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Fig.1 Schematic diagram of Argopectens irradias
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SR USIE 35 o 2 e 50, AN 8 I 20 6 B 1 00 T T 4
T th 5% iz g AR AR, 250 3 A
TV i DUAR S B RAF AT W 1 o A SCfd A
P UAT AR ) A B FLAT R D v S v B YR
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T Fh A 99 2 FF Lp—4  (Lactobacillus  plantarum
subsp. Plantarum Lp-4), T BEFLFT# Y5-2b(Lac-
tobacillus casei Y5-2b) , vi & 4 LR bE F29-3-
5(Pichia kluyveri ¥29-3-5),

A, AR TH AR A A e
I % 1 (Thiobarbituric acid reactive substances,
TBARS) . = & &  (Trichloroacetic acid, TCA),
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Bk At st R R AT R W]
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Al AL, o E LA BR A A
1.3 FHi&
1.3.1 REbREETR LR MR TR 1 55 2 7% 20
SEUY D5 IR AE B B, FLRR A MRS P75
FrBe TE 37 CARM TR IR 24 h, B 20064k 2 e
. BERETAME ] YPD B5 R0k 76 28 CA4AF T B
I 24 h ST 2 R A 1T . ACTEHT B R I
ALV TE 5 000 r/min &0 2 min, B HE R, BE 2
W AT AR BRER K 08 BERE ), 108 T A 44t
TE AR .
1.32  BRMZEEWMG & REWE ESH
KR RS 7 325 01 RS VR i, R T 7S 3 DL e A
DURR S B WE ¥ o 28 Bt DURH 30 55 Z8 1R /K 4 BT Y
Foohy 122 gEAT 35, 3 A 5 b i i, Kk 9 I O
RN JT 36 2 Wk A8 & e 4 30 min, i 1R DL 21
ZE AU B et DU 3 208 2 W03 2 R R, O U8
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A 5 AU N IR 4L (CN) 4 Flh FCC2181
#H AR F29-3-5 4 P Lp-4 HAER Y5-2b
M, AETCR A5 1F T B, (1 DUAR I 28 W b W ik
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Y5-2b 435257 :10°,10°,107, 10" CFU/mL, K %& 7€
HEJE R h B9 RE A AR 3248, 30 CCHEF% 36 h, BB
12 h, W EVE N E AR bR . RS HE7E 121 C
KT 15 min 259K . G I XSUZ 20 A
i 8 B LR 2 A, 3T R R BRI
133 KRES R ZEZW pH (HRIE B
DU 7R W AT S 0,12,24,36 h 4 5 BURE , 4%
SR pH I E pH .,

1.3.4 M B vh A 10 78 28 W 1 T RO T S
2: 7% B I B A 7 I JF AR S B, AL AR R
B2 0,12,24,36 h 73 5l URE , W BESE 2T, 53 S HR
1 mL, FHTCT B A R K AT BB FE AR R FLIR
BRI f F MRS 1597 5,37 CHi R 48 h, M)
TR ] PDA 15973 28 CHi R 48 h, LI
TR V& 7 30~300 CFU - FAR AT 1T4K

1.3.5 KM FE bl i 28 M AR T T 2 MR
W 10 mL 19 7.5 ¢/100 mL. TCA % A HEJE
R, A 0.1 g B & 1 WU Z & (Ethylenedi-
aminetetraacetic acid, EDTA), S/ Eft G mA &k
PR A B DL 3 28 R MR 5 mL, B9 10 s,
5 000 r/min B0 10 min, #XJ5 M 5 mL B3RS
5 mL 9 0.02 mol/L 9 =T 345 (Tri-n-butyl alu-
minum, TBA)EWTE 90 °C T /K 30 min, BUH )5
VKB IFAE P 532 nm Ab I 2t W B2,

1.3.6  H5 M k22 T b o) A 340 2% A0 W43 R P XURR )
JEEE M B S mL 9 B DL AR 10 78 2 R 4
20 HE PR AR T ) B DL 0 2 A MR BT 20 mL
FEAI T . AN, w6 % AN 63 - BT
(Gaschromatography—mass spectrometry, GC-MS)
PEAT 3 A,

@R AFR @i A DB-WAX(30.0 mx
250 wm,0.25 wm); HEEFHEREF . A 1.0 mL/
min; IR AR F 0GR TR 40 °C, - 3 min; L 5
C/min B9 R THE 2 90 °C, feJ7 LL 10 °C/min 193
TR 2 230 °C, R 7 min, FEFE FRE :200 °C;
R I 5 9 B 250 °C 5 23 Ny, Wi & 0.8 mL/min, A~
I3 o
1.3.7  H M R B T b o) ) 30 2% 0 R B R TR 1Y
SOMA R A B 2 RO R A O i i sh
AL, WM B, LR - FRENE th i (2.5 ¢
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Fig.2 Process flow diagram for the preparation

of irradians skirt cooking liquid

AKH) W 1.5 mL/min, B VEBLFE T L 1,
1.3.8 45 Jk e A P o S 30 7% 2 iR 5 g s T 114
SENRRE S A AL B S RS A SRR O i, O U
T —BE R HERAE I AR, F IR 2 FIER 3 At
BT 57

x1 EBRER
Table 1 Elution procedure
B 1] /min AR A% #3480 Bl%
0 18 82
6.5 18 82
10 20 80
20 34 66
23 45 55
25 55 45
27 18 82
30 18 82
k2 NWBH
Table 2 The analysis parameters
5 8 P
&g AR5 4 # A HP-88
A v R E/C 270
o 30:1
#5505 /C 280
= A% 2/ (mL/min) 400
A A AR 2/ (mL/min) 40
Rovk A7 2/ (ml/min) 25
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Table 3 Temperature program

. R Jrimak A, JHEetE/

(°C/min) min

1 %5 5 100 - 13
HE 1 180 10 8
#JE 2 180 - 6
3 200 1 20
E 4 200 - 12
HIE S 230 10 3
HIE 6 230 10

FERDEERE TR IO RE i . KT 36 h 42 FP A ) FLAT R R
YW FR Lp—4 T B FLFF I Y5-2b 5 52 iy on & 4
e EE FCC2181 Fl o & 4k 56 o5 B B F29-3-5 ) 7%
H W pH 53 )3k %) 3.35,3.33,5.52,4.96, & it
FE i pH B R AR B ZL MR 1A M2 e BE TR AR I 7 A2
A LR B,

T =" RN Z Y BORE SRR E AN AT TR

1.3.9  Hz o & I va1 Fi o) 4 101 28 28 TR B 1Y 5% 1)
10 24 N B3 R e R S ) et DU AR 100 7% 25 Wk A 7k
IR, BAEEEC 2 mL 8] A S B SRR o AR
T EARICBENLECTE . LL 10 43t % 45 b 8 B J v
FEAT 53 (BEOR TR (B2 IR AR AR IR | 0K R
SR B AR 2 ) o 0 A 2R o AR
10 500 KRR 5,5 R S5 1

1.3.10 4041 R A SPSS 23.0 # A4 it 17 X
2 I0 LR b 22 5 09 8 3 P L P<0.05 1R &
FEZE S, Origin 2021 X REA #1748 47 4 7]
AL 537

2 #R5WR
21 AEBESEBPEEHNETL

S DR 300 7% 2 W R I o R R Y TR R AR R i £k
WP 3 FTow . 9 7L T 1 R O A 7 A1 2 1 0
RS ) FLAF TR A R Lp—4 45 Fp 1 & Wb i
WA 7.04 g (CFU/mL) K %= 8.49 1g(CFU/
ml), TEEFLATE YS-2b 425089 & 8 i W E
6.99 lg(CFU/mL)# & % 8.17 lg(CFU/mL), 53
W v - 2 i BF FCC2181 A1 v 4 4k Be R i £ F29-
3-5 1 WA B 5.93 1g (CFU/mL) A1 6.07 g
(CFU/mL) ¥ % 8.01 lg (CFU/mL) #i8.18 Ig
(CFU/mL), FERETRTE AT 24 h DL AR KO i 4%
PAE R 24 h JE KR
22 KRESEHpHEMEZWK

Jad DR 340 7% W R T AR R % pH B Ak
Kl 4 FroR ., KB FE 45 41k 9 pH (4B i 2%
FEAR ., S oA F2 R0 ZL IR TR A A ol pH (EAIR T

i T AL

Viable count/lg(CFU/mL)
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Fig.3 The growth curve of strains during

the fermentation
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Fig.4 Changes of pH value during the fermentation
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Fig.5 Finished picture of fermented seasoning
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I B I A FH I 6 A — S 1R o ) AT i ik
G UATT AR AR A ) AR AR AR S, B 40 Mei 45
WESE T R A W b 2L A e Ve, I
T TBARS AT, I B KU 2 T R4 i 1E
. 72K 36 h B, 6T HRZH Y TBARS B e, Y5—
2b 21/ TBARS {H A%, Lp—4 41% TBARS {H 5 X}
HRZH fe 230 o AN[RIAE P i) TBARS B B T $
TR R 3 28 A G T A AR R R, 4 B B R
{8 41 5 B 7 4 Ak 0 8 0 DA B AR IR - Y5 -2b
2 F29-3-5 #4 FCC2181 41 Al Lp—4 41,
25 WHABGEZERNKYRHENL

FH 5 GLRE S b i #5721 AU 49 T ik B 22 1 5%
KL 7)o LT Hrm] DLt A LT X6 BREH 4 Fif
R T TR Rl 2 T 1) 2 8 T PP RS I T B v R B 1 XL
WKW BT, 10 W K TR AR 2E 1 4 300 25 28 WXUBR T L
TEREFP R EERE A 4 dIFES P, M DRI s
HEEEE FCC2181 AYFE S XU 4 i ﬁi%%%ﬁ*
T FUAT B AR 0 A Lp—4 A FE & KUK 99 ot 5%
/hﬁwr@ﬁﬁ%%mm#m*ﬁiﬁﬁém
s W2 RS KL R W I ) AR Ak, R] DL
O T b, 5 AN [F) 2 T T o X 6 3 22 8 TR 2% XU
YRR RE 250 oK . A S e 07 v Yk i
FCC2181, wifEde LRty ¥29-3-5 19 2 LK
POAE S L E A b ™ A T 2 R EE2E ;T4

12 36
R WEmS IETJ
Fermentation time/h

T AT /ING 5 B e 7 21 ) 22 53 1 %5 (P<0.05) .
E6 RXEW.EHRLIZZERNTREBLZRE
Fig.6 Thiobarbituric acid value of cooking liquor

before and after fermentation
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Fig.7 Chord diagram of the concentration of volatile flavor
substances in the mantle cooking liquor before

and after fermentation
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PR & i UL 4 R BERT S 0 e DU I 7R A
R LRI 100 P & M XU, e R
ZH 52 B, Lp-4 41 53 b, Y5-2b 41 42 ff . FCC2181
ZH 48 Fh,F29-3-5 41 53 b,

B2 5 AT L pR A AR s R A B 7 AR
HETRMLIR A AR I, B R & FFL IR 7 &
FEAE AT AR BR S BOE i, X 5 A SOy 25
L, 5340, 455 R QR AP & B AE Y5-2b
4 FCC2181 éA g fm, JoHZETE FCC2181 4
B X eSS FCC2181 4 v B+ w40 18
FEA R AR K BN LTRSS O R LR A
FERR TR (N G IR O TR AEHIR O RS . BEZEY)
JO XA i 7 A A ) JBRR O T DT K Y )
AR eI 1) 4 ZEAE i v kG 0 381 L Xt 20 B s 1Y
i, 16 FCC2181 ZH A1 F29-3-5 4 kE & v 4G ) 5]
B i IR o vl Re S AR R o AR
BRI AT G, X LB EISAT LIAE R lRSE &
BT SR, IS BT AT B R #1025 38 A & AR
e 289 5T 9 7= A 7 R B D L 5 R A DG 9]
4, Chen S50 2L W2 AP 28 AL SR B b 78
F2 B R A i o O ARG 21 S ) o A B

W2 W) JoT Ay A T ) it 4 AR AR R 1) 3 A A
AT LA SR R W K 7 it B A EL A AR SR P I R XU
il 5 A FAR ) fa g b 3 A AT 3-F B -1-T
B L SERE NSRRI, KA G AR
5 N A A R T R ) I ) R
P52 EESE ) A A BRI FCC2181 41T K29~
3-5 AUAE A IS INE BH B, aX 5 EERE A AR R
H K BB — Gt UM 52 55 /N | T i e B
R BE2E RIS A RUIR T A, A 13-
P P 11— BB AR RN DR (R IR, A KRR B b
R A7 RUBR

RERTES AR P s, HEFEZ kAT
JIE 7 S RN B TR e il A T, T R PR
F S X SE A I 7 R I 25 7 Lp—4 4
BARE &R MTE Y5-2b 4 &Rk,
T 2 Sk R SRR B 1D R 1 A f L o Y
WBEZFARSREAMR AN IA X, K2
B e T ) 2 oy S R 1 A R
R 03 T v R A AR AR IE

il 2 2 R e i v EL A R R XU 1 B 43, T

Al A8 0T Sk = A, Al T R TR T AR ik R O A
AR, HAE Lp—4 410 Y52 2H AR I 21 5 v (4 7
W WAZSUE T RR R AR R BRI RE S T 2
T Lp—4 26 I 30 e i {E, L2 129-3-5 4, iX
AT BE- B R I I s 105 B RE A G Ak, — sk
T2 5 ik & B A N 3 k2T R, A
WA, FEXT A rh Rk B, A Lp-4 4|
FCC2181 £ Al F29-3-5 41 g 38 hin
26 BUEBREFERERIENN

Ui 8 R TR AU R 1) R DTk, T
DAE S KUBR ) 5T B iR S 1 A i T T X6
7B R TR RS R, X S ALRE R AT IR
B SR O e AR 5 PR . R E Y
25 AURE v B B A SRR S R W R I, U AR
KWL R, G AR o U B R R R TR
FIT A 0, FCC2181 41 B B8 A JE R 7 1 #
i, HROR Y5-2b 4, X IR A S v i vl 6 4k
BRI 1% LT TR X RS 4 2 09 v B T A R A 4
B3 F29-3-5 45 Lp-4 4 & & AL o
BAREA B 25 (A s T A A2 iR 2
DR LR, Lo S0 K R S 1 25 LR it v Jd
i B R 2 B R R A Z R AE F29-3-5 4 Y5-2b 4
S XA B EME R, 7E Lp—4 4R
FCC2181 b & 5 N FE, AR & i 2 LS 1Y
SR S R W, Ko fE FCC2181 4
B R, — S SCHREE T (R T DA i T
) e A4
27 EMAEABEMNELERERBRSEHRS
ENH

Ui 5 B Wi R 42 SR AL S5 B B o LR g J
B8 Ry iffe 5 IR I e v 2 AL I 25 3 o B
TR Ui 2 RE U5 R LA U RN B I R (Saturated fatty
acid, SFA) k3=, A0 g 1 2 v 7 2 45 g 11 2
Z AN FAE I 2 (Polyunsaturated fatty acid, PU-
FA ), I $5 58 B0 1) S Ak 40 2% & A= A 22 AN M R I
iz B A IE 9 3 B, R R IR U TR TR 2 B A
R0 TR SE FE A Lp—4 4 b B s i & i,
MTE Y5-2b 20 & A%, HgA 2 e 1) A 4k
7). 5 TBARS {EAHXT W (02 , Lp—4 ZH 37 25 5 i
i E ALK B &2, Y5-2b 21 Ui B 0 i R AL 45
Rifed, XfE— @R F R T PRk
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Table 5 Effects of inoculating different fermentation strains on free amino acid composition of cooking liquid

7 BRI A F/(mg/L)

28 3 %5
CN Lp-4 Y5-2h FCC2181 F29-3-5
R AR Asp 123.76 + 4.31° 102.85 +2.25" 121.43 + 10.33* 98.28 + 12.93" 126.93 + 11.00°
BB BR Glu 277.76 +9.70 31593 £ 11.27* 335.53 £9.60* 328.96 + 13.20° 319.85 + 18.06*
H AR Gly 859.04 £ 61.11" 714.99 + 34.16 699.09 + 46.68° 1229.13 +151.43*  827.75 = 1.43"
IR Thr 693.70 + 50.79" 951.93 + 8.87" 630.46 + 17.49"  984.69 + 56.27°  501.78 + 76.62°
2 R Ser 182.35 +0.99 290.50 + 4.43* 240.38 + 18.07°  265.20 + 12.36®  274.08 + 23.12°
GEN Ala 88.13 + 2.68¢ 132.37 +7.34" 134.54 + 1.59" 155.90 + 5.31° 119.07 £ 4.10¢
My BB Arg 68.67 +0.21¢ 96.39 + 7.49" 94.85 + 0.74" 121.81 £ 6.54* 80.36 + 0.64¢
VEEN:d Pro 222.95 + 1.06° 239.40 + 10.46" 359.91 +4.38° 201.60 + 11.47¢ 243.88 + 4.33"
20 B BR His 87.71 + 0.80° 84.56 + 3.70° 149.55 + 10.08" 61.70 + 4.53¢ 101.92 +2.77"
8RBk Val 112.21 +3.37° 123.91 +4.17° 195.11 + 5.52° 15412 + 13.34"  159.86 + 11.14"
R Met 223.51 = 14.42* 176.10 + 14.50" 189.26 + 9.25" 183.66 + 19.35" 167.35 £ 24.28"
RN Ile 471.40 £ 3.23" 501.29 + 1.89* 491.01 = 12.69* 463.63 +7.02" 500.73 + 14.47°
5 AR Leu 279.66 + 6.84° 284.70 + 3.74" 308.20 + 3.66" 273.78 + 8.40° 367.98 + 28.28°
ESCE ] Phe 93.03 +4.13" 113.33 £5.27° 116.62 +2.16° 83.43 + 7.69 112.91 +9.67°
R BR Lys 540.61 +3.41° 584.59 + 67.83" 791.83 £ 35.57* 528.10 +27.14" 752.35 £ 5.46°
B 2 PR Tyr 62.60 +22.26" 68.10 + 13.44" 76.40 + 26.25% 105.50 + 5.89* 97.57 + 16.81*
BE R BR Cys 83.43 +11.51° 71.40 = 14.39* 76.62 +3.51° 53.41 +3.57¢ 56.69 + 5.49"
ARBRET / 4470.52 + 15.111 4 852.35+45.41° 5010.78 +59.11" 5292.90 + 80.42* 4 811.06 + 47.25¢

TE B AbR P bn e 9 A [R] 5 £ AR i i) 19 8235 22 57 (P<0.05)
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Fig.8 Free fatty acid content of cooking liquor before

and after fermentation
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Table 6 Effects of inoculating different fermentation strains on free fatty acid composition of cooking liquid
. 7% & Bg B B2 2%/ (mg/100 mL)

CN Lp—4 Y5-2b FCC2181 F29-3-5
M 2R 1.31 £ 0.05* 0.46 +0.07° 0.94 £ 0.04" 0.74 £ 0.02¢ 0.84 +0.01°¢
+ ZIR R 0.46 +0.01* 0.18 £0.01* 0.36 £0.01" — 0.33 +£0.02°
AR AR BR 19.38 £0.83 18.47 +0.59 18.80 + 0.56 19.34 + 0.98 19.79 + 0.98
AR A8 i BB 1.38 + 0.04* 0.47 +0.16° 1.11 £0.47* 0.63 + 0.06° 091 +0.16™
+ B 0.51 £0.01* 0.22 +£0.02" 0.54 +0.01* 0.21£0.18 0.44 +0.02
AR 0.42 +0.01* — 0.30 £ 0.04" 0.25 +0.02¢ 0.26 +0.01¢
AR B 18.05 = 0.54° 13.98 £ 0.4 16.98 +0.28" 14.85 £ 0.01¢ 14.83 +0.52¢
i BR 247 £0.11° 1.44 £ 0.02* 298 £0.11° 2.06 +0.01° 2.56 +0.01°
I3k iR 2.03 +0.03¢ 1.20 £ 0.01° 2.74 +0.26 1.60 +0.01¢ 2.39 £ 0.01"
I iR 0.64 +0.02" — 0.62 £ 0.03" 0.54 £0.03" 1.21 £ 0.44°
=+ Bk 0.58 £ 0.05° 0.16 £0.14" 0.59 = 0.02° — 0.50 = 0.04
=R 3.15 £ 0.04 1.58 +0.04¢ 2.88 £0.01" 1.30 + 0.05° 2.41 £0.03°

% v i R — 0.23 £0.01* — — —

N E 5.89 +0.25° 3.10 £ 0.09¢ 549 +0.17* 2.15+ 0.3 4.43 +£0.34"
T BN R 9.01 +0.12° 4.85+0.01° 4.28 £0.13¢ 5.68 £0.61" 4.64 = 0.06"
&F 65.27 = 1.57° 46.32 + 0.60° 58.61 £0.29" 49.35 £ 0.88" 55.56 +1.23¢

T AN [ B AR Al 18] A 2 25 1R 22 57 (P<0.05) , “—" KR R A
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Fig.9 Sensory evaluation of cooking liquor

before and after fermentation
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Effects of Different Strains of Bacteria on the Quality and Flavor of Rgopecten Skirted
Fermentation Liquid

ZHAO Jinrong, WANG Yueyao, SANG Yaxin, GAO Jie"
(College of Food Science and Technology, Hebei Agricultural University, Baoding 071000, Hebei)

Abstract To enhance the quality and flavor of the byproduct skirt of Argopecten irradians, Lactobacillus plantarum sub-
sp. Plantarum Lp-4 (Lp-4 group), Lactobacillus casei Y5-2b (Y5-2b group), Kluwyveromyces marxianus FCC2181
(FCC2181 group), and Pichia kluyveri ¥29-3-5 (F29-3-5 group) were used to carry out single—organism fermentation
of irradians skirts, determined the changes of flavor substances in the fermentation broths of the inoculation of different
fermentation strains, and analyzed the effects of free amino acids and free fatty acids as flavor precursors on the flavor
substances in the context of the changes of flavor substances and the antioxidant capacity of the strains. The results
showed that both lactic acid bacteria and yeast strains grew well during the fermentation process of the scallop skirt
cooking liquid. The pH value of the fermentation liquid decreased significantly, and the fermentation promoted the forma-
tion of the skirt fermentation liquid flavor. Specifically, the viable cell counts of the Lp-4 group, Y5-2b group,
FCC2181 group, and F29-3-5 group increased from 7.04, 6.99, 5.93, 6.07 lg (CFU/mL) to 8.49, 8.17, 8.01, 8.18 Ig
(CFU/mL), respectively. After 36 hours of fermentation, the Y5-2b group had the lowest pH of 3.33, while the
FCC2181 group had the highest pH of 5.52. The FCC2181 group had the highest content of flavor compounds, while the
Lp—4 group had the least. Compared to other groups, the FCC2181 and F29-3-5 groups produced more alcohols, while
the Lp—4 and Y5-2b groups produced more acids. The fermentation groups had more esters than the control group, and
aldehydes were relatively high in all groups. At 36 hours of fermentation, the Y5-2b group had the lowest thiobarbituric
acid value of 0.27 mg MDA/kg, corresponding to a lower content of free fatty acids, indicating a smaller degree of oxi-
dation. In summary, fermenting the bay scallop skirt with the four different strains resulted in good flavor and quality.
Lactic acid bacteria fermentation yielded acidity, while yeast fermentation accumulated more alcohol flavor compounds.
The results of this study provide a scientific basis for further optimization of fermentation strains for scallop skirt.

Keywords irradians skirts; fermentate; free fatty acid; lipid oxidation; fermentation strains



