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Effects of Saccharomyces cerevisiae on Physicochemical Properties
and Microbial Characteristics of Cured Meat

ZHANG Jiamin', ZHANG Lizhitong', WANG Wei', BAI Ting', JILili', TANG Chun’

(1.Meat Processing Key Laboratory of Sichuan Province, Chengdu 610106, China;
2.Sichuan Gaojin Industrial Co., Ltd., Suining 629000, China)

Abstract: The study was conducted to explore the effects of Saccharomyces cerevisiae on the quality changes of bacon
during storage. The blank control group (CK) and Saccharomyces cerevisiae 0.3% case group (SC) Sichuan-style bacon
were prepared by the same process, and whose physicochemical and microbiological properties were determined during
storage. The results showed that the pH and moisture content of the products from SC were 5.98 and 25.88%, which were
lower than those of CK, whereas the difference of a,, between groups was not observed. For oxidation indexes, the acid
value (AV), peroxide value (POV) and thiobarbituric acid value (TBA) of the SC was 1.85 mg/g, 0.024 g/100 g, and
0.241 mg/kg, which were significantly lower than those of the CK of 2.13 mg/g, 0.043 g/100 g, and 0.314 mg/kg (P<0.05),
respectively. In addition, the soluble protein (SP) and free amino acid (FAA) contents were significantly higher in CK

group. The sodium nitrite content at both air-drying and storage stages continued to decrease throughout the process, with
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19.06 mg/kg in CK and 10.48 mg/kg in SC at 29 d, with a significant decrease of 38.22%. Furthermore, the number of

yeasts in both groups showed a decreasing trend whereas lactic acid bacteria was increased through storage. However, the

overall microbiological indexes in SC were higher than those in CK. The principal component analysis showed that the

amount of yeast was significantly and positively correlated with a,, and SP, but was negatively correlated with AV, TBA,

lactic acid bacteria content and total colony count (TPC). In summary, adding Saccharomyces cerevisiae was beneficial to

enhancing the antioxidant capacity of lipids and proteolytic capacity of bacon.

Key words: Saccharomyces cerevisiae; Sichuan-style bacon; physicochemical properties; microbial characteristics;

principal component analysis
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B A BRI T 5 LR . LBREE . WARFILED .
Lk, S BE. VKR . AT . A vhlk . JC/KER
BREN . BRRZZ P . LBk, SN EE. EEEN. Bt
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HE T 20 #E hAERIETE /3% 5 cm S A
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PR EHE 12 h, ZBIE S TR R e ey, Y877
HE R 10.0 °C . R EE 1.0 m/s. 1B 65%, XT
8 do HASAIALSFTH IR I
1.2.2 B2 M oRAE XHIEZH (CK 2H) : ASESHNER
W PRER]:;

IR EEFIZH (SC ) : % FAEHA BT =Y 0.3%
INEE & S E

e R SR E], 435 F 1.2, 3.4, 5.6 AHL
E, 2 N RTER G F2 v pH. K55 JRE L. 2
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1.3 MEFHZE

1.3.1 pH 28 GB 5009.237-2016 &,

1.3.2 /K53 (Water activity, a,,) 28 GB 50009.
238-2016{ B b &A= E GEhnME B Sk 53 1E BEAIIE )
HrK S BEAY ORI E o

1.3.3 /K4r&8E =M GB 5009.3-2016 & i K
Sy BN E YR B R RIS

1.3.4 MR (Acid value, AV) =8 GB 5009.229-
2016 E & PR I 2 ) R ¥A 7 FRIFE 7~ 7R R 7RI
TE o

1.3.5 il 41k {H (Peroxide value, POV) =88 GB
5009.227-2016 i 28 4= [ SR i vl S AR (s
PRI ) HP i A2 VU o

1.3.6 ACE L ZE(E(TBA) 208 GB 5009.181-
2016 E PN I AYMIRE Y HR 43 G VR E .
1.3.7 TWI#H8E 5 (Soluble protein, SP) 2 AH 4L
R AU Wy iR 2 o RSB ARIUEE & 3 g, A
30 mL 7K, BB AL . dEH 3000 r/min (Y555
B0 10 mine BS50E5 S U8, R IEAR 1 mL
H| b, A 5 mL Z S G-250 s H
& 2 min, 7£ 595 nm F#EATIEIROCRE . FRith R
y=0.0396x-+0.329, TR R H: R7=0.9974, Hrp, x &
FEEF S E(ug/mL), y 2ZWOGE (nm) .

T aimy9=§ =« (D

FH: n, SR AR AE T 2 A B AR S RT R
HErm(g)sn, AR E(g) .
1.3.8 JFES 2 AR (Free amino acid, FAA) Z X
AR AEIT BN =R LI R . BRI S g FESL,
A 50 mL 7KAFIN 5 g WPEs, InFREEE S 5 2 Rt i,
IHLH 40 mL BUKppEgds. TSik5ee 5 4 mL
UEWE T 25 mL HEELL A I, B0 1 mL 27 =
FIANZZ s e, KNk 15 mL, B A5 2 2, 5
B 15 min, ¥E 570 nm IR SCEE . bRl R y=
0.0096x—0.0145, P Z2EL: R7=0.9953, HiH, x A4
e & (ug/mL), y J&=K G (nm) o

m,

m, x 10

i B B AR g/ 100 ) = A @

Ao m, AR 2 B R S T R S
FR & H(mg); my, A BT (g) .
1.3.9 WhHNAZEN =18 GB 5009.33-2016E 5 H IV
AR ER S AERRER I e Y oG G BE A T A
1.3.10 f#dsts =06 GB 4789.2-2016K R 75 &
B2 YT 1%, 43 dE A PCA 35555 . MRS 5
FEIL DL R 57 2R BRI, A2 T 7% S (TPC) | FLAR
[N aS e e

1.4 HIELIE

BARGEIHE ] Excel 2016, B3EMHHr. 5
S0 SPSS Statistics 26.0 FEATACFAMHT, & A1
YE{di ] Origin 2021,
2 HBRESH
2.1 EREEFHEIXIEEA pH. a, RIKSRERFMN
2.1.1 BREEFREXHE A pH B9800 pH 2 1EHr B
A B | R RUR (4 SRR 2R . P R] CK
ZH 19 pH £r4E B FF, SC 4H. 1) pH o /51 . SC i
pH 7 1~3 HIAIEI FRakas, M 5.9 FEILE 5.8(F 1),
X AT BEFNZLIR B 55 PR A s sl A N, BRI R A
SRLAR v B R B EARYE AN, A ] RS i BT
TEPRAR S5 A CO, (15315 pH REAIR, DA
BEPEAR R A IR & R A REf A T Rty
JRUS, CK ZHF0 SC 4H 1Y pH 2K S Tl #asy, 4353
M 5.8 F+= 63,59 F+=F 6.2, £ 2~5 A B} CK 4H ik
E(P<0.05) T SC 4, FEIEA pH N BT R
T 2 R A 45 B AR, A8 1 5T A A i, 7 AR
B . SAETRE S AR PR pH AR ECHA T
RSN BT FE bR —, pH BIK, 2SR50 F W
) A 8 PO, ZEI G B R, SC 408 pH SR ARAIK
T CK 4, FR1u 8B — S E L3dH TR
pH 1FE, X PY i s SR R o
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65t
T 60|
Z 6.0 g,
55t
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8¢ 1inpEINOED)
Bl 1 EREEEREXTIE A pH s
Fig.1 Effect of Saccharomyces cerevisiae on pH of cured meat
during storage
T AR K5 B3k R [ (9 2 7] 22 57 1. 3% (P<0.05); K
i) /NG - RE 7 [R] A [R] I 1) 22 5 2. 35 (P<0.05) 5 18] 2~ 9
[

2.1.2 PEREEEREXHIE A a,, BOSENR AN Rl AR B
BRI ay, ME, 2558 0LE 2. B a, KRR 18]
AOLER T AR . B A a, AOZEML 2 BRUE T A R
M43 . pH PR M) AVE S —Fih i ok
SYAEST RS R RE O FE R, ay, IRTT 0.9 B, ATAR
MEAFARAE A . HE 2 AT 0L, ZEI G R R, CK
2 1Y a, Y0 B 7E 0.814~0.858 Z [A], SC 4119 a,, 7E
0.809~0.874 Z[a], IZH 1Y a, KT 0.9, 7= M BEA
BAF AT . 7E 1~4 H 18] SC 41 a,, =T CK
2H, W 5. 6 I a,, PR, H SC 4HK T CK
ZH(P<0.05) . SCZHHY a,, =T CK H 5L mT fE &
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Fig.2 Effect of Saccharomyces cerevisiae on water activity of
cured meat during storage

2.1.3 PREEEREXT I R/K S g sgm g 3 Al
U, ZEN g A o P ZH B4 7K 43 B HH B AEAER, 43591 [
I% 16.72% Fll 14.94%, & A% 7K 43 12 B jel i) 18] 4
ARG 1 T DR 00 2 L s 0, 2 4% 1) L B PR AR, i A5
TENJE L AR H A FE R 43 B PH . CK g 7K 55
ErE i 31.22% FEMKZE 26.00%, SC 4H 1 7K 43 & &
M 28.70% FFAK T 24.41%, W5 2H 14 - 34 (15 43 1) 22
27.69%. 25.88%, AR LI F, SC A FEMIK I
BB LT CK 4H(P<0.05), HFH4HLE 1. 3. 6 AfF
TER 227 (P<0.05) o KA M AT 30 1
FLEA, AT B SN A FEA 53, SC Al Es i
RIS R, TR AR 4 A R A TN AE T R K
4y, JEAE A SC ZHH K4 A LA

350
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Fig.3 Effect of Saccharomyces cerevisiae on moisture content
of cured meat during storage

2.2 BREEFERTBERA S LRSI

2.2.1 BERWEEEREXTIEA AV Y2 BRI L A
AV AR I 4 B s, B R SE R AV
ARSI TR, CK 4 M 0.66 mg/g B8 =
3.68 mg/g, SC ZHHH 0.77 mg/g ¥ = 2.67 mg/g, 3%
At RS IIE 49 2.13 F 1.85 me/g, SC 4H 835
I CK ZH(P<0.05) . MR it #E b, eI 7E

A B8 k. NIRRT A S R ZE VER R R 4B 5
fitto 1~2 HABELSC 2H AV KT CK 4, RIRERDCAMER A
W sh s I R T 04 43 f, 7= A R E e B IR T 1 s 3~
6 1 CK 41 AV HGhnsehntl, nT G2 =S ARIITE
MM 22, NRIT S /K fiff 3R S5 HG PR, e B e B T 3]
TR EA LI SR E AL = IV E ), 330 SC 4l
W AV AIRTF CK 2. AV bk 35 Mg s v Ui 25 1 i ik
8, T AR A HEII AR /K A i TR 228 AR, SC 2]
PR B B A BRSSPI NG T 1 B A K A

[ ek
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Fig.4 Effect of Saccharomyces cerevisiae on acid value of
cured meat during storage

2.2.2 BREEAEXTHER POV UL i P st it
A POV FYAELLANIE 5. POV FYASfL R SE T
Ja RAR AL, BLAE 5 A Ik BIig(E, SC 41 21K
F CK 4H(P<0.05). CK ZH1¥) POV M\ 0.023 g/100 g
K= 0.035 g/100 g, SC ZHAY POV H 0.002 g/100 g
W E 0.012 g/100 g, B~ B2 19 - Y18 45 51 R
0.043 F11 0.024 g/100 g, POV H}FSEH K Jm usi /Ny
PG, S22 kAR i A AR B AR KB, 19 k™
Yozt — 0 R A AR, TE W NGy T B an AR I iR
8, FATTIFHATRE, S Ak GT &k, B4k
SRE AL AT S (MDA) | R . LIS/ INYF
W JBUnm . BR | AT, SE POV REK. NEWI ARG E
i AL B EABEAR T 0.2 g/100 g B, &% 7= L iy
JHURR RUARTE 10 A B AR 7, 480 SC IS RITE
I3 POV {EAIR T CK £H, 18 A BT liz Rk BE 30 il i
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Fig.5 Effect of Saccharomyces cerevisiae on peroxide value of

cured meat during storage
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2.2.3 BRVEEERESTHE A TBA BUSEIR PR Vgt i
2 TBA BOZEMLANIE 6 iR FEI RS R, TBA
R LTt BAAERES, SC BT CK 41(P<0.05).
NG IR S A T s A g T, 5
TRACE b2 iR R i AE r= b &8, 8 R
B B 22 P (B AT DA b H S i A, Hod CKRO4
i) TBA M 0.067 mg/kg 34 &= 0.549 mg/kg, SC ZH
TBA fHM 0.065 mg/kg ¥4 2 0.402 mg/kg, -1~
PRI Sy 9 0.314 F1 0.241 mg/kg. P&
TBA U0 0.5 mg/kg™, 1277 25 H BRIk,
BERE RO S IMAE T, CK H RS ATE 6 A B
1Bt TBA C &8 81t 0.5 mg/kg, B CK 2H & &2 728 i,
SC ZH 1Y TBA {EARSR AERR 22 (H P, TIF BH FR P i B fi
I BE Ak

oer ek Aa
+ SC Ab

o <
E [}
T

TBA (mg/kg)
IS
W
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AeBe
01F f i m,
0.0 H/J % 7
1 2 5

JETEN TR ()
K6 BEEEREXTIG A TBA BI520R
Fig.6  Effect of Saccharomyces cerevisiae on TBA of bacon
during storage

2.3 ERBEEEXRERERRMEERI

2.3.1 BEREEREXT A SP BUSEMR i I ge o AR
H SP AR AN El 7. FEMS IR RO E], H SP &b
T RRER T, CK 40 SP TGN 1.52~2.21 pg/g,
SC ZHMIFEFE R 1.61~2.52 ng/g, Wi SP 14 -4
B350 1.83 FN1 1.99 pg/g, M4H I BA B M55
(P<0.05) . A HE) SP EZEHALIREAXI/NTF
B AT L A, PRI P R A A A R A = A R e A MR AR
PR, 23 NI £F A8 1 BT S AN K I RS 3Fa F k
A1 A R, 3 A SC 2H SP S R T CK 4. 7EIr”

307 [ JcK
25+ Ne
20}
c Be2S | Af
& Z Bf-
215 ?
5 7
1.0+ C/// /]
n
0.5 Z 2
n
0.0 2 Z
5 6

186 inp :INOED)
Bl 7 ERIGEEREXT S A SP (520
Fig.7 Effect of Saccharomyces cerevisiae on soluble protein of
cured meat during storage
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1, I H. SC H Y R4rF 85 H B4 iis sl CK 4HTE
I ER

2.3.2 BERVWHFEEREXT FAA AYRZMR B A IE gt A v

FAA 2816 E 8. M PINY FAA 7€ 1~4 A 23R
TR 78 5~6 H I BUER S F . TF 1~4
H a], CK 409 FAA /1 131.86 ¥ K & 210.68 pg/g,
SC #H ) FAA H1 178.79 pg/g 4K & 214.49 ng/g,
6 HIEIPHZH FAA ~FESTH0 183.58 F1201.55 pg/g,
SC #H i & & T CK #H(P<0.05) . FAA KE™ LT
W sEe I A, X R TR R R AT 4 D H AR BN

B, 2R BT R AR S IR A W A Ui S 2 R PO,

5~6 A if, SC 41 FAA 2 3 %, H AL T CK 41
(P<0.05), AT B2 i T b s T 1 1) A A5 3is mle

T2, HFRs O A s s s R S5 ilE— 2 45 A 2B G

A RUIR TR, FAA FE—FP XSRS 5T, 235

G3HE) RV A AREAE 35 ] 4 R4 B RN A o B K

B A0 EFEPREY, B A A FAA A3 B F XL
BRIGTE R, HaR v 58 Ui e b &4 &

H= Strecker RS A4 RGBSR R, TEZEW) o2
JVRE S ) o) s o R g UK A T, R Ak, R R AR

FAA A VA Al A i RXUBRA S 28] e .
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Fig.8 Effect of Saccharomyces cerevisiae on free amino acids
of cured meat during storage

2.4 [ERBEEEEEXTEE X T AT i2 A T ARER R 7 B
=R

Jis PAIAE DR RN g R IV A R A 5 AR £k
N 1 oo 1 SRR R S I AL 11 s v S A R
R B PR l 30 mg/kg, PILHRE S IR G BB 2SR
A 1 A, ZEXT R R SCL CK 4 AP A IR M R
RSy 9N 85.84% Fll 83.08%, J- HLYEN it FE A,
SV A PR 4 B AE A H PG T R, S B TR
E o TENAIRT— A, SC 4H B E KT CK 2H(P<
0.05) . IEss 1 d i, SC 4H P I SR 5% B sk 2
LT CK A, B TAERT BB SC iy
SV Fil§ P AN A i B ERAT 56 . K ZH 19 SIE R IR 4N 2 i (E
WK 1 d B2 26.97 mg/kg, T Bifi 2 g8 A (6] 14 1

W
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Table 1 Effect of Saccharomyces cerevisiae on nitrite content of cured meat during storage
SR At H(d) I (d)
(mg/kg) 0 2 4 6 8 1 5 7 9 13 17 21 25 29

Ne 215.5142.76% 117.83+2.86™ 76.15+1.21™ 46.47+1.80%30.51+1.41%  16.47+0.57% 14.54+0.55"" 13.20+0.61°" 12.17+0.47" 11.18+0.51% 10.48+0.32" 10.13+0.39" 10.06+0.36" 9.66+0.44 9.59+0.42"
CK 246.63+2.81"164.36£3.21*° 104.71:4.72" 76.94+3.55141.7442.90"  26.97+1.20*25.35£0.93 23.62::1.00* 22.36:1.00* 20.6120.69"" 19.86::0.42*" 19.02:0.56"" 15.162:0.48" 14.05£0.67* 13.880.55"

T ANJE RS R AR ] B 20 18] 2 53 1. 25 (P<0.05) 5 ANJR)/INE 512 [RI 2 A [l i) 22 5 4k 25 (P<0.05 )5 20

INZE WS E 29 d B9 13.88 mg/kg, SC 28 IV filf ik
NG 1 d B Y 16.47 me/kg, Bl S B Wi AR =
9.59 mg/kg, SC ZH By VAl B2 40 2 o AH Lb CKZH & AR
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EPUEZKR 10 . TBA SEEPRa0AZ L A%, Ik ERI 1
BRI PR T A R AR K 05 1 SR D 454k
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Table 2  Effect of Saccharomyces cerevisiae on
microorganisms of cured meat during storage

W (A
1 2 3 4 5 6

(LG LRl

FERFE CK o 3.198% 25985 2.168% 1.944% 1.689% 1.139%
1g(CFU/g)  §C  4.147% 4.447 4.674™ 3.715M 3.336™ 2.932%
AME  CK 251580 2.983% 3406 3.475% 3.734% 4338%
1g(CFU/g)  SC  3.944% 4.198% 4431 4.566% 4.671°° 4.868*
HvESE  CK o 2.503% 2.839% 3.362% 3.661% 3.976" 4.163"
1g(CFU/g) s 3.616M 3.992%¢ 4.198M 4363 4.538%" 4834

FLARE . % S BRI T as, 2
FAAER B35 22 5 (P<0.01) . TEN LSRR, LIRS
TS R P BT A DU V| TR AT A B A sk R ST B
S DO [ fF 5% — 3, SC 2H 1 LR B 1Y < 3 R KT
CK 4H, n e 5t ae i v LR i A= g b7,

2.6 PCA ZTTENH
SRy 2 B SIZ B 21 il TR I R B P AR AR 25 55, X

BT AT W i 5 AR AT PCA Z o078 i 5i it 43 #r o
YRS ET A : pH(Z ) |« a,(Z,) . /K& HE(Z;) .
AV(Z,). POV(Zs). TBA(Z,) . SP(Z,) . FAA(Zy) .
BEREER (Zo) « FLERTH (Z,,) « TPC(Z,,) o FFEIAER
AT AR HEAL (Z-score 75 ) 40 B 5 17 KOM £ 56,
KMO 8454 0.712, KMO GeitHdsin T 1, 25 &
Er] A A DG PRk, D AH DA B 55, PRI A i RSCR ik
45 24 KMO {H>0.7 B, 7] DL F BRI 1. st
Bartlett BRI 56450 32 %43 k. 25 /N T 0.05, TIEHA
JIT A R 0 DGR PR RR =, A0 i FE S5 A e At AR B
B8 ARPEAEAEE R T 1. BT T 85% N
PRAEPEHRE] 2 - FWlis5, £33 81.084% By PCA1 Hil
14.637% 4 PCA2, BT TTHkRIK 95.721%.
PR AU (3) L (DR,
PCA1=—0.005Z,+0.241Z,+0.054Z,—0.11Z,+0.245Z.—
0.147Z,+0.112Z+0.183Z¢+0.196Z4—0.1327,,—0.148Z,
i (3)
PCA2=—0.217Z,+0.2312,—0.126Z,+0.027Z,+0.388Z—
0.038Z—0.030Z,+0.453Z,+0.133Zy—0.007Z,,—0.036Z,,
= (4)
YR TERATEE 0.8 LU_EAT, U XA i 5 5
BLG3 22 (A AH PR v T A AR 10, PR ARk 2 H, X
> PCA HUSZIREC . i3 3 WI AL, PCAL 1 a,,. AV,
TBA. SP. F#EEE . ZFLAREE & TPC L F2k >
0.8, EZFAE THER/KIMEE . eI EALFRE . 2R
Jo & i R B R A i T AR, ELRR R S R B
a,. SP R IEAC, M5 AV, TBA. FLMR I & TPC

3 RFR R A

Table 3 Eigenvectors and loading matrix

i PCAI PCA2
#ofnf REAE ) i A REAE )

pH(Z)) 0.65  0.072878125  —0.729  —0.452795031
a,(Z,) 0978  0.109653549 0.031  0.019254658
KOPER(Z) 0784 0.087902231  —0.605 —0.375776398
AV(Z,) —0.864  —0.096871847 0.441  0.273913043
POV(Z) ~0.198  —0.022199798  0.874  0.542857143
TBA(Zs)  -0922 -0.103374818 0334  0.207453416
SP(Z,) 0.888  0.099562731 -0.457 —0.283850932
FAA(Zg) ~0.14  —0.015696827 098  0.608695652

WL (Zg) 0.97 0.108756587 —0.164 —0.101863354

AR (Z,)
TPC(Z,,)

—0.914  —0.102477856 0.395 0.245341615

—0.936  —0.104944501 0.345 0.214285714
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Fig.10 PCA analysis of the properties of fermented bacon
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products with Saccharomyces cerevisiae
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