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Abstract: In order to eliminate the fishy and bitter taste of mussel hydrolysate, the fermentation process of mussel (Mytilus
edulis) hydrolysate were studied in this paper. Angel fruit wine yeast was used to ferment and the optimal fermentation
technology was determined by optimizing the yeast addition, fermentation temperature and time according to sensory score
and protein loss rate. The difference of flavor profile before and after fermentation was studied by sensory science
combined with automatic amino acid analysis and mass spectrometry. The results showed when the fruit wine yeast was
added at 0.2% and fermented at 35 “C for 2.0 h after treatment, the fishy, earthy and halal flavor of the hydrolysate
decreased significantly, while the fermented and fruity flavor increased significantly (P<0.05). The content of sweet amino
acid increased from 1.33 to 1.99 mg/g (P<0.05), the content of umami amino acid increased from 1.60 to 1.93 mg/g, the
content of bitter amino acid decreased from 3.64 to 3.34 mg/g. A total of 32 volatile flavor compounds were detected in the
mussel hydrolysate, which increased to 40 after fermentation, including aldehydes, alcohols, esters, acids, ketones and

furans, 4-heptadienal, 2-octenal, nonanal and 1-octene-3-ol were the main odor sources in the mussel hydrolysate. After
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fermentation, nonanal, 2,4-heptadienal and 2-octenal were no longer used as flavor active components of mussel

hydrolysates, and the OAV values of 1-octene-3-o0l and octenal, which produced fishy odor, also decreased significantly,

after fermentation, decanal, phenylacetaldehyde, 2-nonone and 2-undecanone were added as the flavor components of the

mussel hydrolysate, which provided the floral and fruity aroma and fragrance for the mussel hydrolysate. Therefore, yeast

fermentation could effectively improve the odor of mussel hydrolysate. This study would provide a theoretical basis for the

elimination of odor in shellfish hydrolysate.
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Table 1 Sensory evaluation of Mytilus edulis enzymatic
hydrolysate after fermentation
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Table 2 Analysis of free amino acids and TAV in Mytilus edulis enzymatic hydrolysate before and after fermentation
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IR it 2.60 0.2940.02% 0.33+0.05" 0.11 0.13
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Wi R /(=) 0.30 0.27+0.02° 0.30+£0.04° 0.91 0.99
W /(=) 0.50 1.01£0.21° 1.03+0.15° 2.02 2.07
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Table 3  Volatile flavor compounds of Mytilus edulis enzymatic hydrolysate before and after fermentation

/e S RAFAER 04 AR LR EA ] (min) it (%) KRR (%)
i3
1 FER A TR 13.208 ND 2.54
2 THER . R S 14.096 15.98 1.63
3 6 JR g T 18.501 1.86 0.27
4 IR BB /R (E,E)-2,4-T- Wit 19.341 0.12 223
5 LSS 2SI 19.955 7.61 0.17
6 WEES, MRS RRE K 20.996 0.35 2.92
7 IR, f TR 2,4-Pi W 22.762 7.31 0.36
8 A, W, A6, W E ZEE 22.850 ND 7.11
9 TR 2% 23.946 430 0.94
10 HAER , B A 2-BE I 28.495 0.23 2.02
11 B, M 10-+—JEmE 32.552 2.50 3.04
12 XM 2,4-%% W 34.720 0.36 3.01
13 FEFBE 7S TR 37.494 ND 0.66
H
14 ERA R =W LR R 0.137 0.62 ND
15 Mgty NI 2.434 ND 12.97
16 MPUKRES 2-Z IO FRTR 4359 ND 1.18
17 RS RENESR A 52 0 T Y T 5.991 0.16 0.29
18 BT R PR B i 21.139 0.37 0.76
19 N R LR AT 37.592 0.76 0.63
20 WA ECRRER 46.174 ND 1.47
21 RIATTIMES KR TR 46.692 0.54 0.94
gé RF | WhmdE RV ¥ 47.779 0.44 1.19
23 T 1 e LR LR 1.595 0.88 0.49
24 /i U 1-2E475-3-1 20.982 10.02 0.63
25 SRFNT AR 1-Pif 22.534 0.38 0.76
26 BT | A KB 35.248 ND 475
27 A5 5 T AT T P 4-SF TN -1 -R O Y B 35.777 0.90 ND
28 BY LT A e 37.325 ND 5.62
29 Frigey 1-— 38.386 ND 4.74
1%
30 JE B A TRONIETR 6.718 0.17 0.37
31 RIS AEEDUMIR 7.080 0.50 0.43
32 BRI Tz 27.050 3.05 0.49
33 NS B =4 R 39.895 1.09 0.52
34 EIN [ FrEER 40.106 ND 2.46
%F] AR A HER 55.618 ND 4.82
36 WRE MIEES 2-F-Hi 18.288 0.53 5.12
37 HHERES 2-+—ifi 26.789 0.12 3.95
ke
38 RSN S 1,3-YR0% M 1.769 0.11 ND
39 eSS poEz Ny 32971 1.18 0.83
HoAth
40 O maE . EFF 2-ZFEW 3.375 0.57 0.34
41 FRA A 1,3,5-=H1% 9.534 ND 0.48
42 T EHHRES 2- I FE kg 11.628 1.34 0.12
43 FEER FIE R A LI Tk 46.107 0.24 ND
44 R A AT FA 48.68 0.51 0.24
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Fig.7 Statistics of volatile flavor components in Mytilus edulis
enzymatic hydrolysate before and after fermentation
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Table 4 Analysis of flavor active substances in Mytilus edulis
enzymatic hydrolysate before and after fermentation

. R {63841 OAV

ETRs2 EW — —

(ng/kg) MR R

1 I 0.70 91.31 9.31
2 1-2F 0531 1.00 40.08 2.52
3 22N 3.00 10.15 <1.00
4 (E,E)-2,4-T Il 0.09 5.33 99.11
5 2,4-58 TR 0.35 4.11 34.40
6 TR 1.10 6.76 <1.00
7 2-Z3 Il 0.30 3.06 26.93
8 2,4- B A 15.4 1.89 <1.00
9 P 0.10 - 284.40
10 7 H 3.00 5.73 1.25
11 R 4.00 <1.00 2.92
12 IEC R 1.00 - 5.88
13 2-T-fil 5.00 <1.00 4.09
14 2-F i 5.50 <1.00 2.87




- 326 £ Tl B4

2023 4F 6 A

11 A, 4R35 | (E,BE)-2,4-T- I . 2-38 I .
2,4-%% TR L AR IRE | I R OWE | 13-
IECRAME . 2-TF-H ., 2-+—fi, HrPERaEfER 17
Y3 -5 2 A1, A XIS P4 5T 47 HA 4 At i
SR, BT IRV AR S AR A A A IR
HA S AN, 5 A IR Y B RORE L, A I S
SEMERN |- J5-3-FE OAV {H B i [, i 2-2F M
W | I 2,4- B8 TR IETE R E LIS AS PR A XL
WRIGEMEIBT . 25 b, UAHI SRR R ] LA a2 i
TR P SRR I, T3 36 KSR R
3 g

AT E I A B PR 2 S0 DG A DL P A U A T 5
W T2, A E LB A - (e SR P R T S,
WEREASIEE 0.2%, KRFIREE 35 °C, REERTE] 2.0 he
R4 A S &R /3T . SPME-GC-MS 4551545
AT RER TG J s D Pt v XU ) B AR A 45 SRR H)],
283k SR W B A W, I A U v A TR S R PR
TAV {H ETF, ¥R IER TAV {H . VR i
AR ) SR SRR B R S i (UN=E i L 1-3205-3-
Jist | 2- IS ) TE R A IS i 35 (P<0.05) AR, H.
T A R SR AR SR A A NI AR 44 R 1
JGT (UnSEE | 2-F-HRA5) ARA & W Wi hn . 25 Bir
R, T T R A AT 3 A DL A (0 S BL K
/NS

BRI

[1] BB, F4h, Bk, 5. 0% N ey TH BB RHET]. 2
W IARAL, 2013,40(3): 51-55. [ DUAN W W, LUO W, DUAN Z
H, et al. Advances on the research in the processing and exploitation
of mussel [J]. Fishery Modernization, 2013, 40(3): 51-55. ]
[2] SRz, ek, ZHH. BN R R AT EI]. 1 £
%,2009(5): 84-87. [GUO Y H, LI Y J, WU X Y. Advances on
the research of food originated from mussel[J]. Meat Research,
2009(5): 84-87. ]
[3] Z#F, FNF. AERRALFRERED]. FEEFH
#1,2010,29(2): 60-68. [ WANG Z Q, LI B F. Research progress
of bioactive peptides[J]. Chinese Journal of Marine Drugs, 2010,
29(2): 60-68. ]
[4] ZHOU X X, CHONG Y Q, DING Y T, et al. Determination of
the effects of different washing processes on aroma characteristics in
silver carp mince by MMSE-GC-MS, e-nose and sensory evalua-
tion[J]. Food Chemistry, 2016, 207: 205—213.
[5] %)<, 63 & R2 okt iU HFAE B I 55 i s B R AL 09 % 2 B 0
[D]. & : ¥ B #%# X%, 2013. LIU Q. Study on the off-flavor
compounds character of sturgeon and their relationship with lipid
oxidation[D]. Qingdao: Ocean University China, 2013.
(6] B AAR REGBHM"WIEMLE T LHRAD]. &5
I A3, 2020, 41(7):8. [ SHENG J, HU L H. Optimization of
deodorization and decolorization process of anchovy fish enzymatic
hydrolysate[J]. Science and Technology of Food Industry, 2020,
41(7):8.]
[7] LIJ, XIONG S, WANG F, et al. Optimization of micro-encap-
sulation of fish oil with gum arabic/casein/beta-cy-clodextrin mixtur-
es by spray drying[J]. Journal of Food Science, 2015, 80(7): 1445~
1452.
[8] F4hzt, TER, E4RE, 5. K= %2k M R RIS B

B2 A AR 5L R [T]. &5 AF 50 5 JF A, 2022, 43(5): 189-194.
[ DONG J Q, WANG Y Y, YAN B G, et al. Progress in research on
the formation mechanism of and deodorization technology for fishy
substances in aquatic products[J]. Food Research and Develop-
ment, 2022, 43(5): 189-194. ]
[9] #A K. s AR A T A2 & Mg 4 Ji B AR AM Rk R 5
THFR [D]. d: d R X%, 2008. [ XU W M. Study on
the changes of lipid and flavor compounds during processing of
Nanji dry-cured duck [D]. Nanjing: Nanjing Agricultural University,
2008.
[10] GIRARD B, DURANCE T. Headspace volatiles of sockeye
and pink salmon as affected by retort process[J]. Journal of Food
Science, 2000, 65(1): 34-39.
[11] Rskd, E4h4E, BOW, . Sghue a5 Bk sk 7] &7 ) BLIE
YRR B A7), el X 8 T 1k,2019,45(7): 213-220. [ WU
JZ, WANG Q Q, LIAO S, et al. Causes analysis of deodorization of
saury soup by Angel yeast fermentation[J]. Food and Fermentation
Industries, 2019, 45(7): 213-220. ]
[12] R, %) 24k, SR m, 5. 5F T Mpbt S L Bk BLIE T2
wALLT]. Bk &, 2019, 44(7): 5-7,13. [ ZHOU Q, LIU M J,
ZHANG J L, et al. Optimization of deodorization process of prawn
residues by yeast fermentation method[J]. China Condiment, 2019,
44(7): 5-7,13. ]
[13] F2a, Ath, FR%E, F FESMBRBFLBMIELYL
BRI MRS F R T]. R SRA RS A4, 2021,42(4): 66-71.
[LIY H, ZHOU W, LI J H, et al. Study on deodorization process
of tilapia enzymatic hydrolysate by yeast fermentation and its
volatile components[J]. Food Research and Development, 2021,
42(4): 66-71. ]
[14] RF 2, LR, HH, F AR E T ZART]. ¥ ER
%3, 2010, 25(2): 117-120. [ ZHANG Y H, MA L, XIE X, et
al. Desalinization process of peanut oligopeptide[J]. Journal of the
Chinese Cereals and Oils Association, 2010, 25(2): 117-120. |
[ 15] RICHARDS M P, HULTIN H O. Effect of pH on lipid oxida-
tion using trout hemolysate as a catalyst: A possible role for deoxy-
hemoglobin[J]. Journal of Agricultural and Food Chemistry, 2000,
48(8):3141-3147.
[16] BAE, ZHR, KA, 5 ¥ FEafEHER LR EE
A2 8 Wk T AL [T, K = 4], 2019, 43(7): 1661-1667. [ XUE
Y X, WEI S C, ZHANG J, et al. Flavor changes of Nile tilapia in tra-
ditional Shanghai smoked fish[J]. Journal of Fisheries of China,
2019,43(7): 1661-1667. ]
[17] #XIE, F#k, 2T, 5. KB LKL ZHEBIER = RRT
B EoRR S A E K] R &A S, 2017, 38(16): 127-133.
[ SHI W Z, FANG L, WU X G, et al. Comparison of contents of
taste compounds in female Portunus trituberculatus from major
coastal areas in China[J]. Food Science, 2017, 38(16): 127—-133. |
(18] FRAGAZ. 4297 & & B Af iR Kok BB & 335 3 4okt 04 2 4)
[D]. 5 &: #B#H# K5, 2014. [ ZHANG M C. Studies on hm-
provement of oyster hydrolysates flavor and technology of oyster
sports beverage [D]. Qingdao: Ocean University China, 2014. ]
[19] FARE, S, ZRE, F.3 MRS K6 2HRRA
B H A [1]. A fe b5 K B Tk, 2010, 36(10): 163-169. [LU C
X, WENG L P, WANG H H, et al. Lnvestigation on the key odor
compounds of three cage-farming fishes[J]. Food and Fermentation
Industries, 2010, 36(10): 163—169. ]
[20] kA, I3k, 4P A, ¥ 48 B TR/ T HF LB
AeAt g [J]. 54 5%, 2020,61(3): 189-192. [ZHUR,LIUY L,
ZHONG R S, et al. Study on yeast fermentation performance under
heavy metal environment[J]. Chemical World, 2020, 61(3): 189—
192.]


https://doi.org/10.3969/j.issn.1001-8123.2009.05.022
https://doi.org/10.3969/j.issn.1001-8123.2009.05.022
https://doi.org/10.3969/j.issn.1001-8123.2009.05.022
https://doi.org/10.1016/j.foodchem.2016.03.026
https://doi.org/10.1111/1750-3841.12928
https://doi.org/10.1111/j.1365-2621.2000.tb15952.x
https://doi.org/10.1111/j.1365-2621.2000.tb15952.x
https://doi.org/10.1021/jf991059w
https://doi.org/10.7506/spkx1002-6630-201716020
https://doi.org/10.7506/spkx1002-6630-201716020

844k 12

Wth S IR (Mytilus edulis )BT R A TRL LR T 2R MHRURAS AT - 327 -

[21] kg, Lk, MK, . e R 4E95 ACE 474] Ak 8 BLAZ
IEAR] RRARL A, 2019,40(8): 114-120. [ ZHANG
T, LIANG S Q, YANG M, et al. Study on the depurination process
of oyster ACE inhibitory peptides by chitosan[J]. Food Research
and Development, 2019, 40(8): 114—120. ]

[22] 3K4E. B2 fof S 2h K BURR IR A0 3h S F 6% 0
[D]. X J&: K R¥ T X3, 2017. [ ZHANG J. Effects of size and
shape of nanoparticles on the thermodynamics and kinetics of ad-
sorption[D]. Taiyuan: Taiyuan University of Technology, 2017. ]
[23] R, RET, MUEE. A DR LB A = SRR A
aH R AR I, F BBk, 2014, 33(5): 72-76. [ZHAO X Z,
ZHANG H L, YANG X Z. Production of seafood condiments in co-
operative fermentation technology [J]. China Brewing, 2014, 33(5):
72-76. ]

[24] FRmm, REZ, KAME, 5 F & Fes & AIEXRE & 5 6932
A - Ye g 1], & B vk &, 2020, 45(2): 16-18,22. [ CHEN L
L, YUAN M L, ZHANG S F, et al. Comparison of physicochemical
components of fermented fish sauce from grass carp and eel offal
[J]. China Seasoning, 2020, 45(2): 16—18,22. ]

[25] &, A% Jka & BERMEHERGFRL . RRAFE,
2008(7): 141-145. [JINJ, ZHOU J. Study on deodorizing tech-
nologies for freshwater fish surimi[J]. Food Science,2008(7):
141-145. ]

[26] Rk, IR &t ZOb AT Z kM T 8 Kok s i 49 % [D].
b iR, 2019. [ SONG J. The effect of culture condi-
tions and cold storage on the flavor quality of swimming crab (Por-
tunus trituberculatus)[D]. Shanghai: Shanghai Ocean University,
2019. ]

[27] KIRIMURA J, SHIMIZU A, KIMIZUKA A. The contribu-
tion of peptides and amino acids to the taste of foodstuffs[J]. Jour-
nal of Agricultural and Food Chemistry, 1969, 17(4): 689—695.

[28 ] LIUY, XU X L, ZHOU G H. Changes in taste compounds of
duck during processing[J]. Food Chemistry, 2007, 102(1): 22-26.
[29] E3F, 55, AL EM, 5. i BB i AL 2A0 S 2K 0k K BE
B & st AR A T2 [T A de T A3, 2021, 42(21): 166—
172. [ WANG X Y, GU X, WEI Z P, et al. Optimization of prepara-
tion of seafood flavor condiment base from tuna cooking liquor by
fermentation[J]. Science and Technology of Food Industry, 2021,
42(21): 166-172. ]

[30] mA4r. Bt R BT A2 F AR KA TE A 5 A 09 % & T
7% [D]. 24 it X5, 2020. [ ZANG J H. Study on the relation-
ship between characteristic flavors formation and microorganisms in
Suanyu fermentation [D]. Wuxi: Jiangnan University, 2020. ]

[31] IGENE J O, PEARSON A M, JR L R D, et al. Role of
triglycerides and phopholipids on development of rancidity in modal
meat systems during frozen storage [J]. Food Chemistry, 1980, 5(4):
263-276.

[32] BENET I, GUARDIA M D, IBANEZ C, et al. Analysis of
SPME or SBSE extracted volatile compounds from cooked cured
pork ham differing in intramuscular fat profiles[J]. LWT-Food Sci-
ence and Technology, 2015, 60(1): 393-399.

[33] Lok, #A Ak QA0S BN & A B fo i A M 1y

#Hra[D]. b P ERL K, 2005. [ MAY K. Effects of ther-
mal and nonthermal processing on aroma substances, enzymes and
bacteria in Hami melon juice[D]. Beijing: China Agricultural Uni-
versity, 2005. ]

[34] mmak, %34, Fhd. SPME A= S5 B R 2 435 P 49 K,
sk i (7). F Bz &, 2004(10): 43-46. [GULL, YANGRJ,
CHEN Q. Determination of flavor substances in oyster by SPME
coupled to gas chromatography[J]. China Condiment, 2004(10):
43—-46. |

[35] x5, BB EQLHAPIEHERGHRL (D], iz J- Rkt
X % ,2011. [LIU H. Study on deodorization techniques of oyster
protein beverage[D]. Zhanjiang: Guangdong Ocean University,
2011. ]

[36] #hxE. £ AAFKMI]. F 25K LT ALF Tk AL,
2003. [ SUN B G. The technology of food flavoring[M]. Second
Edition. Beijing: Chemical Industry Press, 2003. ]

[37] Zabla, 3hsidt, Kk, 5. A K BARILR B K = 5
L R[], B4+, 2018(13):60-63. [WU Y Y, SUNRJ,
MI H F, et al. The current situation and application of biological fer-
mentation feed in aquaculture[J]. China Feed, 2018(13): 60—-63. ]
(381 < T fk. 42305 B A 48 KM% Rk R 2 9T B BLRE T EAF R
[D]. J-#: & T X%, 2020. [ HUANG K X. Study on analy-
sis of volatile components of oyster enzymatic hydrolysate and its
deodorization process[D]. Guangzhou: South China University of
Technology, 2020. ]

[39] DELLACASSA E, TRENCHS O, FARINA L, et al. Pineap-
ple (Ananas comosus L. Merr.) wine production in Angola: Charac-
terisation of volatile aroma compounds and yeast native flora[J]. In-
ternational Journal of Food Microbiology, 2017, 241: 161-167.
[40] WALSH A M, CRISPIE F, KILCAWLEY K, et al. Micro-
bial succession and flavor production in the fermented dairy bever-
age kefir[J]. Msystems, 2016, 1(5): ¢00052—16.

[41] RAE#. &I 78Rk BB F Rk 7 5 8L Fa
FEMAHRZID]. )M feHE T K5, 2019. [ ZHAODR. Re-
search on the aroma compounds of Gujinggong Chinese Baijiu and
evaluation of the antioxidant and anti-inflammatory effects of phe-
nolic aroma compounds [D]. Guangzhou: South China University of
Technology, 2019. |

[42] »tHiké. 25 S BORBAELEMARL(D]. &% T EAH
X 4,2001. [ YE Z N. Study on extraction and structure of polysac-
charide from oyster[D]. Nanjing: China Pharmaceutical University,
2001. ]

[43] MCIVER R C, BROOKS R I, REINECCIUS G A. Flavor of
fermented fish sauce[J]. Journal of Agricultural and Food Chem-
istry, 1982, 30(6): 1017-1020.

[44 ] BEDDOWS C G, ARDESHIR A G, BIN D W J. Develop-
ment and origin of the volatile fatty acid in Budu[J]. Journal of the
Science of Food & Agriculture, 2010, 31(1): 86—92.

[45] WM&, REES, 54, F. FARS AR AL E
(7). & At 3 H K 53R, 2018,36(4): 1-7. [XIAOZB,ZHUJC,
NIU Y W, et al. Synergistic effect of aromatic compounds [J]. Jour-
nal of Food Science and Technology, 2018, 36(4): 1-7. ]


https://doi.org/10.1021/jf60164a031
https://doi.org/10.1021/jf60164a031
https://doi.org/10.1016/j.foodchem.2006.03.034
https://doi.org/10.1016/0308-8146(80)90048-5
https://doi.org/10.1016/j.lwt.2014.08.016
https://doi.org/10.1016/j.lwt.2014.08.016
https://doi.org/10.1016/j.lwt.2014.08.016
https://doi.org/10.1016/j.ijfoodmicro.2016.10.014
https://doi.org/10.1016/j.ijfoodmicro.2016.10.014
https://doi.org/10.1021/jf00114a003
https://doi.org/10.1021/jf00114a003
https://doi.org/10.1021/jf00114a003

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 酶解液制备
	1.2.2 酵母的筛选
	1.2.3 发酵脱腥工艺探究
	1.2.3.1 工艺流程及操作要点
	1.2.3.2 发酵条件的单因素实验

	1.2.4 指标测定
	1.2.4.1 感官评定
	1.2.4.2 蛋白质损失率
	1.2.4.3 游离氨基酸分析
	1.2.4.4 味觉活性值（TAV）的计算
	1.2.4.5 SPME-GC-MS分析条件
	1.2.4.6 气味活性值（OAV）的计算


	1.3 数据处理

	2 结果与分析
	2.1 酵母的筛选
	2.2 发酵脱腥工艺条件单因素实验结果
	2.3 感官描述风味剖面分析
	2.4 游离氨基酸组成及TAV分析
	2.5 发酵处理前后贻贝酶解液SPME-GC-MS分析结果
	2.5.1 挥发性成分风味分析
	2.5.2 气味活性物质分析


	3 结论
	参考文献

