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The Variation Characteristics of the Volatile Markers and Its Relation
to Growth Status of Staphylococcus aureus Growing on Cooked Meats
HU Kai-li, CHEN Juan” ,TANG Jun-ni, DAI Yi-chuang,ZUO Zi-zhen

(Southwest Minzu University , Chengdu 610041, China)

Abstract ; To explore the influences of different meats on the volatile markers of Staphylococcus aureus contaminating on cooked
meat , headspace—solid phase micro—extraction/gas chromatography—mass spectrometry ( HS—SPME-GC/MS) was employed to
measure the background values of three cooked meats( pork ,beef and mutton) and production regularities of volatile markers of
S.aureus growing on meats.The growth of S.aureus was determined by enumerating bacterial cells.The results showed that all of
three cooked meat were detected both 3 — methyl—butanal and 3 — methyl - butanoic acid signals, so that the contamination of
S.aureus on meat could be judged by the detection value obvious above meat background values.For S.aureus growing on these
three cooked meats,the 3—methyl—-butanal signal increased significantly (p <0.05) at the 12th hour( corresponding to 1~3 x
10"CFU/g) ,then it showed an increase up to the maximum with a sharp decrease.The 3—methyl-butanoic acid signal increased
significantly(p <0.05) at the 14th hour( corresponding to 0.7~2 x 10° CFU/g) , then increased continuously during the whole
incubation process.And the correlation between 3 —methyl — butanal intensities and bacterial counts of S.aureus were extremly
significant during 0~18 h,also the correlation between 3—methyl-butanoci acid intensities and bacterial counts of S.aureus were
extremly significant during 0~24 h(p <0.01).Therefore , the increasing of 3—methyl-butanal and 3—methyl-butanoic acid was
detected while the bacterial cells of S.aureus reached up to 107 and 10° CFU/g respectively. Subsequently, the two volatile
markers were stable and significantly correlative with bacterial counts of S.aureus during a certain period of incubation. These
results provided foundations for the establishment of the detection of S.aureus contaminating on meat based on volatile markers.
Key words: headspace — solid phase micro — extraction/gas chromatography — mass spectrometry ( HS — SPME - GC/MS) ;
Staphylococcus aureus ; cooked meat;volatile markers ; bacterial growth
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1 #RER=E
1.1 #RENEE

SO BR T S B ER Staphylococcus aureus
ATCC 6538 v [ TV ik A W T A A g A8 B v s
( China Center of Industrial Culture Collection) ; JIEZE [
K . A7 ( Tryptone Soy Broth, TSB) #3534, Baird—
Parker( BP) ByfiE ELfili IV Ff AR R OF B0 G AR H
A v A ) B R BR A R 5 R RS I IR L A ok 9
W LCERDE P (WL 2~ 3) AR A A iy T AR
G 8 A PERI S F

Trace DSQ %I GC-MS BX A{Y (i & Triplus H 3
HAERR) 3£ Thermo 24 H] ; MOF-4086S Ikl VK4 .
MLS-3020 & EZERKEH  HA=IAHE;SW-CJ
—1F @S TR TR RS ARG R 7 s DHG
—-9203A RLPVEIRSITHRFE LI ERHA R
F]; GHP-9280 [R/K=UIHIRIEFRAE il R#AL
5 A BRAN A HZQ-F160 1HIRRFH G FRM  REeThE
B BAT) 350/30 pwm BRS3 T LR IR U Rk
%A, %E ( carboxen/divinylbenzene/ polydimethylsiloxane,
DVB/CAR/PDMS) #Hxsk  ZE[E Supelco 23 H],
12 SKBHE
12,1 JFURMA Y FAL B 0 SE 9 AR 9 1Y L 4R OR
95 PR RIS TR R 28 A MLEE R I, 43 R RS 1A) JBE
A BEFNE P BE 5.00 g & ATRASI b, (07 P Ak e 28
O, & m I EZE 71K H (121 °C L 101 kPa, 15 min) J5 ik
AT A 50 CTF 4R 20 h, FIHN A FESLJC VT
W, 453 JC B Y 2R RIS i
1.2.2 FESRAYT A
1.2.2.1  BEBTASEAES  SRAETAS (R SR AR AL 1 5%
A 20 43 (6 1y HUEF R 4 o RTBR A 4 1 S5 iR Y .3
I ETIC AR 3 G HEMI A ) ARSI A 20 153 (5 1 2%
A3 AE R 2 Gr AN 3 a1 T L1
GrEs A 1 Oy LA P 1 TS N .2 ) BT HR IR A 1
Gy IEMIR) EAG I ) 20 3 (3 = E 5 R .7 15 E iR
A2 R 2 RN 3 M EERA L BEERA
A1 Gy 2EHER) |, S TRAN PR SS AE Sy BE AR AR A .
1.2.2.2 S O EERETS QAR RS B O
Ze PRV R PP R SO L 3280 A5 mLL TSB ¥ 37 55k
(37 £1) °CL,200 v/min 54 F 55 13 h,
o PR L — PR 40 €24 7] 45 TR TR 5% 92 MR AE BP P AR I
RILL, T(37 £1) CHEMTHEIFR(24 £1) h, HE PR
AR BT A T R IR A SRR A . PRICELA
O A ER T LAV AR 1Y BB V5 2 A 5 mL TSB 8%
FRFHd ,F (37 £1) °C,200 v/min £ F 1538 13 h,
SRIG , 5 200 B RS IR WEAT B BERR R 25 1077, W B
10 "B 300 L 43 B A 5.00 g ARSI BE (AR A
BERNAE RIBE Y, 0] dh 422 R & 3k F 100~200 CFU/g,
T (37 £1) CHMTHEHELEIR 24 h, 52 h BUE
SEFRE KRR I W) FI 4 B (0 4 24 IR 09 2R K B, 4
I TE] S 3 A SPATRE M o LA 4 B 4 40 A 1K
TR PR D 2 VAR O, R T PR A2 1
1.2.3 3R MEAET ™ P 5 I E
1.23.1 FEHEM RAH 50730 um DVB/CAR/PDMS
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ZEELL , 7E 80 °C AL 10 min, #HX 30 min™ |
1232 SAMEESPT M TR-FF AP @i k¢
(30 m x 0.25 mm x 0.25 pm) ; NIFHER, N7
I min ZJ54r3 bk 50 0 15 1 mL/min; FHiiE 72
J¥:40 CA%45 3 min, L 7 °C/min FHEZ 220 °C 44
2 min; ZRACHN 99.999% S HERR IR 230 °C
fFE Iz sF (A 2 min'™

1.233  JigoaMr s TR R, BT
70 eV BRI EE 250 °C 5 &R £iiE BE 220 C 5 e
B m A= (SIM) , S8 E 1,

R OEFETRAMS

T

2 AIEA TR LY AR A LS

Table 2 Survey results of the signal intensities of

volatile markers from cooked pork

Table 1 Selective ion flow scan parameters
P B[ . BN R
ﬁEEIAj-j g Rl R
(min) (amu)
0.00~14.99 SIM 86.71 41 43
15.00~30.71 SIM 60,87 45 43

WA TR 3- TR TR TR 3- R TR

124 S OEARE A KBENE ¥ 5.00 g kB
an A 45 mL AR BEER KA RS, FR4S 10 5B AR R 2 0E
BRI RERE , SR FH VAR BRI T 280k A AT A 3 0 A 26
BRVE A R B 0 2 o B B[R] S A 3 A SR AT R
i, AT PR IR A
1.3 HELE
1.3.1 ¥ & PE A 92 4 ma N 5 B
Xcalibur 2.2SP1.48 {43 45 AR ic 4 i 06 1w B, X6t F
%Aﬁlﬁélﬁlﬁ] i, FH 4 60 7 2 RS YRR S Y 0 TET

FUEFNER RAEZS MBS , PRI E s i 25, FH
Excel 2003 2 il #% K PEbR iC W RO EE I
132 G afaeRe A RKRBE e BRER)
(7] A5, 4o €0 AT 26 1K TRT A R B0 SR ST B9 AR T i
2=, i Excel 2003 £ il 44 o AE K AB ALK
1.3.3 S (4 BRI TEAS R 2AE I 5 R bR i
YIRETCS AR A AR G ME SR SPSS 18.0 X 15 37
o A A A R A BR B 1 AR K AR S R MR e
mi] N7 5 BE 2 [A] 48 Spearman AHIG43HT,p <0.01 FRIR 25
SRR ,p <0.05 FIR 2R
2 HERE5HH
21 =MREAERARBPELER

I8 T R TR L 25 TR 35 TRVRE L 281 oR B AN [\) oKk

PERIAS RIS AL , B 5L 3 & AR e W 5 5 i A4 R
FHIE] . H5 PARESH A 3— H L T (5 S amEE /N T 5 x 10°
counts x sec,3— H BT M5 S im B 5 3 BT AL T g
FHIE , /T 4 x 10° counts x sec ( W32 2) 5 4= RIEE M 19
3T EHEF SR E/NT 2 x 107 counts x sec,3—
FT R E SR /NT 6 x 10° counts x sec( L3 3) ;
SENPES Y 3— T 3L TS S9N 3 x 107 counts
xsec,3-H I TR IESRBEH BT 3-HF T
B, /NT 4 x 10° counts x sec( W5 4) . 53 &b, ZEK I
Y 20 A28 PR AR 5 dh A A B LA AR S Y 3 - H
FET S SR T 107 counts X sec, 1Ml 7E KU () I
ARAEEES T 3 - T B S WEH/NTF 107

counts X sec,
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i i34 Thermo

3-HIETEE  3-HETm®
SREEEROLL  REEHLAL gy (G5B
(counts x sec)  (counts X sec)

B 1 B ERRE 1.51 x10° 1.46 x 10°
HifE 2 SEE R 538 x10° 2.88 x10°
Jalk 3SR ERM 5.61 x10° 3.08 x 10°
kg 4 SFERM 3.62 x10° 1.61 x10°
Jalg 5 SERERM 1.72 x 10° 1.68 x 10°
J5 1 S 937 x 10° 4.01 x10°
iR 1 S 6.84 x 10° 275 x10°
B 1 S 9.18 x 10° 5.05 x 10°
A2 1 ST 1.76 x 10° 2.56 x 10°
e 1 S 236 x 10° 7.62 x 10*
B fEFIJE 1.50 x 10° 5.63 x10*
A2 R G 1.84 x 10° 4.55 x 10*
=i fEFIE 1.70 x 10° 7.18 x 10*
e R G 3.56 x 10° 1.17 x10°
R R G 493 x10° 1.01 x10°
TR R 4.09 x 10° 5.48 x 10°
HEERI 2 i 1.73 x 10° 230 x10°
GBS 2 S 1.55 x 10° 1.68 x 10°
HE 2 ST 1.45 x 10° 2.85 x10°
JEEAG 2 SR 530 x 10° 1.46 x 10°

*3 BAENTPIRICYA R AL

Table 3 Survey results of the signal intensities of

volatile markers from cooked beef

ThE 3-HIETRE 3-HET IR
A KA HiL A, EReaiidia EReELdia

counts X sec counts X sec
! ( ) ( )
JN4 2 ST 1.55 x 10° 434 x10°
JN%2 2 ST 2.57 x10° 7.94 x10°
45 2 ST 1.82 x 10° 9.94 x 10°
2R il 2 S 1.19 x 10° 1.77 x 10°
2 i 2 ST 1.20 x 10° 1.27 x10°
A 2 ST 1.12 x10° 8.14 x 10°
45 6 S P 1.32 x 107 2.59 x10°
K& 1 6 SEE AN 2.83 x10° 9.88 x 10°
N2 6 SEERAM 1.30 x 10’ 3.87 x 10°
J5 i 6 B-F B R 3.07 x 10° 7.99 x 10°
N 1 ST 275 x10° 2.95 x 10°
=gl 1 S 1.39 x 10’ 2.73 x10°
Jei i 1 S 1.51 x10° 429 x 10°
FIH 1 S 1.36 x 10’ 9.21 x10°
BH 1 ST 9.05 x 10° 1.28 x 10°
4 7 SHCE P 5.45 x10° 8.32 x 10°
GBS 7 SHEE P 2.80 x 10° 4.88 x10°
AR 7 SHEE R 2.01 x10° 1.14 x 10°
Hij AR 8 St 247 x 10° 5.55 x10°
[N 8 SHLE A 2.43 x10° 2.94 x10°
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Table 4  Survey results of the signal intensities of

volatile markers from cooked mutton

Tk 3-HRE TR 3-HET R
A KA H A ERcEiEA fFEm
" (counts x sec)  (counts X sec)
1 L SHOAERAR 217 x107 1.08 x 10°
2 1 SHLARAR 118 x 10 4.87 x10°
3 1 SHIARAR 6.79 x10° 436 x 10°
FBET 1 BHOLARAR 1.51 x 10 8.01 x 10°
FhE2 1 SHOVARAR 1.03 x 10 8.90 x 10°
FERE3 1 BHOLARRATR 933 x10° 6.52 x 10°
L 1 BHVARAR 1.22x10 6.14 x 10°
B2 1 SHOARAT 9.89 x10° 4.81 x10°
Fh 9 SHEE P 3.65 x 10° 3.63 x 10°
FE1 9 SHEAM 1.87 x 10° 1.85 x 10°
X2 9 SHEAM 1.17 x 10° 1.15 x 10°
i 9 SHEE P 1.08 x 10° 1.06 x 10°
Fht 9 SHEE P 5.47 x 10° 5.24 x10°
*J8 9 SHLT A M 1.36 x 10° 1.34 x10°
Y 9 SHEE P 8.04 x 10° 7.82 x 10°
FHE 9 SHEE P 427 x10° 4.04 x10°
FHE1 10 SEERM 8.77 x10° 8.54 x 10°
FHE2 10 BRER M 7.52 x 10° 7.29 x 10°
EBE3 10 BRER 4.11 x10° 1.03 x 10°
X84 10 SRE R 3.85 x 10° 6.74 x 10°

22 ¢HBHAKEEARERNERPELERID
MBRERSEEERKER

2.2.1  BE A T L £ R 45 BR TR R PE AR T BRI
SEMAAERENR T S A RS Y 3- B S
T ZF SR 1.76 x 10° counts x sec,3— 1 H T iR
[E5IREE R 2.56 x 10° counts X sec, TE 52 2 J% P AN
EHIE LA . B 1 AT 5, 4 (095 45 BR 8 7F 2%
P EAEACHET 37 CREFRZ 12 h B 3- L T e
U S (p <0.05) , 2] 18 h i, 3 - HEE T (1 2R
FHR B 18 B 5 R{H (2.22 x 107 counts X sec) ,18~24 h,
3BTRS SR BE IR RN E 0, 3-F R T IRES
WFRE 14 h B E R B EH I (p <0.05) , Z J5&
W Tl , HZE 24 h iK% 2.48 x 107 counts x sec, FEIK
A IEFR R, 3 - BT B A S A B[R] B LT
3-HET MR, 3- AT RS 5N 2 m KREE
U B 0,11 3— FF LT 1R Y (5 5 5 3 S R s 1
K, R 2 7o, fERUER F,37 CTFa&mad
P ER G X EAE A I AHE 2~ 14 h Z[H], Z )5 # A fR
W, AR A KB AT LA E] 1.75 x 10° CFU/g,
2.2.2 AR P P B 0 ) 4 IR R AR 1O B
LN T A A RS Y 3 FE R
T EE R L 2.75 x 10° counts X sec,3— B 3L T iR
15 5B EF & 2.95 x 10° counts x sec, TEFE 3 £ R AJE
{EFEBEI RA . m & 3 T 50, 45 o6 607 2 3R i 7E S AR
P EAEACET,37 CHEFE 2 12 h 0,3 - FH 2T 91
EIREFEH K (p <0.05) , 3] 18 h A 3 F AL TR
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Fig.1 Release of volatile markers of

Staphylococcus aureus growing on cooked pork
10

o

SO A ER B
K HE (g CFU/g)
S =N Wk AN

0 2 4 6 8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6
IR [ (h)

B2 BB A b (R A BRI A I L

Fig2  Growth of Staphylococcus aureus

growing on cooked pork

ZURHEE BE A B 5 (B (4.48 x 10" counts x sec) , PA 18
h F)| 24 h, 3 HURE T R Y5 B REAIR 22 0, 3 HTBE
TRUESEFEE 14 h I HIREREEHERK (p <
0.05),Z 5 & #r I Ft, B % 24 h 55 3.27 x 10
counts X sec, TR NG IR, 3 - 3L T RS
SR B R IS T 3 - R TR, 3- R T IS
RN E R REERE TR O, M 3-HET®RM
FomERFrE KB, B4 T, EAGF T
b, S e A ER A 1 X B K27 2~16 h 22 JH],
ZIE ARG E M, e AR AR AR K AT PLIA F] 1.96 x
10° CFU/ g,
50 .

ERepi s

i)
(X 107,countsxsec)

PER AR

. E) 2 4 6 8 10 12 14 16 18 20 22 2426
I 18] (h)

3 2 A T B R A BRI R AR IC ) I RO A
Fig.3 Release of volatile markers of
Staphylococcus aureus on cooked beef

2.2.3 BRSPS OO A BRI A MR RR IC W BRI
SR AT 0 T A N A AR Y 3
T E TR R 3.85 x 10° counts X sec,3— B 3L TR
(ZEIRPE S 6.74 x 10° counts X sec, {EF 4 £ RAIASK
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O =N WA WU 00 O O

0 2 4 6 8 lb 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6
8] (h)
P4 s A 4 B A 2 R R 11 TR AR AR L
Fig4 Growth of Staphylococcus aureus on cooked beef
{EE I AN . i I&1 S wT 0, < 8 (04 4 BR TR 7 20
W EAEIET,37 CHEFR A 12 h B, 3 - FE3E T B
OB EH K (p <0.05) , #] 18 h i, 3— F LT HERY
SR FH G 35 3 i R {E (8.05 x 107 counts x sec) , \18 h
F 24 h,3— HRL T A 5 BE TR PR AR 0, 3 - HT Sk
TRAESHFRZE 14 h i), ISR 2 FH K (p <
0.05),Z )5 & W L7, B ZE 24 h 5% 6.33 x 10’
counts X sec, TERFFRLI R, 3 - W B T [ 005 5 4G
W A 5L 3 FRE TR, 3 — HH L T A {5 A iR R 1Y
P KA R R PR A 0,11 3— H L T R S S 5
FEAE 24 h NFFEei . B 6 wIHL TEGE N L &
T (0 4 BRI B0 RO R 297 2~14 h 28], 2 )5
PEA TG W, B 2 0 AR A= K i m] L) ik 3] 2.84
10° CFU/g,
9,

—— 3-SR
——3-FRT R

ST

[

N

i
(X 107,countsxsec)

S = N Wk O

FERNERR

I T (h)
5 G A D A B A BR A HE R MR O A W RO

Fig.5 Release of volatile markers of

Staphylococcus aureus on cooked mutton

—_

<G T (O 2 TR

K H i (1g CFU/g)
O = N WA WO DO O

0 2 4 6 8 1012 14 16 18 20 22 24 26
it i (h)
BI6 3T A v B (0 2 B R A I
Fig.6  Growth of Staphylococcus aureus

growing on cooked mutton

224 SEFVERRICH H B R R 2 B OO I Y < v
AR BRE AR08 B L ~ & 6 mTA, 7533
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T

AT, 3- T EEE R 3 (p <0.05) BER X R 11
SO 2 R A K Bk g 2.68 x 107 CFU/g,3- H
I TR T R G R I 11 A 00 4 70 BR PR AR R B
oA 7.35 x 10" CFU/g, TEZAE A TR, 4 o (oA 4 Bk
WA ZE 1.67 x 10" CFU/g B, 3— H 5L T8 H H30 5 Ik
RO, 4 B €0 4 45 BR B B AR 35 3] 1.85 x 107 CFU/g
B, 3- LT IR BB B O . AR E R 3 - FE AL
TR R YR R A o N ) 4 €0 A R B 2R K B
A1 1.25 x 107 CFU/g,3— H 3L T 2 i Ui 35 (p <0.05)
BT N Y A 00, 7 A BR P 2R KB Sl 8.65 x
10" CFU/g, 0] UL, 4 4> o 6 45 45 3R B 4 K 5 5
10" CFU/ g} 3— B 3L T (s 5 AT g B AG HH , T3 —
HTRESNFEEEOHAHRE K T
10° CFU/ gt} A 7T B S A5 5]
23 SEGHENAEABRBTAFELMEIRIZY
BHESEEERKBXSHT
K 4 (0 R 2 BR B TE B T BRI R GE

PIHREFE 18 h Zf5 ,3-H 3L T ME SR A W 3
FEAIR(p <0.05) ,£FXF 0~18 h BrgEid #, &3] 3- H
FET NS5 0R BE  40 vA PA AR A= R B = TRl 3 5 A
WA (p <0.01, W 5) . 7 0~24 h FEAFEFEd
B K 5] 3 B L TR i {5 S 0 BE S A TR A AR 2R
KR 22 ] ) A 3 AHOCE (p <0.01, LR 5) ¢

5 PR P A B O AT ER A R R

PrRicH 5 A A Y Spearman AHG 2 5L

Table 5 Spearman correlation coefficients of

volatile markers and bacterial growth on three cooked meats

I BN HAER
3-MEETREE 0888 0.813" 0.888 "
3-HEETHR 0920 0.920" 0.920"
e o FORZESME ,p <001,

3 itig

A W T 3 - R T R T EM S
JHR PAY (4 S XU % 43 22 — . Takakura 25" % ] — 2,
Tk A% B 435 6 A 0038 51 335 40 4 TR B4 XUBR 3 T3, 45
2| 3— B LT PR S X A PR UK AT B BT ik i 75 A i
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