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Abstract: To investigate the application potential of Monascus strain 2SH in fermented sausages, systematic evaluations were first
conducted on its toxigenic properties, growth performance, and processing tolerance, including citrinin production, growth behavior, acid and
salt tolerance, and nitrite degradation ability, followed by an assessment of the effects of a Monascus-based composite starter culture on sausage
quality and flavor. The results showed that strain 2SH did not produce citrinin and exhibited excellent processing tolerance, being capable of
normal growth under stress conditions of pH 3 and 6% salt concentration, with a nitrite degradation rate reaching 97.02%.Using sausage
fermented with Lactiplantibacillus sakei 2-Y4-2 as the control, a co-fermentation experiment with L. sakei and Monascus strain 2SH was
conducted. Physicochemical analyses indicated that composite fermentation significantly increased total lactic acid bacteria counts (from 8.62 to
8.86 log CFU/g) and redness values (from 6.74 to 13.83), while reducing moisture content (from 0.845 to 0.817) and residual nitrite levels (from
2.11 to 1.67 mg kg™).Analysis of volatile flavor compounds indicated that co-fermentation with Monascus strain 2SH significantly enriched
characteristic flavor components of the sausage, leading to increased levels of key aroma compounds, including 2-octen-1-ol, 2,3-butanediol,
decanal, ethyl hexanoate, and (E,E)-3,5-octadien-2-one.In summary, Monascus strain 2SH can significantly improve the physicochemical quality,
color attributes, and flavor profile of fermented sausages. It demonstrates good safety and processing compatibility and shows promising
application potential in fermented sausage production. These findings provide a theoretical basis and data support for the development of
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functional fermented sausage products and the advancement of Monascus-based fermentation industries.
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Fig.5 Changes in the degradation rate of nitrite in the fermentation broth

A B adiowd 2SH AR MR TAAL Y, B b ATIBIATE 2-Y4-2 TAKES 3 AR AL,

TERHIR #h R K h i R R R SHTEHR), B S SE- maERE . ka2, KERASEE
ST P R e i s (4 5 IR DRI, st ) PR AL B RV il B U Ik P A, BERERS R R B B
SREBE G BE RIS KR A, RIS HEHFASE (0, JEK™ S 0R 2] il 5 R, AHIEE FiTiiiade s F 1715
RIS LRSI B P Re 70, ForP LD R BRSO U2, ISR 2-Y4-2 FNZLh TR 2SH EAHIRER
BRI N 92.72% 0 97.02% . 3% — &5 L 5 X F PO R 7o R B, FE MR I AT o 4 5 3 90 SLAT B
FBG1-D33 [ 90.00% A LV REIR L 4% . Kong P LAFLIR A )k BRI RS bAT BT 9, 45
RIFRFER B LR B ] i R AN IR Sh & i
225 A WFE LT

651 —a—= CK 0F - K
—+— RH = RH

lg CFU/mL)

. L L . .
8 16 24 32 40 48 56 64 T2
i £ h

E 6 BPEIEFRIIEFMERS oH E, FEEER DB S W HIR NIRRT
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JarI s s . BE 9 Fran, KGR (- 9a) SKaEE (K o) fEBAEH AR R E N,
Maria Z&COER 55 p FIREGE T %%, 76 0~5d 19 RH LBiANMEFR4 B4 31.07%7H1 0.853, L CK 41 R}
Fy Ko R R BT RS A VI BTN R K o S AR TR R S EUAR R pH A R %, BUR pH EIASE L
JRAFYEER (R AR BER, SEOLROKRE RS KEEE 9 d I RH 415 CK Ak & BIEEAME, fefE
27.07%/ A7, AT RH /KGR EKT CK 4.
2.34 pH/AARAEER 34 F A7

a b
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Fig.9 Analysis of changes in various parameters during sausage fermentation

Z: B ah Aw B, BbAKSEZTMALY, B ch pHAATAY, B dATMBRESSTTAMY.

R RE pH AE AL W& 9c Fi, KEFLRE R AR pH (B4 256 N THR RS . K% 1~5d,
HI TS R S B A pH (ERE RS, S0 HRAAEL, ARInZ0 s RH 25 pH (B I,
FEH 5d N 472, IXATRERT i T CK AL sem s T RH 41, SN R, Xt 5K E T CK 4
FURTH A B R E & T RH AE S BENIE. K% 5 d 2 JFMAE N pH (Mg T & TP, X ATRe 51
FEMA BRI S ST G, 3R LS 0 A A P B R ISR E IR, TR AR R pH fE. Ji SP8 7T
SRR WINEE T R REAT, FER R FEA LR AR 27 AR i S st 3 35 pH B NRRREEEE, M2t
SEAE 4.8~5.2 2 [A,

R AR P AR L & R RN S5 SR AN 9d o, IRALE b LIRS B B 0 ETHE T RERES,
£ 1~5 d WEMTERER b & e Fret ETF, 455 d BHARIE(E, RH 410 CK 418558 2.44 F12.82 mg kg™, 7E
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5~9 d P IERHER SR AT BT AR IR, RIEAEHRE RH ALIEASER L & 8 A 1.67 mg kg™, AHELT CK 4LRRIK T 24.19%.
RIEAINE IR R pH EAXT R, AT RS RRETE, (8 TRk R AR, 8T
THMREL S BRI &, WA & KRBT, FURRTE IR 3 pH (Eud T 1%, BURE pH B EEId WAs L #h 17>
fEHFE. GB 2760-2024 (xR AFAMERIARIE) Bl 7 i SERHIR £ A BN N T 30 mg kg™, PIALE A&
PRAERTEDR
235 HMEENT

i R FE R I R T A R 1R 1 . ALK ISR LA E R R 2 P Rtass, R
LR RH 41 LX B IE T CK 41, BF 72 WA fi pe ot AR K 43 B AR S B 2 B 2 TR X 2R 3 S o
FECLME N BB RH AW EE a* R E m T CK A, IXATRERAL i M IR Lt = 5
a*H) Tt PINRER B A b fE KB R TR 1 55 ETHE N RRR S, K% 5 d ke K, KIS RN P&
Ji7 b B R

®1 ABEBRELKBIETEENTL

Table 1 Changes in color and texture of the two groups of fermented sausages during the fermentation process

B 1] /d
WME 4R
1 3 5 7 9
L CK 5167#4.80° 4834323% 47.01877° 42354143 40.4142.80°

RH  4035#151° 43924225" 36.744334° 3475#.27° 32.94084°
CK  803#91° 805#.22° 696#.15° 573044 6744146
RH 1534#.12° 14834069° 14284067° 1391#.24° 13.83+.47°
CK 1264218 1544435 19754222° 1579+210° 12.91H.70°
RH  955#121° 11.3630.99"° 12074146 108#.66° 10.6141.44°
E: AR BFERTAE £F2E (P<05) . FAFR.
2.3.6  EMRAIHT
TGS REF, AR AT ST A PRI UBFIE S ) R SR bR, R — AN EERNE SRS B,
PRIEAGTH RN T e . FHER 2 AT AN, A iRl BEBEAE AN RLBHTIG R, K IRE5E 3d I, CK ARERE 3%
F RH 41, XRFMNIL pH (AERIRINLT4EE AR E, A IR ARG, T SEE R, & west
&, WHBMEEAFAEREEESR (P>0.05); AR AR [AZEEC, (HEA KA RH HS
CK AR A B =R (P>0.05),

a*

b*

R 2 AMBMAELRIIZHEMRIEK
Table 2 Changes in the Texture of Fermented Sausage During the Fermentation Process
B A/

1 3 5 7 9
CK  7.054024° 2593H.07° 365440.74° 61.9949.68° 66.3347.01°
RH 49042058 14.0041.68° 314647.82° 4253455 64.8346.99°
CK  47.2530.62° 45894046 44.74075° 42454077" 41.014.33
RH  48494073% 46.494022° 45794084 43.3940.80° 42.794.37°

ME S

A

BB

237 Rerth i o#r

KRR HE RS Bk E IR AL WCEDAREE. B S S RIERR IR, UL it A
TRINAOT 5 7 %) I N0 1 R B0 75 R R R OS2 SR HS-SPME-GC-MS o B4 75 v JXUnk
PIRHAT TI5E, S50 3 Fin. PIALRER PRI T 46 FRURYR, Hirbpigd 8 b, BH2E 9 Fh. Wik s
Tl BR25 5 Fh. e 15 Fh SR 1R, Xt ELALRE R SR AR S BT LAE Y, 20 R R T T
R S . AT R, BRI AR R G RSy, AR 2N (1 801.06 pg kg™ KT
FEIGWAR R, (HZRmA BE SR, AR T R . TIRAN. XPROEZ
KEEEEE ETE (P<0.05); BRI TR, OB T 2-%8. 23-T K. SRem. 1-F. 3-
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M. 2-FIE-1-RA -3, L R RRIEAT 1 TR SR e A R AR, s, 23801
BE, 2,3- 17 “ERE TR RAML, BAMRFEOR A TSI 5 RIS, AN AL i A
RIS S B, ORI, FIR. IR, IXRYIZ M E M Rt m KA iR &, Bk

(B, 2-BJilE. (E)-2-¥Jmle) HAMRBMERR S, WMy REsE. MEAEER: -EMERitE &5 R
&, NERIREETXR: (E)-2- @i RIRMKE 48, AT HREHZE0UKR. JUHZ RH AIZR & &
Eim T CK 4L, RRFER I USEsTRES: B &b, UEE)-3,5-% —If-2-Fft) OAV {HARXTE
A RHAFMEEEERT CK 41, XIEMK RS BB, A hrf— Ry, SR
BRI RA . (5 CK AAHEL, 2R A B K T HE &,

R 3 NRYIR & B R SWEEHE S
Table 3 Analysis Results of Flavor Compound Content and Odor Activity Values

B Rekdisi Hast4E/(ugke?) ARt Ak iE AR
" RH CcK RH cK
V1 2-F B2 702744964  574.62419.21° 9.64 8.04
V2 23- T 643.6549.29° 346.2246.71° <1 <1
V3 SR BE 508.41410.08%  184.9242.97° 2.08 <1
V4 1-F-B 46038412707  271.554508° 7.96 9.26
V5 2-FH-1-B2 407.3047.10°  462.81414.52 <1 <1
V6 3-FE2 48.5040.70° 41.43453° <1 <1
V7 1- B H-3-85 8.7540.18° 0.7140.14° 9.64 8.04
V8 2-F -1- R H-3-B% 104.6643.64° 52.99+1.65° <1 <1
V9 (E,E)-2,4F —fhilt 74540419.02°  780.79425.10° 513 5.83
V10 (E)-4- Mt 32.52+41.94° 29.7140.93 <1 <1
V11 N-9-+ > B M Bk 26.7041.28° 30.42-41 58 ND ND
V12 KRB 11.90=6.19° 9.5040.29° 116.35 95.16
V13 (E)-2-% Mt 13.9540.42° 18.8940 53 2.79 378
V14 2-F Wk 54.3841.40° 47.6540.85" 54436 465.93
V15 (E)-2-F Hps 270.1646.74° 234.9044.71°  90.18951 80.501 59
V16 (E.2)-2,6-F —fiiit 17.0540.23° 7.4940.22° 167348 74420
V17 1- ¥ Hhokoz -2- W R 8% 186.0842.75° 1745242 74 ND ND
V18 + IR B W B 1736.4549254*  799.21438.23° <1 <1
V19 &AM 1801.06445.78° 1791.13486.99° 1511 1554
V20 3-FARTER-3-FATE 257.81412.85° 293.4949,05° <1 <1
V21 K LHAR B -S-F B 885.36446.15° 1 179.49462.95° ND ND
V22 3-F R TR TBs 72.5641.08° 80.2742.34° 710.31 804.91
V23 T 8 = ¥ B 16.9140.43° 13.1240.39° 5.05 3.89
V24 i X,-3- Tt BE & )3 BR B 29524053 34.8740.89° ND ND
V25 sh-2-F2 F Aot & CEARS 10.4540.17° 12.6640.36° ND ND
V26 TR A BS 1255443 59 117.19-1.88° 6.94 6.37
V27 + IR LB 56.4141.13° 53.4341.40° <1 <1
V28 KB LB 44,0240.86° 36.4040.64° <1 <1
V29 KB TE 12.9240.42° 14.1340.29% <1 <1
V30 EFBFTES 7.2840.15° 8.2640.20° ND ND
V31 LBR-2-f-3-rkmz BE BS 6.1140.22° 6.8840.26° ND ND
V32 TER 449.2345.06% 414.1547 28" <1 <1
V33 Fg 339.9648.44° 247404342 <1 <1

11



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.7

V34 e 129764360  97.7241.03° 80.83 61.98
V35 7- 8L 20.60:0.36 26.740.63 ND ND
V36 2-THER 9.1540.18 9.84:40.17° ND ND
V37 6-F 2h-2(1H)-"Hkez B 8.89:40.25" 11.6740.37° ND ND
V38 5- 1k -4- i 1 -3- 157.604346°  174.914393" ND ND
V39 3-F AR THE 14.8840.75° 14.1540.43 <1 <1
VA0  114a-=FH-34,4a56,7-xA-2(1H)-5A 32174053 12203017 <1 <1
V41 2,5-% = 131484386  94.08+1.43° ND ND
V42 1-(2-F AR A) T FA 12.2740.21° 13.3920.21° ND ND
V43 3,5-F —Jis-2-HA 40.84-490 49" 45,7140 99° ND ND
V44 (E,E)-3,5-F —}-2-f 36.730.90° 24.430.44° 73.16 49.93
V45 6,10-= 7 %-3,5,9-+ —2k = J5-2- 10.4646.18" 17.7240.28 <1 <1
V46 ok 363.28:4026°  459.76:+13.48° <1 115

24 Frfp b BACKER 5 <t Rk 1B A AE K AT

o

RH#2 lk
:

Factor-1 (84%, 64%)

Factor-1 (84%, 64%)

b Correlation Londings (X and Y)

Faotor-2 (6%, 17%)

4 08 08 07 06 05 04 03 02 D4 0 01 02 03 04 05 08 07 08 09 1
Factor-1 (B4%, §4%)

10 ZEBEBRIRIRSEHEARMR PLSR 747
Fig.10 PLSR analysis of flavor compounds in fermented sausages versus their basic properties

Z: BaARsAE, BbARTA.

K gse />~ (PLSR) 73 B Al o v R o 5 B A PEA M B RO AR SR A, DAASTRDA I AR B Dy 5 22
B, PRV pH B KGR AR &8 PO EARb A B A . 1 10 BREEIR BoR, &
J§4r PC1 1 PC2 77 2 5THRER 4 M 84%F1 64%, PLSR #ff Bl 52 5 AN Z W 4 B RZE r’=1.0 55 r*=0.5
HIRERETEI, 48 K2 BRI 5 BRI FR 7% T IR Y, R INZARN A B AR R B, B RCR R4
Hrp CKAE L*, b*. Aw., TASRREESE 2 AR, RH A5 axE 2 5% EADC, RIFLHEE ] DUt 7
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k. NIRRT R, KE KR SR T3 - A0 S RH RIS, IR iR ¥
M. IR, BERYIB 23-T . 10, BeRMII, 2ME. 2-FMGlE. LR OB, 245R S R BARR & &
RS RAR— B X —DURRWIZL R 51N BENS 35 R0 A I R BRI AR AU RR 2R KT

3 g

AT TORE NZL KA G R B A b 0 AR BIA A B2 R VL 1 2SH AEFLIT I 2-Y4-2 AR R, 4R
FEHAARFE AL I R e R SRR EL I BB A 2 o it o S R RVE s T T A DLk 2SH A 2-Y4-2
HABGRIIRIMERIEAM H6E /7, AI4E pH (H 3.0, FhIKEE 6% IE R K. I w0 MR £h P A e

(BT 92.00%), FREE & P A B N I /0 AT Feil i il 2 21 il o S s AU 18 R S R, &
G o3 EL RN R A T A e . BRAGPET . (R, SR SR ME R FIRE R, JFidid PLSR A AL fddr Bk
5 RV R AERACTE RO . S8R PIRIRAFAE TR PRI, ININZL A B R ST A e A i LI 1 A
ANZLPEEAE a*, INPRATIIA B R Wik Aw &8, ] 728 A B — IS FUAT R A = S kKA
AR ERR B 24.19%, RUIFLAMLLh s v] ST w2 atk,  EURERRGH R PRALSUR JE IR D), 1 B AL il
1 SR A A e C T AR MELGE VR % AV RIS A Y 46 i, 21 BRI AT R SRR W,
BB EE R, WP ERRE. FEFEFEERR QBRI RXRYI NG TR, 12005 PLSR #
T I MTEE RAH TLEMIE, A7 LS T 20 M 5 KR R KUK s Z1EAE a*SHbm i IEAR SR X P LA i
PG R, RA KB T A AR, T KR IXEESE RN AL i A A A i SR B B
Ja BT E— PR FULL M R (e T I LA B A OB B A et g IR R PR AT LA D2 i T AR AP B
8L FH B9 R A o
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