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Abstract: Staphylococcus xylosus (SX) and Lactobacillus plantarum (LP) were used as research objects to investigate the effects of
different starter cultures (SX; SX-+LP) on ham flavor. The cryoprotectant formula of SX (8.05% skim milk, 8.83% sucrose, 7.78% sorbitol) and
LP (6.43% for skim milk, 7.91% for sucrose, 4.28% for sorbitol) were optimized by single-factor and response surface tests. Direct vat starter of
SX and LP was prepared for ham fermentation. SX and SX+LP were inoculated into fermented ham to study the effect of different starter
cultures on the flavor quality of fermented ham. The HS-SPEM-GC-MS technique was used to detect the type and content of volatile flavor
compounds in SX+LP, SX and control sample, 53, 52 and 31 volatile flavor substances were detected, respectively. In samples with starter
culture, the content of aldehydes with lower odor thresholds increased, while the content of hydrocarbons with higher odor thresholds decreased.
The amount of the main flavor substance in the SX+LP sample was the most, followed by the SX and the control sample. At the same time, the
PCA biplot showed that SX+LP sample can be discriminated by 11 main flavor substances on PC1, SX sample can be distinguished on PC2 by
four main flavor substances, and only one characteristic flavor substance can be used to identify control sample. This result indicated that both
SX and LP can improve the flavor quality of fermented ham, and the mixture culture starter is better than the single culture starter.
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Fig.1 Effect of different cryoprotectant on the survival rate of

Staphylococcus aureus and Lactobacillus plantarum
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Table 1 Response surface design arrangement and

experimental results of Staphylococcus xylosus

) A& HEE )%
P55 — -

A% B/% Cl% S FRAYA
1 0 1 1 84.92  85.65
2 0 0 0 8924 8854
3 0o -1 - 8194 8121
4 1 1 0 80.56  80.28
5 0 -1 1 7569 7725
6 0 0 0 88.88 8854
7 1 -1 0 76.04 7632
8 1 0 1 7986 78.02
9 0 0 0 87.15 8854
10 1 0 - 7326  73.71
11 0 0 0 88.19 8854
12 1 0 - 7569 7753
13 1 - 0 82.64  81.53
14 0 0 0 89.93  88.54
15 0 1 -1 7951 7795
16 1 1 0 8159  82.70
17 - 0 1 7743 7698

HEE 2 I, BORZER R (p<0.05), UK
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Table 2 Analysis of variance for the fitted regression quadratic model
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Fig.2 Surface (a) and contour plots (b) of mutual-influence for

sucrose and sorbitol on staphylococcus xylosus survival rate

R E FAe  AWA H7 F i P& BEK R’y
A 44144 9 49.05 16.92 0.0006 * 0.8995
A-BLREFL 3.88 1 3.88 1.34 0.2854
B-# A% 13.18 1 13.18 4.55 0.0704
C-LALEES 7.03 1 7.03 243 0.1634
AB 14.55 1 14.55 5.02 0.06
AC 5.90 1 5.90 2.04 0.1966
BC 33.99 1 33.99 11.72 0.0111 *
A? 162.52 1 162.52 56.05 0.0001 *
TR

215



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.11

LR
B’ 21.46 1 21.46 7.40 0.0297 *
2 146.83 1 146.83 50.64 0.0002 o
KRE 20.30 7 2.90
DL 15.80 3 5.27 4.68 0.0849
ik £ 4.50 4 1.12
® £ 461.73 16

E U EFRE (p<0.05); M EZRFMEF (p<0.01).
222  ARYIATE R A @R E AT
T FUAT e BRI A R MR 3, T
W# 4.
% 3 EPFATER N EIRIEER
Table 3 Response surface design arrangement and

experimental results of Lactobacillus plantarum

. 3y HEE%
Y e B % FAME FiE
1 0 1 1 75.38 75.98
2 0 0 0 73.27 74.30
3 0 -1 1 78.85 79.28
4 1 1 0 92.69 91.46
5 0 -1 1 75.78 76.45
6 0 0 0 82.11 80.84
7 1 -1 0 81.35 80.68
8 1 0 1 93.08 91.46
9 0 0 0 91.53 91.46
10 1 0 1 85.38 83.68
11 0 0 0 80.58 82.28
12 1 0 -1 79.42 78.99
13 1 -1 0 88.85 91.46
14 0 0 0 74.23 73.20
15 0 1 -1 81.92 81.32
16 1 1 0 91.15 91.46
17 -1 0 1 85.19 86.46

AR TARE R (Y) N SAE Ik 2 38 5
FHFEN:

Y=-127.04750+20.12875A+17.67750B+39.35667C
+0.54125AB-1.65000AC-0.095000BC-1.34938A%-1.311
88B%-3.27222C7,

HHE 4 AT 5, BZERIREE (p<0.0D), Billix
BORHERR AT 5. RIIZE R A RZE (p>0.05), KU
HE ST PRI AT . A R B R0g; =0.9211, it
HIZAR TR RER R 92.11% I NAE S5 5, 7] F T
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Fig.3 Surface (a) and contour plots (b) of mutual-influence for

skim milk and sorbitol on Lactobacillus plantarum survival rate
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R4 RBTHERFES
Table 4 Analysis of variance for the fitted regression quadratic model

KR 75 A B wE ¥z F1a P& R R’y
AR 677.51 9 75.28 21.76 0.0003 o 0.9211
A-BLAEFL 22.65 1 22.65 6.55 0.0376
B-#4E 7.76 1 7.76 224 0.1778
C-LAUERE 1022 1 1022 2.95 0.1294
AB 18.75 1 18.75 542 0.0528
AC 98.01 1 98.01 28.34 0.0011 o
BC 0.32 1 0.32 0.094 0.7681
A? 122.67 1 122.67 35.46 0.0006 o
B’ 115.94 1 115.94 33.52 0.0007 o
2 228.24 1 22824 6599  <0.0001 o
KRE 24.21 7 3.46
DL 13.16 3 439 1.59 0.3248
iR £ 11.05 4 2.76
&£ 701.72 16

£ FEE (p<0.05); o ZFMREE (p<0.01),

®5 REENRPIEL M RIRME R AER &8

Table 5 Types and relative content of volatile flavor in fermentation hams with different starter culture

R %3 by 7S i il B 2 i} Bt Hp At

PR EL 11 8 6 0 1 1 0 1 31

<t B8,

AsTSE/% 3567 23.69 506 594 0 079 2701 0 1.84 100

X PR EL 7 10 9 8 6 2 1 3 52
AT+ /% 1451 3779 1016 12.11 1256 642 379 072 194 100

GIE2 4 13 11 9 4 6 0 1 4 53

SX+LP

#sFAE/% 1541 5351 9.77

378 213 3.05 0 878 357 100

2.3 REEK RN R AT

KH HS-SPEM-GC-MS J5iEx =41 K BIKE K
PERIRI T EAT 734, S5 EE 5 Fis.

STHERE L. SX BESL . SXHLP B S H 1) XUk )
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DG TR R HR T AR KA S S RTIEAE
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fik s S AR R AE RSN & BTN, e
BRI & mA T F%. E SX+LP #Efhrh, Mk
VI & e, 1A% 53.51%, MUMRERER SX+LP &
PRI KRR ] e 5 AR XK . FE R KRR, T
W e B BB — AR MR E 1), BRI
Vo) R A AR, RS B B ARG B X B XU = A
LI NUIL e/l | S e N DR T e

b, AR oy i SER A S N A R, SR 3- T
Bk 2 T2 Z BRIV Strecker F#fF. LLAb, HEIREHR
WA B i 3 B 35.67%, {HH R IEEK
FHRFRTHEAR XU S LT TE TR, BRAE)e 2 o 1 R (i
WL, 6 UBR A e VAR NP,

24 FHERKOH

Nk % X = 2 KRR XU B B DTk 1Y)
FARRIR B 5y, R BT W 5T i B S 75 9 2
0<ROAV<1002Y, 5& X 3-H1FE T 1) ROAV 1E 4 100,
H LA E AN 1 ROAV 18, 45 R U1K 6 Fis.

M=K RIS 2] 14 B ROAV>1 I AR5
XPRBAE AL 9 Bl SX FEML 9 APy SX+LP #4h 11 Fe =
KR 6 Fh AR KIRY) A DA 2-F
FETEE. 3-HETEE. O, EEAMTE, Heb 3-H
FE TR J L2 B AT K R A R S B XU A4, T
RN T2 SR KRR TR XA R 4, SR
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AT AR KR o o HERE il 2 P, HBAT WRIGTER . SX+LP FEMH NS (B) -2-3¢ 4l
AR, 5 LRI AR MR 2 DA OGP, X A A 2-EJale, Hh K RA S EMZSE, M (B
N 2- L, ER R ERATER . RAE KIS 2- VAT 2- T T A AP ELA) D KR P ) 22
HISERR, FEGR TR KR KR, A BT KIRIX D17

*® 6 KEENARPIE LM KIAIRAIMERT S 85 ROAV (B

Table 6 Relative content and ROAV of volatile flavor in fermented hams with different starter culture

i/ B8, SX SX+LP
B
A% RT IR Hk FaxtA Hast4 A4
(2201 7 ROAV = ROAV > ROAV
(ngke) /% /% /%
BrE
1 4.87 RIE N.F 3.77 - -
2 5.19 ETHR N.F 242 - 0.71
3 591 359 47000.0 420 <0.1 2.39 <0.1 1.66 <0.1
4 7.57 iz NF 5.93 2.83 1.96
5 9.61 NE AR =R NF 5.50 1.47 041
6 18.29 2,5,9- = ¥ H£ )z N.F 1.52 - -
7 21.01 NP R IRAERUR, N.F 0.80 = 1.58
8  37.10 BT N.F 0.65 A -
9  40.15 D-A74 10.0 7.57 1.79 4.18 1.97 445 5.71
10 4041 REIRKARIE N.F 2.74 - -
11 4042 + AR R AR N.F - 2.05 0.21
12 41.08 +—¥% N.F - 0.65 1.34
13 5038 A+ _WHIARSR NF - - 0.52
14 5787 + WA AR NF - - 0.12
15 5829 IR FA AR N.F 0.56 0.95 035
R
16 486 LB 15.0 - 0.61 <0.1 -
17 11.99 2-F A TEE 1.0 1.34 3.16 1.56 7.34 0.52 6.66
18 1227 3-F A TEE 0.2 847  100.00 425 100.00 1.56  100.00
19 1631 ARBE 12.0 2.83 0.56 - 5.99 6.40
20 28.15 S 5.0 463 2.19 11.10 1045 2149  55.10
21 3952 5-F A TEE N.F - 3.65 11.75
22 3953 SR 3.0 2.67 2.10 - -
23 47.02 FEE 0.7 1.74 5.87 1038 69.78 452 82.78
24 48.99 (E) 2-gfmbs 13.0 - 0.29 0.29
25 5294 eSS 1.0 1.64 3.87 2.79 13.13 6.31 80.90
26 54.67 (E) -2-F Bk 3.0 - - 0.40 1.71
27  55.94 A A B N.F - - 0.20
28 59.09 K EE 350.0 0.38 <0.1 1.78 <0.1 1.98 <0.1
29 59.63 2- S 0.1 - - 0.32 41.03
30 6422 KB 4.0 - 0.65 0.76 -
31 6844 2-+—E b B N.F - - 0.26
32 80.04 + A B N.F - 1.01 -
TR
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X

33 5.66 H BB NF 0.88 - 0.63

34 3829 1-/5%.4-3-B% 400.0 0.40 <0.1 1.90 <0.1 0.24 <0.1

35 4208 3-FA-1-TE 170.0 - 0.74 <0.1 -

36 45.06 1- /%85 4000.0 0.50 <0.1 1.79 <0.1 0.73 <0.1

37 51.04 -8 250.0 0.92 <0.1 2.46 <0.1 1.54 <0.1

38 55.83 |- f-3-B% 1.0 1.95 4.60 - 237 3038

39 56.13 -k B 3.0 0.40 031 1.00 1.57 1.14 4.87

40 60.01 13K B NF - 0.64 -

41 60.02 4 THIRTE NF - - 0.32

42 60.68 -8 110.0 - 0.53 <0.1 0.84 <0.1

43 6149 23-T =B 4500.0 - 0.47 <0.1 -

44 6422 W ekl B NF - - 1.96

45  64.84 277 F BF NF - 0.63 -

AR &

46 1137 2-THA 50000.0 - 1.64 <0.1 -

47 3934 2 - B 9.0 3.82 1.00 6.61 3.46 -

48 4675 2-F 1) 50.0 - - 1.65 <0.1

49 4761 1-#23-2-7 R N.F - 0.62 -

50 49.16 2,5- 2= NF - - 0.98

51 49.20 3,6- 5 R NF - 0.67 -

52 49.89 6-F H-5- & M2 50.0 - - 0.50 <0.1

53 5271 2- 1A 5.0 1.74 0.82 1.66 1.56 0.38 0.97

54 5542 8-F-Hii-2- B NF 0.37 0.91 0.27

S

55 5577 T 22000.0 - 5.18 <0.1 -

56 63.54 TE 240.0 - 2.34 <0.1 0.82 <0.1

57 63.67 4-FZKR T N.F - 0.36 -
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