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SRR F R RIS, EY) & I 2 e
FLIR P R B R R B S 2 PR R R IR A
FLIR TR 38 2 43 e i 25 0 T 3 = e T e AU £ 4 1)
pH {8, 4 & B & 5 BRI 5 | 2 (45350 40 I it 2
PIuE LAk Sz A K, (R I R P A L R i R R IR
(NISIN ) S5 A 4 Jo 410 1] 350 0 Jd W il 2 0 11%) 3
BARH pH E I BT DU EZLIR B 2B K, A5
FLIR R X 2 25 A4 B N B P AR B A, IR )
PR 6 i e TS Xof F 2 T A A1, 4 K R k3
I DR AT — AP VE T, TR ™ A R R X
a2 A0 M A A0 2 e X L A0 TSR A, A
FEDUIE DI RES, A BTN BRI A A BR B | b
A 2K DA H- TG 2 BR TR | 7 R A 2 B RO I A
MR £k B RE AT S 45 R M R S ek
T 5.5%HF , 3 I A T2k Al 75 o 1R R AIC,
A R E RIS S8 320 U/ml, B 1K % 5K A
300 U/mL, P WE ] BR TR 2 280 U/mlL, 3 52 i %5 Bk
B4 100 U/mL?,
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FEAEE (B PUEAL P i s g, B
i, BIFSE AR G AT AT BE ) J2 20 5E LA T 4R
bi, g3 i & i DPPH A iy I BR fiE
ABTS H i BEW BRBE ) VBRES T30 I RE ) A B]
B B i AR BREE ) ORI B i BRI B ae
5K 36 ST ST K 7 i b o3 B A5 B R AR ) FLAT
[0k =R AL YN 78 iR BN A d s ok = b
FRAEXS B BESE I DPPH [ piy i 8 1 ih 2 FE 4
B v bR, S5 RERH, MY I EEA N
B PR RS P A R B FLAT I CQPCO4 X 4
AR EAT R WE, I HPLC & & 30 32 241
FALL A T P R R LS R, AW
WA o S T AR IR, JE G HPLC 23 B s
P Z R B EEMR ARG, 78 2 K79 h AR B K &
H R (Ile Leu) | 2 1 2 JE R (Asp) . Bk 14 & & iR
(His) , 72 2 K B A & P A AT P Y R 0T

AT ST LA E SORT7 i JEOR) IR 58 B F Bk
W (Pediococcus pentosaceus ,pedi) . 89 FLFTF 0
(Lactobacillus plantarum ,lact) F1 A W 55 %) Bk 14
(Staphylococcus xylosus ,stap) & e A [A] 4 45
X A I A i BRAC SR bR 5 BT AR BE T RO R e, AG
KR S AR pH (A SRR IR S A S
i T NR MR G PR E BT O MR A
H AT ST B 7R AR Ak, WFSE K SR D
255 R R A G R £ il R TR ) S

1 MRlEH®
1.1 #MES5iKA

I SUAR 5 il A A 4 il 2 e K™ A R WD 5 R
TR (CICC 22227 JSH i 3k &, CICC 21803 A
YIFLFFE , CICC 21445 AWEH 4Bk ), o Tk
Tl 2E W R O BT b0 s MRS I B R 56 MRS
B R IR CE RN SR B R BUR R AL,
A B ARG BR A A UiF B e 0 R D i
Ma . AR EFAmEL=EBANETA
P 0 7 ) R R I R &, R e
A TR L-B 2R B E AL Bk
M e A MR R | R L 2 4 AT Ak 2 R A R A
Cils
12 NUB5EF

50 mL B =0T A N T SR BB AR T

FE28 pH it, Fi+ METTLER TOLEDO;56PC %
Hh=T] WA R T, b iR AT R AL g AT R
3] LC-10N-50C BS124S E 45 % % T HE 0L, E
13 1 IRAER B A BRA ) 5 B0 B KO- 7 [ 9%
Z R ; VT-840K-U it TAE &, JRig4E IR
LIRS P ARG R A GISADWS 5 e K B 4%
2% [ ZEALWAY ;5810R = #4 7R B0 HL, 18 =
eppendorf; SHKE6000-8CE IR il 1] & iU #2 K |, 26 [+
Thermo Scientific ; BSP-100 AE L35 7246 , F 1R
Sl A BRA W BESTF B AT 5 SZ-18 /N i i B 4
BL, T HOE A S HLARAT FR 2 7] s HWS-28 i #4fE
WARw S, Bl R AU R A A IMS-25
TACH VKL, B 25 B g A R A F DWW -
86L388A . X AR IR PR AFAR , T & W KRR L 2%
AHIRAF

1.3 Ak

1.3.1 KEfaprfls T2RBE  BE8UOR I 65
NG KRR, 4 CHTK5y, ORGSR
S EERY 10% | E R 4% A 3% & AR
2% TR 3.5% (W2 EE A 10" CFU/mL) , -
J W i LR T 7, %08 3.5% 0 R EL IS [
BIR A 1A T8 41 A 09 & 2 3 FP (pedi, lact, stap,
pedi+stap , lact+stap , pedi+lact+stap ), H 435k
T ASAR [ B AR AS S AT AeT & TR A R 1 CK
ZH RN 8E ) 25 (A fresh 41, #r3E 3 min i HIR
G5 HER g N E AR SR AR D 35 CR B
10 h, K EESS oG % = B oy Sm o fiz
FefIKTE 45 CINF 1 h, P& 95 CHl#A 30 min,
SRIG VKK G R H1 A 4 CCV-A 12 h £ FieT
1.3.2  KEfaln pH EW 2 KEE A5 xR
2 ZBOmk 4 CF- A5 J5 4% B (& A pH A 1
SE)(GB 5009.237-2016) 75 ki % H: pH {E!,
133 kE@apamEnNE 2% (BEfMPE
FERR S AW EY (GB 5009.235-2016) 7730, H
PEMRFREL 5 ¢ BERE G 1 &2 BERE &L, FH 80 CAEA Y
HAAE K AR BEA 100 mL BEbh e F5 4 3 2 = i
JE R B 100 mL 28 LR P, Im A H 28 1Y 4l K
FEARE 100 mL IRE] . #E 3min J5, W 10 mL
VW E] 200 mL BERR T I A 60 mlL H & kY
FEAK T RE B FEAS bR pH RS H
B sE 13 19 NaOH F5 #E ¥ W (0.0565 mol/L) i & &
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pH {H 4 8.2, i ¥ I FEM NaOH AR, F2 /4 (1)
T
X = ex(Vi=V,)xKxn (1)

m

e I NaOH A5 M5 W MR BE ,mol/L; V, A
T 72 G T FE 19 NaOH A5 1 WA B, mL; V, 0
235 FHA S I AE Y NaOH By AT mL; K A iR
BB 2, DLFLER M E 0.000 ;0 M il FE A% B4
Bsm HFE W g,
134 KMl EARERS®EINE 78 1.3.
3 AYIEAE E A 10 mL H EE % W, F NaOH Fx
WEIR R Ak S E 2 pH H oM 9.2, D HHAER
NaOH &, 25 (56, OB 2 ik 19 88 2li7K 80
mL, F§ NaOH #7 fE %5 Wi & 2 pH {E K 8.2, f
A 10 mL RSV, 4k2eiia & pHEH 92,10
SRIHFER) NaOH AR FH, #eA30(2) 15

Vg

K .e i NaOH A5 HE VWV BE  mol/L; V, A

A H R 3 56 T FE 9 NaOH. A o 34 WA
L mL; V, 825 FHUER T #E 19 NaOH. i 1 5 1A
U mL; Vi AR RS B AR R mL; vV, il
i B E AR F , mL;0.014 &5 NaOH Fp 1
SRR AR g;m MFESR AR g,
1.3.5 KIS IER S ®ANE  KEEG
o figy PR MLEE R | 50 0 8l T 388 - Ly | J=
JEAHE L 5 mm, FiiHEE— 2L LB 4K,
WA EZS AR THENL, 72 h J5 BCHRE S, BERERE
FH o 76 100 mL 2.0 8 1 23 BIFREL 5 g FE AL A
45 mL Wi R 28 th il (pH 7.2) FH IR e Ik 3% ISR & 1
A1, B0 (4 °CL,4 000 r/min, 5 min) B B3 & H
Foe MR 6 U B A5 20 BRI AT, e ok
THF UK 440 nm 4013 2] 45 20O B 7 B 3
W, HEAR,

X = DTy o e e 1 B A R
e R (3)
1.3.6 Kol b E AR e b s
P Tl 37 3 0000 2 4% R R R R ) (GB/T 23527 -
2009 )25 3 A5 o ek 3l
1.3.6.1 L-F&EMARIEM LML 0] Bk L5
FRARIEV VR, DL 1, 20 L R W4 1 mL, 45

JIA 0.4 mol/L i R ¥4 % W 5 mL, 48 ki3] 1 mlL,
PG AT A 40 °CHE 7K I A5 20 min, {7
I3 EIEREH T 680 nm Ab 15 F) 4 4 W FE R
AR 0 8 S A S F A 3 IR, DAOGAE
y YA B2 R R B A A Al A, 2 ] L - 2 PR
PRUEI LR IR 3R

1.3.6.2 P& E B 7 E 78 100 mL &
A AT BRI S g ¥ VR T 1R 0 040 U I A L
A 45 mL WEPR 2% vh (pH 7.2) FHIR e 4R & AR &
¥i4), vkoK #8854 FE 10 min, 250 (4 °C,4 000
r/min, 5 min) B E A L 7E 15 mL .08 WA
1 mL B35 W, A 30 CHE R K i 2
min, MA 10 /L B W 1 mL, B HETR 5, L
A 30 CHEJE KRR 10 min, T A 0.4 mol/L =4
LR 2 mL 21k SN, # 10 min J& , IR 1
mlL FEBRE A — 15mL BOLEF, MAS
mL R RN I WA 1 mL FRARI ], IR e IR 4
A 30 CHE G ZK I 56 20 min, {8 FH 20 66 B
F UK 680 nm kbR B K AL, M ER 3
W 25 PR EZH % 38 1V VORI — S SR R
AR S, A B BRA ], %A (4) IR

AxVx4xn
X =" 4
mx10 4

A Dl L = B A v il 2 A5 Hh B gL
WL, UL VoA RE il 5 O 7 OB mLsn 4
an BB B m AR R Y B g

F1 L-HREBRNERK
Table 1 Standard solution of L—tyrosine
B R RAT RS B AR AR R AR

FE ORMRTRA (100 pg/ml) AdHO
(ugfmL) AL AR AR fml
0 0 0 10
1 10 1 9
2 20 2 8
3 30 3 7
4 40 4 6
5 50 5 5

137 e tallp i 0 h EERE T e IR
1.3.5 Rl il 4 O R AR BIRE 2 IR & DL
P20 BRAEAT IS, 6 20 6O R T T 3K 550 nm
WG BN O A FE A 3 IR FR A (5T
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X = Oy O R e FEA R Y 70 . e
i U A (5) 65 W
1.3.8 KWt b U BS T 11 2L A8 7 il s sol
2B 1.3.5 R Al A 7 IR RE B AR z
EULTB A BT, O B T K
550 nm Zb15 B 45 AW SERE ST A 3 ki A il
(6)IT57 e T
X = OD ww=OD wi oo o1 ofe 1 1000+ 4 4% = +§ﬁ$5y@ v
OD 35=OD &
& (6) Group
B &BEE R pH &
Fig.1 The pH value of fish sausages before
5 1 %ﬁ%;%_zgng - and after fermentation
VIS I 9 50 049 01 26 o4 10 b fEL IR & BE R, pH " o
AR 5.5 IR, HLWI S8 Ho % FR 2 304G, oo -
R A K BER 4 pedi+lact+stap [ pH {2k 5.04, 40 % i ‘/‘\Ll_/\\‘
1R, T ELRR I AU, (1S A S e 1 me J
pH {1, WA £ 5 I pH (K (pH<S.5) F9 PR &5
T, R A R TR AL T3S B AR 0 S AT I 3 7 e e e e
B FURR B S M ATER P RLPE L bR T % ar M
T 12 I £ 020 R
22 REBERHHBRE ¢ Qz,
R T f0 9 B L E ) 5 85 R T, R 2 o
s o W& EER AR IR 4 b CK Al fresh 4 A9 B2 4EN. SEABMEBRER
R, Hoh R B2 )5 pedi+lact+stap 41 A9 LR E Fig.2 The total acidity of fish sausages before

6.02 ml/10 g, 5 CK AH L34 T 43.74% , W] . =
TH e A, FLRR B & s oK b & W™ R LR
] s 2 K T 10 T A I B K A5 0 7 AR A BILIR
Ui G e I 790 L = 0 T R R M A 7 R g
R
23 RXBEHNESEBRSASE

SIS FEHE VA SR IY A AT &
Frim, BT AR AN PR P A
TR AL, AR A A A AR A
R SR TR SRR S AT R I R
FOR AR BE M RR PR AR AR, K I 114 £ Ji FL A
MR ot i e TR R A, A&l 3 i, i
R T I 1 A R R A R B i W v TR R
t pedi+lact+stap 2H WAL RS A &N 0.72%,
w e THE IR, e CK A& = T 19.45%
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Fig.3 The content of amino acid nitrogen

of fish sausages before and after fermentation
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Ui W pedi+lact+stap 4 09 BF BR Y 5T 0 & 8
3 e o
24 REEHMEEERRSE

Ui B3 B I BV 05 B Ak G i iR s, T
st 4 2 XU D ol e 2 ) &l 4 i
TR0 L5 0 BE 2R A R T S T S R R R
Frsgn, Horb pedi+lact+stap 241 & B 5 (9 1% 25 15 i
Fif & N 147.54 pmol/g, B B = T HE 41,5 CK
A ELIE N T 54.43% , Vb B WS Jin &2 45 & 18590 6 g
51 A T 52 4
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MBS v L I R bR ME Il Ry =
0.0105x-0.0005 (R?>=0.9999) ,y A W Y:{H ,» A L-
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K=95.28 , H.yi FEl7E 95~100 AN £F & 2R,
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Fig4 The content of free fatty acid of fish sausages

before and after fermentation
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Fig.6 The neutral protease activity of fish sausages

before and after fermentation

WK 6 o, AT & B i £0 i H 8 g TS
I TR R, SN e R ) i e 2H R
it 77 B ik TN B RS pedi+lact+stap ZH
B 11 S 1k 506.82 Ulg, XL CK 41358 T
54.62% , = T T A K W e 0 iz 0 B 08, Ul
ARV RS ) e — B R R s, A
W FEAH T 4 e 22 R 20 TR TR R 43 ol AT B K T A
TR REERGEK, o3 H WA S ) 5 A~ e e
KR P TG ), 45 R BoRIR G L ] AL
TR R R e R 2H G A RO T AR Y Tl
FZ A B O RO, o e Bk A e 7 AR R IR AR
WP R B SR AR T AR PR
26 EZEB&EFMNINGEIEEHERSN

WEL 7 fros, a0 2 I JE A 2R
RE I WIS 3ol X RRZH K IS 5k REETAH ik
AT AR L, BRI A & BRI B T4 i 4
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Fig.5 The standard curve of L—tyrosine determination
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Fig.7 The hydroxy free radical scavenging activity

of fish sausages before and after fermentation
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=2 R 2025 455 1)

il A LR RE T, [F I 2 B JS pedi+lact+stap ZH
MPURE B R RE eI 4 e, O 47.52 U/
mg, I CK 417 43.73%.,
27 ABEFNMERAEFERERE

6 2 £ i T S BT A R i W
WG AN 8 s, W REZH & WERT S5 BB M A
B 25 e o A B s Ak, 1d WS i & I 5 1 £
Jos bt S I 85 7 s i B 0] B4, A
pedi+lact+stap ZH & W I (0 BT S0 B 8 1 193 1
477.16 Ulg, Ml & THERREA, L CKHm
75.57% , VWIS G S TR0 T4 g Bt A B
B A EmER

600
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S00r | -m- kmpE
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Ability of anti—superoxide anion/(U/g)
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Fig.8 The ability of anti-superoxide anion

of fish sausages before and after fermentation
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Effects of Different Combinations of Starters on Physicochemical Indexes and Antioxidant

Function of Fermented Pufferfish Sausage
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LIU Zhiyu*, ZHOU Changyi"”
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Abstract

Key Laboratory of Cultivation and High—value Utilization of Marine Organisms in Fujian Province,
Xiamen 361013, Fyjian
Xiamen Medical College, Xiamen 361023, Fujian)

Study the effects of different combinations of fermentation agents on the changes of physicochemical indexes

and antioxidant function of fermented pufferfish. Pediococcus pentosaceus, Lactobacillus plantarum and Staphylococcus xy-

losus were used as fermenting agents to ferment pufferfish. Comparative analysis of different combination fermenting agents

before and after fermented. Results showed that used a combination of three kinds of starter was superior to other starter

groups. The pH value was 5.04, total acidity was 6.02 ml/10 g and amino acid nitrogen content was 0.72%, free fatty

acid content was 147.54 pmol/g, neutral protease activity was 506.82 U/g and hydroxy free radical scavenging activity was

47.52 U/mg, and Anti-superoxide anion activity was 477.16 U/g. The fermentation of pufferfish sausage with different

kinds of fermentation agents can not only get high quality fermentation product, but also promote the development of fer-

mentation process.
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