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Processing and Quality Characteristics of Sea Mussel Mytilus edulis
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To develop a highly value-added product from extract from small and damaged sea mussels Mytilus edulis, we pre-
pared two types of sea mussel sauce (MS): bottled (BMS) and retort pouched (RMS). We investigated the processing
conditions, quality metrics and flavor compounds in each type of sauce. We found that the most appropriate base
formulation for both BMS and RMS consisted of 40.0% SME (Brix 30°), 15.0% sugar, 6.0% salt, 4.0% monosodium
glutamate, 4.0% soy sauce, 3.5% starch, 3.0% yeast extract, 3.5% wheat flour and 21.0% water. The crude protein, sa-
linity, volatile basic nitrogen and amino-nitrogen content of the BMS and RMS were 8.7% and 8.8%, 9.3% and 9.2%,
24.9 and 31.4 mg/100 g, and 468.5 and 455.1 mg/100 g, respectively. For comparison, the ranges of these values in
commercial oyster sauces (COS) are 4.7-7.5%, 10.7-12.0%, 8.2-12.5 mg/100 g, and 225.7-448.2 mg/100 g, respec-
tively. The total free amino acid content of RMS and Premium COS was 7,215.7 and 6,160.7 mg/100 g, respectively,
and the main free amino acids were glutamic acid, taurine, glycine, alanine, arginine, proline and lysine. These results
demonstrate that BMS and RMS have favorable organoleptic qualities and good storage stability compared to COS,
and are suitable for commercialization as high-flavor seasoning sauces.
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Sugar 15.0%
Salt 6.0%
MSG 4.0%
Soy sauce 4.0%
Starch 3.5%
Yeast extract | 3.0%
Wheat 3.5%
Water 21.0%
I
Mixing
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Heating

(90-95°C, 20 min)
I

| Sea mussel sauce (MS) |

. . Filling with
Hot-filling with bottle retort pouch

Sealing & heating Sealing & sterilization

(95°C, 45 min) (Fo-value 10 min)
I I
| Cooling | | Cooling |
I I
Bottled Retort pouched
sea mussel sauce sea mussel sauce
(BMS) (RMS)

Fig. 1. Flowsheet for two kinds of the sea mussel Mytilus edulis
sauces processing.
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Table 1. Moisture and crude protein contents, water activity (Aw), pH and salinity of the sea mussel Mytilus edulis sauces and commercial
oyster sauces

Product* Moisture (%) Crude protein (%) Aw pH Salinity (%)
BMS 59.9+0.12 8.7+0.12 0.84+0.022 5.7+0.12 9.3+0.1°
RMS 60.1£0.22 8.8%0.1° 0.85+0.022 5.9+0.0° 9.2+0.0°
COS-1 58.7+0.32 4.7+0.2° 0.82+0.032 5.810.22 12.0£0.12
CO0S-2 55.0+0.2° 7.5+0.2° 0.8310.012 5.8+0.12 10.7+0.12°

BMS, bottled sea mussel sauce; RMS, retort pouched sea mussel sauce; COS-1, commercial oyster sauce, Panda oyster sauce (LKK Co.,
China); COS-2, commercial oyster sauce, Premium oyster sauce (LKK Co., China). *Refer to the comment in Fig. 1. **Means within each
column followed by the same letter are not statistically different (P<0.05).

Table 2. NH,-N and volatile basic nitrogen (VBN) contents and color values of the sea mussel Mytilus edulis sauces and commercial oyster
sauces

. NH,-N VBN Color values
Product (mg/00g)  (mg/100g) L a b N
BMS 468.5+3.62 24.9+0.1° 16.8+0.12 4.2+0.1c@ 7.5+0.12 80.4+0.0°
RMS 455.1+2.52 31.4+0.12 14.9+0.12 3.8+0.2¢2 5.7+0.0° 82.1+0.1°
COS-1 225.7+6.4° 8.2+0.3¢ 8.0+0.3° 1.2+0.12 1.7+0.14 89.2+0.12
CO0S-2 448.2+3.32 12.5+0.1¢ 8.8+0.4° 2.3+0.1° 2.610.2¢ 88.2+0.12

BMS, bottled sea mussel sauce; RMS, retort pouched sea mussel sauce; COS-1, commercial oyster sauce, Panda oyster sauce (LKK Co.,
China); COS-2, commercial oyster sauce, Premium oyster sauce (LKK Co., China). *Refer to the comment in Fig. 1. *‘Means within each
column followed by the same letter are not statistically different (P<0.05).
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Table 3. Sensory evaluation of the sea mussel Mytilus edulis sauc-
es and commercial oyster sauce

Sensory evaluation?

Product Taste Flavor Color accc):;[e;[;l::e
MS 4.0 4.0 4.0 4.0
BMS 4.0+£0.3° 4.0£0.22 4.0£0.12 4.0+0.3?
RMS 3.840.28  3.74#0.2%° 3.8+0.22 3.8£0.22
COS-2 4.2+0.3° 3.5#0.3° 3.6+0.3? 3.7£0.32

MS, sea mussel sauce; BMS, bottled sea mussel sauce; RMS, re-
tort pouched sea mussel sauce; COS-2, Commercial oyster sauce,
Premium oyster sauce (LKK Co., China). 'Refer to the comment
in Fig. 1. 25 scale score; 5, very good; 4, good; 3, acceptable; 2,
poor; 1, very poor. **Means (n=7) in the same column with same
supercripts are not significantly different (P<0.05).
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Table 4. Free amino acid content of the sea mussel Mytilus edulis
sauce (BMS) and commercial oyster sauce (COS-2)

(mg/100 g)

Amino acid' Product

BMS COSs-2
Phosphoserine 87.5 (1.2)° 11.2 (0.2)
Taurine 1,328.7 (18.5) 463.8 (7.1)
Urea 558.0 (7.7) 396.4 (6.5)
Aspartic acid 119.3 (1.6) 84.9 (1.4)
Hydroxyproline tr () 38.1 (0.6)
Threonine 171.0 (2.3) 10.3 (0.2)
Serine 121.5 (1.7) 18.9 (0.3)
Glutamic acid 1,782.0 (24.7) 4,537.5 (74.0)
Sarcosine 13.5(0.2) .3(0.1)
AAAA' 12.0 (0.2) tr (-)
Proline 290.3 (4.0) 95.9 (1.6)
Glycine 940.5 (13.3) 130.7 (2.1)
Alanine 420.7 (5.8) 121.0 (2.0)
AABA! 15.8 (0.2) tr (0.0)
Valine 1215 (1.7) 21.6 (0.4)
Cystine 29.3 (0.4) 21.0 (0.3)
Methionine 3() 13.1 (0.2)
Cysthathionine 3 () .3 (0.2)
Isoleucine 85.5 (1.2) 14.5(0.2)
Leucine 168.8 (2.3) 39.6 (0.6)
Tyrosine 69.8 (1.0) 18.4 (0.3)
B-Alanine 87.8 (1.2) 23.1 (0.4)
Phenylalanine 87.7 (1.2) 3.9 (0.1)
GABA' .0 (0.1) tr (0.0)
Ethanolamine 22.5(0.3) .9 (0.1)
Ornithine 38.3 (0.5) 5(0.2)
Lysine 236.3 (3.3) 27.4 (0.4)
Histidine 69.8 (1.0) 4 (0.1)
Arginine 324.0 (4.5) 37.0 (0.6)
Total 7,215.7 (100.0)  6,160.7 (100.0)

BMS, bottled sea mussel sauce; COS-2, Commercial oyster sauce,
Premium oyster sauce (LKK Co., China). 'AAAA, a-aminoadipic
acid; AABA, a-aminobutyric acid; GABA, y-aminobutyric acid.
ZRefer to the comment in Fig. 1. 3Percentage to the total content.
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Table 5. Changes in viable cell count, appearance and packaging
internal test of the sea mussel Mytilus edulis sauces during storage
at55+1°C

Storage Total viable cell Appearance Packaging

Product”  ~4ay count (CFUIg) test  internal test

0 <18 Normal Normal
BMS

5 <18 Normal Normal

0 <18 Normal Normal
RMS

5 <18 Normal Normal

BMS, bottled sea mussel sauce; RMS, retort pouched sea mussel
sauce. *Refer to the comment in Fig. 1.

Table 6. Changes in color values of the sea mussel Mytilus edulis
sauces during storage at 37+1°C
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Table 7. Changes in Aw, pH, NH,-N and VBN contents of the sea
mussel Mytilus edulis sauces during storage at 37+1°C

Color values
Product* Stg;:;ge ] ) 5 AE Product* Stg;a)\/ge Aw pH (m';ﬂ%y g)(mg;;?(_‘,)\é) 9)
BMS 0 16.8+0.17 4.2+0.1* 7.5+0.17 80.4+0.0? BMS 0 0.8410.01* 5.7£0.1° 468.5+3.6° 24.9+0.1°
30 15.9+0.2> 4.3+0.0° 7.1x0.12 82.2+0.12 30 0.85+0.01* 6.0+0.2° 464.3+2.5° 25.5+0.2°
0 14.940.1* 3.8%0.2° 57+0.0° 82.1+0.1° 0 0.85%0.01° 5.9£0.0* 455.1+5.42 31.4+0.1°
RMS RMS

30 13.9+0.2* 3.5+0.1° 5.5+0.1° 83.1+0.1°

30 0.84+£0.00° 5.9+0.1% 464.8+3.1° 31.5+0.0°

BMS, bottled sea mussel sauce; RMS, retort pouched sea mus-
sel sauce. *Refer to the comment in Fig. 1. “**Means within each
column followed by the same letter are not statistically different
(P<0.05).

BMS, bottled sea mussel sauce; RMS, retort pouched sea mussel
sauce; Aw, water activity; VBN, volatile basic nitrogen. Refer to
the comment in Fig. 1. **Means within each column followed by
the same letter are not statistically different (P<0.05).
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P A% A fHeel 7hs Al e 7 e = givt
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