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BE AR TP A%k (BAs) N-Ea ke (NAs) S R R ARG T RES RO L AR, X 48R FH:1)
MNI 28 ; 5 A 0.05% 4k 2 4 T 55 4L 37 %) 7] ;2)MNIP 28 . 5% A2 0.05% MNI # ) B 2 A PRO-MIXS 7 dk & 8 #) (K48 3 2 3%
B EHESAFE R ILAFE ) ;3)FBFAP 40, A SRR & Jm 4 6 B aF 2N PRO-MIXS 7 3k £ 8% 7 ;4)CK 48 . = & sF B4,
KRG 4 MK, 30CIER BRERATREE, S pHIMAK ) 5.4 0 20k L8, 3N 20 d o9 R F & it 42 (14~16
C), ME4mAHERBFTAZ PG pHMA T, AT (1,5,10,15,20d) F 89 pH AL K54 F o, & 2 FRE LB
B4y (TBARs ) 1A An & 4 e (BAs)#9 B AL AR 4 AR TR S8y N-R A e & T BB XG5, S RAW . ERHEY
# ,MNIP #84= MNI 4149 pH 154 %) £ 12.5 h #= 15 h #eik %] 5.4 FBFAP 4/ CK 440 X 8 %) 21 h #= 22 h + & 3] & K
& pH 3& B ;MNIP £84= MNI 2L 4f % 2 R F & 3 g it 42 o pH 1A 45 4 2 F & T FBFAP 4142 CK 41 (P<0.05) , % 28 R F 15 &
St pH AR 3 5.08, A A F I8 35 KT #h 04 % 4 S i, MNIP 2052 MNT 28 R F W & 5% 09 7K 5 4% (28.91%,28.72% ) #= a,
(0.75,0.77) 2 % & F CK #= FBFAP 41 (P<0.05), 22 2] % 4 % MW R T, AA FHRAKFHOEETRA; 5 CKamt,
MNIP #8 MNI 48 4= FBFAP 4L R F 1 . b B A 42 & %9 L7 15 (54.94,54.05,48.83) 4= " 15 (13.62,13.57,14.54) , %1% %) TBARs
(0.34~0.36 mg/kg )14, I 40 B (B& e | P B | & B 3 4% 3 B AR K F OMNIP MNI A= FBFAP & A 2 47 4] BT F NAs 49 % 2%,
2+ NAs 9 474) & 5 %] 35 3) 54.77%,51.31%,37.10% , v. MNIP 2849 49 %) 2 R 47, 4 AR T ey BAE i 355 B T3R5 A
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FEvE N-WAE AL S MR iRy, E4Ek 58U
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50 4 B i Frie BE 1 0 T 1) A G U2 B o e R i S
ABEIR , FE A g B M e e SR

T PR T it T ok 7 v e P e e 59 35 32 0 A Bl
T DR 2 A 1 RIS B 277 b R, BT

KR BEH. 2022-04-18

BE&mB.: “t =1 EEE SR TRE S L0
(2016YFD0401500)

E—1EE: BRiEiE, & WA

BEEE: B2 E-mail: malizhen-6329@163.com

FH T A 28 R BE Y & BE R A LR W (Lactic acid
bacteria, LAB) 1% [# fif§ B 1 7 %5 2R 5 (Coagulase
negative staphylococcus, CNS) , {5 4n 8 %5 £k ¢ J& F1
PR TR KA R A N IR 5 5 e 3
T R HEAE T, DT 2 R 7 i 8 2L €0 8 R XA Ry
FEB G T L 2 T T 711) 3 ol FH A TR R A 335 L
FEOR AW LT B SOE FLAT T L 2l LA R R
Bl BRI 0 0 T, LA K™ %) Uk 2 AR
PR (RH) 3R 02 XU W e 8 i R v & AR
SIS N R, KRBT IR I
J7 R B R 7 i B BT RN AT Ak R T R AR
(1) Je 20 5 R X A (R B ) 7 o o o 25 SR AR
B )1 HC AT A2 M R R Ml M R 10 i T IR
JERERI AL R T R P AR K, B pH (R T
Kok, LAV /D A 0 i PV TR RR 1 A 4 A D T 4 v AL
T B2 A BT WA, e A v AR R AR AR
NP BRASAL, , f 2 els 1 RUCT fi 4 5 b AR AE |
WUP & BT B R AR 1, M0 BT Y A A
S PRI RS A BERITE 30 CARBEMA,
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U RE S 2 P A= P e i BRI Adab AEUME A 3
R A W e 913 A T Pk ——— 75 T LT BT R A BR A
AR A 2] BR DRTR G R IR 08 S A AR T R R
BT 30 CHI 90% AR X 1R T & B, H# pH
HIkE] 5.3 KULT, K BLRE A 4 e i) 5 2 2 )
Wb 22T WIAEIARE 5 R B, & ] PRO-MIXS
(AW 25 BR T+ 375 305 LT BT+ 2 A0 0 ZL A 18T ) 11
R TRAAS B =2 ) A A M )57 (Microbial ni-
trification inhibitor, MN1) G878 % il £ B FO £5 4R
hON- W R 8RR, B A MNT S I i
(0.05% ) W T 21 i vh gl e ke B 40 1 2502R . Xiao
SEUIE G M FLAT B R3 BEFR AR MRS A ¥ H ND-
MA #1 NDEA W F N— 3V fi§ }& (N —nitrosamines,
NAs) (v B, LAt A 0838 ™ P ok 48 A Py 4 B0
BIRBEREACH R NAs AR E | F — 25 158 R B
BEFLAT R R3 4 B i 5 rb (%) 2 11 B2 5 30 NAs 38
AR PR S T A T AN RE L e TR R
(SLPs) ., Kt ,NDMA il NDEA f9 F [ 5 s LAT
B R3 1 SLP A%,

H A, ¢ T MNT % XU i B AR P ot 042 4 b
JoT B AE 0 A WL F R T — B A T
(2522) CHYEIREE FEAE h AT 12.d Kl KT K
B FBOL pH A T FES12 6T 1 Wit 2B W 1 4 1)
RO AN T A 0 e 1 A L ARG X i
WIRT I T2 SEa TR, e R B R
30 °C, FEAR KA 2 F2 TR EE (14~16 C) , ASHE
SR T AR B 0 AR B e XU g A Y
PRO-MIX %[5 | A I A= i I8 e B A A2 L B 4
A58 (FBFA ) LA S MNT W H T KU o T 48
WHLRN 77 285 512 MNT X XU i BEAR 1 5 B 22
i B S2 R AT S MINT 76 KT g Hb 09 O &
MRS 2%

1 MRlEF®E
1.1 KR

VHI-41 (A 45 2K 08+ SO R 3R DA +AE P 7L
FFE ) \PRO-MIXS (A ME 5 285 2K & 35 W04 2L AT 14
KA FLFFE ) , BRA R O A b
(Bhgtat) EAbah JoK B ER AN | o SR P
eSO AR 4N R FAER | LR BE G S B R
e ERWRZE e FhR EA AL iR S =

KCBITER TR L IR A ik (BHA) \ & U LR
(EDTA) (3R 5 Hraligl ) , [l 24 5 b Ak 2 100 A FR
28] 5 R BT K B Al
12 UFE5E&E

Agilent 1200, Agilent 1260 75 2 & A1 2 35 4L
(B 28 5 AP WA I % ) , S 1 Agilent 22 7] ;CM=5
{6,224 , H 7K Konica Minolta 2 7] ; STARTER3100
pH it, 3 Ohaus 24 ¥ ; CLIMACELL 18 jfi 6 {2
6, 1R bR B 5 A PR A E] ;s RE-2000A Jigf% 75
AL LC-CCA V2 ARG ¥R 58 \SHZ-D i ¥ K X E
=S5, Ll RIGERHE A BR A F ; TA-XT plus
JR AL, JE[E Stable Micro Systems 2\ 7] ;JY69-1-
IN 7 % 20 LA R AL, G BL RORS 5 AU AT PR
Gl
1.3 Ak
1.3.1 FBFA Wiil%& = MRBREEDE SR 5 ik,
1.3.2  MNI Wil SR E ik,
1.3.3 KT IrEE 2 BsEESE Tk,
134 KB HFE R4 41,1)CK 41 . 9%
HE1.3.3 75 KU1 1 SE Atk FC 7 A0 T 25 4 52) MINT
4. 7E CK 43Rl L A A & 0.05% 1) MNI;3)
MNIP 41 . 78 CK 4l I, i A A i & 0.05% 1Y
MNI, Jf4A 20 ¢/100 kg ) PRO-MIXS5 &k & &
I ;4)FBFAP 41 . 78 CK 41 3E4t [, in A FBFA, Jf:
A 20 /100 kg i PRO-MIXS Bl & A

FEREB A1) 4 A CAE 30 °CHE R TE 1 1 5%
b LB, 4 A0E00 pH EFER] 5.4 22470,
S BRI E U & 14~16 °C, F M BR 18 38 S X T
i i/ T2 S 8087 51 20 d 9 RCT BLGS 2
TERBEN B 8 h J& , BERR 1 h JBORE I & ZH A
() pH (EAS Ak, 05 K T By 1,5,
10,15,20 d HkE I 5E 4 ZHRE S A pH H K> 5
i a, (025 TBARs {8 .8 Tl BAs (i A 2 M i
e R A R TR STEORS B FIORS B ) S s AR AL
XFF R 20 d A2, TUE 9 Fl NAs(NDMA,
NDEA ,NMEA ,NDPA ,NPIP,NPYR ,NMOR) & 4t
GRIRTTEN AR
1.3.5 f&5briE
1.3.5.1 pH{H #%I8 GB 5009.237-2016( & i %
S FRARE A pH E P YU PR B PRl o A
pH B E J5 1 .



236 H4W

T A T R A 3 ) R AR M BRAC M R BB A S SR B R R 203

1352 /K& 0GB 5009.3-2016 (& &
A E AR HE B K A B Y i T B T
RN

1.3.5.3 o, HKRVKGFE T ZHE, =ik (2420
C) T4 A4 T B ES L1, 8 RE K 20 1% ALk
7

1.3.5.4 (2{E K515 E S B RE 5 e S T
il (2920 C)F PR 2 h, 355 V5 F 55
LA, R 8 2 A4S0 2 B i B9 8 B {E (L) RAL B2
1 (o) (IEAH R R AE A PRI LT, S 2R B i £
PR 2R ) 0 AT A AR AE AR IE A 254X, B4k
PRZH AU 3 AEATIRRE , 45 RECE A,

1.3.5.5 TBARsfH =M Witte S8 71k, FREX
5g B INA 15 mL 7.5% 1 =5 82 (TCA) R4
W (& 0.1%BHA,0.1%EDTA), #£ 3 000 r/min F
A1 30 s 3, B 2.5 mL BE W, A 2.5 mL 0.02
mol/L 2-Hi At [ b Z 1R , $2 57, 36 KA 40 min, %
WEZERE,MA 3 mL &N, IR, 752 C,
2 000xg &0 10 min, W FJEVE W, 7E 532 nm
P A IR

TBARs(mg/kg)=—2YM (1)
exlxm

A, A—532 nm P K R A WL A
V—FE S AR mL M——N [ A %4+ &

72.063 ;& JBE IR W 56 & %, 156 0005 1— G ;
m WH T (g) .

1.3.5.6 BAs & 218 Eerola SR Tk,
1.3.5.7 WhEfEh & & 28 GB 5009.33-2016
(B2 EZERE 2R RS MR
W5 Y207 30 5
1.3.5.8 NAs & &t FF 5 AT AL 22 ] GB 5009.
26-2016( & i %4 E ZAr i B N= g 2
oG P i YT vk

9 Fi NIV il g (4 A5 ) 7 vk 2 BRI A5 W42
kAT, R G HEAE 1260 5 R0R A 5k L
. (MiEHE . ZORBAX SB-C18 ¥, #:iR 25 °C ;i
1 mL/min; #EFE T 10 pL; 23 #7 B 8] 30 min; 5
i ATHF ] 10 min; 22 ARG I 37 4 230 nm,, i 3l A
BB VR Y LR 1 R,
1.4 HELE

MBI L SFEebrfE2” F£oR, RHA

x1 REEBERBRER
Table 1 Mobile phase gradient elution procedure

2 BL BT 1] /min Tk (A A8)/% K (C #8)/%

0~3 20~35 80~65
3~10 35 65
10~16 35~90 65~10
16~25 90~100 10~0
25~27 100~20 0~80
27~35 20 80

SPSS 19.0 #4722 5% i 3 40 H7 5 R Origin
10.0 AR,

2 HR5HW
21 ABAHSAELBMABTES pH EHTK

Bl 1a b 4 d1FE 5L AE R BERY B pH(E 22 fb 1
B, K 1a TTLLFE 4 AR S B9 INAE IR R 90 1R
pH {E7E 6.61~6.68 YW H N, b & %K I ] () 2 4
4 20 B pH (¥ 2 AN R R B R AR Y H
MNIP 41 F1 MNT 20 1) pH {F 25 fb 52 B o 8 A% e 34
Oy BIAE & ERD 12.5 h A 15 h, H pH (HFE =
5.44 F1 5.45; 1fii FBFAP 41F1 CK 41#Y pH {H 2 2%
M REAE 3, 430 FE K B 21 h A1 22 h, H: pH {E
A0 BIFEAR 2 5.68 1 5.64, pH {HFEAKE 5.4 IE4F
S WU IR B 11 0T 1) 45 H A, B ol JUL R 8 P o e Ak
LRI K 22 808 Wi AR P ) AR BB fR ke
A LLFE ), MNI #1 PRO-MIXS # [A] /£ F (MNIP
41 ) AT LA PR R R A AR R 0 pH B, X R i
il il JO RN A )

4 LR AR T BEAGS #2  pH (H Y B A8 A2
& 1b Fias, i b iTLE TR 1R, 4
ZHAE A pH BT 4.91~5.59 {5 Bl A, 2T 2
M5 5 RIS, 1 [ 3 45 20 A i 9 A B pH {H (4.78~
5.44), UGB pH (A K2 KRl - MNIP<MNI<
CK<FBFAP, #%#] MNI #ll PRO-MIXS5 B [5]7E A
MTFFRE " AR (EZ IR LR ) 51
JEURHA P ER AL, AT T LABH 1R K 2 80h
WA KA, Rt 58 MNI
H1 PRO-MIXS P RIFEFHALER, A Al A8 K MNIT
(FRWE R ) J2 4l i BE S /MR A R 2 R AP,
XF T PRO-MIX5 & 4 B R Ut , A LA 213 {8 5+
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BIVET . BT 55 20 K, & 4T 59 pH {4
Z218 Tk = 2 5.08~5.77 , 3 pH {E =5 BARIK KR
CK>FBFAP>MNI ~MNIP, pH {8 W 4 T &5 4 i
S THE K EIRER SRSy, Wk

68 ——CK

6.6

64 |

62 |

pH

6.0 |

58 F

56 F

54

01 2 3 45 6 7 8 910111213 1415 16 17 18 19 20 21 22

eI 1]
Fermentation time/h

(a)

Fig.1

22 4AERERNTRATEFKkSEEM a,
L

Kl 2a 2b K 4 ZRE 5 AE KT G B oK 4y
TR a, WAAEN, B 2 AT LLE 4 AR S
TE A A R v, oK & A o, 3 RIS
REAR 1 R B4 SR B AT 22 R 1 A8 A B I A — 2L
X 22 S AE T B PR 0 7K 43 1 B RN R e
H T K 4 10 2% e RO [ ir 3l 55 4k i T

Vi

80 OCK
YE D
o 70} aEgg®E B MNI
% 0 MNIP
=
; E FBFAP
L
RS
S
¥ 3
@
5
=

ST I [
Air drying time/d

(a)

S, A LR BAT 22 vh VR TP XU 28 5 MINT 21
FTMNIP 4 XA 19 pH {H R 5.08 I8 T 5.4, 3% /&
B ORAE T 3R pH A,

OcK
B MNI
59r MNIP
FBFAP

KA1 1]
Air drying time/d

(b)

T /NG P RN [R] 373 AH () XU I Ji) AS ] 21 ] 2 57 . % (P<0.05) 5 K5 7 B R [a] |, 7 [] — 2H AN ] JRUT I ] 22 5 b 25 (P<
0.05). & 2~4 [, % 2~3 [,

1 4ABHRERE (a)FIRATE(b)d pHENETK

Changes of pH value of 4 groups of samples during fermentation (a) and maturation (b)

MNIP 2H Fl MNT 20 43 %l 75 & WY 12.5 h 1 15 h
AR LN B, AT 5 CK 410 FBFAP 4R 4
AR BB B, CK MNI MNIP FBFAP 41
il E T VA 1 K KA B 43R 65.10%
69.64% ,66.23% ,68.53% , Fl| K T 2 15 1 52 12 REAIG
#| 24.75% ,28.72% ,28.91% ,26.13% ;a, H1 9] 4 1
0.901,0.925,0.931,0.926 4 51 % £ 0.72,0.767,
0.751,0.745 , B JRTLZ 5 0, 4 4 KT 1 18 7K 4 &5

aocK

B MNI
MNIP
ic FBFAP

ST I ]
Air drying time/d

(b)

B2 4AHERENTFHRATERKSTEE () a,(b) TR

Fig.2 Changes of moisture content (a) and a, (b) of four groups of samples during air drying and maturation
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i a, #3853 KA Y 2R F0.87~0.7527,
I AR 47l 410 ) A 22 T8 WA A o AN BORS M B A W Y
ARG R & P, MINT 2 A1 MNIP 7K 70 & &
Il a, 75 K2 5034 18 35 5 T CK 44 F1 FBFAP
20 (P<0.05) , 7577 fib ik B 2 A (O HTHE T AH X 5 7Y
IR S A R T KT B R R, AT
WA Z A,
23 AAHSRERTFRASTEFEENTL
AT iy &1 3 25 €5 J2 52 M 315 21 25 8] K A7 O
PIZE . 4 AR AR KT B i e o 8 19 25 Ak DL
2, MR2 LA, BEE XCT B 72 0 i
17, SN MR TR R o HTF S 32 R
R — & BT LR B R AR 7 2, A IR A T Y
pH B, A2 2F 01§ R &k [ i A0 NO 1y 7= A=, AT A=
B HE Z (1 NO-Mb, ff KU1 1 o B35 me; — )2
HY T R U LR TR P DLKS i R LEL B i Ak Ry i 41
LT E AT A, AR AL E A A AL

AEAAE, BIRCT B 20 KRBT, 4 2T i %
fh L K /N5 % 5 MNIP>MNISFBFAP>CK o
KN Z Sl FBFAPSMNIP>MNI>CK, 7] DL A& 75
A4 T 4 0 i AL MNT MNI+PRO-MIX5 5%, PRO-
MIX5+FBFA ¥ fig B W 48 = T R i L7 (EF o
1H, 6 KT B B A AR 3 24 7 1 AR
WFFE R PRO-MIXS Bk & & B RE e & & BE 4L 1
1) a" B R BREE 3 SECF5E 19 FBFA Bed2 & X T
d HIGER—%, PRO-MIXS Bl EASH T &A
A8 A BR T, Morita 2502 Li 25590 57 26 W AH
AR e A —E LA S B, ik IlaE
F (Met-=Mb) 3 NO-Mb , 1 #2& = KT 1 19 o {8,
MNI 24 R AR & W] HIZ A0 o (HALR
T CK 41, iX 2 K A MNI J& 1 PRO-MIXS fk &
B VA R A TR AR EE e XU B PR
A B — 5 A FIPEH

x2 AHAEREXNTHEALEFRFHETL
Table 2 Color changes of 4 groups of samples during air drying and ripening

R B /d 1 5 10 15 20

L* CK 50.71 = 0.03* 49.37 £ 0.01" 48.69 + 0.09'¢ 47.36 + 0.02" 47.14 £ 0.03*
MNI 53.97 £ 0.08" 51.08 £ 0.09* 52.74 £ 0.02* 53.31+£0.01¢ 54.05 £ 0.03

MNIP 56.78 + 0.02* 50.94 £ 0.03* 52.73 £ 0.05* 54.18 £ 0.02" 54.94 £ 0.02

FBFAP 48.58 +0.04" 46.61 £ 0.06 40.82 £ 0.01* 45.76 £ 0.19" 48.83 £0.1™

a* CK 10.16 £ 0.02" 8.56 £ 0.02" 8.45 £ 0.06™ 10.05 £ 0.02*¢ 11.99 £ 0.01**
MNI 9.64 +0.01" 11.65 + 0.05% 12.31 £ 0.08* 12.55 +0.03" 13.57 £ 0.03"

MNIP 8.84 £ 0.01" 10.31 £ 0.02* 11.93 £0.32¢ 12.25 +0.07" 13.62 £ 0.01**

FBFAP 11.87 £ 0.05" 9.23 + 0.06" 9.93 £0.07" 12.44 £ 0.04" 14.54 £ 0.01"

24 4 AHRENTFRHIEH TBARs EHE
L4

TBARS & it S B 1 g o2 it S Ak ) Fl 2 AN 1
FRE Wi f AL R rh ) TR B o S A 1 o i 7
Wz — W B S, W)z AR B R
HIFEFR , IR & KT I 9 B2 R A, 4 41
FE i AE XU s 72 b TBARSs {8 19 22 fk an 18] 3
FR o KT G 1 K I, CK . MNI MNIP . FBFAP
94 4 TBARs {E 43 %14 0.21,0.20,0.20,0.23 mg/
ke, Bifi 25 KT G FR (R AT, 4 ALRE S 0 T
TRAEZE WG, G BT R 0 4
I FUAN L 0 2 4 A BT B, AR WL i 5

TBARs f&
TBARs value/mg-kg™

A B ]
Air drying time/d

B3 4AFERERNTHHATZES TBARs EH TN
Fig.3 Change of TBARs value of 4 groups of samples

during air drying and maturation
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5~20 K, CK N B HFERARES T 314
KA (P<0.05) , B A2 i, 4 41 KT g A b
PR S K/ RN CK>SFBFAPS>MNIP =
MNTI, i% B it A MNI MNIP .FBFAP Xf X T % A &
I T AL  MNT R i PRO-MIXS & & 7Lk
AT 1) 200 IR 1 0, I 5 2 B, 7 7 1 400 A 400 PR 3R
F4 R R 4 3 2 VR i b 22 RO S % R
WO F AR UK . Adesulu-Dahunsi 5557
R 2 W FLIR A 7 A= 1 M oh 2 0l HL A B A AR R AR
F ,Zhang S F 5% 45 22 B HE9) 7L AT R C88
LA Z s BA PR ARAE T, AT RE 5 T BRI R AR
WD g B SR A AT G AN, — BEFLIR TR A A K
T 75 T T KT I R O, L A R U R R
A& AL T A A B R A A

25 AAHRERNTFRASEFEYREIENT
4

BAs /2 & A& WA LI, F UL A 2 e 1 B
T e R R R R A i FIORS e 8 i, TE
IRV B T, BAs X B A4 52 2 4 38 A A 3 ) g % ¢
O, VRN s ek i, BB e R
Se | iE fg e RN SR, 24 BAs 7E R Y K A
B AT TR AR W FE AR, a3k K
=1 S T NI =L Y 7S D B A B
YRR e T Rt B rp 8 B BAs & 1) A5 fk
L 4,

il Y RIS PN L R S = N )
BAs, SR 2R, HAT, R E 8 AT
A B A AR P R 4R K OF S 50~100
me/ke , Bi§ % 100~800 me/ke!™, 4 L FE & 2 e %
TR AR ES 1 KR 5.39~16.48 me/kg, Bl
DT B R ) AT AN [ R 1 8 ik e, 3]
AR S I 3 8.60~49.72 me/kg, Hi K /N £
4 :CK (49.72 mg/kg) >FBFAP (40.97 mg/kg) >MNI
(19.92 mg/kg) >MNIP (8.60 mg/ke) , W 4a fir 7w
1% i & 176 CK MNI FBFAP 20 v | [t 5 XU T 1l 2
I 8] %) 22 4 7 48 A, MINTP 2H 76 ) 55 1 R
Ko 0 e, LB 25 T ) 9 7 K MINTP 26 8% i
N eI BRI A, B A S 4 4
WA i i T 5 RN S R ARICN :CK (34.77 my/
kg)>FBFAP (32.14 mg/kg) >MNI (21.18 mg/kg) >
MNIP(0.92 mg/kg) , 4n&l 4b Fiw . HILHTLAF

TE AN KT B2 A 4 4 KT i 20 i R
SRR TREMNEM, FRIE T M %4
Pk, Horb 3 g 20 R i 2 R e ) 8
i F KT CK 41 (P<0.05), il A B MNI MNIP FB
FAP X JRUCT B B & 28 B 08 4 i 538 43 ) 3k 2
59.95%,82.71% ,17.60% , %} & Jtiz 11 310 11 243 531 Ay
39.08%,97.36%,7.56% , FHLLELINF , il A MNIP
X AU P o8 it 2 e 0 7 e 7 A0 o 25 SR e A, X S
5 MNIP £ %8 hii MNI #1 PRO-MIXS 70l %
JiE ), MINT T & 1 5 HL AT P IR B 300, R #E 30
CHRMT KRB R R pH B 75 55 I 8] Y R
TRREAR, 8 3k 400 1) 6 A A 4 g A R T ke B 1k
2 i RN e R 2R R B o AU B A I
Hi .,

A FR S e AP R e A B TR R B0
Fe IR N A e JHE 7= A 5 o 22 QPR G R %
VI, 32 22 1 A T R BRI B ) 4 I, il [ de
AL, 7E BRI 15 d,4 LR A S I A ok R
PR [R] A 158 e, 3 A3 56 4R S v S B v 3
FIRT CK 2H (P<0.05) . X1 i s nf  MINT
MNIP FBFAP ZH XU+ 0 J& e e J32 430 Lt CK 41
i 74.49% ,87.97% ,0.73% , i 5 Bt WA i A9 MNT
MNIP X i A 5 i Il s, e HR A af
B A 33X P 2H XU TRV A R 7 T Y B0 TS 2L AT
I R A M 48] 28 BR A K ok BT, Lee S5V 45 R T 1Y
FLAT B R AC M 3 25 1R TR T 3 g e A e R Ak il R f
KWL R IR M BAs, 7 RERT DIVE £ i 24
) BAEFE R I 4d 0T RLE Y 7E R B Y
AT 15 d,CK 4 7 iz D 18.94 mg/kg 1% 36.76
mg/ke,3 ALK 55 41 M 15.43~18.83 mg/kg 34 Jin %
18.25~33.70 mgrkg, F AL S A MNIP 41 30 A
K Bz MNT 40 F1 FBFAP 4 ' B 5 1 40 53
30.23 mg/kg £ 34.94 mg/kg, B FAK T CK £H (36.96
mg/kg) , HAWHI R 5504 18.20% M 5.5% .,

e FR S WS b R WL A R, el
A7 4 S T A1, e R R TR 2 TR 7 2 P
TR RVE R 729, & de J2 4 FE T TE X
TR AR 0 e AR R L FE R £
1R, 4 dRE G 0 (Bl & B E 1.29~1.41 mg/ke, Bl
AT B[] A E K 0 e St 22 0% T i R 4 3 4
TR AL RE S b B B KT CK 4H(P<0.05)
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J :CK (2.76 mg/kg) >FBFAP (1.69 mg/kg) >MNIP
(1.59 mg/kg) =~MNI (1.49 mg/kg) 40, UiWmA
MNI MNIP FBFAP A5 F F 0 i XU T i o 2 e 1)
WL, AR WA 4 AR il it 78 v i 2 2548
A& 4f JF 25, CK .MNI MNIP .FBFAP 4 7K 2 fi%
TER B G FR b A R 2R AL 31 il A i
A MINT 20 3 A K R R 2 iz

4 YRR A AT R A A ST RS T FORS e 7K -
PRAF AT R E , 43 I 7E 1.45~1.82 mg/kg ([l 4g) Fll
10.98~23.23 mg/ke (& 4h) i Hl , X 5 Santiyanont
ZESIAN Kala ZEWI BT 45 R —F, Bover—Cid 251
IF 5T 32 WIHRG Jiie 004 i 7T R A hy L S A 1 A K
ZHPE LA, I X P BAs 80N 5
A BTG B O TR R ™ i A B S A Y
2.6 4 ARXTFFE&E NAs & =0 055 L 3h 5%

=
HE

4 AT I B B NAs 5 5 FIE i R 15 7% 51
WL 3, M 3 AT, 4 4R B b I A R
b A Y LG, HR i A9 MINT 41 AP 0 g 1R &k 5% 73
i HA 4.34 mg/kg, AL T HE KR &R 4E 30 mg/
kg, B AE R £ 76 X & A et A o
5 & ST B A A S 1R I R B R
i, X5 Du PR 5% 45 SR — 2, 78 s Gt A,
A R R 5% B ARG, WERE W NAs 1928 Bk, v]
AR A e A

NAs P58 S0P FN 12 A7 70 0 ok 5 | i
AT # AL ,NDMA NDEA NPIP Fl NPYR 2 &

w2 B e UL NAs EUR 52 H b NDMA
Ml NDEA (%) 8 M i i, B B PR 9 6E oF 55 ML A
(IARC)E SR 2A KBURY) . WR 3 FTLIE 4
KA B R A NMEA ,CK 41K I H 6 Fh
NAs,MNI MNIP £ FBFAP #H 43 5 % 00 H4 3 Fh 2
PR 4 Fh NAs, 5 CK 41 e, fi F§ MNIP 4 7=
X%t 7 i NAs A W 0 i 2OR (P<0.05),
MNI B X+ NPYR (40 il 80R RN & 5k, X HA 6
i NAs B4 I 2 4 1 4E H] (P<0.05) . FBFAP 2
2 HONPIP & & A3E N, SR AT 4 6 Flt NAs
I BEWMFISUR (P<0.05), 4 HXT 1 NAs
BAE R/ FR K CK(15.32)>FBFAP(13.32)>MNI
(6.39)>MNIP(4.10), X% &KW, A MNI ,MNIP
FBFAP BE & 2 FE T NAs Bi, X 545
P 48 SR 0] 3% B3 S UIE 58 A 0.05% 1 MINT RE '
FAMH LT AR AR P NAs SR BRI 45 R — 3k,
Hor MNIP F11 MNT 2H %5 NAs A9 300 i 2 SR e b 3%
JE AN B MNT 25 A5 200 Jif B 4 i B e . 4 i
i FIALTER R S8 W) 5T, R AR R AR IR B A 45 2 1
B 4% KT R TR R S T REAA I X NAs
(R4 ) B8 25 43 A AR I R i NAs, PRO-MIXS &
I T FLAT TR RN 28 A ) FLAT TR, Nowak 58P 5%
FHIUAF A (JE LR A 0945, 1 s ZLAF
114001) 2 f P9 4 ey vh e A= (9 il 42 S 1 P g 2
55 NAs W9THBE . 1 W RIIE ST 28 B S ZLAF B R3
K f#% NDMA Fi1 NDEA (% Ji5 5 258 o e, B
ik — 2L 5% & A T 12 DA AR 40 i BE e A 2 I R
Al REAS B J& NAs 1 R fif i 5l 5 o0 NAs [ ff il 42

x3 4ARTHABE NAs SEMTHBERES

Table 3 Content of NAs and nitrite residue in finished products of 4 groups of air dried sausages

H 5 4 A NAs/g ke
CK MNI MNIP FBFAP

NDMA 0.94 + 0.07° 0.69 +0.01" - 0.08 + 0.00°

NMOR 172 £0.14* - - -
NPYR 3.20 £ 0.07 3.13£0.14° 1.34 £ 0.06° 1.83 + 0.04"
NDEA 4.14 +0.04° 2.57+0.15° 276+ 0.38* 344021

NMEA - - - -
NPIP 3.25 +0.22° - - 7.97 + 0.05"

NDPA 1.98 +0.07° - - -
e 15.23 £ 0.6' 6.39 +0.24" 4.1+ 0.44° 13.32 £ 031°
A 3% B B /mg-kg 2.19 +0.07° 434 +0.04° 4.20 +0.08° 2.35 0.08"

1B =" RR ARG
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CK fl FBFA 41, A Fl TR WIRE M5
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TR MNIP 20T €5 e | J6g e )~ B | 20 Jg i
AT B M IAVE . FBFAP 2% (0 il i 40
Jeie TR e A M RIVE D . 4 20 XU B 0l 1R 4l A
Tl T [ K BR & bR i, MNT MNIP il FBFAP 41 fig
A I XTI 89 NAs T2 8, XF NAs 40 i %
S5 58.04% ,73.08% A1 13.14% , MNIP 41 (1) 411
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Effects of Microbial Nitrosation Inhibitors on Physicochemical Properties and Safety Quality
of Air-dried Sausage

Chen Yuanyuan, Li Yan, Wu Xueping, Lu Yugian, Liang Liya, Ma Lizhen"
(College of Food Science and Biotechnology, Tianjin Agricultural University, Tianjin 300384)

Abstract In order to reduce the contents of biogenic amines (BAs), N-nitrosamines (NAs) and nitrite residues in air—
dried sausages and improve the safety and quality of products, four groups of air—dried sausages were designed, 1) MNI
group: 0.05% microbial nitrosation inhibitor was added; 2) MNIP group: add 0.05% MNI and inoculation PRO-MIXS5
commercial starter  (Staphylococcus xylose, Lactobacillus sake, Lactobacillus plantarum); 3) FBFAP group: add exoge-
nous additives and inoculation PRO-MIXS commercial starter; 4) CK group: blank control group. The four groups of
samples after filled were fermented in a constant temperature and humidity incubator at 30 °C. When the pH value de-
creased to about 5.4, the fermentation was terminated and entered the air drying maturation process of 20 days (14-16
°C). The changes of pH value during fermentation, pH value, moisture content, aw, color difference, thiobarbituric acid
reactive substances (TBARs) value and changes in BAs during ripening (1, 5, 10, 15, 20d), as well as the content
of NAs and nitrite residue of air—dried sausage products in the four groups were measured. The results showed that in
the fermentation stage, the pH value of MNIP group and MNI group decreased rapidly to 5.4 at 12.5h and 15 h respec-
tively, while FBFAP group and CK group reached the required pH range at 21 h and 22 h. The pH value of the sam-
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ples in MNIP group and MNI group was always significantly lower than that in FBFAP group and CK group (P<0.05).
The pH value of the finished products of air—dried sausages in the two groups reached 5.08, which was conducive to
improving the safety and quality of air—dried sausages. The water content (28.91%, 28.72%) and a, (0.75, 0.77) of
air—dried intestinal products in MNIP group and MNI group were significantly higher than those in CK and FBFAP group
(P<0.05), which was conducive to obtain better sensory quality on the premise of safety quality. Compared with CK
group, MNIP group, MNI group and FBFAP group had higher L" values (54.94, 54.05, 48.83) and ' values (13.62,
13.57, 14.54), lower TBARS (0.34-0.36 mg/kg), and the levels of histamine, tyramine, cadaverine and tryptamine re-
mained low. MNIP, MNI and FBFAP can effectively inhibit the formation of NAs in air—dried sausage, and the inhibi-
tion rates of NAs are 54.77%, 51.31% and 37.10% respectively. MNIP group has the best inhibition effect. The nitrite
residues in the air—dried sausages of the four groups remained at a low level (2.19-4.43 mg/kg). Therefore, the synergis-
tic effect of MNI and PRO-MIX5 commercial starter can significantly improve the physical and chemical properties and
safety quality of air—dried sausage.

Keywords air-dried sausage; microbial starter; physical and chemical properties; safety quality



