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Processing and Quality of Seasoned Low-salt Fermented Styela plicata
Supplemented with Fermentation Alcohol
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To develop a value-added low-salt fermented seafood with a long shelf-life, we prepared seasoned low-salt fermented
Omandungi Styela plicata supplemented with fermentation alcohol (SOE). The SOE was produced by washing and
dewatering shelled Omandungi, followed by cutting and salting for 24 h at 0+1°C. The salted Omandungi was sea-
soned and fermented with garlic, ginger, monosodium glutamate, red pepper, sesame, sorbitol, and sugar, for 7-8 days
at 0£1°C. After adding 3-5% fermentation alcohol, the seasoned fermented Omandungi was packed in a polyester
container. The salinity, volatile basic nitrogen content, and viable cell count of SOE were 4.8%, 22.1-22.2 mg/100 g,
and (1.2-1.9)x10° CFU/g, respectively. Compared with the control, addition of 3-5% fermentation alcohol inhibited
the decrease in freshness, texture degradation, and growth of residual bacteria. Additionally, the SOE showed good
storage stability and organoleptic qualities when stored at 4+£1°C for 40 days. The total amino acid content of SOE
was 2,186.0 mg/100 g, mainly comprising glutamic acid, aspartic acid, lysine, and phenylalanine. The free amino
acid content was 189.0 mg/100 g, and mainly included taurine, glutamic acid, methionine, alanine, and proline.
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Table 1. Proximate composition of the seasoned salt-fermented
Styela plicata

(g/100 g)
. Crude Crude  Carbo-
Moisture protein Ash lipid hydrate
Raw 89.8+0.2 1.4+0.1 2.8+0.2 0.5+0.1 5.5+0.2

Control' 80.8+0.3 2.6+0.6 5.2+0.1 0.740.0 10.7+0.3
!Control, the seasoned salt-fermented Styela plicata without fer-
mentation alcohol or potassium sorbate.

Table 2. pH, salinity, volatile basic nitrogen (VBN) and amino nitrogen (NH,-N) contents, thiobarbituric acid (TBA) value and viable cell

count of the seasoned salt-fermented Styela plicata

NH,-N (mg/100 g)

TBAvalue (O.D.) Viable cell count (CFU/g)

pH Salinity (%) VBN (mg/100 g)
Raw 6.09£0.05 2.7£01 6.9+0.3
Control’ 6.23+0.02 4.8+0.1 22.4+0.1

36.4+3.2
65.0£2.6

0.041+0.008
0.040+0.004

(2.2-5.0)x102
(2.2-3.5)x10?

!Control, the seasoned salt-fermented Styela plicata without fermentation alcohol or potassium sorbate.
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Table 3. Changes in pH of various seasoned low salt-fermented Styela plicata during storage at 4+1°C

Storage day
Product’
0 10 20 30 40
Control 6.23+0.02% 6.22+0.02¢ 6.27+0.01* 6.64+0.03% 6.87+0.0434
SOS 6.22+0.02%A 6.20+0.00%4 6.16+0.01°® 6.15+0.00% 6.18+0.02°8
SOE-3 6.23+0.03%A 6.23+0.02% 6.14+0.02%8 6.16+0.02C 6.21+0.01%8
SOE-5 6.231£0.0124 6.20£0.01°4 6.1610.02® 6.2310.0128 6.20£0.02°8

!Control, the seasoned salt-fermented Styela plicata without fermentation alcohol; SOS, the salt-fermented Styela plicata with 0.1% potas-
sium sorbate; SOE-3, the salt-fermented Styela plicata with 3.0% fermentation alcohol; SOE-5, the salt-fermented Styela plicata with 5.0%
fermentation alcohol. “4A-“Means within each row and column followed by the same letter are not statistically different (P>0.05).

Table 4. Changes in volatile basic nitrogen (VBN) content of various seasoned salt-fermented Styela plicata during storage at 4+1°C

(mg/100 g)
Product Storage day
0 10 20 30 40
Control 22.4+0.4° 27.240.3% 28.0£0.5% 32.5£0.4%" 41.840.5%
SOS 22.04£0.1A 22.140.28 23.4£0.3%® 23.540.32P 24.04£0.5%°
SOE-3 22.240.2% 22.410.3%® 23.0£0.48 25.3+0.2B 30.3+0.3%®
SOE-5 22.140.2 22.5+0.2% 23.240.2°8 24.5+0.4°C 27.8+0.5%C

!Control, the seasoned salt-fermented Styela plicata without fermentation alcohol; SOS, the salt-fermented Styela plicata with 0.1% potas-
sium sorbate; SOE-3, the salt-fermented Styela plicata with 3.0% fermentation alcohol; SOE-5, the salt-fermented Styela plicata with 5.0%
fermentation alcohol. “*#PMeans within each row and column followed by the same letter are not statistically different (P>0.05).

Table 5. Changes in amino nitrogen (NH,-N) content of various seasoned salt-fermented Styela plicata during storage at 4+1°C

(mg/100 g)
Product Storage day
0 10 20 30 40
Control 65.6£2.9* 70.04£4.24 71.243.5% 79.642.7°4 87.41£3.3%
SOS 65.6+3.5 68.2+5.0° 70.2+3.6%* 72.8+3.13 74.6+1.98
SOE-3 65.5+4 .4 69.2+5.23A 69.8+2.9%4 70.8+2.6% 74.8+2.23C
SOE-5 65.542.2% 66.6+3.0" 68.4+1.8%" 68.4+2.9%8 72.643.8%C

!Control, the seasoned salt-fermented Styela plicata without fermentation alcohol; SOS, the salt-fermented Styela plicata with 0.1% potas-
sium sorbate; SOE-3, the salt-fermented Styela plicata with 3.0% fermentation alcohol; SOE-5, the salt-fermented Styela plicata with 5.0%
fermentation alcohol. “=A“Means within each row and column followed by the same letter are not statistically different (P>0.05).
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Table 6. Changes in thiobarbituric acid (TBA) value of various seasoned salt-fermented Styela plicata during storage at 4+1°C

(0.D.)
Product Storage day
0 10 20 30 40
Control 0.040£0.003A 0.050£0.004< 0.06210.007>* 0.077+0.00424 0.095£0.009**
SOS 0.041£0.003A 0.047+0.004¢cA 0.049+0.00920cB 0.052+0.005%8 0.056+0.00928
SOE-3 0.041+0.002°4 0.042+0.0032>A 0.042+0.0052%8 0.044+0.004¢0¢ 0.050£0.009%8
SOE-5 0.040+0.00224 0.042+0.005** 0.042+0.005°8 0.042+0.0042¢ 0.046+0.00928

'Control, the seasoned salt-fermented Styela plicata without fermentation alcohol; SOS, the salt-fermented Styela plicata with 0.1% potas-
sium sorbate; SOE-3, the salt-fermented Styela plicata with 3.0% fermentation alcohol; SOE-5, the salt-fermented Styela plicata with 5.0%
fermentation alcohol. “>A-“Means within each row and column followed by the same letter are not statistically different (P>0.05).

Table 7. Changes in viable cell count of various seasoned low salt-fermented Styela plicata during storage at 4+1°C

(CFU/g)
Product’ Storage day
0 10 20 30 40
Control (2.2-3.5)x10? (2.9-3.1)x10* (2.5-2.9)x10° (4.2-5.7)x10° (1.2-2.7)x10°
SOS (1.9-2.1)x10? (1.3-3.1)x10° (6.9-8.6)x10? (1.2-1.9)x10° (2.3-3.0)x10?
SOE-3 (1.5-1.9)x10° (6.0-7.1)x10? (4.9-6.1)x10? (3.5-4.4)x10? (2.9-4.1)x10?
SOE-5 (1.2-1.6)x10° (6.3-8.0)x10? (4.9-5.1)x10? (2.3-3.9)x10? (2.0-2.9)x10?

!Control, the seasoned salt-fermented Styela plicata without fermentation alcohol; SOS, the salt-fermented Styela plicata with 0.1% potas-
sium sorbate; SOE-3, the salt-fermented Styela plicata with 3.0% fermentation alcohol; SOE-5, the salt-fermented Styela plicata with 5.0%

fermentation alcohol.

Table 8. Changes in sensory evaluation' of various seasoned low salt-fermented Styela plicata during storage at 4+1°C

Storage day
Product? 0 10 20 30 40
Taste Texture Taste Texture Taste Texture Taste Texture Taste Texture
Control 5.0 5.0 4.51+0.2°* 44+0.3**  2.8+0.3® 2.910.2¢ NE NE NE NE
SOE-3 5.0£0.0* 5.0£0.0* 4.810.24 4.8+0.2A 4.610.3%°" 4.610.3%A 4.2+0.4° 4.310.4>*  3.8£0.4°* 4.0£0.5*
SOE-5 4.840.1%® 5.0+0.0* 4.8+0.2%* 4.8+0.2** 4.510.4%" 46+0.2** 4.2+0.3** 4.5+0.5*  3.620.4% 3.9+0.4**

15 scale score: 5, very good; 4, good; 3, acceptable; 2, poor;

1, very poor. *Control, the seasoned salt-fermented Styela plicata without fer-

mentation alcohol; SOE-3, the salt-fermented Styela plicata with 3.0% fermentation alcohol; SOE-5, the salt-fermented Styela plicata with
5.0% fermentation alcohol. ““ABMeans (n=9) within each raw and column followed by the same letter are not statistically different (P>0.05).

NE, not evaluated.
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Table 9. Total amino acid and mineral contents of the seasoned low
salt-fermented Styela plicata'

(mg/100 g)
Amino acid Content Mineral Content
Aspartic acid 229.2 (10.5) Na 1,488.4114.5
Threonine 119.9 ( 5.5) K 87.9+1.5
Serine 123.0 ( 5.6) Ca 17.9+0.3
Glutamic acid 363.9 (16.6) Mg 22.4+0.2
Proline 1375 ( 6.3) Fe 16.6+0.2
Glycine 136.5( 6.2) Zn 1.310.1
Alanine 114.2 ( 5.2) P 37.1x0.4
Cystine 11.1( 0.5) S 153.1£3.8
Valine 1135 ( 5.2) Pb 0.1£0.00
Methionine 489 ( 2.2) Cd ND
Isoleucine 100.2 ( 4.6)
Leucine 148.9 ( 6.8)
Tyrosine 154 ( 0.7)
Phenylalanine 1678 ( 7.7)
Histidine 545 ( 2.5)
Lysine 168.9 ( 7.7)
Arginine 132.6 ( 6.1)
Total 2,186.0 (100.0)

ISOE-3, seasoned low salt-fermented Styela plicata with 3% fer-
mentation alcohol. 2Percentage to the total amino acid. ND, not
detected.

tot 7] 913 SOE-3
o) oto et S0 A 10 AT Talo 95 1]
SOE-39] Zo}u|: A} é}%b% 2,186.0 mg/100 g © 2 glutamic
acid®} aspartic acid”} 212} 363.9 mg/100 g 2 229.2 mg/100
g, tF2- 2.2 lysine, phenylalamne leucine, proline, glycine Y
arginine?] gafo| wetom, 71 9f thE ofn| e AMEE T2 §H
FEo] it sHA, 7138 242 Navt 1,488.4 mg/100 g&
Z 7wk, oh3o] S, K ¥ P Z+2+ 153.1 mg/100 g, 87.9
mg/100 g ¥ 37.1 mg/100 g $r=lof At Falld 524

Table 10. Free amino acid and inorganic ion contents of the sea-
soned low salt-fermented Styela plicata'

(mg/100 g)
Amino acid Content VT;it:z Inoirgr?nic Content
Phosphoserine 1.2 ( 0.5) Na 301.645.1
Taurine 40.9 (21.6) K 8.2+0.3
Urea 20( 1.0) Ca 2.4+0.0
Hydroxyproline 1.5( 0.8) Mg 3.40.2
Threonine 1.2 ( 0.5) 0.004 Fe 2.310.0
Serine 22( 1.2) 0.014 Zn 0.1£0.0
Glutamic acid 30.0 (15.9) 6.000 P 11.710.2
Proline 1.7 ( 6.2) 0.039 S 15.9+3.8
Glycine 6.4 ( 3.4) 0.049
Alanine 148 ( 7.8) 0.247
Citrulline 1.0 ( 0.5)
AABA* 1.3 ( 0.7) 0.009
Valine 7.2 ( 3.8)
Methionine 212 (11.2)
Isoleucine 42 ( 22) 0.047
Leucine 59( 3.1) 0.031
Tyrosine 20( 1.0
B-alanine 26 ( 1.5)
Phenylalanine 49 ( 2.6) 0.054
GABA* 11.3 ( 6.0)
Hydroxylysine 0.3( 0.2)
Ornithine 1.6 ( 0.9)
Lysine 58 ( 3.1) 0.116
Histidine 20( 1.1) 0.100
Arginine 58 ( 3.1) 0.116
Total 189.0 (100.0) 6.826

ISOE-3, seasoned low salt-fermented Styela plicata with 3%
fermentation alcohol. *Free amino acid content/taste threshold.
3Percentage to the total amino acid. *AABA ,a-aminobutyric acid,
GABA, y-aminobutyric acid.
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