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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.

Key words: sea urchin roe, steaming treatment, physicochemical composition
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0 olsz}w Hiel MakE 2abstel AR B 7%
T o g AE FAE

M=

B A o) ALgE RV A(A crassispina)} 54 7
(P. depressus)~ 6~897, TE=AA(H. pulcherrimus)+
11~197 Sevet AR 997 d2s slgex A
g Aoz Azte]l &g wpE EEsle] 43} 65°C deep
freezer(model MDF-U3086S, Sanyo Electric Biomedical
Co., Ltd., Osaka, Japan)ell 4] ®.33}w] A3 6| Al-&-3}¢]c}.

A Lo dxXz| I SxEe AR H=

A8 FAE 93] TAA e AA &S 4°C cold lab
chamber(model DR-601, Instruments Co., Ltd., Seoul,
Korea)oll A 4417t F<t sl 5A Zct 2 & ®Bepd Al 34
71], whEEA A Y] oS 77k 50 g AEH|Qly] A Ao ol
ZAHE7] ol W 58 2 102 5 100°Cell A 2} I =gt
F 43} 65°C deep freezerel] X#slHA] dAe|A] g2 A¥

o pesisct Tl $2Y AR5 A% 4 U8 03
T zr A (AT 265%, AE 05%, A9 1.5%, o] 33
15%) 791, 4 A z}e SRR e B

=2 A SAHE B2 AES 4°C cold lab chamberol] A
Waw gete] A A8kt

AEtME EA

AA o] dutAdE B2 AOACH (16)9] =3ttt
T8 g A Az, 2382 A4 33, 24
ul-o Soxhlet 5%, 18] ZohwS 2152 SR Z=FAF

=] (model PN-1430, J.P. SELECTA S.A., Co., Barcelona,
Espana) = A5kl ch, Ssh28 100604 43, 2313,
o] kg o gro g el

Falopol et E4

e

f2l ol e AF B ol 9] #|ZE Konosu
SN WS Ws E AN L5¢g
Hstx F7F5 5 mLE 718t A 338 ¥ 5% trichloro-
acetic acid(TCA) 40 mLE 7}3}e] 24417} 53t 4°C cold
lab chamberel] WA R 33l FE319]c). O] —’f—%""* 8,300
x gl A 1527F YA =g & A5
lithium citrate buffer(pH 2.2)2 10w} «Vﬂ.fﬂ % 0.2 um
membrane filter® ¢ ¥}5}¢] amino acid analyzer(model
1L-8800, Hitachi High-Technologies Co., Tokyo, Japan)=

FA T frelotvleate] B2 02 1% 7] = pho-
tometer(visible mode) channel 1: 570 nm, channel 2: 440
nm% 3L 23 & PE cation exchange resin column(4.6x 60
= 30~70°C, A& F=819F 10 uL, ol 542

2 pump I ] lithium citrate buffer, pump I+ ninhydrin

mm), column <=

reagentsE AF&3t 2 F5%5L pump 1] 0.35 mL/min,
pump I+ 0.3 ml/min¢] <t}

SASE 2N
HAEA o] B2 Lee 5(18)3 Zaidy 5(19)9] Wl &
sl AL A ZENE FulEkAT F AR A &

5 g% #all 1.2 M cold perchloric acid(0°C) 25 mLE 7}gF
11,000 rpmell A 15 5oF #4313 F 0°CollA 102 &5
8300 x g&= A4l #f3te] A5 HE& AFset o] A
4 1 M KOHZ %3HpH 65~6.8)3t 2~4°C cold lab
chamberel| 4 3087t ¢+4 314171 F A= potassium per-
chlorates o3 3}3}od A At FE A 5-§%0] 50 mL7} 5
EE 33 SRR A3 S8 A5 E9E 0.2 um
membrane filter2 ¢]3}3}e] HPLC(model Ultimate 3000,
Dionex, Idstein, Germany)® 4 3}¢it}. o|w] HPLC +4
%712 2 Pinnacle® I Cig(5 ym, 250 x 4.6 mm, Restek Co.,
Bellefonte, PA USA) 23, 7% 7]+ UV detector(252 nm)
olgla, A& Fok 20 uL, o542 0.04 M KHPO,:
0.06 M KoHPO4(1:1) 22 #<+2 1.5 mL/min®] $ith.

ri

X|2a 24
A HFAF- Morrison®F Smith(20)2] W 3} A1 3E3-71(21)
of Aubak 34 wpgel Fake] wAlshsle AR A o 10

goll &3 f7]4v (chloroform : methanol=2:1) 50 mLZ
7}sted 2500 rpmellA] 387 @A 3 stz of 3% (No. 02,
Whatman, Maidstone, England) & ¢ 3}3}¢f %2 -&
= HA & 33 E3n FEE AAE BT Y
05% KCI 30 mL2 7}s] 12417k ek AF&ell4] 42 x]
F fr7l4mal 3E A8t 4 NaxSO& ©]-8-3
Wel #8-E 53 A3t AAG ¥ 4H5°CE AsE 3

otk o] A& 23 mgS cap tubedl FH3 WE-EF
mLE 7}8F H 05 N methanol-NaOH 15 mLE 7}3
P E33 F 100°Coll A 587 7Fdstgde 2 &
30~40°CZ Y731 14% BF3;-methanol 2 mLE 7}3] 57
= 92 ¥ 33k, 100°CA A 3087 712k 5 ofA] 30~
40°C=2 Y738t 2 mL9| isooctanes 7}all 74 92 30
Z7F Alesledch. 28] 3} NaCl €945 5 mL 7}3he]
187F &3 § 3087 AAAZ 5 352 2= iso-
octane && #3t] T4 NasSOE 7hall @A 7] o2&t
H Azrtag Bolde] 4 A7k Hasle] Bt
GC(Model Clarus 500, PerkinElmer, Shelton, CT, USA)=
BA sl ) ol GCo B xAo 2 A& L Capillary GC
column SP 2560™(100 x 0.25 mm, Supelco Inc., Bellefonte,
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PA, USA)2 = oven &% 200°C, T4 7] =% 220°C, HZ=7]
2= 250°C, 1“{}7]—__1— N, gas 42 20 mL/min®-% FID
HE71E AHE3ch

2713 « 5235 24

1A E FEE EAS SlE AETA DY A2
el whet A8 AA 5 ge Fsta Axsle] & AA
& F 550°CellA 3|3k A} 33 F 3] 338 A=
o TH5 1 mL HFa 94k 3 mL 718l S8 a4
71 F 05 N Axks 7hsll 7h2-ste] g3lj3tar o] & of 3s}e]

F¥ 5 25 mLE 2 H Aggdem Algslsla ICP-
OES(Optima 7300DV, PerkinElmer)2 #4]3}¢it}. o] uj
ICP-OES A2 Ar gas® AF&3}o], RF power 1,300 W,
nebulizer gas <5 0.8 L/min, coolant gas < 15 L/min,
axially gas <5 0.2 L/min, sample uptake < 1.5 mL/min
o7 Astd v, Fr1AY TFEe] 2FHL Cd, Ph, As,
K, Ca, Mg, Fe, Zn, Na, Ca(CertiPUR®, Merck Co., Darm-
stadt, Germany)3} P(Cica-reagent standard solution, Kanto
Chemical Co., Tokyo, Japan)S AF-&3}4ich.

SHEA
BE AFE 33 ol e A5t A0 W i
HzlZ el SAS v 9.2(SAS Inst. Inc., Cary, NC,
USA)#ZA] Duncan’s multiple range testE o3}y 33k

o B Folge AEEHE K 7e] p<005)FHLt.

+= Table 137}

9%, A"}k 4.

Seviet A EA R

ek w2l
FollA g=&o] 7057%°] 2
10%, &3]+ 1.94% T2
@9l )7 an A

, Ftin

Zoh 16.1%, X 8.7%, 38 2.0%, —’Fﬂ'% 7.6%
gepsh tha Aol thehiiglont o] glse] k4] Ao

Ame] WA A AHe] Qe

= F49rh.

FEAA Aol o7 Ao

SR A, AL WE 2 e

fe)Hel Aol e, B2 AE

T J%h’l ooz 7 w2 4 F Aok (p<0.05).
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A 29 A4 A w}a}
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AA S} Tha
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T3 e A BT AR R E)

°

e DI e R R Ao R L
# ERETI SRS e R
A Fo] FojH o2 A

o} fold el Aol R,

2o Y nF 10 7FdA1 58] sl 7B =4 SA =A<

0.05). 5k Gake] A5 Fxs] AFo] 1A A

et 20| 5t Ao, =AM Y B3tE ko] A B2 AFNA )

RepgAl, EEAA 2 BEAAA 4o IR 24 A 7 g2 ek VEb A eh(p<0.05). 23] E S 7FE A

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 +0.207% 14.00+0.10° 4.10+0.04° 1.94+0.02° 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" 1.824+0.01° 9.25+0.07%
A-can 76.88+0.92° 10.25+0.41° 2.04+0.08° 2.10+0.08° 8.73+0.35°
P-raw 72.10+0.50" 13.74+0.25 3.46+0.06° 1.894-0.04° 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" 1.93+0.03> 9.59+0.16"
P-can 73.45+0.41* 13.08+0.20° 1.7840.03¢ 1.97+0.03" 9.72+0.15"
H-raw 74.52+0.90* 13.22+0.47° 3.51+0.13° 2.24+0.08* 6.51+0.23°
H-5 73.02+0.38" 14.25+0.21° 4.11+0.06* 1.81+0.03" 6.81+0.09"
H-10 74.94+0.24° 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¢ 2.22+0.02% 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.

YAll 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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T, 238, et E FEkollA] k] Ao 1 UrE}»H%i
b BE A o] dutgd o] st Al 7tel| upe} okF7ke] W
3} glol ot A Eete] o7} A gty BT AF
ol A moli= oFzke] Aol AlE Al HrbEl Fv]de] o
22 Alas

o oke] dubAdE BAellA FA] kel A - 156%,
Zehl 1029, A 2.29%, 238 3.7% 9 BHR3HE 83%
ks, T 49 A9 S8 69.6%, b 23.4%, 2A 4
1.6%, 23] 52% 9 w53kE 0.2% ek, JH 4] 7
$- E 735%, 2w 224%, AW 15%, 238 1.5%
2 ReEHE 11% e, olo] o] 9 S 53.0%, 2%
W) 25.0%, A" 15.0%, 23] 0.2% 2 spalE 0.8% 3
o, Aol o] Ag £ 76.0%, 2 19.6%, =AW
24%, Z3)% 15% ¥ vHp3hE 05% ke ek
o] 53} vl Al AA o A ohE oo el w3 2wt
W ghefo] vha ol BhpshE ko] vlad A S =
owm ol x| o] UdnkA ¥ Feky} way fAbshA =
o= ek

Elota|=te| s}
7+ Al A g, A 2 F2 AEe] frElobve
AF A A= Table 294 o) REpd Al o] A Roll=
frejotrl Al & 3heFo] 754.70 mg% 9l AL
gFo] 21427 mg% = M =
sine, glutamic acid, tyrosine

>

, ZL% glycine &t
gk2.m arginine, alanine, ly-
o7 FeFo] wokrth dot
u] -4kl threonine, valine, methionine, isoleucine, leucine
2 phenylalanine2 &3t 21912, ] 5 valine®} leucine
o] Z+zF 2991 mg%, 29.02 mg% =2 F-gko] =gk} o)==
P A o] frelobr| Al §HeF S ol A threonine©]
ohF 5ol stk Osako 5(22)9] B9} 2}o]7} 91l
Lo}, 2 9ol fElotulmate] AL 2 AT Ao} fAL
slsdch. &4 taurined} tyrosine 7} Al zto] Frld =
taw = A ko]l ot frel Aol =] edokrt. Hepd Al o

o] frefelrliate] Xl FA | oFte] FoAal W
3= A gl ov 21 AFS frelotl Akl §ako]

o]x e g ZFaw o] (p<0.05) ¥ S 650.16 mg% = o
glutamic acid®} glycines £7}=+ A7} el

.]

299) zvlsl AAY TA JFE P AR F4

£47] el AARlE felobulidt & @
mg%%l AL, glycine®| 209.48 mgAE 74 wgko ]| argi-
nine, alanine, lysine, glutamlc acid, tyrosine &2 }

Wttt 7hd ol wE ol ;A FAd ol A] glutamic acid,

glycine, alanine, Vahne, leucine, lysine ¥ arginine §&F-2

AN RHETE 5 7FA A Bell A Fobslet 10—“% 7hA A el A
oA Zhadte 'S 1w 5327 AlF2 glutamic acid
o} glycines Al¢lstaie YA FH} §epo] e Jlow
vhebtct gk frefotvl ko] B eES
A1 637.83 mg% = 7} Wk, 104 7FE A=, AR, 55
H AFE =eldrh

WEA A o QA B GFEolr| At F kS 44944
mg%%l 32, glycineo] 182.76 mg%® 7} Hol| 5o gl
¢lew  arginine, lysine, alanine, glutamic acid® 3Feko]
woteh g frefotv Al gheke A R H T 7 A w2l
A FejH ez FA4 F7hsle] (p<0.05) F FHEF 5% 7 A
Foll A 567.80 mg% 2 104 7HE A FellA] 541.12 mg% &
v, 53] o] & F glycine?] ko] frH o IA F7}8)t
AeHp<0.05). T31 AlF2] frelotvleit F 2 63561
mg%E HElA|, E3AA g3t de] EAA] O] &
28 AES AR L 7FdA Boll v]E) FeFo] foHow
=713l tH(p<0.05). F2H A|F4 glycine, arginine, glu-
tamic acid 2 lysine ¥ AA 5} 7HAA 5RO F-94
° 2 Z7}8}gl a2, alanine 20.99 mg% & deko] f-2]% o
2 ka8l vH(p<0.05).

AAL AA RS frelobrleat & ek wepdA o
754.70 mg%, #-SA A & 567.75 mg%, HEAA & 449.44
mg%= Betd A el frelobvleal 3
3 BE A B A] xﬂx]y_ir/]. 58 7}e

REE R
obul Al Gape] & RO vhehgize] o) shadel] o3}
o shide] BalE Qg felovlieite] Fako] F7hE 2

Z A 71] o}2] 7-$- glutamic acid®} glycines A <]
gk oh & frejobrlmAate] FREke] wig- wgkot HEAAA
3o TE2H AFL AS e fElelvlmale] AR
25 AA GollA freletvl e
A & glutannc acid, glycine, alanine ¥ arginine®] = ¥+
ol & Ao veht Foit g8 AFele A
T itk FF A obu Ak lysines HEpAd Al &
A Zoll A 6855 mg% = 714 ol el 9l #5
AL HEAA e AAEE 7H7t 3587 mg%, 37.42
mg% 2 858k kS ¥t} Taurine®™ #3479 23
A dre) BEpAdA ool @el FfEle] gl el

valine, leucine ¥ tyrosine 322 W2t A9} 3437 ‘?-i
Hop A A o] gEFe] A okt 3k WA, &

A 2 HFAA & BT frelotv]

[o

Q

o
=

{o
_4

AF 5 glycine ‘%Hr
gko] 7}2F =9k 31 arginine, alanine, lysine 52] ¥k &2
2 veht v5=3 43S weloy Nam(13)9] ¢4

ZAA2] frejetul Al 24 glutamic acid®] ko]
o2 vieh

7}AF =9k a1, aspartic acid, arginine, glycine =

2 Aehs v A Aok
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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 1.03+0.05%% 0.91+0.03" 0.92+0.05 1.05+0.02°
Taurine 25.36+0.89° 24.81+0.92° 24.46 +0.56° 10.04+0.31°
Aspartic acid 4.01+0.55° 2.61+0.31° 259+0.11° 1.18+0.13°
Threonine 12.78+0.17° 13.66+0.81% 13.14+0.54° 6.85+0.33"
Serine 16.49 +0.28" 17.86+0.62* 17.12+0.28% 8.06+0.40°
Glutamic acid 39.84+0.24° 42.93+0.94° 41.87+0.51° 77.74+0.81°
Glycine 214.27+3.22° 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 12.14+0.48° 12.67+0.65" 12.54+0.12% 6.74+0.08
Cystathionine 4.21+0.24° 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+0.181
Leucine 29.02+1.17° 31.72+0.81° 30.58+0.64* 16.11+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 1.23+0.09° 1.25+0.02" 1.60+0.04* 1.61+0.09
y ~Amino—n-butyric acid ND ND ND ND
NH;3 4.80+0.23¢ 5.22+0.17> 5.93+0.64° 6.93+0.48*
Hydroxylysine 3.66+0.18" 3.97+0.32" 4.80+0.51° 472+091"
Ornithine 4.74+0.08* 4.86+0.51* 472+0.15* 2.09+0.06"
Lysine 69.55+1.08" 72.60+0.95 66.90 +1.55" 29.91 £2.28°
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° 9.77+0.12¢ 8.03+0.06¢ 13.94+0.14*
Arginine 113.23+2.25" 120.47+4.23* 113.06+1.89° 47.44+1.02°
Proline 5.99+0.05 5.29+0.18" 5.87+0.09* ND
Total 754.70+9.23° 782.90+7.51* 749.07 +8.56° 650.16+8.66°
Free amino acid L. depressus

P-raw P-5 P-10 P-can

Phosphoserine ND ND ND 0.9240.02
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% 1.000.08%
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° 36.88+0.98" 3551 +2.14" 49.40+1.76
Glycine 209.48 +4.05¢ 240.91 +1.89° 233.34+2.58° 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 22.16+1.08° 24.58+0.64° 24.52+2.85° 16.63+1.06
Cystein 1.64+0.05* 1.30+0.09° 0.98+0.13¢ ND
Methionine 6.56+0.31° 759+0.18° 7.53+0.22% 4.00+0.10¢
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 30.77+2.06% 28.69+0.94° 29.63+1.25° 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°
7 ~Amino-n-butyric acid ND ND ND 0.57+0.05*
NH; 3.32+0.18° 3.70+0.06" 3.72+0.11° 6.04+0.15"
Hydroxylysine 5.20+0.22% 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 35.87+2.25* 38.87+1.64° 37.58+0.96* 26.83+1.88"
Histidine 12.07 £0.49° 13.24+0.37* 13.18 £0.29% 9.12+0.11°
3-Methylhistidine ND ND ND ND
Anserine ND ND ND ND
Carnosine 4.06£0.03° 12.93+0.29° 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% 565.41+3.18"
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Table 2. Continued

H. pulcherrimus

Free amino acid

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

Phosphoserine ND 0.92+0.05 1.024+0.01° 1.23£0.122
Taurine 7.30+0.05" 756+0.12° 8.81+0.18° 8.57+0.24%
Aspartic acid 1.60+0.05" 1.99+0.08° 1.87+0.10° 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° 14.09£0.47 12.71+£053" 7.82+0.16¢
Glutamic acid 20.90+0.13¢ 28.37+0.55 26.18+0.18° 54.49+0.50°
Glycine 182.76+3.681 235.84+8.66 224.02+5.34¢ 372.05+3.19
Alanine 35.234+0.33° 47.47+0.17° 44.14+0.59° 20.99+0.21¢
Citric acid 1.22+0.02" 1.19+0.06™ 1.10+0.01° 1.36+0.09"
a-Aminobutyric acid ND ND ND 0.45+0.017
Valine 9.97+0.20¢ 12.49+0.11* 11.41+0.28" 8.28+0.09¢
Cystein 1.284+0.09° ND ND 442+0.11°
Methionine 4.20+0.25 49140.13° 45640.60° 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™ 6.81+0.43*
Leucine 9.39+0.53¢ 11.43£0.11% 10.82+0.29 5.89+0.09¢
Tyrosine 11.85+0.51¢ 1352+0.17 11.86+0.16¢ 14.74+0.46*
Phenylalanine 5.56+0.22" 6.76+0.19" 5.77+0.28 3.73+0.06
B-Alanine ND ND 1.01£0.03? ND

y ~Amino—n-butyric acid ND ND ND ND
NH; 3.75+0.03¢ 4.4440.18" 45340.01° 5.94+0.16*
Hydroxylysine 4.83+0.18* 4.344+0.29 4.94+0.05" 1.33£0.09
Ornithine 1.71+0.03° 2.03+0.16" 1.90+0.06" 2.69+0.03
Lysine 37.42+0.29¢ 44.34+0.46" 42.44+0.38° 48.20+0.23"
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° 1.00£0.01* ND
Anserine 5.24+0.31* ND ND ND
Carnosine 377+0.17¢ 12.90+0.29 15.95+0.15 16.30+0.36°
Arginine 59.34+0.67¢ 74.01 +0.41° 70.13+0.19° 72.56+0.53"
Proline 6.77+0.06" 8.75+0.19° 8.66+0.30° ND
Total 449.44+3.08¢ 567.80+5.16 541.12+1.16¢ 685.61+2.89°

USample: Refer to Table 1.
YAll 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.

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

(unit: mg/100 g)

Sample? Nucleoside
ATP ADP AMP IMP HxP (inosine) Hx (hypoxanthine)

A-raw 0.16+0.05°" 0.42+0.02" 0.73+0.01° 2.91+0.01° ND? 1.16+0.01*
A-5 0.0940.00™ 0.29+0.09¢ 0.560.04¢ 2.40+0.01¢ ND 0.57+0.01¢
A-10 0.09+0.01¢ 0.29+0.08° 0.60+0.01¢ 2.77+0.15° ND 0.34+0.00¢
A-can 0.38+0.01° 0.91+0.05 1.62+0.02° 5.86+0.08° ND 0.93+0.03"
P-raw 0.28+0.08" 1.29+0.05 2.02+£0.02" 2.94+0.10° ND 2.00£0.05
P-5 0.26+0.03" 1.0940.04" 1.78 +0.09° 256+0.13" ND 1.174+0.11°
P-10 0.25+0.03" 1.01£0.10 1.69=+0.00¢ 2.58+0.14° ND 1.20+0.12°
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¢ 2.09+0.04¢ ND 1.39+0.07%
H-5 0.09+0.02" 0.83%0.05 1.10+0.02" 2.42+0.04° ND 1.1740.04"
H-10 0.09+0.01° 0.85+0.18% 1.0740.03" 2.14+0.04¢ ND 0.99+0.01¢
H-can 1.27+0.02° 0.74+0.022 1.92+0.03" 5.16+0.01° ND 0.72£0.01¢

DSample: Refer to Table 1.
YAll 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

557

(unit: %)

A. crassispina

Fatty acids

A-raw? A-5 A-10 A-can
C14:0 18.82+1.03% 14.264+3.25 12.80+0.95" 9.46+1.67
Cl4:1 0.91+0.08" 0.78+0.12% 0.70+0.05™ 0.55%0.03¢
C15:0 0.90%0.03° 0.71£0.068" 0.61+£0.11% 0.49+0.03¢
Cl15:1 0.14+0.05° 0.11£0.08 ND? 0.12£0.02°
C16:0 26.90 + 3.38" 2552 +2.67 23.27+1.86" 25,53 +4.06
C16:1 457+0.25 3.44+0.17" 3.01+0.16° 4.19+0.22°
C18:0 2.98+0.12¢ 3.39+0.06" 3.14+0.23™ 4.73+0.03°
C18:1t11 1.02+0.06 0.91+0.03" 0.7940.03" 0.82+0.11°
C18:1 2.14+0.06° 1.75+0.08° 11.13+1.17° 16.25+3.05°
C18:2 2.06+0.10¢ 2.68+0.05" 2.37+0.22 5.63+0.18°
C18:3 (n6) 450+0.18" 5.48+0.08 4.2940.31° 3.41£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 0.49+0.05 0.49+0.12"
C20:1 0.20£0.16° 0.96+0.07 0.84%0.063™ 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¢ 1857+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) 3.41+0.09 442+0.17° 371+0.21° 2.64+0.06¢
SFAY 50.32+5.31° 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 39.13+6.58 46.49 + 3.89° 42.39+8.26 35.94+5.65
UFA/SFA 0.97+0.16 1.25+0.068" 1.48+0.09* 1.46+0.11%
MUFA/SFA 0.1940.02¢ 0.20+0.08° 0.4340.06 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¢
C14:1 0.60%0.06 0.57+0.03° 0.3940.06 0.43+0.09"
C15:0 0.75%0.02° 0.67+0.06° ND 0.68+0.08°
Cl5:1 ND ND ND ND

C16:0 23.07 £2.87" 24.20+1.74 26.46+2.25" 22.91 +3.66
Cl16:1 555+0.21° 5.71+0.15% 6.64+0.09" 5.26+2.24
C18:0 3.39+0.18" 3.54+0.06% 3.83+0.11° 3.81+0.20°
C18:1tl11 1.04+0.15" 0.99+0.08" 1.48+0.11% 0.95+0.06"
C18:1 2.12+0.23° 2.12+0.19¢ 3.04+0.13° 5.08+0.31°
C18:2 2.59+0.08" 2.77+0.15" 2.29+0.11¢ 4.08+0.27°
C18:3 (n6) 437+0.18 3.24+0.05° 3.37+0.15 3.51+£0.08"
C18:3 (n3) 3.80+0.26 4.32+0.56" 558+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 0.46£0.04" ND ND

C20:1 (n9) 0.76+0.09° 0.98+0.05° ND 1.04+0.02°
C20:4 9.57+0.33™ 10.03%0.64° 9.12+0.21¢ 10.87+0.28
C20:5 (n3) 23.99 +3.09 24.95+1.75 20.40+2.65 21.58+1.62
C22:4 (n6) ND ND ND ND

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

SFA 37.49+3.31" 39.93+2.05® 43.93+2.28" 36.53+1.27°
UFA 62.51 +2.28° 60.07 +1.64 56.07+1.87" 63.47 +£2.34
MUFA 10.86+0.56¢ 10.83+0.13¢ 11.55+0.25 12.77+0.22°
PUFA 51.65+2.46 49.25+1.89 44.52+2.69° 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" 0.2640.03" 0.35+0.02
PUFA/SFA 1.38+0.07* 1.23+0.05" 1.01+0.04° 1.39+0.03¢
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Table 4. Continued
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H. pulcherrimus

Fatty acids

H-raw H-10 H-can
C14:0 17.01 £2.56° 13.97+3.32 13.85+1.69° 13.37+0.95
C14:1 0.58+0.06" 0.79+0.02° 0.80%0.06° 0.81+0.09°
C15:0 0.82+0.13" 0.77+0.062 0.69+0.04° 0.86+0.01°
Cl15:1 ND 0.15+0.08" ND
C16:0 28.66 +3.65 25.39+4.61° 25.27+1.68 26.67 +2.63
Cl16:1 4.49+0.23 3.78+0.16" 4.60+0.25 4.41+0.10°
C18:0 352+0.23 3.49+0.09 3.41+0.16 3.93+0.11*
C18:1t11 0.84+0.09¢ 1.03+0.02° 1.07£0.08" 1.23+0.06
C18:1 1.86+0.03" 1.78+0.16" 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 (nb) 5.08+0.20 5.07+0.15 5.56+0.09° 5.61+0.28°
C18:3 (n3) 2.00£0.08 2.06+£0.29 2.04£0.16" 3.78+0.10*
C18:2 (10,12) 2.47+0.05 5.6140.26 554+0.19° 7.27+0.32°
C20:0 0.77£0.05 0.58+0.06¢ 0.68+0.03™ 0.88+0.07
€201 1.00+0.02° 0.97+0.09 1.2340.11° 0.98+0.06"
C20:1 (n9) 1.09+0.05% 1.00+0.09° 1.08+0.02° 1.14+0.12°
C20:4 9.28+0.61° 9.01+0.27° 9.30+0.38" 8.52+0.33"
C20:5 (n3) 15.79+1.65® 18.95+2.28 16.61+1.98 14.3340.68"
C22:4 (n6) 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° 43.89+1.85" 45,71 +3.54%
UFA 49.22+4.01° 55.81 +3.78" 56.11 +3.32° 54.29+6.23"
MUFA 9.85+0.16° 9.35+0.25¢ 10.65+0.18" 12.024+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" 1.26+0.05 1.28£0.06" 1.19+0.18"
MUFA/SFA 0.19£0.06 0.21£0.05 0.24+0.03 0.260.08"
PUFA/SFA 0.78+0.13" 1.05+0.15" 1.04+0.08" 0.92+0.06%

YSample: Refer to Table 1.
PAll 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.

YUND: not detected.

9SFA: saturated fatty acid, UFA: unsaturated fatty acid, MUFA: monounsaturated fatty acid, PUFA: polyunsaturated fatty acid.

ZH431] 2 (p<0.05) A o2 B sk A9 7}
d & 7hgel wet ko] Frlkekal ot frel - el A= 4%k
Hp<0.05).
oAkl Azt A &8 F8 A WA myristic acid, pal-
mitic acid %@ EPAZ el Jeong 5(9)¢] Ry} §A151]
o} BEgAAS HEAA 4 T2 AFS AT AE
of| 4] ZFe] x|k DHAZF H&% AL =2 el Jeong 5(9)
o] ®are} Abolatgdrl. gk Nam(13)2 T4 Ale] #|wh4t
R4 o) 4] palmitic acid®} arachidonic acid®] dEFe] &r}ar
Bastgl o o= BHepdA, EEAA 2 HEAAA e
H}

A 243} Aol7} Qedet.

11l dlsle] 43 A== Table 59 ﬂu} A A o
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=9k, (285 27 mg%), 25 (271.73 mg%), »F2v| %
(87.96 mg% , (2265 mg%) ol mlEdael A
(152 mg%)3 0}03(2.16 mg%)-< thE 2520 AA el 1]

vl A vyt 5% S l=F
w0011 mg%, ¥4 0012 mg% = eyt
UYEF 32 420.83 mg%E A B9} 7td 27 A8
vlal frol A e m gefo] A vebu = (p<0.05) o= £
u ouoﬂ o]al odsFo @ A)zbw] o] zlch,

TAA 4 A AANEY F8 FUARE YEF]
349.47 mg% = 7]-71' =9k, Z-5(254.40 mg%), 21(244.97
mg%), "F2v$7(66.95 mg%), Z4(10.29 mg%) <=°] it}
TE4%5 g =% 0.003 mg%, F 0.012 mg%, ¥4
0.017 mg%°1 3, »l=Fd A =2 A 0.73 mg%, oFad 1.54
mg%Act g Bx8 A E JEF S 51047 mg%
2 o 7t A R vlal] FEFe] Ao ® 2 vl
(p<0.05).

TEAAA 4 AS AR F& FUAEE UJEFO
42340 mg% = 7 =3kar, 21(296.17 mg%), ZF(253.93
mg%), "W (10707 mg%), Z4(39.91 mg%) +2 = g
o] =gk} TFE TS 7]—‘:% 0.004 mg%, & 0.008
mg%, ¥4 0.003 mg%°ld w4 ke A 093
mg%, o} 1.62 mg%, ?‘E] 0.128 mg%gith. &H ExY
AEe) JEF ek 41917 mg%E 7+ Algeke] Ho)r}t

0.002 mg%,
x5 AEL
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Table 5. Changes of mineral and heavy metal contents

RA o) oshetd A w3

in sea urchin roe prepared by pre-treatment method

559

(unit: mg/100 g)

Sample” Components
Cd Pb As Ca Mg K Na P Fe 7n Cu
A-raw 0.002 ) 0.011 0.012 22.65 87.96 271.73\ 285.27 303.87 1.52 2.16 0.090 )
+0.0007%  +0.004* +£0.012¢ +0.14° +0.62° +2.61° +527¢ +0.45° +0.15° +0.02>  +0.001°
A5 0.003 0.009 0.018 20.32 91.77 288.03 322.87 311.13 1.37 2.30 0.082
+0.000° +£0.003* +0008 +£008°  +£024° +185" +535> +081° +001" +001* +0.001"
A-10 0.005 , 0.017 , 0.027 , 16.90 90.48' 279.93 310.13. 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 66.37 169.07 420.83 159.20 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 4 10.29d 66.951 254.40 349.47‘ 244.97‘ 0.73 . 1.54 ) 0.073 1
+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 74.90 299.30 360.43 309.43 0.76 1.76 0.081
+0.000° +0.003" +0.007" +0.15° +0.29° +0.407 +1.30° +1.63° +0.01% +0.02*  £0.001*
P-10 0.002 ) 0.005 . 0.007 ) 11.77b 63.73b 283.4(1 340.07d 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 y 0.004 . 0.011 ) 13.67 64.24 249.10l 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 4 39.914 107.07 253.93 423.40 296.17 0.93 4 1.62 4 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 94.25 350.43 433.97 274.60 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 30.85 91.47 334.70 405.07 260.47 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 20.96d 84.75d 338.63b 419.17b 253.07d 0.77 ' 151 . 0.105 ]
+0.000° £0.001* *0.004* £0.20 +1.05 +1.70 +5.36" +0.47 +0.00> +0.01" £0.001
YSample: Refer to Table 1.
PAll 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.
SolHew =A AojubA kel vl gfakel 14 Btk mE ARGA A4 RRL
o|Ake] A3} wahA 7ﬂ 9] A9 ZE, <, A, ol 58 7t A Bl A F frE]obvu| it ko] =2 o g

SEEEES

3
v
ol = 2 w24, U E
I~
hal

&
=
A=

W g e 51—81:0] lnyﬂ shelF gt BE AR TFES #3437 &2 glutamic acid®} glycines Al <13 ok -2
ke 2 AZx o] L} 1%;13;5_ 219 FAHEe = o} 3= Ake] 3Fg-2ko] ulo kgl o} uFIEA A ole] A8 T
=4 A 71EA<l 20 me/kg, ZFEF 2.0 mg/kgell w1 By ol eglolu]Ate] AA] ML} =it} AAlEA =3
A Z3he TR Fadel o S e Sl AL Az} BEAAL e webdA =L HEAA L] obueh ATP,
= ARk ADP % AMP®| 3ol %gkeh 4A ko] F2 Aupare
o ok myristic acid, palmitic acid @ EPAZ &<l gich BeAd
- AR EEAA G AR 75 3P be] B x|
® ATANE A o) AAel 2R B A ogp VAT TR S ASE e, B3P S A
sh2] B4 ma2 zalsle] b tat 7| 2AEs A © EESPAAE geke] 23R O 5k AR
Zgroma, A oS o] &7k FFEAIE ) £ st % 7P =4 vebudeh e Al oo A9 2, <l A,
T9o] ¥ wAl shdr) HelA A ot} REAA oFe olukA] oped el gheFo] mlad wgkar, RHEAA dell= A, vha
B 2Ao] frAbetl L, HEAA & i, 238 s v, YE=F 2 7o kel =4 EelEsi sh=H,
2 gekolA] oF7be] Aol molrh. wE AA ore] eluby W vl T FEES BE ARCA vEeRE AEEHS
Fo] 7pd X 7ol uhe} ef7to aﬂ;}{— ot A g ofe] 2E A FtA 71EA el vIA A ake el Ak
Apol 7k A dskeh BEpd A, A 2 wHEAAA & F
o] f-glofl Ak glycine ¥ E150] 7F4 %943, arginine, ALl 2
alanine, lysine ¥~2] =23 B} WA 52 fg]olv| x4k
% FeEe w3l & 75470 mg%, EEAA & 567.75 o] =2 ti et shaalu] A el ot =R
mg%, WEAA & 44944 mg%E B A Lol o) A A el ZRAL=F U
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