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This study was carried out to investigate nutritional and physiologically active characterizations of sikhae and the
seasoned products from the sea squirt Halocynthia roretzi. The total taste values of sikhae fermented for 4 and 5 days
were 10.9 and 15.4, respectively, which was lower than for commercially seasoned sea squirts. The sikhaes contained
mostly glutamic and aspartic acids. The total amino acid contents of sikhaes fermented for 4 and 5 days were 5.5 and
6.0 g/100 g, respectively, which were lower than those of commercial seasoned-sea squirts or similar. An amount of
100 g of sikhae and its seasoned products contained P, K, Mg and Fe, and these minerals, which are deemed good for
our health, were at 10% above the recommended daily requirements. The functional properties of sikhae fermented for
4 and 5 days were as follows: for ACE inhibiting activity, 69 and 69.5%, respectively; for antioxidative activity, 28.9
and 29.3%, respectively; for xanthine oxidase inhibitory activity, 52.8 and 53.1%, respectively; and for a-glucosidase
inhibitory activity, 2.4 and 1.4%, respectively. Antimicrobial activity of the 5 day fermented sikhae against Vibrio
parahaemolyticus and Staphyloccus aureus was detected in 8 mm and in 7 mm against Escherichia coli.
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Table 1. Additives used for preparing sikhae and commercial sea-
soned-products from sea squirt Halocynthia roretzi

Product Additives
Rice, cooked rice from nonglutinuous
. millet and rice, red pepper powder, malt
Siﬁﬁasgum powder, wheat flour, chopped garlic,
chopped ginger, water, shreded radish,
sugar
v Anchovy sauce, rice gruel, starch syrup,
red pepper powder, and so on
Commercial UL Red pepper powder, bamboo salt, gar-
-seasoned sea lic, lotus root, onion, sesame, and so on
squirt

Common salt, red pepper powder,
SO garlic, ginger, vinegar, starch syrup, and
so on

TY: commercial seasoned-sea squirt prepared in Tongyeong, UL:
commercial seasoned-sea squirt prepared in Uljin, SO: commer-
cial seasoned-sea squirt prepared in Sokcho
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Table 2. Reference bacteria used for measuring antibacterial activ-

ity

oAl - 717

Gram’'s

. Bacteria Strain No. Medium
stain

+) Staphylococcus KCCM Muller-Hinton

aureus 11764 agar
L . KCCM Muller-Hinton

o Escherichia coli 11569 agar
Vibrio KCCM Muller-Hinton

parahaemolyticus 11965 agar
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9] 74-¢- taurine (40.6 mg/100 g 2! 9.4%)), glutamic acid (59.8
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(47.5 mg/ 100 g ¢ 8.8%) W lysine (45.2 mg/ 100 g, 8.3%),
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Table 3. Free amino acid content (mg/100 g) of commercial seasoned-products and sikhaes from sea squirt Halocynthia roretzi

] ] Commercial seasoned-sea squirt’ Sikhae?
Amino acid
TY uL SO 4D 5D
Phosphoserine 3.0(0.7) 2.2(0.4) 3.0(0.4) .7(0.4) 2.4(0.4)
Taurine 40.6(9.4) 27.8(5.1) 41.8(5.5) 23. 5( .6) 31.9(5.4)
Phenylethylamine 11.4(2.6) 19.7(3.6) 12.9(1.7) 15.0(3.6) 22.0(3.7)
Aspartic acid 12.1(2.8) 16.6(3.1) 19.8(2.6) 11.9(2.8) 16.6(2.8)
Hyproxyproline - 20.6(3.8) 20.3(2.7) - -
Threonine 17.9(4.1) 14.4(2.7) 22.8(3.0) 9.1(2.2) 14.0(2.4)
Serine 15.9(3.7) 12.4(2.3) 20.0(2.7) 10.0(2.4) 14.4(2.4)
Asparagine 14.0(3.2) 54.4(10.0) 35.6(4.7) 64.5(15.3) 92.8(15.7)
Glutamic acid 59.8(13.8) 47.5(8.8) 162.0(21.5) 18.1(4.3) 26.5(4.5)
Sarcosine 0.4(0.1) 0.7(0.1) - -- -
a-Aminoadipic acid 0.3(0.1) -- 1.1(0.1) 0.1(0.0) 0.2(0.0)
Proline 50.6(11.7) 41.0(7.6) 71.1(9.4) 48.6(11.5) 61.0(11.3)
Glycine 21.8(5.0) 16.8(3.1) 20.7(2.8) 7.1(2.0) 9.7(1.6)
Alanine 28.6(6.6) 31.7(5.8) 32.7(4.3) 16.5(4.0) 22.4(3.8)
Valine 23.0(5.3) 27.5(5.1) 27.1(3.6) 17.5(4.1) 23.4(4.0)
Cysteine 1.4(0.3) 1.3(0.3) 4.1(0.6) 4.2(1.1) 5.9(1.0)
Methionine 11.8(2.7) 13.2(2.4) 12.2(1.6) 4.7(1.1) 6.6(1.1)
Cystathionine-1 1.9(0.4) 1.6(0.3) 3.2(0.4) 1.7(0.4) 2.5(0.4)
Isoleucine 16.6(3.8) 20.1(3.7) 19.3(2.6) 9.0(2.1) 12.3(2.1)
Leucine 21.2(4.9) 28.9(5.3) 25.7(3.4) 13.3(3.2) 18.5(3.1)
Tyrosine 2.3(0.5) 12.0(2.2) 20.2(2.7) 9.5(2.3) 13.1(2.2)
B-Alanine 1.8(0.4) - 1.5(0.2) - -
Phenylalanine 17.0(3.9) 20.5(3.8) 20.3(2.7) 12.3(3.0) 17.5(3.0)
y-Aminobutyric acid 7.3(1.7) 5.2(1.0) 5.8(0.8) 23.7(5.6) 30.9(5.2)
Ethanolamine 2.6(0.6) 3.4(0.6) 4.6(0.6) 2.8(0.7) 3.7(0.6)
Hydroxylysine 1.8(0.4) 2.8(0.5) 0.3(0.0) - 0.2(0.0)
Ornithine 3.2(0.8) 10.0(1.9) 1.9(0.3) 0.6(0.2) 0.9(0.2)
Lysine 9.7(2.3) 45.2(8.3) 41.5(5.5) 19.2(4.6) 27. 0(4 6)
1-Methylhistidine 0.4(0.1) 0.6(0.1) 1.6(0.2) 0.8(0.2) .3(0.2)
Histidine 24.6(5.7) 12.5(2.3) 17.7(2.3) 6.7(1.6) 9.9(1.7)
3-Methylhistidine 52(1.2) 3.4(0.6) 7.8(1.0) 2.1(0.5) 3.2(0.6)
Anserine 2.4(0.6) 0.8(0.1) 3.2(0.4) - -
Carnosine 0.6(0.1) 0.7(0.1) 2.3(0.3) - -
Arginine 2.0(0.5) 26.8(5.0) 70.8(9.4) 64.1(15.2) 94.4(16.0)
Total 430.2(100.0) 542.3(100.0) 754.9(100.0) 418.3(100.0) 585.2(100.0)

IThe data were quoted from Heu et al. (2013).

24D: sea squirt sikhae fermented for 4 days, 5SD: sea squirt sikhae fermented for 5 days, TY: commercial seasoned-sea squirt purchased in
Tongyeong, UL: commercial seasoned-sea squirt purchased in Uljin, SO: commercial seasoned-sea squirt purchased in Sokcho

3-: Not detected.
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Table 4. Taste value of commercial seasoned-products and sikhaes from sea squirt Halocynthia roretzi

. ) Taste threshold Commercial seasoned-sea squirt' Sikhae?
Amino acid (mg/100 ) TY uL SO 4D 5D
Aspartic acid 3 4.0 5.3 6.6 4.0 5.5
Threonine 260 0.1 0.1 0.1 0.0 0.1
Serine 150 0.1 0.1 0.1 0.1 0.1
Glutamic acid 5 12.0 9.5 324 3.6 5.3
Proline 300 0.2 0.1 0.2 0.2 0.2
Glycine 130 0.2 0.1 0.2 0.1 0.1
Alanine 60 0.5 0.5 0.5 0.3 0.4
Valine 140 0.2 0.2 0.2 0.1 0.2
Methionine 30 0.4 0.4 0.4 0.2 0.2
Isoleucine 90 0.2 0.2 0.2 0.1 0.1
Leucine 190 0.1 0.2 0.1 0.1 0.1
Phenylalanine 90 0.2 0.2 0.2 0.1 0.2
Lysine 50 0.2 0.9 0.8 0.4 0.5
Histidine 20 1.2 0.6 0.8 0.3 0.5
Arginine 50 - 0.5 1.4 1.3 1.9
Total - 19.6 18.9 44.2 10.9 154

The data were quoted from Heu et al. (2013).

24D: sea squirt sikhae fermented for 4 days, 5D: sea squirt sikhae fermented for 5 days, TY: commercial seasoned-sea squirt purchased in

Tongyeong, UL: commercial seasoned-sea squirt purchased in Uljin, SO: commercial seasoned-sea squirt purchased in Sokcho

of H|gke] W3l=dl, ol= 71 W o] &foll = H7iet R =9
T, MSGE 7} {7, 2Akte] glutamic acids 7] & =
GABA A/ &/ Foll &Jgt dafFolet HetE gich

Taste value® A3 E dlof] Thodsh= F£Q g-gofu| iAo 2
= g Alale] A9 <A 493t 50| I aspartic acid (4.0
4 5.5), glutamic acid (212} 3.6 2 5.3) ¥ arginine (42 1.3
4 1.9) 52 Zpo|7} gigl o, 2u| FA L= 2o 7F AU
t}. Cha et al. (2002)% el 2l8)19] &4 F 5he] J=E taste
value® A7 & A3} =% 92 glutamic acid®} aspartic acid
7F ofgirtar Bangk vl qlek, whebA, A [l Alsfe] ot
2 F2 glutamic acid®} aspartic acid®]] 2]slo] A H+= 710
2 et

08
02
im
A 0x

ok flo —HZ
J1 oY
ot =

=
2

o

‘LF‘

N

o

~

e

o

2

S

BN

toky

2hs

o

N

I

N
2 N @
pac)

ol(Kim et al., 2013), 0] 5-& FAJ5H= Zofu] e

2
)
X
>,
ol
1o
2
o
l
2
o
>
ax
=
e
g
2
o
u
N
©,

B2 ol
o
e
)

W

4
off
52

9] 6.0-7.6 /100 g 9]0l vl3te] ARG Wkt o2} 2
o] TA Alse] on| At FRbFo] 2u] FA ] A o Blske
& A2 o5& A= Aol A7t A, A3 W MSG T2t
<& Tl o] ujgofA zpo7} QUI7] wiolet ke it
(Kim et al., 2013).

WA Aafe] T TASH obuliAl F 8 opuliib
(A oFr]=ite] 10% o)) <4 7ol #Aglo] aspar-
tic acid (Z}2} 570.0 mg/100 g ¥ 10.3%, 645.0 mg/100 g U
10.7%)2} glutamic acid (212} 882.6 mg/100 g 2 15.9%,
901.0 mg/100 g ¥ 15.0%)°] 3131, o] 52 xu| YA 359 5
& frejobnlieAldt Sl QlojA= Abol7t glalont, 2/l
AoV A= FrAFsEA L 2ol 7 /1 Si Tt

ok, 7 A8l 2% tryptophang A|2|el 95 Hpofu]le
Ak(threonine, valine, leucine, isoleucine, lysine, methionine,

phenylalanine, histidine & arginine)2] = ¥ A2 4 5
oF <43k 7o) 2.40 g/100 g (44.9%), 5Y B2t &A43F o]
2.80 /100 g (46.6%) 2= z=u| ©A| 32| o] 52| grdat =4
0] 247} 2.7-3.7 g/100 g 43.3-48.2%0°] H|3}0+= k7 FA Ly
o] Z9] W elol AUt e, AlMdiEe] S4B = tEA S
A 710l oo] TE|(8.88 g/100 g W 52.9%) (Kim et al.,
2009) 2 ZA] 9]E](6.32 g/100 g E 56.1%) (Kim et al., 2009)
OF 22 78 AV RSEE ] Fgotm| Al S B 2400 H]



Table 5. Total amino acid (TAA) content of commercial seasoned-products and sikhaes from sea squirt Halocynthia roretzi

(mg/100 g)
) ) Commercial seasoned-sea squirt' Sikhae?
Amino acid
TY UL SO 4D 5D

Asp 871.9(11.8) 835.0(11.0) 634.6(10.6) 570.3(10.3) 645.0(10.7)
Thr 376.5(5.1) 395.7(5.2) 290.5(4.8) 229.8(4.1) 268.4(4.5)
Ser 373.9(5.1) 390.1(5.1) 275.2(4.6) 325.7(5.9) 355.1(5.9)
Glu 1151.2(15.6) 1263.5(16.6) 1206.3(20.2) 882.6(15.9) 901.0(15.0)
Pro 394.7(5.4) 390.0(5.1) 490.3(8.2) 486.4(8.8) 541.6(9.0)
Gly 454.4(6.2) 472.3(6.2) 349.6(5.8) 264.1(4.8) 233.7(3.9)
Ala 393.8(5.3) 392.5(5.2) 278.5(4.7) 330.6(6.0) 320.8(5.3)
Cys 58.3(0.8) 66.7(0.9) 35.1(0.6) 67.2(1.2) 57.9(1.0)
Val 453.0(6.1) 445.8(5.9) 318.1(5.3) 286.5(5.2) 301.5(5.0)
Met 199.0(2.7) 219.5(2.9) 125.7(2.1) 128.2(2.3) 135.8(2.3)

lle 411.5(5.6) 413.9(5.5) 255.4(4.3) 243.9(4.4) 262.6(4.4)
Leu 579.1(7.9) 580.2(7.6) 397.9(6.6) 416.7(7.5) 420.0(7.0)
Tyr 115.3(1.6) 147.2(1.9) 117.1(2.0) 121.9(2.2) 157.1(2.6)
Phe 380.6(5.2) 395.7(5.2) 272.7(4.6) 278.1(5.0) 317.3(5.3)
His 197.5(2.7) 218.2(2.9) 147.1(2.5) 128.9(2.3) 134.8(2.2)
Lys 600.5(8.1) 498.5(6.6) 412.2(6.9) 363.0(6.5) 484.0(8.0)
Arg 354.5(4.8) 467.3(6.2) 368.0(6.2) 420.7(7.6) 473.8(7.9)
Total 7,365.7(100.0) 7,592.1(100.0) 5,974.3(100.0) 5,544.6(100.0) 6,010.4(100.0)

'The data were quoted from Heu et al. (2013).
24D: sea squirt sikhae fermented for 4 days, 5D: sea squirt sikhae fermented for 5 days, TY: commercial seasoned-sea squirt purchased in
Tongyeong, UL: commercial seasoned-sea squirt purchased in Uljin, SO: commercial seasoned-sea squirt purchased in Sokcho

Table 6. Mineral content of commercial seasoned-products and sikhaes from sea squirt Halocynthia roretzi

Mineral content (mg/100 g)

Sample code
Ca P K Mg Fe
Commercial TY 25.2+0.3 72.0£0.8 148.4+2.0 35.9+0.4 4.5+0.0
seasoned UL 26.8+0.2 74.9+0.4 135.8+1.3 51.540.3 3.7+0.0
-sea squirt’ SO 29.3+0.5 84.9+1.3 252.2+3.9 81.621.2 1.6+0.0
Sikhac? 4D 27.2+0.4 72.241.0 389.6+2.4 67.7+0.8 1.120.1
5D 28.7+0.4 77.8+1.0 411.5+3.3 68.31.0 0.8+0.1

IThe data were quoted from Heu et al. (2013).
24D: sea squirt sikhae fermented for 4 days, SD: sea squirt sikhae fermented for 5 days, TY: commercial seasoned-sea squirt purchased in
Tongyeong, UL: commercial seasoned-sea squirt purchased in Uljin, SO: commercial seasoned-sea squirt purchased in Sokcho

stof = HTh A gk Z450] 4 224272 9 28.7 mg/100 g, 919] ¢

F714-& vfrtol Al A Aok Aol thdt SRt =2 o 124722 31 77.8 mg/100 g, ZH5-2] 7% 212} 389.6 2L 411.5
o] T = AR dHA thMok et al., 2008). ©| mg/100 g nh 1| 40] A9 7217+ 67.7 2 68.3 mg/100 g, 2]
23k AWol|A] &7 7]7to] ThE WA A8l 25 (4% 9 5%)9 75 22 1.1 31 0.8 mg/100 g @ =2, <7 7|7k whE Apol=
ZH, QL 2, vkl W 4 9] s AT Z 3= Table 6 A 2 4?411 oFoket. gh, WA Alsfo] 771 ke 2|
2k 4 7170 493 5U R FEfgt YA Al 17 BAS A (A T 79 25.2-29.3 mg/100 g #1911 7
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Fig. 1. Angiotensin-I converting enzyme (ACE) inhibitory activity
and 2,2-diphenyl-1- picrylhydrazyl (DPPH) radical scavenging ac-
tivity of sikhaes and commercial seasoned products from sea squirt
Halocynthia roretzi.

14D: sea squirt sikhae fermented for 4 days, 5D: sea squirt sikhae
fermented for 5 days, TY: commercial seasoned sea squirt pur-
chased in Tongyeong, UL: commercial seasoned sea squirt pur-
chased in Uljin, SO: commercial seasoned sea squirt purchased
in Sokcho

*The data were quoted from Heu et al. (2013).

ol 75 72.0-84.9 mg/100 g MY, & =] ¢ 135.8-
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Alafjeb o] A 7ol F714 ke atol= YR g9
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o}A] angiotensin- I 2 A4} 3H=1], o] = t}A| angiotensin g+
A4 (ACE)°] oJste] dt =5 285 S} angiotensin- 1 &
A/g3tc}. ACE: T3, @3 0|9 2-8-2 714 breadykining
wofste] SES e BN ATt o7 HYS Asdte o
1S 3HcR(Lim et al., 2008). 0|2} Zro] ¢t Alo] ACEZ| =
A Hojsta g det sk flstol= Aoz ACES] &4
= AAI Ak sH=H], o] o] &/ A8l Wi e 2= Tt 9
sto] BIE 7| g 5= %)= captopril (2-mercaptopropanoyl-
L-proline)2} 22 3}s} oF#4 ACE A3 A4 2] A1 #(Lim et al.,
2008), F7|7toll AHE 7ok HA 7heEsEat 22 1
77154 A1&2] A F|(Matsumura et al., 1993), 27| 7tol| &3}
= 71 ¢ e Akt 59 2ol ofjt A Ao A
(Cha et al., 2002) 5o] It} <4 7]7to] Tk A Al5] 2%,
5 447 =33 Aot 5T A% Ael 5259 ACE
Al 242 72 69.0 U 69.5%S LrERjo] oju]7} gl 4=
ol o, 54 717ke Afolof| whE ol5 B9 - Afo]
7F QUG EA] e¥okek. e, WA s 552 ACE A3 &
4 0] PA 3%2] 21.2-25.8% R {0l vlske] HAl o} 9f

AEA= AR £X 247 AR 7] E40] 43S ol FaL
UOLF o 712 AEY A QQlE0] 7hstol A= - Al =
R Hgro 2 do] 7oA Al &Aooy of g 71R] Agks
do7|A et o]2|3h AleHA] AE A0 U0 B4 Ak
T2 252 ot iR AeolA e or A= 7
AHEo]ti(Moon et al., 2007). &4 Ak Fof| A G- H&= free
radical-> B]5-f HAE 7HA 2L Q17] wizoll E<hd s Al vt
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7} ¥)31 lck(to et al., 1983). o] & WHx|5}7| ¢t oz =
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8o oJsto] LERIE BHaksRsol QIR EE A4AES 4415
= Aolgt g 4= Qo
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o}, 1 71%2 FAIE A== ofy itk Choi et al. (2001b)
k2 9 Aof Al ZE S35t 2E52] DPPH radical 47
S &= P2 vehE S A9 AR EA] 3oL eth-
ylacetate 3} butanol E&-2] ¢ Q1A H okl H sk
T, Yook et al. (1990)2: 4/8e] ks B4-& w30 vi-egt
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Fig. 2. Xanthine oxidase inhibitory activity and o-glucosidase
inhibitory activity of sikhaes and commercial seasoned products
from sea squirt Halocynthia roretzi.

14D: sea squirt sikhae fermented for 4 days, 5D: sea squirt sikhae
fermented for 5 days, TY: commercial seasoned sea squirt pur-
chased in Tongyeong, UL: commercial seasoned sea squirt pur-
chased in Uljin, SO: commercial seasoned sea squirt purchased
in Sokcho

“ND : Not detected.

3The data were quoted from Heu et al. (2013).
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< 5% THEC] A F78AL Sl F+A|0l o) A (Zanabaatar
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A= n|Fo] Kol YA A= 353 Zdol JAAE AL, 1
B w4 717l whE Aol A E|A] ghgtt
g T A 7E 2l A RS o whet HEE
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Zo| B B Al Agko 2 A FRlEo] Ags] F
Hoh= A2k F9 shto]th(Cha et al., 2010). T4 -2zt
ANHE 3 9] oF 10%7} o] AL gk glom, 1wy
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Table 7. Antimicrobial activity of commercial seasoned- products
and sikhaes from sea squirt Halocynthia roretzi

Inhibitory zone (mm)

Sample code  yjpyio parahae- 1PV Escherichia
molyticus aureus coli

Commercial 1Y - - 8.0£0.0

seasoned UL - - 8.0£0.0

-product’ g - 9002  9.0:0.0

. 4D - 8.0+£0.0 7.0+£0.0
Sikhae?

5D 8.0+£0.0 8.0+£0.0 7.0+£0.0

'The data were quoted from Heu et al. (2013).

24D: sea squirt sikhae fermented for 4 days, 5D: sea squirt sikhae
fermented for 5 days, TY: commercial seasoned-sea squirt pur-
chased in Tongyeong, UL: commercial seasoned-sea squirt pur-
chased in Uljin, SO: commercial seasoned-sea squirt purchased in
Sokcho

3-: Not detected
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A o] ok 7l o] Lactobacillus 3 W A1&0] 717} 2]
o 7 HAFS Q) (Kang et al., 2001). ©7| Al8l2] Vibrio
parahaemolyticus, Staphyloccus aureus 'Y E. coli -5l T+ &}
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