
NH; 3.75+0.03¢ 4.4440.18° 453+0.01° 5.94+0.16"
Hydroxylysine 4.83+0.18° 4.34+0.29 4.9440.05 1.33+£0.09
Ornithine 1.7140.03¢ 2.03+0.16" 1.90+-0.06" 2.69+0.03
Lysine 37.42+0.29° 44.34+0.46" 42.4440.38° 48.2040.23°
Histidine 857+0.15" 10.70+0.25% 10.02+0.09" 9.61+0.12°
3-Methylhistidine 0.84+0.05" 0.99+0.03" 1.0040.01° ND
Anserine 5.2440.31* ND ND ND
Carnosine 3.77+0.17° 12.9040.29 15.95+0.15 16.30+0.36"
Arginine 59.34+0.67¢ 74.01+0.41% 70.1340.19¢ 72.5640.53"
Proline 6.77+0.06" 8.75+0.19 8.66+0.30 ND
Total 449.44+3.08" 567.8045.16" 541.12+1.16° 685.61+2.89"

})Samplei Refer to Table 1.
YAll values are the mean+SD (n=3)

IMeans with different letters in a row are significantly different at p<0.05 by Duncan’s multiple range test.

ND: not detected.
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Table 3. Changes of nucleoside contents in sea urchin roe prepared by pre-treatment method

3

-3

R K

(unit: mg/100 g)

Sample” Nucleoside

h ATP ADP AMP IMP HxP (inosine) Hx (hypoxanthine)
A-raw 0.16+0.057" 0.42+0.02" 0.73+0.01° 2.91+0.01° ND? 1.16+0.01°
A-5 0.09+0.00™ 0.29+0.09° 0.56+0.04° 2.40+0.01° ND 0.57+0.01°
A-10 0.09+0.01° 0.29+0.08" 0.6040.01¢ 2.77+0.15" ND 0.34+0.00¢
A-can 0.38+0.01° 0.91+0.05 1.6240.02° 5.86+0.08" ND 0.9340.03"
P-raw 0.28+0.08" 1.2940.05° 2.02+0.02" 2.94+0.10 ND 2.00+0.05"
P-5 0.26+0.03" 1.09+0.04 1.7840.09° 2.56+0.13" ND 1.17+0.11°
P-10 0.25+0.03" 1.0140.10 1.6940.00° 2.58+0.14° ND 1.2040.12°
P-can 0.82+0.04 1.28+0.06° 2.15+0.04° 2.08+0.05° ND 2.05+0.05"
H-raw 0.10+0.01" 0.55+0.03" 0.63+0.02° 2.0940.04° ND 1.394+0.07°
H-5 0.09+0.02" 0.83+0.05" 1.104-0.02" 2.4240.04° ND 1.1740.04
H-10 0.09+0.01° 0.85+0.18 1.0740.03 2.14+0.04° ND 0.9940.01°
H-can 1.27+0.02° 0.7440.02 1.924+0.03° 5.16+0.01° ND 0.72+0.01¢

})Samplei Refer to Table 1.
?All values are the mean+SD (n=3).

YMeans with different letters in a column are significantly different at p<0.05 by Duncan’s multiple range test.

ND: not detected.
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Table 4. Changes of fatty acid compositions in sea urchin roe prepared by pre-treatment method
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(unit: %)

Fatty acids

A. crassispina

A-raw" A-5 A-10 A-can
C14:0 18.8241.037 14.2643.25" 12.80+0.95™ 9.46+1.67°
Cl14:1 0.9140.08" 0.78+0.12° 0.70+0.05" 0.55+0.03°
C15:0 0.90+0.03" 0.71+0.06° 0.61+0.11% 0.49+0.03°
Cc151 0.1440.05" 0.110.08" ND? 0.12+0.02°
C16:0 26.9043.38" 25524267 23.27+1.86" 25.5344.06"
C16:1 457+0.25° 344+0.17° 3.0140.16° 4.19+0.22°
C18:0 2.98+0.12° 3.39+0.06" 3.14+0.23" 4.73+0.03"
C18:1t11 1.0240.06° 0.91+0.03" 0.7940.03" 0.82+0.11°
C181 2.1440.06° 1.75+0.08° 11.13+1.17° 16.25+3.05"
C18:2 2.06+0.10" 2.68+0.05" 2.374+0.22 5.6340.18"
C18:3 (n6) 450+0.18" 5.48+0.08" 4.2940.31° 3.414+0.07°
C18:3 (n3) 2.15+0.06 2.29+0.14° 2.20+0.05" 1.77+0.11°
C18:2 (10,12) 3.95+0.16" 2.67+0.20° 4.99+0.16 2.94+0.19°
C20:0 0.72+0.06 0.59+0.03™ 0.4940.05" 0.49+0.12"
C20:1 0.20+0.16° 0.96+0.07" 0.8440.063™ 0.67+0.11°
C20:1 (n9) 1.00+0.02° 1.09+0.04° 0.84+0.08" 0.76+0.03"
C20:4 7.98+0.31° 9.98+0.08" 8.46+0.17" 6.91+0.67°
C20:5 (n3) 15.08+0.86° 18.57+0.16 16.37+0.62" 12.48+0.33¢
C22:4 (n6) ND 0.40+0.06 ND 0.15+0.02"
C22:6 (n3) 3.4140.09° 4424017 3.71+0.21° 2.64+0.06°
SFA®Y 50.3245.31° 44.47+3.86™ 40.31+5.59" 40.70+2.67
UFA 48.90+2.69° 55.53+8.87° 59.69+6.92° 59.30+8.43"
MUFA 9.77+1.01° 9.04+0.82° 17.30+0.91" 23.37+0.67*
PUFA 39.1346.58° 46.4943.89° 42.39+8.26° 35.94+5.65°
UFA/SFA 0.97+0.16° 1.25+0.06" 1.48+0.09° 1.46+0.11°
MUFA/SFA 0.19+0.02° 0.20+0.08" 0.43+0.06° 0.57+0.05"
PUFA/SFA 0.78+0.06" 1.05+0.05° 1.05+0.09° 0.88+0.06"
o P. depressus

Fatty acids Praw P5 P-10 P-can

C14:0 9.69+0.23° 10.72+0.52" 13.63+0.23" 9.12+0.43°
Cl14:1 0.60+0.06 0.57+0.03" 0.39+0.06° 0.43+0.09"
C15:0 0.75+0.02° 0.67+0.06 ND 0.68+0.08"
C151 ND ND ND ND

C16:0 23.0742.87° 24.2041.74° 26.46+2.25" 22.9143.66"
C16:1 5.5540.21 5.7140.15% 6.6440.09 5.2642.24°
C180 3.39+0.18" 3.54+0.06™ 3.83+0.11° 3.81+0.20%
C18:1t11 1.0440.15 0.99+0.08" 1.48+0.11° 0.95+0.06"
Cc181 2.1240.23° 2.1240.19° 3.0440.13" 5.0840.31°
C18:2 2.5940.08" 2.77+0.15" 2.2940.11¢ 4.08+0.27
C18:3 (nb) 4.37+0.18" 3.24+0.05° 3.3740.15" 3.51+0.08"
C18:3 (n3) 3.89+0.26" 4.324+056" 5.58+0.18" 3.98+0.31"
C18:2 (10,12) 7.2440.35" 3.22+0.18¢ 3.76+0.16° 6.70+0.28"
C20:0 0.60+0.08" 0.79+0.05" ND ND

C20:1 0.80+0.06 0.460.04" ND ND

C20:1 (n9) 0.76+0.09" 0.98+0.05" ND 1.0440.02°
C20:4 9.57+0.33" 10.03+0.64" 9.1240.21° 10.87+0.28"
C205 (n3) 23.9943.09° 24.95+1.75° 20.40+2.65" 21.58+1.62°
C22:4 (nb) ND ND ND ND

C22:6 (n3) ND 0.70+0.04 ND ND

SFA 37.49+3.31° 39.93+2.05" 43.934+2.28" 36.53+1.27"
UFA 62.51+2.28" 60.07+1.64° 56.07+1.87 63.47+2.34°
MUFA 10.860.56° 10.83+0.13° 11.55+0.25" 12.77+0.22°
PUFA 51.65+2.46° 49.25+1.89" 44524269 50.71+3.23"
UFA/SFA 1.67+0.06 1.50+0.04" 1.28+0.08° 1.74+0.04
MUFA/SFA 0.2940.03™ 0.27+0.05" 0.26+0.03" 0.35+0.02°
PUFA/SFA 1.38+0.07 1.2340.05" 1.01+0.04° 1.39+0.03¢




558

29
2

L
ofy
Ho

Table 4. Continued

off

oy
ox
fol
oy
in)
N,

H. pulcherrimus

Fatty acids

H-raw H-5 H-10 H-can
C14:0 17.01+2.56 13.97+3.32° 13.85+1.69" 13.37+0.95
Cl14:1 0.58+0.06" 0.7940.02* 0.80+0.06 0.81+0.09"
C15:0 0.82+0.13™ 0.77+0.06™ 0.69+0.04° 0.86+0.01°
Cc151 ND ND 0.15+0.08" ND
C16:0 28.66+3.65" 25.39+4.61° 25.27+1.68" 26.67+2.63"
C16:1 4.49+0.23" 3.78+0.16" 4.6040.25 4.41+0.10°
C18:0 3.52+0.23" 3.49+0.09" 3.41+0.16" 3.93+0.11°
C18:1t11 0.8440.09° 1.03+0.02° 1.0740.08" 1.2340.06°
c18:1 1.8640.03" 1.7840.16" 1.7240.08 3.47+0.12°
C18:2 2.18+0.18" 2.20+0.05" 2.56+0.11° 2.76+0.02°
C18:3 (n6) 5.08+0.20 5.0740.15° 5.56+0.09 5.61+0.28"
C18:3 (n3) 2.00+0.08" 2.06+0.29" 2.04+0.16" 3.7840.10°
C18:2 (10,12) 2.47+0.05° 5.61+0.26° 5.54+0.19° 7.27+0.32°
C20:0 0.77+0.05" 0.58+0.06° 0.68+0.03" 0.88+0.07°
C20:1 1.00+0.02 0.9740.09" 1.2340.11° 0.98+0.06°
C20:1 (n9) 1.0940.05 1.0040.09° 1.0840.02° 1.14+0.12°
C20:4 9.28+0.61° 9.01+0.27" 9.3040.38" 85240.33"
C20:5 (n3) 15.79+1.65™ 18.95+2.28" 16.61+1.98™ 14.33+0.68"
C22:4 (n6) ND ND ND ND
C22:6 (n3) 2.57+0.30 3.54+0.16 3.85+0.24° ND
SFA 50.78+3.64° 44.19+2.69" 43.80+1.85" 45.71+3.54™
UFA 49.22+44.01° 55.8143.78° 56.1143.32° 54.29+6.23"
MUFA 9.85+0.16° 9.35+0.25¢ 10.6540.18" 12.02+0.24°
PUFA 39.36+4.32" 46.46+3.36° 45.46+3.52" 42.27+2.69"
UFA/SFA 0.97+0.08" 1.2640.05° 1.2840.06" 1.1940.18°
MUFA/SFA 0.1940.06" 0.21+0.05" 0.24+0.03" 0.26+0.08"
PUFA/SFA 0.78+0.13" 1.05+0.15 1.04+0.08" 0.9240.06®

‘”Samplei Refer to Table 1.
?All values are the mean+SD (n=3).

YMeans with different letters in a row are significantly different at p<0.05 by Duncan’s multiple range test.

ND: not detected.

YSFA: saturated fatty acid, UFA: unsaturated fatty acid, MUFA: monounsaturated fatty acid, PUFA: polyunsaturated fatty acid.

23 o (p<0.05) FHH o2 BxsA ke A9 7t
g g 7hgol wet o] ST Ao folF oA e &%
TH(p<0.05).
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274% dFdas 24, 4 25, UEE,
eln WL B, ob, 7o) S AE e

v
A dFE A= FEEFY Jl=H, &, HAE T
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o] A% AA B Fa FUHZE o] 30387 mgh= 7HE
=9k, JE (285 27 mg%), %H(Zﬂ 73 mg%), vF2d &
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(unit: mg/100 g)

Samplel) Components
Cd Pb As Ca Mg K Na P Fe 7n Cu
A-raw 0.0022) . 0.011 . 0.012 22.65b 87.96‘ 271.73 285.27d 303.87b 1.52 2.16 ) 0.090 ,
+0.0007"  £0.004 +0.012*  +0.14 +0.62° +2.61° +5.27 +0.45 +0.15" +0.02 +0.001°
A5 0.003 1 O.OO9bV 0.018 ' 20.32‘ 91.77, 288.03 322.87b 311.13 1.37 , 2.30 ' 0.082 ,
+0.000° 40.003™ +0.008"  +0.08° +0.24° +1.85° +5.35 +0.81° +0.01 +0.01*  +0.001
A-10 0.005 0.017 0.027 16.90CI 90.48 279.93b 310.13 298.40 1.11 2.01 0.078
+0.000"  +0.000*  +0.007*  +0.07 +0.59* +6.90 +3.85° +1.13° +0.01° +0.02°  +0.000°
A-can 0.002 0.004 0.016 23.46 66.37 169.07d1 420.83 159.2(21 0.84 ; 1.26 ; 0.072 ]
+0.000°  +0.002° +0.004*  +0.05" +1.18° +1.12 +3.31° +1.25 +0.00 +0.00 +0.001
Poraw 0.003 ' 0.012 ) 0.017 ) 10.29l 66.95b 254.40 349.47 244.97 0.73’] 1.541 0.073 :
+0.000*  +0.003*  +0.007*  +0.08° +0.77 +3.30° +7.46° +2.11° +0.05" +0.02°  +0.000
P-5 0.003 0.008 ) 0.014 ) 11.45 74.90 299.30 360.45; 309.43 0.76 1.76 0.081
+0.000  +0.003" +0.007" +0.15° +0.29 +0.40" +1.30 +1.63" +0.01* +0.02*  +0.001"
P-10 0.002 . 0.005 . 0.007 . 11.77' 63.73' 283.4? 340.07d 276.77b 0.69 . 1.46 . 0.077 )
+0.000 +0.001 +0.001 +0.02" +1.18° +0.95" +3.11 +0.76 +0.00 +0.01 +0.001°
Pocan 0.001 ) 0.004 ) 0.011 ) 13.67 64.24 249'1% 510.47 245.67 0.69 ) 1.49 0.079 )
+0.000 +0.003°  +0.002° +0.11° +0.60° +2.33 +4.07 +1.04¢ +0.01 +0.01°  +0.000
H-raw 0.004 , 0.008 ' 0.003 ' 39.914 107.07 253.93 423.4Q 296.17 0.93 ' 1.62 ' 0.128 ,
+0.000°  £0.002*  £0.002*  +0.28" +1.01° +1.85° +9.18" +2.73" +0.01* +0.02*  £0.002°
H-5 0.004 . 0.005 0.013 23.89 94.25b 350.43 433.97 274.6(1) 0.71 1.49 0.114
+0.000 +0.002*  +0.005"  +0.10° +0.41 +4.31° +9.77° +0.95" +0.01° +0.00°  +0.000°
H-10 0.004 . 0.007 0.008 30.85b 91.47 334.70b 405.07b 260‘47\ 0.78 . 1.53 § 0.117 .
+0.000 +0.001*  +0.007*  +0.11 +0.76° +3.21 +4.88 +1.89° +0.01 +0.02 +0.000
H-can 0.005 0.007 0.005 20.96Cl 84.750l 338.63l 419.17b 253.07d 0.77 . 1.51b 0.105 .
+0.000"  +0.001*  +0.004*  +0.20 +1.05 +1.70° +5.36" +0.47 +0.00 +0.01°  +0.001

‘”Samplei Refer to Table 1.
?All values are the mean+SD (n=3).

YMeans with different letters in a column are significantly different at p<0.05 by Duncan’s multiple range test.
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22 34 71229 3 20 mg/kg, IF=E 20 mg/keol B1X]

A Fobe FEor TEE A3 A8l e e Ao

fru
rf_\l
av)
it
o

0
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