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Abstract: In order to study the effects of different functional strains on alleviating protein oxidation and enhancing flavor
in fermented sausage, Lactiplantibacillus plantarum NJAU-01 (LpN), with excellent antioxidant activity, L. plantarum
CGMCC 18217 (Lp10), with the ability to improve the flavor of fermented sausage, and Staphylococcus saprophytic
CGMCC 3475 (Ss), with high protease activity, were selected for use in a multi-strain starter culture for fermented sausage.
The degree of protein degradation and oxidation in fermented sausage during fermentation and the final flavor of the product
were evaluated. The results showed that the Lp10 + LpN + Ss starter culture could reduce the degree of protein oxidation in
fermented sausage and increase the types and contents of volatile flavor substances, while endowing fermented sausage with

better color and improving its texture characteristics, and the fermented product had high sensory scores. This study showed
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that the combination of Lp10, LpN and Ss could improve the quality and flavor of fermented sausage while delaying the
oxidation of protein.

Keywords: Lactiplantibacillus plantarum CGMCC 18217; L. plantarum NJAU-01; Staphylococcus saprophyticus CGMCC
3475; fermented sausage; antioxidant; volatile flavor compounds
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0.15% K20 mL, VA G AT LS, KT
10928 d, B AR AL B B FR P A o 1 X 107 CFU/g.
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1345 R ORI E

B R B 1% 3.0 mm (1) A, AR IE J& 8 254X
DEFE S BEAL AL ™ a*FIb*{H
135 KRB IR 1 B A FR BRI DU E
1351  WURZF 42 A 3R E

BUS5.0 g2k B A 3F VIR 0 & A i NN 50 mL
g Eh 22 i (0.02 mol/L, pH 7.4) , 51¥60s, ARG
12 000X g, 4 CE 0220 min, HUUUE & & 750 mL&
0.1% (VIV) Triton X-100f 8§ AR 2 22K (0.03 mol/L,
pH7.4) , 2J3£60s, FiX12000Xg, 4 CE.0»20 min,
WpisE, BOER3 K. FrEUTE S0 mLBERR 22 il
(0.1 mol/L, pH6.5, 0.7 mol/LKD) AJ3¢5 min, ##E
FI 78BS 12 000X g, 4 CES 020 min, &S LG
RIS T4 . SR AR A B IR VE I E W E, P
iR Eh 2k (0.1 mol/L, pH6.5) ¥ 42 mg/mL.

1.3.5.2 UG £F 4E 8 1A 10 -1 o 32 0 1R 48 - 58 79 0 Tk
Jc ke Bk (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, SDS-PAGE)
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FERH B IR E, W20 pLhin NS H12.5% 75 5 AN
A% 4 12 40 L ) SDS-PAGE Bt FLiE |- . 4R J5 £ Mini-
PROTEANHLJk £ %5 | LL90 Vi A5 X T #4730 minf&,
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BEFI10% (VIV) CRRHNER P REAT G, Je ki)
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1353 S AEIR I E
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RiEW. HEE SR RIS RS R E L, &
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EARAFE25mL. 1.5 mLid0.22 umJE 5 F 4 H 8h e &
R o3 Hr AR o
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FEo EEA B EAREY R ERR, BER
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(99.999%) , fHL, WEAN1.0 mL/min, AorHdEFe.
HEER S N aiE S (99.999%) , il 2e iR 280 °C,
RO 250 Co ¥IMRE 40 C, AFF1 min,
5 C/minAHRZE100 C, f££F8 min, 8 C/minfHiRZE
240 'C, R¥ES min. Fii: 1407 O8N TR EIE,
HFREERT0 eV, N 0.2s, Fl#e e £500V,
Yt Flm/z 30~500.

SEPEE R T LAWiley. Nistdemo i 1 A 47 52 M
ST, VUHECEE K T4 T-800 8 % Ik, &5 A fbritiA,
B KR SR ARV AT 2 &, AR N E TR
HE
137  REEE IS N

SRR RS TE, ®EI104 (BL%5 O
2SI N A= | N R S SN R T e SO VA R RN
H, DAEE. B, TE& RGP S8 AR X R IR W
FERHHT PR, PP ARAE IR TR

#1 REEEIAEE TS bk

Table 1  Criteria for sensory evaluation of fermented sausage
A filk W
DEREERLE, LRERE, BNEIO6E, BikRmEts 21~25
iR DM PEA LR, TR, R 16~20
(254) DI WA LR, BRI 11~15
THABREE, BRI 0~10
KAV AL 21~25
Fif RIEEIR B 16~20
(2549) KRB L 11~15
WA KSR LA ok 0~10
ki, TImAEEE, BRSIENGEE% 21~25
I Ttk R A, I RS A AL 16~20
5%) Tt AR, VIR, BRSNS &A% 11~15
R, IR R AL B SHEA B 0~10
JRHE T, BRVRE D, AR, kS 21~25
Wik kT, BEN, BREHEk 16~20
254 R, KRR, BRERE 11~15
WWARIE, DA 0~10

14 BRI S S AT

TSI EE4 R, LI R EsFoR . HaEak
K I Microsoft Excel 2016, &3 %>k FOrigin 8.5,
it W R FSPSS 13.0, 2% 53 5 3% 1 43 #1 K i Duncan
FAHTZ EE, P<0.05, EREE.

2 ER5HH

2.1 BRREISEDUEM

WEIFR, 3 RIERRSA PSSR, AR
LeE WAL R K, BA BRI SR . HaX3 B
ATUABR G RS, N B A BE A I o

a. Lpl0; B.LpN; C.Ss.
P Bikk RSN

Fig.1  Antagonism among strains

22 FWREELRE SRR AR L
221 FHipkEE R LR E S A AR
WE2FT R, PR W A R R 2 o d 3 5 2%
BRI, KEO0 d, CKALEMRSIH KK 7% 3 |
K1t ¥4 h4.64 (1g (CFU/g) ) . B3 Db
HAERTET ~ 14 dFLER B S B0 i 14 0 313 I & K P
(10°~10° CFU/g) , it WA FLAL T e FII % B i v
BRVIGETAKEE. W5, fERBERRN (28d) T
P#%110"~10° CFU/g, XTI A BT AR~ A HLER
RETRL 2 30H] 7 E G EKEE Y, b5 RBEIRE
JEEARA R

OcK oLpl0
BLpl0+Ss B Lpl0+LpN-+Ss

JUERE S (g (CFUR) )
OI\J-&O\O@’_

0 7 14 21 28
B [)/d
ANFVINE FRERIR A R A AS R AR F A 2 F) 22 5 3 (P<<0.05)
AR - BER IR R — A B AN R B R 22 57 238 (P<<0.05) o I,
P2 REEEF 75 FLIR A S B A

Fig.2  Change in total number of lactic acid bacteria in fermented

sausage during fermentation

222 FHREEIFEHpHI L

WEB TR, 7k BE R G FE h pHAE 5258 R IS
. fEREE0d, SHMpHEIITES.6~5.7. K
%7 dfF, SAEAMpHEY R E TR (P<0.05) , H
BRI 14 dfspHE FE 2K, CK. Lpl0. Lpl0+Ss,
Lp10+LpN+Ss#417> HIf#E5.24. 5.04, 4.83. 4.95, 7
REFIA, I A K p HAA A Bh T 90 ) & g vh A 5
AYr AN, BEREARKKSE S, mRT 5
B, MHEHLp10+SspHIE/E14 AR ER T HARH
(P<0.05) , XAHTSsEARBURLEES. &k
F#14 dJ5 & HpHME E, PR 13 M H e R
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T pHAR U5 2 LU CKZAAIG, T 422 P 52 TG v ok 110) A 3 20
TE R B I 72 p HAE 4R 28 0 35 1 T 422 Pl B2 R PR 1 A 38 2
(P<0.05) . iX5Lorenzo®s st 45 R —3, HilN
AR = A R B S F a AR, 7 A ORI i S5
MRt T KSR A NANIR, 5350k )5 $HpH
(N EIR

—a— CK
5.81- o
5.6 —— Lp10+Ss
—— Lpl0+LpN—+Ss
54l
jan)
.
50F
4.8+
4.6 1 1 1 1
0 7 14 21 28

I Al/d
3 R RO ApHAN N AL

Fig.3  Changes in pH of fermented sausage during fermentation

223 FpkEEd Y a, K810

WEAFT R, FTA A4 & B a, 6 3 72
BIRAERETH (P<0.05) , RASMAKa G E N
0.64~0.67, BRI K ZH AR K K21 d
Ja, WA Ha, EHLCKAME (P<0.05) , MK a,
HAF T HWHRRAE . 1X 5 Sun QinxiuZg! ™l 57 45 5L —
0 BAEYIR PO A K AT DO K, DR
R 2= BEAR AT B 17K 3 B i Fllay,

OCK OLplo
mLpl0+Ss B Lpl0+LpN—+Ss
LO i ac b N
By 2
0.8F GGCaCa o Dok Bp,
0.6
04}
02}
00 1 1 1 1
0 7 14 21 28
IS} fa)/d

P4 REzdRD a0

Fig. 4  Changes in a, of fermented sausage during fermentation

224 FpREEIFEP TR

a AR R A i B B R E , S5sE. EA
PESERE p . R R R & T AR, &N b3
LA P S4Bt A R T I TR P 2B K R B 3 (P<<0.05) , K
P 435 oRU e P A AL FE AR R P v T-CKAL, X2 RO R i L
% T R 7 0 BR T A K S5 5 BpHAE B, 10 R AT pH
{8 508 B AT s A e DY . ke I 5 TR R A T 1 s b
R0 AT EEIR T (P<<0.05) , ATRER 1 T pHIE Ma, %
K, WHERERETET S, &0 AR AR T
L, EHRFRKERL, BEEHRISHENES, =
g sz BAT #AER, 31T B UK

A2 RERREROD i L

Table2  Changes in texture of fermented sausage during fermentation
B, . hhE
B i {F/d ARd
CK Ipl0 Lpl0+Ss Lpl0+LpN+Ss
0 3014032” 4754067 4564084 4654084
7 58474450 5383570 523341033 50.63+5.01™
BN 14 85.004535%  82334334%  7627£9.00°°  70.63+4.487
21 127474826"  123.83£19.90%  119.03+682% 128334335
2 159.67437.50"  185.534843" 1649042251 165.17418.94"
0 240+047" 22840.19% 2424038 2504021
7 2854032 3754038 3162061 3.09£020°°
e mm 14 2864041 2.8840.19% 3.5540.68* 3.734036"
21 2924031 2324020% 2.89+£041" 2614020
2 3.70+0.93* 393+059" 3594054 343+0.56"

225 FHpRKEEE R EEREN

B VPRI R — AR, BRI
AR B EAR IR FR . SOBHAMREEE (LD
TERBEE R R AT REZL (P<0.05) , FRAIH4
Lpl0-+SsHIL*AWr NI, FHoAfthab 58240 i L3 78 K B &5
WA ETF. L* RS T KR i iR (1, Ab3
Y Lp10+Ss L * AN T B T e A2 B 1% % 3R 1 A,
K EALEPIRE R — 8 N TP, T
W& R T LLEL A (a® /EE (0 1
K/NFIWT, a*bslk, 724 et R3AT
LB HY, AFRHLp10+ LpN+Ssifa*/b* 5 3w T kb 34
CKAILp10 (P<<0.05) , i B4 & iz 1) 40t f B 4
AN R R B A0S 7 i A AN R RE B R s, HL R TG k%
TR R AR T 3 — R B X AT Re A B T 2 I K
TR PR S AR 7 T R B RE 08 7 AR A IR BT A R £ JR
g, I ok I U 1 PR TR R AR, R R R R o
FNO, NOMPILLEE A L& TR T 5240 6 WA FE LT
BA, IS T REEA T E,

#3  REEED FCRENEL

Table 3  Changes in color of fermented sausage during fermentation
bIR4
B B s
CK Lp10 Lpl0+Ss  Lpl0+LpN+Ss
0 61.9449.77% 57234432 59.5643.61  55.774£743%
7 56381152 50514335 53.6441.81%  47.03+2.85"
L* 14 388443.07° 487442407 44224284 438147.10°
21 38.7946.00“  37.5543.54  40.64+2.08  36.55+1.79"
28 46374358 41294097 36424353 48.5443.63"
0 938+121" 9874347 12324335 10.00£4.67"
7 7124154 6762100 925+£0.66™  8.034+0.76™
a* 14 776111 7065153 7594223 7.99+0.83"
21 10031191 7.69£2.14" 7554160  12.23£2.14"
28 837£1.96™ 6754353 1116182 12.98+2.98"
0 1494+136™ 16264364 17931487 14.67£2.68™
7 10.02£0.69%  12414£2.60"  12.84£3.20" 11984096
b* 14 730£147%  7494251°°  7474146" 8.6841.03%
21 816+0.73"™  708+1.63°  7.85+£2.04™ 11724093
28 954074 10.04£229°" 9434195 10.08£4.01™
a*lb* 28 0.8840.17" 0.65£0.23° 1.1940.09" 1.4740.80"
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23 Flak B R E AR AR AR A hc eI R b, AR LA A I R Gl 2 0 S Rl )
231 Elpkld e WURE 4 8 A AR L KFEEHT, ERRSKEAFERE MR, fESATLL

BHEAZWERBSE RS, KE#0d, &abH
HE AN RER A, CKAS S HEFEANE AR

BA— R ARG R . B RN A ) S8
K, At SRS, HAWHEBIE DD REE
£28d, WESehn, HpEAhHE L B ok i A — D
g9, JFHZAKWOLER. HEAESEEAMKRERE

& Maker 12 3 4

17 k0n e S B8 Y, LR SO R T US4 B 6 PR
10 kDa T LAEH, Lpl0-+LpN -+ Ssib T 21 B ff LG 21 4 55 11 %%
. Bl .
Marker N Ny Lo A
a 232 REER WA AR S '

T30 kDa ERHIORBEIRE T, AR AR Ek LN E A
95 kD s NN N N
Z%t%g E B S R AS B (1) VR B B A = A2 2 B, 22 BRI — 20 e P A
000 PR/ 2 R B R T R A
28 kDa P& ANl Rk Ak S P I BT R R P, 18 R B
17 kDa s KR TE R A B AR o
10 kDa s B M R T 435 TR I 4% A B 2 7 5 R R R R A Ui 0 e

ERWMEA N, KBS HRE, FHEsaER+
Marker 3 4 o .
. AlafIGlufr =8 5, ERATA AR F ) HECKHE], Ala

%%8‘128: BT ek, GluK-P RG] fe 2 i T A 2 B %
72 kD -

55 KDa — i @ FEEY, BRA BTk, 8T DLLE SRR A R Kk A
36 KDa S SANE IS SR A B A2 AR - I R, R RRAE M KUK 1
28 kDa S . e et e e o

FEA BN R A B I AlafIGlud B 5 5 T CK A

17 kDo emms : (P<0.05) , 5EESPIHRGER 8. AFH

10 KD Lp10-+LpN-+ Sl B B IER & R, 2485 S LA L
& Mk 123 4 JER T 4 B 1 AR A L BRAIE
%gg Egg = Hed REEESAUG T R A
;g ]'igg : Table4  Contents of free amino acids in fermented sausage
- 5/ (mg/100 g)
;Z EE:: AR CK Lp10 Lp10+Ss Lp10+LpN+Ss
AR (Asp)  8.8240.89° 6.900.50" 6241044 10.4440.86°
TRl T . ﬁ@am (Gl) 136564184 178864274 184514375 234054482
AW (Ser) 4.42+041° 1.03£0.19° 2694073 2334022
10 kD= WAR (His)  1990£164° 12414172 9184114 1686+167
Va1 2 3 4 HER (Gly) 13.784+1.04° 8534118 4614037 15.68+2.31°
] " JER (Thr) 22354325 11.85+£085 8.59+1.61° 19.4940.91°

30 KB: = g E —= BAM (A 2625268 150944380 14204233 2953+ LIT°
93 kDa &= ﬁ E - B Fi%E (Ala)  10040+6.76°  140.32+12.86"  164.27+491°  181.724539"
55 kDa &8 &8 we BER (Tyr)  1778+£081° 7152099 641+0.60° 18.46+0.56°
36 kDa E . . o AR (Cys) 18742032 1.05+0.51° 0.8740.18 12940.11°
28 kDa t HEER (Va) 16.80+0.87° 7354178 6.10+0.67 19.69£0.97°

FRER (Met)  15.8242.39° 5.9440.79° 6334035 11.89+1.71°

17 kDa @ FHEH (Phe)  16.12£2.67° 6.01+1.28 5661098 13.1440.85°

SEER () 14784295 5.6540.62° 4.66+031° 11.97+0.89*

10 D= . ZER (Lew) 21294379 12.49+1.80° 75140.90° 19.16+1.52°

a~e.0. 7. 14, 21, 28d. 1.CK; 2.Ipl0; 3.Ipl0+Ss; 4. LplO+IpN+Ss. WEE (Lys) 215043060 4.8240.67 5144021 14.18+1.54"
Bls R HEIBIURLT 4R E 1 SDS-PAGE [f%ER (Pro) 14.8840.80° 746£151° 8.60+1.48° 20.1741.49°

Fig.5 SDS-PAGE patterns of myofibrillar protein in fermented BEER 4733441071 432.92%20.76°  445.56+4.60°  640.05%8.84°
sausage during fermentation I FATARNSFER R EREE (P<0.05) . K5[.
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Table 5  Volatile flavor substance contents in fermented sausage
B
N . il (ughkg)
KRR .
RRERRIR K 1p10 1p10+Ss  Lpl0+LpN+Ss
oE 31474048 38424263° 40284324 43054235
KA 8354022 12140660 105243200 6.2840.32°
T 52454255 96.5246.68"  101254232° 125654452
ek RA-AER 2824021 6.63£121° 5244042 6.840.86"
2Bl 6424032 10484048 1586+132" 13654232
b 0.8240.02° 095+0.26° 1.4240.02° 1.68£0.05°
RA-2-BARRE ND 3234005 6352024 5254036
+ )\ ND ND 5661043 6.68+0.24"
VA7 6284052 16844021 2124+147° 23744059
- ci 48631432 88.644365° 108254524 12234£2.62°
i 20224168 276342310 42014252 40.65+3.68°
KR 1854£021°  3.06£005°  2.254+0.10° 1.66£0.35¢
L 353.1443.55° 285474265 242204382 314154317
23T 126431434 235.574632" 246384658 288.96+4.21°
FOf 22564132 25684018 28.89+2.12° 34154223
b 13744064 19654074 24454142 28.62£0.71°
ik 4-flRE 14234054 26854052 2234+1.12°  28344201°
a- A ND 3824052 5524035 84240.1¢°
3KRE 0.95+0.13° 3.84£0.15° 3.20£0.09* 4324051°
T ND 621£0.07° ND ND
PR ND ND ND 10.26£0.54°
3R TR ND 7824018 7144013 5564024
CRRCEE  123432420.64° 14482741898 1988.65+£23.14° 2 104.52425.46"
ERONE 15625230 1754042850 184154269 190.25%255°
TR i 2.1240.12° ND ND ND
- LR 10234+1.12° 25614154 224.624+234" 275324254
PR OHBMZE LSH000C 3450200 446H018 683046
TR 30205114 34364232° 44884223 46.3613.46°
RER 2B ND 18454122° 14524087 8.224044°
PR 2B 62454238 723444260 8546+324° 50474523
FRHERR 2 Bs ND 6524032 5.63£022° 7454061
2-FEff 5.2440.13¢ 72540.18° 6524034 9.6440.42°
W% 3BHTH 53244300 124624425 136414£646°  170.324547
2-%H ND 13.834042° 14104019 17.760.44°
ok 130221145 21204148 17.64£247° 23254203
BRE  6-FHA N\ ND ND ND 4.1440.12°
23-CHEERR 2354013 ND ND ND
PAREATHE 10324026 15635088 17.69%124°  2324%228°
D-Frls 20104035 24324136°  3034£118"  36.33+2.69°
e ND ND 3334057 7.23+1.02°
o ki 4524027 7.694022° 6284071 8454052
(+)-HE ND 174£0.00"  2484022" 2744024
o-EFKI 117854236"  15644+324°  127.024165° 136414347
oM ND 2354+042° ND ND
JERV e ND ND 1474001°  1.7640.04°
ik 4T R ND 3174067 1946+1.68°  17.63£0.84°
) e 240364+342°  32056+582°  472.634259°  496.65+4.36"
i NDAK .
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PRI ZHLp10 (P<0.05) . 7EF W& WRIT 445 5t
i, BERAEHEALp10FILp10+ LpN +SsRILH R4 14
M, PR EE ST CRAMLp10+Ss4]l (P<<0.05) . CK
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Sensory scores of fermented sausage
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