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Abstract

The purpose of this study is to investigate the characteristics of proximate composition, free amino acids
and to elucidate tunic flavor components in Sea peach (Halocynthia aurantium). Tunic (25.0%) and edible
part (61.0% to total weight) was separated from live Sea peach. Proximate composition was moisture
91.6%, lipid 0.8%, protein 2.5%, ash 2.7%, respectively. Zinc (7.0 mg/100 g) and trace amount of
Selenium (0.1 mg/100 g) were unique components in mineral. The edible part have extracted with hot
ethanolic water and those free amino acids were analysed. Total 29 amino acids were isolated by amino
acid auto analyser. Among them, taurine (89.2 mg/100 g), proline (41.2 mg/100 g) and glutamic acid (22.6
mg/100 g) were major free amino acids (total 231.7 mg/100 g). The chloroform and butanol fraction of
acetone extract of H. aurantium, 6 flavor components presumed aliphatic saturated or unsaturated alcohols
were isolated and purified on the HPLC attached ODS column. Those compounds was elucidated by mass
spectra such as 1-octenol (10.4%), nonanol (4.4%), 1-decenol (6.1%), 1-decadienol (49.4%), 1-undecadienol
(18.4%), 1-dodecenol (11.3%). 1-Octenol was further elucidated as cis-3-octen-1-ol by 'H and ">C Nuclear
Magnetic Resonance spectroscopy.

Key words : Sea peach, Halocynthia aurantium, Free amino acid, 3-Octen-1-0l, Ascidian flavor.
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O ™ (Tsukamoto et al, 1994 ; Yun et al., 2007 ;
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I #EstolA = AEEE 54, S AR, v
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Choi and Ho, 1995 ; Oh et al., 1997 ; Kim et al.,
2005 ; Park et al., 2006 ; Kwon et al., 2011 ;
Kim et al, 2013).
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7-decen-1-o0l, n-octenol,

Suzuki, 1959 : Choi and Ho, 1995), 53], =33}
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[Fig. 1] Some known ascidian flavor components.
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<Table 1> Yield of tunic and edible part of Sea
peach (H. aurantium)

Edible Tunic

part(g) (g)
83.3(46.5) 29.7(16.6)
32.3(31.3) 17.8(17.3)
84.7(47.6) 31.0(17.4)
47.7(42.4) 23.9(21.2)
58.6(44.7) 22.7(17.3)
Mea 140.6£36.0 61.3+22.7 25.0+5.4
n (100.0) (42.5+6.5) (18.0£1.8)
* @ percentage of each part.

Eluted

Juice(g)
66.0(36.9)
52.5(51.2)
62.1(34.9)
41.036.4)
49.9(38.0)
54.3+10.0
(39.546.6)

Total
weight(g)
179.0(100.0%)
102.6(100.0)
177.8(100.0)
112.6(100.0)
131.2(100.0)
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<Table 2> Content of minerals in Sea peach (H.

aurantium)
Element Content(mg/100 g)
Na 520.8 £ 3.2
K 150.8 + 2.6
Mg 714 £ 0.7
Ca 33.0 £ 0.5
Zn 7.0 £ 0.0
Fe 2.8 £ 0.0
Cu 1.0 £ 0.0
Mn 0.1 £ 0.0
Se 0.1 £ 0.0
\% not detected
Total 787.0
714 FelA vhgt$(Vanadium, V)<

Ascidia gemmata ¥ 2> 574 9'¢7FE] blood
celle] 15EE FHAE gl ZoE Hilyo]
wow, FHLHAL SFHoE wF o
Atk dEA O140.002 mM, Michibata,
1996), & Aol AREst FHEPA S 7H F-oll A
S5 A gk 'k, QA WiellA ofe] 7}

eSSk oFd(Zine, 2020)0] T
©w(7.0 mg/100 g),
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sl gl

lo O XN

w

Aol w2l ofp|=it =4

m
0z

24 e
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o] ¢l tH<Table 3>). ©]i= Nakhodka Bay A} %27

A fe ofuwAb $EE127.9 mg/100 g) KUk
oF 20 4% fEuekel Skl
(Tabakaeva and Tabakaev, 2017).

<Table. 3> Content and composition of free amino
acids in Sea peach (H. aurantium)

Amino acid Conten . Composition
(mg/100 g+SD) (%)
Phosphoserine 246 £ 0.52 1.06
Taurine 89.22 + 0.31 38.51
Aspartic acid 0.61 = 0.06 0.26
Threonine 5.89 + 0.12 2.54
Serine 3.95 + 0.02 1.71
Asparagine 3.74 + 0.07 1.61
Glutamic acid 22.62 £+ 0.13 9.76
Aminoadipic acid 0.18 + 0.03 0.08
Proline 12.59 + 0.87 5.43
Glycine 41.22 + 0.26 17.79
Alanine 12.89 + 0.10 5.56
Citrulline 0.97 £ 0.11 0.42
o-aminobutylic acid  0.33 + 0.12 0.14
Valine 2.59 £ 0.12 1.12
Cystine 0.66 = 0.04 0.28
Methionine 1.12 + 0.02 0.48
cystathionine 4.59 + 0.05 1.98
Isoleucine 241 £ 0.10 1.04
Leucine 3.16 = 0.18 1.36
Tyrosine 342 + 0.76 1.48
[3-alanine 0.61 = 0.49 0.26
Phenylalanine 2.65 £ 0.22 1.14
Ammonia 3.22 + 0.04 1.39
Hydroxylysine 0.27 + 0.00 0.12
Ornithine 1.23 + 0.06 0.53
Lysine 6.37 + 0.04 2.75
3-Methylhistidine 0.12 = 0.11 0.05
histidine 1.31 £ 0.01 0.56
Arginine 1.28 + 0.03 0.55
Total 231.66 + 3.22 100.00

* Standard Deviation
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el A methionine} cysteine -

= WA Q7] wiEel #E
A= taurine®] £ Fgde sheta & 4 9l
=2

Taurine ©]2]2] 2] of|Ato 2= Woks
712 glycine®] 7 WOl 41.2 mg/100 g (17.8%),
glycine®] 12.9 mg/100 g(5.6%), proline®] 12.6
mg/100 g(5.4%), 2B (umami)®] tEHA A&
Ql glutamic acid”’} 22.6 mg/100 g2 9.8%%E =t
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7 = ¥ tH(Ajinomoto, 2019).
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al, 2009) 71&e Gt A7 & F71H D
Fow o] ¢ Fsto] A FE Qlrh o]9} o]
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o] FEHg%ler ol& EIMSE Z7st /ME <
g FARSE A7 8 ~ Cl2 A9 23 9 B
23l GFoll Aste 671 Y fragment ©]2
peak 5] 247} &l ¥ §Ith(<Table 4>).

©]=9] mass spectrum ol YERG peakE>
T Al o] 2o B RAKH20) o] s

5
+ 18 mass unit’} & ©]& peak Eo|t} dHb
x

Aog X3} e EX3LO AuE 17 49
EIMS ZellA 7id FHiE ®Bd, 54 ol

peak[M]i= FstAY vrebEA] ka7 gl At
o] A & A o]o] ol M - H0] ©|
=9] peak’} HAEH+ S5AL 7 TH(Dunnivant,

2017 ; Araki, 2000).

<Table 4> EIMS fragment ion of ascidian flavor
compounds from the Sea peach (H.

aurantium).
No Compound x;gﬁ&ﬁr] [Mrfll/-i ol
1 3-octen-1-ol 128 110
2 1-nonanol 144 126
3 1-decadienol 154 136
4 1-decenol 156 138
5 1-undecadienol 168 150
6  1-dodecenol 186 168

w2fA] 3-octen- 1-0l> m/z 110, 1-nonanol- m/z
126, 1-decadienol= m/z 136, l-undecadienol> m/z
150, dodeca- dienol m/z 16°] ZtZt [M - H,OJ
o] peak’} HEHUTE WA o]FS T
hydroxyl 71 7PAE Zh2he] wAjagel et
17ke] 23t 9 533t 422 453Uk EIMS
o] O34l o FA] 3-octen-1-012] mass spectrum
<= [Fig. 2]l YERH3ATh

3-Octen-1-012] A%, [M - H,0]- o ddste
m/z 110 o1g]ell 17} &z 5491 M - 33, [M
- 46] fragment ©|2=% Z+Zt m/z 95, m/z 819
AEHR O, 3-octen-1-0l91A4 YEINE mi 67,
m/z 55 °ll 233l fragment ©]2
THNIST, 2019).
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[Fig. 2] EIMS spectrum of 3-octen-1-ol.
B 10709 1-decenol> HEZE  ranms,cis-

7-decen-l-ol <3HEZ Kita(1957)° st} $-H 4
o|Z2HE Y] AEor HuFowW, I F,
n-octanol, (Suzuki,
1959), 2-trans, 7-cis-decadien-1-ol (Suzuki, 1960)°]
K s gk al.(1982b)>
GC-MS +®4¢& 1-octenol,

Ta=
1-nonanol,

7-cis-decen-1-ol, n-decenol

Y3, Fujimoto et

Z3l9]  1-octanol,
1-decanol, 1-decenol, 1-decadienol & 6
MNE "ol g e® 48kt o,
Choi and Ho(1995)%= AT RE
1-octanol, 1-nonanol,  l-decanol,

PR R

1-decenol  7-decen-

$-400]
3-octen-1-ol,
7-decen-1-ol, 2,7-decadien-l-ol &=
B 2 Aoy E4w
l-olZ F4H ‘31
decadien-1-ol%

1-decadienol=  2-trans,cis-7-

A 5] o)t}

5. 3-Octen-1-0l2] NMRo{| 2|8t =X

#2)% 3-octen-1-012] proton NMR spectrum-—-
[Fig. 3]° YeRASITE 42 A9 871 FellA
chemical shift7} T2 7709 signalo] #3% At

Zkzre]l AR goEFH cedt €71 HA9
methylene 2+ 6 = 1.27 ppmol| THE &
SHR o™, 71 29 methylene T4 ZH2F Y&
Aol shiftF]o] o] 8ki= F42] FITFOR triplet
T quartetSE #SFH T

Safietat F2Y A (Halocynthia aurantium) 2 8tA

ME 9 g2l ofal=it SN YA SRel ol 4E

1-CH2 84CH3
6-CH2
i 7iCH3
2-CH2
4-CH 5{CHz2
-CH
L L_.u
so 40 ' 30 | 20 10 ppm
Chemical shift

[Fig. 3] proton NMR spectrum of
3-octen-1-o0l (CDsCD, 500 MHz).

ThE S

C8%] methyl
=2, 3%} C49] methyne FA+ multiplet© 2 2+2}

= 0.8 ppmel triplet>

8 =538, 548 ppmol &= =1, hydroxyl”] 2]
v BEEA go EH ARAS RO
ZHE cis-3-octene-1-0lF F7d = $1TH(<Table 5>).
6-C
4-
31C 14 =4 7.¢
5-C; 8-C

130 120 116 00 90 8 Y0 6 5 40 30 20 ppm
Chemical shift

[Fig. 4] “C NMR spectrum of 3-octen-1-ol

(CD;OD, 500 MHz).

Sk, 3-octen-1-012] 13C NMR spectrum<- [Fig.
41 YeERiSlYE gae BEF 879 whAl
chemical shift7} ﬁ%ﬂ‘”‘ﬂ- 3k ¢4 9AY
methyne ¥4 Z4H2F 8 = 1268 ppm, & =
1343 ppmell #5531 1 2]°] methylene T
25S 42 § =20 ~ 35 ppm Alolol #IEFE S
th 8 A9 =t methyl ©AE 6 = 144
ppme] TZFE AL hydroxyl7] 2} ZEH3E C1 A
9] methylene B4+ hydroxyl”7] o] Q&0 =2 § =
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<Table 5> Assignment of proton and "“C NMR
chemical shfts to  cis-3-octen-1-ol

(CDCls, 500MHz)

Chemical shifts(6 ppm)

"H(ppm) “C(ppm)
1-CH,- 391(2H, t, J = 7.0 Hz) 69.0
2-CH,- 2.29(2H, q, J = 6.0 Hz) 33.85
3-CH- 538(1H, q, J = 1.0 Hz) 126.8
4CH- 548(1H, q, J = 1.0 Hz) 1343
5-CHx- 1.95(2H, q, J = 6.5 Hz) 329
6-CH» 1.27(2H, m) 35
7-CH- 127(2H, m) 233
8-CHs- 0.843H t, J = 7.0 Hz) 144
o5 7ZtZte] protonZ "*C NMRE] chemical
shift #k& 71%3F A5 5 <Table 5>l YERAS

om o]zd MSY NMR =% A3} NMR data
base EH-E ©]F cis-3-octen-1-olE  FH3FAATH

(NIST, 2020 ; 3-Octen-1-ol, 2020).

6. B2 SR w0 M B

F2GAANAY =7 1/ YAgey Bk
ol muy fAlelb - ado]e] ol
v gtEe EA AeRelth ol dsd 8 of
vl - hboluh %1‘{75;0 njgre] 3 8 sEE
e T8 ARozZA R dololA o] &y
Z cynthiaol& E$Fel X3} T X3t AW
UdZE FHEHA

FH27 obAlE FEE9 chloroform¥} butanol

Z} <Table 6>°l YERAATH

$ETE 94 0Ds 2NN RPAT Hev
549 M Be R 6l gRe gEe 7

Gl At TS T 1407 mg/100 go] o,
71 % l-decadienol®] 22.7 mg/100 gl % 7} W
of AAle] 49.4%5 AAstlrt. §-doloM &

n) el thEARl AR O® cynthiaol ©]2fil
BEE A wdaAl wewAldAx

FARS

l-decadienol®] 19 &3} ©Tlo] FAHEOR >
¥ A th(Suzuki, 1960). 1#{1} octanol, nonenol
2 HEHA 49kom, AJZo| 1-undecadienol 2}
dodecadienol®] A= oL} o]F9] 2% AT §
A= FRI= A &Sk

<Table 6> Isolated ascidian flavor compounds from
the Sea peach (H. aurantium)

No  Compound mg*Contf:;/lOOg Compo(sl]l/?)on
1 3-octen-1-ol 1343 4.8 10.4
2 1-nonanol 56.7 2.0 44
3 1-decadienol 635.4 22.7 494
4 1-decenol 79.1 2.8 6.1
5 1-undecadienol 236.3 8.4 18.4
6 1-dodecenol 145.2 5.2 11.3
Total 1,287.0 1407 100.0

* ¢ total content obtained from 2.8 kg of sample

Fujimoto et al(1982b) -&4o]ellA] alkyl
i+ alkenyl sufate’} ¥¢&e AFEHAZA UWH F
9] §A49l alkyl sulfohydrolase®l] &3} 17} <&
Sol ol sgloy H2 WA AL
olg} L TS 7HAE alkyl FEi= alkenyl
sulfate. 5> WAEA Agrom, tfFiEe]

Cle o8] 3 Adabze] Eafjwo] 4=

THE HIAE 4 glth Choi and Ho(1995)%

Mg =4 ZFol €8 ~ C129] 23}

O K(Suzuki, 1959), %ol
Ad gFom 7HA a9

= polth EE3 WA oy
ohe 7R o] Eo] FelA 1 AdE sh 4
ob7k= ATl QlojA wo] AEe] fl A&
ojvf Aol thE AEo] FAEHA o= AoE
Hol RS A& 3Fi= pheromone O ZA =gk
7FeAE ok AAR 233 ¢E9] dodeca-3,
6-dien-1-ol<= 27Hv]e] A F<13 trail folloing
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pheromone & ZA] Z+-&-gFCH(Robert et al., 2004).
Octenol®] 7-f-, A4 o5 Ao 914
7F 2 A, hydroxylZ]9] $1217} thE ofy 7}
Al oA Ee] EAs, 553 G A=
ZAEE 3tk 1-Octen-3-0l2 3-octen-1-013} ©|F
A%} hydroxyl?]S] A7 GE okzke] Ajo)A
9wl wego], gy Fel: =9 Sl
mushroom alcoholo]2}al s, WAEFS U= 2]
& HAVFEERAMLE olfFH1  t(l-octen-3-ol,
2020a). E, 5olst HFo] WAlE H7|5 2
+Agdo] 7F3lo(Takken and Kline, 1989) 7|
E fA%ts FUAZE A0 (1-octen-3-0l, 2020b),

oj¢} Wit nggol7el 54 LTS HA =
A% tH(Sawahata et al., 2008).

SEugels Agor = PAFIE 2
H 28 AT vedd TR g &
Zol W wo] ook Jitho] o] oA itk
(Palanisamy et al., 2017).

Ao F2WYAZE 7ML e AL AL
sx3h gl st dEe] A W diAb Aldel
M9 Vse Eeste] o]0 T vk A
&3 o9 o] gl #at] o w2 At
o] Fofxof & Zlojt},

S A FAQ 42.5%,
frEHo HEe AFS 39.5% otk
F71& Tl oFd(7 mgl100 gy wEe]

| shaso] ek fE ofnlAl T
A= 89.2 mg/100 g(38.4%), glycine
412 mg/100 g(17.8%), acid’}  22.6
mg/100 g(9.8%), alanine®] 12.9 mg/100 g(5.6%)°]

selenium®
taurine®|

glutamic

Safietat F2Y A (Halocynthia aurantium) 2 8tA

M2 9 R2| ofol=dt SHT HH SR Ha| M=

et

F2HA 579 AL CEAE 1-nonanol,

1-decadienol, 1-decenol 1-undecadienol, 1-dodecenol

o] Z}Z} EIMSZE cis-3-octen-1-ol= EIMS, NMR
spectrum O % FHHAUC I F 7P B AL
I-decadienol 24 22.7 mg/100 g 2 Z |9 49.4%
= A8l
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