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Effect of a Mixed Starter Culture on the Quality Characteristics of Raw Consumed Loin Ham

LIU Chunli, ZHU Qiujin*, PAN Mingqiong, HU Ke, TANG Pengyu

(School of Liquor and Food Engineering, Guizhou University, Guiyang 550025, China)

Abstract: The effect of inoculum size, starter culture composition and fermentation temperature on the color difference,
pH value, texture and sensory attributes of fermented loin ham with a mixed starter culture of Lactobacillus plantarum and
Staphylococcus xylosus. By combined use of one-factor-at-a-time method and response surface methodology, the optimum
fermentation conditions were obtained as follows: inoculum size 10" CFU/g, L. plantarum-to-S. xylosus ratio 1.50:1, and
temperature 30 ‘C. The product produced under these conditions scored 82.55 points in sensory evaluation, which was close to the
predicted value from the developed model. The fermented loin ham had good overall quality in terms of mouthfeel and taste.
Keywords: fermented loin ham; Lactobacillus plantarum; Staphylococcus xylosus; response surface methodology;
process optimization
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Tablel Coded and corresponding actual levels of independent
variables used in Box-Behnken design
A RERE (U BWRE ARG
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Table2  Criteria for sensory evaluation of fermented ham™”
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Fig. 1  Effect of inoculum amount on pH value of fermented ham
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Table3 Effects of inoculum amount on color difference, texture and
sensory score of fermented ham

R E/ (CFUlg)

fibr

10° 10° 10’ 10°
L# 433140.33° £271%011° 40.83£0.01° 41.70%0.25°
a* 154240.19° 1630%0.06° 174340.09° 18.73+0.30"
b 2.82£0.14' 2.78%0.05" 2274001 2.84£0.01°
E* 5834035 6.25+0.13° 8.1240.07° 7.06+0.13°

WE/e  3398.001104.65" 2393.50£23.33° 2380.50+36.06' 2638.50£62.93

#/mm 3.1340.04° 2.4240.04¢ 256+0.07° 231£0.06°

R 0.36+0.04° 037+0.02° 0.38+0.04' 0.36+0.03°
IEEEmI 34204099 24.1540.92° 27.10£0.85° 28.25+0.78"
EEES 65.70%1.00" 73.55£1.20° 82.00£1.05" 7710+ 1.15°

W AN FREAR, REREE (P<0.05) . R4~5[H,

DR S N R TC B R, R B KR
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FRBE,  MTAE KBRAE T a1 K. Ak, BEE M E
(OBER,  RE BUE KRR v KB R N R, MR
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TR, DR T SR AT 52 B A
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Fig.2  Effect of culture composition on pH value of fermented ham
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Table4 Effect of culture composition on color difference, texture and
sensory score of fermented ham

- AL

11 1:2 1:3 21 3]
L SLOSH073 56291068  5755E13T 5609072 ST52+109°
a* 9394045 8811049  823+051°  898+030°  893+0.56”
b 106003 1454019 138£0.10° 1242004 1474014
Ex 901+020°  623+008°  611£034° 7424038 625+022'

e 14425012333 14765011626 2443.50443.18" 147600+ 1131 2591.00+82.02°

diftmm 395003 4072001 4251015 4084006 392+008
GF i 0432005 0433001 048%0.01° 04240.01° 044£001°
W 246012020 29304028 51801085 24351078 41.85+1.06°
B 8150£150°  7413E1350  T1L75EL00° 738840950 7088115

HRATTRN, BREAFIEC EL 1 LRI 2 30N 2 B B A KR
a*ZEFRRES (P<0.05) , HARU4KREEEE Kila*¥
REZER, H P b6 R R B K BRL b [ 5 i) 4
PR BN B 5 AR 1 4 BR B LU B K, Lo Fnp+ R 36 na
B, X BB T A R R AR AL A, Bk A
il i DR A T A 2, 2 T ] TR o A o L S R
BAEEZEM. A, YEMEEAL I, KRR K
BRE*5 2 KT HAA (P<0.05) , HN2:14, Al
BB FICEL L s LA B AR LA

M 77 THI R A, T8 e T b et % T B R e R

RN, ARE R & BK B I 7 Lo e, R
T L KRR (1 R R OEL MBS P A B B, M) AL B
FIT o LU AG 38 DT, KB ) 38 2 S 388 o sk /s i 3
HP= SRR I . B IR TG T FLER T BN I A3 n
FImEE, PRACH#ME. S8 8 TURMIERFE, MW
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KRR A, 2R PR EC L A3 LR 3R R B LA KR
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Fig.3  Effect of fermentation temperature on pH value of fermented ham
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30 CHF, KEHHERINAE KRR RN, HAEKERHK
FI/NFRFE R IR N30 'C>35 "C>40 C>25 ‘C>45 C>
20 'C>15 C™, 2R B 20 CHRIZS CHF, 24 hRI#
S JE K B K IR pHAE 43 501l 95,78 F15.55,  Toidisi 2 K
F% K BB IR 22 A LR, HLASREF= 26 7= Sl KR 1Y) R T XU 5
MR BEIRLE N30 C R3S CHF, K FFS: R 5 K RpHIE 751
N4.89F14.82, ERARE (P>0.05) , #h¥&EMH T4
7R K T o
2.1.3.2  REEREEX REEEAT KRR (22 . TR AR R T
pading-Ai|

BHFRSTRD, iR P X R I B KR 5% 22
WA K, REFERE N30 CHHERZE KT HAhd
(P<0.05) , Half3H30 CAfAERFFIREE, KAWL
B R RN 74 R — 2

WA TR, Bl & R B A3 K, R OE &
i G 3 T A K SR p HAB AN B (A B & e JI B AR, T
Y e SR L, 35 °C R P A R A AT e B TR
TP S B A SR RN 2 R BEIR FE 930 C

I, R B KR S AT A SRk foe K, ML Mg A2 AT e 5
T, TR R R IR L -

£S5 RERBEMNREBEESKRBEE. RRATMBREIRSREN

Table 5 Effect of fermentation temperature on color difference,
texture and sensory score of fermented ham
sk REEREIC
20 25 30 35
L* 38154021 39.92+042°  43.02+0.10°  42.53+0.21°
a* 13314£027°  13.28+041°  13.88+0.15°  12.33+0.18"
b* 1.2940.03" 1.1240.04" 0.7440.01° 1.0440.03"
E* 10.64+0.11°  12.65+047° 1839037  12.14+0.15
ffij/g  1882.00+72.12° 2 085.00+38.18 2 436.50+70.00" 1 850.50%70.00°
#bE/mm  226£0.02° 2.8240.06" 3.1440.01° 3.0440.11°
IR 0.4240.01° 0.31+0.01° 0.4240.01° 0.36+0.07"
MR 25954078 25904071 31.81£0.01° 32754035
BEES 67251125 70304085  83.50£0.95°  81.25+1.02°

WEEVEIr KRG, KIS N30 CRE, RIEEEAF K
BRI VA W T AR (P<<0.05) , KREEEEN
35 CHIRZ, Ha2 HERE mEzE, BE s sk
W R EEMPIEREERBUHARE, FEZH T
HIFH R OFE. HIURE . BRMARMLEE 1868, 4
SUIRZS I M s FEAE O, 8 2 (0 2 (LB B A A AR I,
HLO A2 2305 FAE R KR 50 S0 17 e b
Wb, FH R R € 222 4 ) R o B AT — R IR, AR
W TR HA A A AT g .

SR pHIE. (. FUMAECE 4 et ] BL7E
H, RIEEIREE 930 °C I R IR B KRR i T e, R
IR 820 "CH R it o e 22
2.2 ARG 25 R S o i

K HiDesign-Expert V8.0.6% 44 HIBox-Behnken J5i #
B IRES, ma AR A S 2H A AN g AR 6 s

F6 REEEY KBTI ZMANPEIRRBRT T REER
Table 6 Box-Behnken design with experimental results

WS ARMEH  BEAE CRMHRE pH BE D
1 0 0 0 4.74 85.63
2 1 -1 5.03 70.95
3 0 0 0 4.75 84.38
4 —1 1 0 5.00 74.65
5 0 0 0 4.69 83.50
6 —1 —1 0 4.98 72.88
7 1 1 0 4.47 71.50
8 1 0 1 4.53 72.50
9 0 1 1 4.60 77.80
10 -1 0 1 4.83 75.13
11 0 0 0 4.79 86.75
12 0 -1 1 4.86 75.38
13 —1 0 —1 5.11 73.30
14 0 —1 -1 5.51 72.75
15 0 1 -1 5.02 71.75
16 1 —1 0 497 71.05
17 0 0 0 4.74 85.00
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DA AIACLE (4> & (B) MIRKBHREE (O)
NHEAE, DUREIES (V) NEAE (pHIE RAERN
Wighfa k) . BRI ZIREZ TN Y=—370.030 78+
36.384 444+72.699 00B+11.496 23C—0.440 004B—
0.018 674C—0.129 00BC—13.761 784°—4.791 00B*>—
0.173 64C°, R=0.874 4, FZIE RHUR;,=0.957 -

KT BEXPERGESH
Table 7  Analysis of variance for the effect of fermentation conditions
on sensory score of fermented ham

JIEERIE VIR H HE )05 FiE PIH
[t 504.60 9 56.07 4122 <0.000 1%*
A 12.40 1 12.40 9.12 0.019 4%

B 11.62 1 11.62 8.54 0.022 3%
C 459 1 4.59 3.37 0.108 8
AB 0.44 1 0.44 0.32 0.589 1
AC 0.02 1 0.02 0.01 0.907 8
BC 1.66 1 1.66 1.22 0.3053
A 252.31 1 252.31 185.49  <<0.000 1%+
B’ 96.65 1 96.65 71.05  <<0.000 1%*
c 79.34 1 79.34 58.33 0.000 1%
Tk % 9.52 7 1.36
JAT 3.44 3 1.15 0.75 0.574 6
a7 6.08 4 1.52
M 514.12 16

s ZREHE (P<0.05) 5 s ZRHREE (P<0.0D) .

7, B EE (P<0.01) , RMIIA
B, WG . Rk BB A KRR SR
() R 28 28 ORI O B R G b > B R > R B
o Hp B BT BE 6 KRR BB VR A R AR K, R R
IR ] RE S A 0 LA 1 BT BB e R & S B0 A i
BR, JRZ KB %Atk X Tevk s, B ICVk T R Bk
BRAFA &S, MINSFBUREEZ B, o, B
B, KBRS T R, 7= sz g,
[ERESE i SUy N a3 - SUNi- S Nl A K 5
PEFREAR, BRI FE TR A AH EE 35, B % HOA K R
JECE VT 43 A R T R GBS /N o o 25 TR R 22 T 1 52 HL AR
BAT T R4S, WM R E . BEORPREC B AT R R R
WHZEERBARE. &6 LR HE, A5~
KRR KB ERE T EEZENUEYMAFTE. K
WEHERE AR A KR, EMEI1.59:1, #MhE
7.11 (g (CFU/g) ) . K [E30.38 'C, I KFFHE
B KRR E PS> 982.99 47 e
23 IGiFEsRIRsE IR

8BS bR n] B AE I, 40 TR AR A6 A4S B 8 T
SN E RV FAT B KPR A RN S K%
7, BEAAECLE1.50: 1. B 10" CFU/g. RFFIRE30 C
BEATIESESS, T3 IREE S, s R e HLUA KR
BP9 N82.55 4y, HIERWRAAMAHEX 2 2 80.53%, HE
SRR, IEZ LA B A AT S .

3 8 #

W T AR D AT B8 - ACHE 481 4 BR B A 2 & KB A,
PR R R LB PR Bl R R TR R R A TR L K b pH
B, &%, FFIRE R SEE R, DR R — bR
FIERJRBRIE . 25 R R B RN X K B BT KR
(R pHABFIRE BE R MR, % SI0e 20 ) 47 15 35 72
S, GRATF L R AR B Rl 107 CFU/g:  BRFRC L3
-8 DL ER- AL NP O s =y Nt A U
FERSEL AN, BARZR I 24 0 Al C U R2 3 1+ 1A BT 45 R
0 F b ST e s A IR, PS5 ) 1 BT K B pHLAEL 5 M 6
K, BREHRE 20 CHI25 CHE, KA KA pHE
BIRT5.3, BE BN Z 2R, AFE6fa R
KR 22 YRR, KR N30 'CHRI3S CHF, KE#
BHEXREEREIE S ZR A RE, HEE MBI
132130 CHRBERBERE . ETHRHERRESER, 46
N 15 AT 73 AT 45 8 AR D FLAT 18 . AR 8 A BR B R A K
B, AR E. WAL REHR RS
910" CFU/g. 1.50:1. 30 ‘C, ZIGIESZITS Hhmt &
P LA BB (R R V40 982,55 4%, IE A Sk (iR AL A
B, TR, KA T Z AR R A
KRB R BB R IR TS, AR SE, RN,
FE KA A, AT 700 30 % 1 BUA KRR ) T2 A4 7
BAE—EMiTE L.
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