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Abstract

This study was determine the optimum fermentation time of low-salt fermented sea squirt with Maesil
extracts, it was prepared by adding 1% of roasted salt and 5% of Maesil extracts to 1 kg of sea squirt
and then changed the fermentation time to 0 (MFT-0), 24 (MFT-24), 48 (MFT-48), 72 (MFT-72) and 144
(MFT-144) hours. The viable cell count of MFT-0, MFT-24, MFT-48, MFT-72 and MFT-144 were 3.9,
43, 4.1, 3.8 and 3.3 1logCFU/g, respectively. The volatile basic nitrogen content were 11.5, 18.2, 21.0,
25.1 and 28.3 mg/100 g, respectively. The amino-N content (138.1 to 212.3 mg/100 g) tend to increase
with the increase of fermentation time. For the color value, lightness had the highest value for MFT-0, but
redness and yellowness had the highest value for MFT-144. The amount of free amino acid gradually
increased with the increase of fermentation time, in which the main amino acids were glutamic acid,
glycine and alanine in all samples. The color, odor, taste and overall acceptance score decreased after 24
hours of fermentation, and MFT-24 had the highest score of texture. Therefore, fermentation at 3~4°C for
24 hours was suggested to be the optimum manufacturing condition.
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’ Frozen sea squirt ‘
’ Thawing by immersion in sea water ‘
’ Draining (3 min) ‘
’ Cutting into 2-5 mm ‘
’ Adding 10 g of roasted salt and 50 g of Maesil extracts to 1 kg of shredded sea squirt ‘
’ Mixing ‘
’ Packaging (polyethylene film, 19x27 cm) ‘
Fermenting at Fermenting at Fermenting at Fermenting at
3~47C for 24 3~4C for 48 3~4C for 72 3~4C for 144
hour hour hour hour
| MFT0 | | MFT24 | | MFT48 | | MFT-72 | | MFT-144 |

[Fig. 1] Flowsheet for processing of low-salt fermented sea squirt Halocynthia roretzi with Maesil extracts

by different fermentation times.
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<Table 1> Proximate composition of Maesil extracts

Proximate composition (g/100g)
Moisture Crude protein Crude lipid Ash Carbohydrate
Maesil extracts 55.4+1.0 0.3+0.0 0.8+0.0 0.4+0.0 43.1
All values are mean+SD (n=10). Carbohydrate (g/100 g)=100-(moisture+crude proteint+crude lipid+ash)

Sample

<Table 2> Changes in viable cell count of low-salt fermented sea squirt Halocynthia roretzi with Maesil

extracts by different fermentation times (logCFU/g)
Sample MFT-0 MFT-24 MFT-48 MFT-72 MFT-144
Viable cell count 39 43 4.1 3.8 33

MFT-0, MFT-24, MFT-48, MFT-72, MFT-144, refer to the comment in [Fig. 1].

<Table 3> Changes in proximate composition, pH and volatile basic nitrogen (VBN) content of low-salt
fermented sea squirt Halocynthia roretzi with Maesil extracts by different fermentation times

Proximate composition (g/100 g) VBN

Sample - - — pH

Moisture Crude protein Crude lipid Ash (mg/100 g)
MFT-0 79.4+0.4" 450N 0.9+0.1N 2.7+0.0 5.9 11.5+0.8°
MFT-24 79.2+0.1 4.7+0.2 1.0+0.1 2.8+0.1 5.8 18.2+1.6
MFT-48 79.5+0.3 4.54+0.1 0.9+0.0 2.740.1 5.8 21.0+0.8°
MFT-72 79.24+0.3 4.6+0.2 0.8+0.2 2.6+£0.2 5.7 25.1+0.8°
MFT-144 79.7+0.2 4.54+0.0 0.9+0.1 2.7+0.0 5.7 28.3+1.6°

Means with different superscripts in the same column are significantly different at P<0.05 by Duncan's
multiple range test. All values are meantSD (n=3). NS, not significant. MFT-0, MFT-24, MFT-48,
MFT-72, MFT-144, refer to the comment in [Fig. 1].
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I
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E
]
3 05
0.0 . . .
MFT-0 MFT-24 MFT48 MFT-72 MFT-144

Sample

[Fig. 2] Changes in salinity of low-salt fermented
sea squirt Halocynthia roretzi with Maesil
extracts by different fermentation times.
Means with different letters samples are
significantly ~ different at P<0.05 by
Duncan's multiple range test. All values
are meantSD (n=3). NS, not significant.

MFT-0, MFT-24, MFT-48, MFT-72,
MFT-144, refer to the comment in [Fig.
1].

AR ZHMFT-0, MFT-24, MFT-48, MFT-72 %
MFT-144)¢] TBA%bS 573t A3+ [Fig. 3]%
2ol Z4zF 0.074, 0.078, 0.075, 0.077 2 0.075=

0.12
3”-09 0074w 0078 o075 0-0_1__7_7 0.075
ERE
<
2 003
0.00 . . .
MFT-0 MFT-24 MFT-48 MFT-72 MFT-144
Sample
[Fig. 3] Changes in TBA value of low-salt
fermented sea squirt Halocynthia roretzi
with  Maesil extracts by different
fermentation times. Means with different
letters samples are significantly different
at P<0.05 by Duncan's multiple range
test. All values are meantSD (n=3). NS,
not  significant. =~ MFT-0, = MFT-24,
MFT-48, MFT-72, MFT-144, refer to the
comment in [Fig. 1].
300
g"zm oa 212,34
— bec = ety L
L IRTTRS wfsb ...... b e
% s L rEr
£
E o0
0

MFT-0 MFT-24 MFT-48 MFT-72 MFT-144

Sample

[Fig. 4] Changes in amino-N content of low-salt
fermented sea squirt Halocynthia roretzi
with  Maesil by different
fermentation times. Means with different
letters samples are significantly different
at P<0.05 by Duncan's multiple range
test. All values are meantSD (n=3). NS,
not significant. MFT-0, MFT-24, MFT-48,
MFT-72, MFT-144, refer to the comment
in [Fig. 1].

extracts
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<Table 4> Changes in color value of low-salt fermented sea squirt Halocynthia roretzi with Maesil extracts

by different fermentation times

Sample
Color value
MFT-0 MFT-24 MFT-48 MFT-72 MFT-144
L 46.1+0.1° 43.7+0.2° 43.6+0.2° 43.5+0.0 42.10.0°
8.9+0.0° 9.6+0.1¢ 10.5+0.2° 11.140.2° 11.9+0.2°
b 25.4+0.0° 25.840.0° 26.3£0.1° 27.4+02¢ 29.5+0.1°
AE 60.2+0.1N° 60.1£0.2 60.3+0.1 60.3+0.3 60.4+0.3

Means with different superscripts in the same row are significantly different at P<0.05 by Duncan's
multiple range test. All values are mean+SD (n=3). MFT-0, MFT-24, MFT-48, MFT-72, MFT-144: refer

to the comment in [Fig. 1].
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Lee et al.(2015)> 2% 15%E H7hst &
AL 1521 TCAA 110837 53417104 A

SN
e

W3E ARE Ay, WELibheE 54 39l
33.0010 21 110 30602 7HAsIA L, 4
AT @EhEs 10014 222 Z7lelglon], gan
bIHE 8594 712 ZASA I, NMIAHLE)E
61.1614 65.9% F7Fsteivkal ®arst up gt

o}, Folu| Ak gheko] W3}

SAAZES OAIRE, 48417 Yl 14443k R
gato] Az WAFEE AAYARZMFT-0,
MFT-48 % MFT-144)9] Folm|=At 3&ke<
Table 5>9} #o] 747} 3,951.3, 3,974.6 4 3,929.2
mg/100 g@] AT}t FLRo|RARE: BE sample©]
A glutamic acid7} Z+ZF 638.3, 6329 % 6463
mg/100 g & 7} Bk O w, aspartic acid (428.9,
441.0 4 464.9 mg/100 g) 3 lysine (288.9, 298.5
9l 278.4 mg/100 g) <=°| At}

<Table 5> Changes in total amino acid content of low-salt fermented sea squirt Halocynthia roretzi with

Maesil extracts by different fermentation times (mg/100 g)
] ) Sample
Amino acid
MFT-0 MFT-48 MFT-144
Aspartic acid 4289 (10.9) 4410 (1L.1) 4649 (11.8)
Threonine 2200 (5.6) 2143 (54) 2139 (54)
Serine 2543 (64) 2181 (5.5) 2135 (54)
Glutamic acid 6383 (16.2) 6329 (15.9) 646.3  (16.4)
Proline 2825 (7.1) 290.1 (7.3) 273.8 (7.0
Glycine 2435 (6.2) 2417 (6.1) 2644 (6.7)
Alanine 2065 (5.2) 2161 (54) 2029 (5.2)
Valine 169.7 (4.3) 173.6  (4.4) 1803 (4.6
Methionine 1149 (2.9 1124 (2.8) 93.6 (24)
Isoleucine 163.1 (4.1) 1553 (3.9) 1453  (3.7)
Leucine 2717 (6.9) 2711 (7.0 2653 (6.8)
Tyrosine 1306 (3.3) 1385 (3.5) 1340 (34)
Phenylalanine 2275 (5.8 2436 (6.1) 2308 (5.9)
Histidine 993 (2.5) 100.7 (2.5) 96.2 (2.4)
Lysine 2889 (7.3) 2985 (7.5) 2784  (7.1)
Arginine 2116 (54) 2205 (5.5) 2253 (5.7)
Total 3,951.3  (100.0) 3,974.6  (100.0) 3,929.2  (100.0)

“Percentage to the total content. MFT-0, MFT-48, MFT-144, refer to the comment in [Fig. 1].
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Kim et al(2014)> 15Tl 4 2 5U7F 574 vl frejobm) Ak gheko] W)
AZL FAAE S Fobu At TS AR 4 SAAZRE 0XZE, 24X, 4841%Y, T2A17F
3, F Alg B glutamic acid7} ZHZ; 882.6 4 14411702 de]sle] A|Z3 WAFE=E AY

901.0 mg/100 g & 7} wWekow, 1 thgo®  AAZ(MFT-0, MFT-24, MFT-48, MFT-72
aspartic acid (570.0 2 645.0 mg/100 g)7} =k MFT-144)2] fglobn| Ak 3Fake <Table 6>}
I BIE vk Qivk AEow AFHE opmmARE: o] ZHZb 1,0983, 1,392.0, 1,517.2, 1,749.2
FE T AA s e ARV HiE 02,1726 mg/l00 g Z SAAM0] Bold S
o Aol T e- 200 FE] ofuicAte] A ] SUlele AEE UERSITE B sample
3 Ao wEbd AgEe] dAEER 7 F 1 oM glutamic acid7b ZHZE 239.6, 302.0, 324.0,
7Y ofujyatolEl: HEHIPd AAIGWMALS 3679 E 457.6 mg/100 g & I dheFo] Woko
EE gl Ao d9EA ok agla A W, I teo] glycine (179.6, 245.5, 275.1, 3214
42 HA FFE FAOE sk Ade] dgob 4l 4103 mg/100 g) Y alanine (127.2, 155.6,

[ owE Y W R wE

MAbe o FEEoRA Y Es o] gtk 1751, 203.7 9 247.3 mg/100 g)9] oIl
(Park, 2011).
<Table 6> Changes in free amino acid content of low-salt fermented sea squirt Halocynthia roretzi with
Maesil extracts by different fermentation times (mg/100 g)
. . Sample
Amino acid MFT-0 MFT-24 MFT-48 MFT-72 MFT-144
Phosphoserine 33 (03) 38 (03) 40 (0.3) 46 (0.3) 60 (0.3)
Taurine 919 (8.4) 1069 (7.7) 1178 (7.8) 1335 (7.6) 1602 (7.4)
Aspartic acid 210 (1.9) 297 (2.1) 314 (2.1) 356 (2.0 389 (1.8)
Threonine 343 (3.1) 404 (2.9) 456 (3.0 552 (32) 627 (2.9)
Serine 273 (2.5) 360 (2.6) 415 27) 500 (2.9) 63.0 (2.9)
Asparagine 659 (6.0 79.1 (5.7) 824 (54) 90.1 (5.2) 108.0 (5.0)
Glutamic acid 239.6 (21.8) 302.0 (21.7) 3240 (214) 3679 (21.0) 4576 (21.1)
Glycine 179.6  (16.4) 2455 (17.6) 2751 (18.1) 3214 (184) 4103 (18.9)
Alanine 1272 (11.6) 155.6  (11.2) 175.1 (11.5) 203.7 (11.6) 2473 (11.4)
Valine 40.6 (3.7) 443 (32 482 (3.2) 548 (3.1) 67.0 (3.1)
Cystine 37 (03) 40 (0.3) 42 (0.3) 51 (03) 76 (04
Methionine 329 (3.0) 404 (2.9) 26 (2.8) 479 (2.7) 598 (2.8)
Isoleucine 242 (22) 314 (23) 353 (23) 417 (24) 509 (23)
Leucine 347 (3.2) 503 (3.6) 547 (3.6) 628 (3.6) 81.8 (3.8)
Tyrosine 382 (3.5) 50.5 (3.6) 544 (3.6) 637 (3.6) 793 (3.6)
Phenylalanine 277 (2.5 368 (2.6) 379 (2.5) 2.1 (24 550 (2.5)
Histidine 260 (2.4) 357 (2.6) 384 (2.5) 448 (2.6 576 (27
Tryptophane 144 (1.3) 161 (1.2) 172 (L.1) 20 (1.3) 333 (L5)
Ornithine 22 (02) 39 (03) 45 (0.3) 6.1 (0.4 94 (0.4
Lysine 364 (3.3) 444 (32) 467 (3.1) 532 (3.0) 66.6 (3.1)
Arginine 273 (2.5) 352 (2.5) 362 (2.4) 428 (24 503 (2.3)
Total 1,098.3 (100.0) 1,392.0 (100.0) 1,517.2 (100.0) 1,749.2 (100.0) 2,172.6 (100.0)

*Percentage to the total content. MFT-0, MFT-24, MFT-48, MFT-72, MFT-144, refer to the comment in
[Fig. 1].
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<Table 7> Changes in mineral content of low-salt fermented sea squirt Halocynthia roretzi with Maesil

extracts by different fermentation times (mg/100 g)
Sample
Mineral P
MFT-0 MFT-144
K 50.120.3™ 51.0£0.9
Ca 8.6+0.1N 8.8+0.5
Mg 18.1+0.3" 17.8+0.6
Na 205.7+1.4™ 206.3+4.0
Fe 0.940.1™ 1.00.1
Zn 1.5+0.1N 1.5+0.0
P 25.5+0.3N 25.3+0.8
Total 310.542.3™ 311.6+6.8

Means with different superscripts in the same row are significantly different at P<0.05 by Duncan's
multiple range test. All values are meantSD (n=3). NS, not significant. MFT-0, MFT-144, refer to the

comment in [Fig. 1].
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<Table 8> Changes in sensory evaluation of low-salt fermented sea squirt Halocynthia roretzi with Maesil

extracts by different fermentation times

Sensory evaluation

Sample Shape Color Odor Texture Taste ac(Z:;trilce
MFT-0 3.940.2™ 3.940.2° 3.7+0.3% 3.4+0.3° 3.840.2° 3.840.2°
MFT-24 3.8+0.4 3.840.2° 3.840.1° 4.1+0.2° 4.0+0.3° 4.040.1°
MFT-48 3.740.3 3.240.3° 3.2+0.3% 3.3+0.3° 3.240.2° 3.4+0.3°
MFT-72 3.6+0.4 3.340.2" 2.9+0.4° 3.240.4° 3.040.3% 3.120.2°
MFT-144 3.6£0.3 2.8+0.1° 2.7+0.3 2.540.2° 2.5+0.4° 2.6+0.2°

5 scales; 1, very poor; 2, poor; 3, acceptable; 4, good; 5, very good. Means with different superscripts
in the same column are significantly different at P<0.05 by Duncan's multiple range test. All values are
mean+SD (n=10). MFT-0, MFT-24, MFT-48, MFT-72, MFT-144, refer to the comment in [Fig. 1].
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