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VOBSE G RIN — R — B3 — R —~ RWiE
— W — B HEEME—~ AHER - U —
AR — BEEAE — B
1.1.1 ¥k

N sk FRAE T 5 WV £t e b R P B — A P R ) s
i, M IEE I IEASER £ (5E 400 kg BOREAT A
FRAN 40 g, LRI 44%, BIVRINEZA S 7X107),
AAMWE 72°C, VIR #&FERIER Lpdir, 855
0.5cm, JiiEA 15~17g.
1.1.2 &(

LM LI SR LR 2R IR 648, 20°C INRIE A
# 1 em/(m” - h)o B 6 F— M (4% 100 g), 4t 180
ST AT o FESON A UK IR s 1 52 =
LSFE SR BB e LT k% (DZQ-50028B, I
WEEAS s A 0.1 MPa, 2SI [H] 30 s, #aEhi T 90°C,
PBE S s), DAbm RACEE, AAERRLY 125 mmX
334 mm Ui ALY (CERURE R R AR, A3k
SERJGBENLE 3 41, B 60 8. PR B
RAEE AN 1 he.
1.1.3 Bg/Eae

AL TR 400 MPa, 10 min; 600 MPa, 10 min;
FXTEZH (non-treated, NT 2H). 8 AL # 4 & b A3k
Bl EBT B AR LKA =] & 1Y) UHPF/2L/800 MPa /1Y
i R R e LAER N 700 MPa, JHEEEZ
50 MPa/s, HIJEHEZ) 100 MPa/s, A A A5 T
IR P TR] o A He A R 25 1 —~F B 3, AbEEHT
M 12°C, AbEE Iy 2 B TF, FHE 48 400 MPa il 20°C
Jifi, 600 MPa I 24°C ey, AbBRJG il FFK S 14°C A2
Ao SERE H E RAKIG SRR St 2 1 5t UKl 10°C 224D,
1.1.4 kb EREE

AL PR BORE S A TR T 4 CV PR, R YRR BRIRE,
oot B AT AT SRR, R AR PR RS R ORE . %
FRbR I B H [F 977 5, BRSO 3 A8 T I E
1.2 WEMSHR

A KR IR (ASNSERD, JCREUT
25 g, FABET 225 mL 0.1%2 F15R-0.85% 4L B Eh /K, =
BN THE KR P FEER, 280 r/min #EIK 2 min, — &4
10 AR AR e 4 AR ARG e 615 Y 3 MR
FERAT PO S, AR 2 NES, SR
B AE I GB4789.2—2003 (£ i DA AEY #v% M
Ry BEAT, THAERG IR A SRS B IR S 2 [ A
AR SCERITA T3 1,

1 WHEYIH KBRS MR M5 &

Table 1 Incubation conditions of spoilage microorganisms in
sliced cooked ham

AR Rk T B A ReRac
[RS8 B Jea B R 30°C, 72h!M
iR ¥4 T B Jea B R 7°C, 104
LR MRS B/l Oxiod England ~ 30°C, 72 h, XUz
o EEEEE e ) —
JkT B (VRBDA) JeatbibFRlE.  37°C, 24 h, X2

1.3 pH{ES 4w ENE
10 g BEIEER N 90 mL 7818k, WRATES, HE
2 min, K] HI9025¢ B! pH 11 (Hanna %5 ) MEFE
wi pH L, RRESBETAT o FE7KAMIE BE FL 8 0 A Ell e
i Aw {E(TH200 247K 53375 BED 52 43, i1 NOVASINA),
BEAFERBETAT
1.4 BiealE
P CIE (HPFHIAZE 2D & GB7921—1987 #iE,
K MINOLTA /A% CIE-LAB 4 [H#hta 211 (CR-400
CHROMA METER), ik Des T (030 6 500 K
PIEEIG), LAbrdESchs e, Wbl KR LHE (I,
RO PERIZEE ), a*E (Hunter A7 T a Bl(l, 1F3k
RFELA, FHACKSED), b*E (Hunter b5 b 4l
B, IEHAERE A, BRI ), [R]N) Ab BRI
I8 2H ) Mt e 22 2 {H TCD (total color difference) HEATF
m\[ls-lﬂ’ ;H\:EF'
TCD=[(AL**+(Aa*)?*+(Ab**"? (D
BRI 2 T VP & RO N T, B Z b 6
REH
1.5 BEIFEURKELZEREEE (TBARS B) ME
Z2 At -ie s, BAEWR: 10 g LREREE,
A 50 mL 7.5% —H LMK (7 0.1%EDTANay) ##%
30 min, XUZIEACEIEM K, B S mL E3SHIIA S mL
0.02 mol/L At [t L ZIR¥F M, 90°C/K¥H fiifk 40 min,
BRI (1 h), 1600 r/min 250 5 min, i
AN 5 mL A RIE, #ESEEI EER. 20
532 nm F1 600 nm LU, CWOE, RRESUCTATHE, 1%
N5 TBARS 18
TBARS=(As3— Ag00)/155%1/10x72.6x100  (2)
X TBARS— AR ELEL ZIRIA S5, 107 mg/g; Ass,
Agoo— £ 532 nm AT 600 nm &b 1R WA
1.6 FERMBRER TVB-NIE
% GB/T 5009.44—2003 (AL Pl A RRUER) 2
Wiy AT, R e E0EN R, BEARWTAT,
1.7 BETE
% Kotzekidou F1 Bloukas J5 18, HAE# 414604,
PR/l 6 M HA 3 U EENAIR A= AN 5
WE, FARITOG NET, BRRVEEAER 10 kT, s
IR IAE 22°C, AR gk AR S BEAT VP 52 N 53 il
—ASHATEE, VEE I R A IX
4% 3 Mb B E (AE S (NT. 400 MPa. 600 MPa), it
B DX IR s ORI 0 D) OB DY b 43 7Rt
FEM IS . AR, AR, T 5 ANEAREE TR
SN Py 5 Y 5 (Al excellent). 4 (R good). 3
(" acceptable)s 2 (Z£ fair). 1 (% unacceptable), Vf
SEFER: TSR R T, AR5 T A
JVRIR, SR BOH RSS2 ER AR . Y 3 Bl R (R
T D VFE A N NFE A IE G B I, XA B S5 0P E .
1.8 FitHih
B¥agiih K SASS.12 #E4T ANOVA B[R % 7 24y
M1 % Ducan’s 2 A (P<<0.05), LIHE HArEERIR.
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2 HBRE5HIN

MEMT X

22 M 1 R TR A R A S R E D) R KRR 4G
14 e AR b R MO E AR S Dl Bk
Uy o s AR BT FIT 25 552 14D 6 0 1T 380 S [) 2 5 (g 4 i
600 MPa, 10 min [FJ4bBE % {1 HE AR REWE % KAHFE D) Fr KR
WA AT B, SO SR AN R P R 2 D A
KEIRE ). MR E S, AR — B ) iR
AR, 2R BRI, AR IR TR R R A R B

2.1

JEWC o il RN RIS AE IR EAN ], IR K R
AH PG5 22 PQBHME TR, o Ho) 522 P B AT T 101 B it
XFIRAL (NT) WIAaT5 G B, Joh 4 o b
FURE (K 2), 2 HRKE LG 10° cfug, 26 4 )4
EF10° cfug (B 1. e RS, #5180 R H
ANFIREBERIAEIG (3 20, b, v iR v 1 A i A
BR8N fe o, 1 IR F IR R Rk B 95 2 B34 R A
TR, LR B A LU s, JG i8S 400 MPa, 10 min
A 600 MPa, 10 min XLFEHIA T 107 cfu/g 7730 .

x2 BEEAEFHEEY R ABREMAENSHEL

Table 2 Counts of spoilage microorganisms in sliced cooked ham after HPP

WAED B (ogio(cfu-g "))

Qb LRI FLRR i ¥4 1 Jt
yisE ) A yis2 ) A Lb T o YIS o i
NT 2.85+0.44 NA 2314023 NA 2.46+0.11 NA 0 NA
400 MPa 2.24+0.62 <2 2.49+0.56 <2 2.63+£0.76 0 0
600 MPa 2.31+0.72 <2 2.48+0.68 <2 2.33+£0.46 0 0
e NT: R4 NA: KKK

w W 10

2 s % s

3 &

5 S s

g 5

= 4 < 4

Pid) "

o2 & 2

" 5

0 1234567 8 9101112131415 0 123456 78 9101112131415
- gesist 1] / J& st 1] / J&
a. BETE S b. FLEREH
10 r 10

T8 w8 [£41/MPa

& 5

= & 3 % —&—NT

=1 2

é 4 éb 4 —8— 400

s = —&— 600

T 2 £ 2

E S

1 23 456 7 8 910111213 1415
Wit 1] /
c. i

A1
Fig.1

%

MIEA GRS TR, FLIR T £ 5 B AR D)
Fi R BB TE AR, /D053 10 W FF R R4 1 AR 5 4 Pk A7 1
I FFFTUE S 7 it J WS 5 5 4 0L, iy 30 »
FE LR A AT B AR, PP A Kok, 25k
S KM ((4.64+0.87) logye cfu/g), B )& HUE &M
D o e s A S A A VA A2 BN AR o, R
HAEIR K — BRSO N b TR (<10* cfu/g).
THIRTLIR AV JARR D, AR 5 H A K20,

1 2345678 9101112131415
st ] / R
d. ke

A EAIL G 4 CIRITAR TR B R OKRRAE A 4 0 T AL
Changes of microbiological counts in sliced smoked cooked ham during storage at 4°C after HPP

FEAR K — B A AR T 107 cfw/g/K T, 2 JR S8R 1
K (B & R A R A HI 5%, 400 MPa,
10 minALFEAIHIA 65 2 A, 600 MPa, 10 minkbFE K512
Jil, AU IRA A RIS 3K I H, 4400 MPa
FRAC IS, WA R LR B AR S, ik E]
) 5 R O  JEURAR A 3 KA. (1) . 600 MPask
SRR N o, AN LR AR T 107 cfu/g. 2K
ABAIP) &5 S BAE XS i V4 i 6], 600 MPalt) i J) A i V4
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— BEARFELEAR T10° cfu/g/K o
2.2 pH1E. Aw{EXK TVB-N{&
AL, HHEE D) A kR pH {23 EFH(P<<0.05)
(K 2). R B T LR A K= %5, pH (AR
RS (B 3). NT 4 TR0, 7ehi 3 42k TR
FH T e OO FLBR R R, v R AR ERZH pH T Fr2ETe,
400 MPa 2155 8 JH &) R B% (P<<0.05); 600 MPa #4155 10
JATFUE T (P<<0.05), X HE 1 h LR I A K BT
BAHVIA

6.5
L TT O wa
m 6.3 5 o
- LI ERAs
6.2
6.1
60 1 1 1
NT 400 MPa 600 MPa
ibm

B2 BGEALESIAER KR pH AL T
Fig.2 Changes of pH value in sliced smoked cooked
ham after HPP

2009 4F
6.4
6.2 71 /MPa
60 |
—e—NT
w58 |
E 56 | —B— 400
54 — & e
52
50 1 1 1 i

0123 456 7 8 9101112131415
s ]/ Jl

A3 4CE@idsad |y R KR pH A6 Tk
Fig.3 Changes of pH value in sliced smoked cooked ham
during storage at 4°C

TR HHEE D) K Aw (T TVB-N {H 50 L&
3, FEMEETE ARSI, KA BT 4w {H 5%
WA EE (P>0.05), HiE[TE, HIJAE4 TVB-N
HARNAEZE (P>0.05), fEXFME, &AbBA TVB-N
AR a5, AL ERZLET 4 J5 TVB-N {5 MM T
R (P>0.05), % 6 JiJTFih R Lt (600 MPa 41)
(P<<0.05), FFHRFELEIRAIN . WA NT 44 TVB-N
HHIL T W& RS (P<0.05) (R 3).

R3 BEELERKE ACEEIEFEEY R KRR 4w {EF TVB-N ERIZEL
Table 3 Changes of water activity(4w)and total volatile basic nitrogen(7VB-N)values in sliced smoked cooked

ham before/after HPP and during storage at 4°C

Aw TVB-N
TR N 150/ )
NT 400 MPa 600 MPa NT 400 MPa 600 MPa
0 40.982° 20.986° 40.980° 22.52+1.18" 42.85+1.76% A2.21+1.46%
IR NA 40.983° 20.984° NA 22.82:£0.94% £2.24+0.73%
1 NA NA NA 1.85+0.44° NA NA
2 40,984 40.980° 40.979° 41.95£0.61° 41.85+0.84° 41.85+0.44°
3 NA NA NA 2.14+0.93" NA NA
4 40.981° 40.983° 40.978" 42.53+0.93" 41.4620.58° AL.17£0.29°
5 NA NA NA 4.18+0.12" NA NA
6 40.980° 20.979° 20.979° £5.54+2.34" A6T1£1.17% 23.80+0.51°
8 40.983° 40.978° 40.982° 49.14+1.95" AB6.81£0.33" 55.64+0.74°
10 40.985° 50.968" 40.983° 27.78+0.74 49.24+0.88° 55.64+1.21°
12 40,978 40.980° 40.979° AB6.32+1.18% 48.7621.05° B5.64+1.50°
14 40,975 20.979° 40.982° 54.87+1.94° 55.25+1.27° 27.98+0.33
e NT: RACHE, NA: KEE; A—B: AT FAAARFEEAZEREZE (P<0.05); a—c: A EFRARFE N2 B2 (P<0.05).
2.3 BT -
K4 NBAEIAIHED] KR L*, a*. b*F1 TCD 8
MRS HEIERTE, #ALEAL L*, o b AR g W
8# (P>0.05), 400MPa 4171 600MPa 414k i i 44 (4 g 0% W
P TCD AE%IN, 731 0.23 A1 0.51, 138N 0.15
W, SACFRA L*. a*F0 bEAAIRE BN, Ry ab R 0.10 ' . |
XTI Y) A KR EEERE AN K o HEANEC A, NT 41 NT 400MPa 600 MPa
TREYE WS ) TCD A8 A B35 i e Ab R K 4b

2.4 TBARS {HET{k
W AT G, S A ERZL AN EE D) A Kl TBARS {HAZAEAS
BF (P>0.05) (K 4),

B4 ARZHELEZAEMED R KR TBARS 869 R AL
Fig.4 Changes of TBARS value in sliced smoked cooked
ham before/after HPP and during storage at 4°C
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Table 4 Changes of colour parameters in sliced smoked cooked ham before/after HPP and during storage at 4°C

&g L* a* b* TCD

IR )

/) NT 400 MPa 600 MPa NT 400 MPa 600 MPa NT 400 MPa 600 MPa  NT 400 MPa 600 MPa
0 A65.12+1.84™ A6427+134" ,64.97+2.04°  A17.1241.62° ,18.27+0.94° ,17.9743.02°  ,5.46£2.11° ,5.92+1.56° ,5.13+1.46°
mIE G NA A65.01£2.46"  £65.11+3.01° NA A17.0122.46°  418.11+2.11% NA A5.53£1.58% A5.24+173° 0 023 0.51
1 NA NA NA NA NA NA NA NA NA

2 AG5.64+2.87%  AG4.68+1.44" A64.14£122°  A17.5442.87° A18.68£1.56" 18.14+222%  ,4.95+3.61° ,5.85+3.44° ,5.14£3.93" 084 173 0.98
3 NA NA NA NA NA NA NA NA NA

4 AGAATE2AI™ 562.89+3.37° A65.12£2.12°  419.46%2.14° ,p17.89+3.67° 517.1242.54°  A5.53£2.93° ,5.46:1.54" ,5.17£3.29° 232 2.00 1.41
5 NA NA NA NA NA NA NA NA NA

6 A6T.06£1.55" 6634234 465.01+2.15°  A18.06+135% A19.34£223" A19.01:241°  ,554:234" A5.71:1.17° ,5.18+2.12° 294 375 1.89
8 6216127 A64.12+024% ,64.2443.01°  A17.16+1.56° A18.12+4.26™ ,18.24+4.10°  A5.14+1.95° ,581+3.33" ,5.64+274° 500 254 118
10 Ap63.52£2.73% 562.22+2.56" A64.11£0.78"  417.5242.73° ,18.22+2.14" ,18.11+0.28%  ,6.78+0.74° 55.24+1.88" 55.64+1.46° 2.16 1.99 0.18
12 A66.19£0.11°  265.89+4.06° 465.23+4.90°  A19.194021° 517.89+4.23° ,518.2844.96a 5.32+1.18" 5.76+1.45" ,5.64+2.50° 347 3.72 1.13
14 62.30+0.46™ A64.11+3.18" ,563.34+2.67° 41830£0.47" A18.11£3.22° A18.34+2.88"  4.87+1.94° ,55.25+1.57° 46.98+233" 4.02  1.86 232

W NT: RAPE, NA: KKK, TCD=[(AL*’+(Aa*’+(Ab%1 A—B: [T FEEAF TR ZER B (P<0.05); a—c: [[F]_EFRA T BE R 25 i

% (P<0.05).

2.5 BESH

e AR B JS , TESEATTIAVE E AR AEXT 400 A1 600 MPa
A IX 4y, oA 5 AEPEE A BLIA A i s AL B LA
TR A, R SRR ZRAK, B Bl e I ) () S K
P58 0 45 A B AL (1 X 43 35 B 5 A o 28 WP J8 NORE
5 o IR, NT. 400 MPa A1 600 MPa 2H 34 i 317~ 12 «
PERRKAS LG, WS A RS 24 10 BT 12 KT
PREm L. BN R, A A ER Y B AR A AN
B, TR RN B Rk oE . e A B X R B
IR K BB BER T AR /N, SRR R 14 A2 4k R o T
WEMIET . 5 Mor-Mur (IRFFTAIA], i s AL B 5 R
RILEER s, B 5 T4 A B R R B AR e,

3 W’

TR s XS Bt R A A P U G AR R e AT
71N, BRI ey X DAY Sl it g Tk A 0 £ 490 ) 17 10 L % i
SRR TR e 2 o PR SRS T 7 il s 1) B 1y Ak A=
WAL — s MR ER, ERN & s iR, X
TR VER— B =, Brs R IR A I St A AR 15
St o BRI, KR g e He A 215 A PR L i L )
ALAE I ()it i A FRAR LY, i Riefr 0 50 A 5 RN s () 484k
BN, Brek, MRS R RIA R P ST, X ESEA
I s i o5 R S T R o L e M,

10 R IR T, — e A, R RN
il i (cooked meat products) I A= 40 J55 WO bR HE YRR 5 7E
6 log)o cfu/g?!, A # KL MTAE 7 log)o cfu/g P, 4k
M4 GB/T 20711 —2006 (2 KHE) K GB2726—2005
CRAPI S BAERRUEY B, P AR
BAL T 10* cfu/g. FET b, AHFIE L E DL 7% 25
10 cfu/g b= 1B CRR » 1o i AR FRAH S5 P AE e — R
7 HH It PR R DA I R

WG, EAR A E A e &S L T %2R W
FEAEVESSMG: Pogh. kA, MR, ARiM, AILL NT 412
FAET B WO S, 400 MPa 4071 600 MPa 2H A% 5 4

PedE TR — Bl A R . BIFSUESE, X
EIAVE AN — R SRR K, v ibE 1%
KFIAHIIE FAAAE R B, U0 A 22 FCBH P R
ot — B AME S, 2O X Rek B AR KB Re
71, SEUBW RS2, A5 A v s A B0 R B0 1
ARAC— B I [ PR 4l A A0 A8 i 9 LA % 7 8 S B 19 O ] g A
T A SRR (IEHEEDD RS B3R (AbFE
Jei ), AR A F R AN R A A e s AN R TR R AL
TSI, R, R 2 iR, XA H R
KA HIAGE R IR0 VR o W DA 2 12,
e s A B AR T A% i R TR R TR O A (SSOD,
MR Tt SSO 51 IIZZE = M R E M. BT 5T
UEST, B AR ) A 2R s R W 1 e 22 1R
P S E % JE TR, X PHYE, A, BPE
e g A E R R WL ) R AR HE, Fh 2 A= R e
WARBEMAE R AT, SEU™ MBI,
EjRuiz-Capillas WF53HH R, X050 R, @k
AbHE S AE S pHAE B3 FJF (P<<0.05), 400 MPa4lfil
600 MPaZlpHAE - FH{E 4 51°50.07F10.11, ARG H
FRIE 5 P AN 2 B0 FA) 6t pHEL O AR A 12281, o £ 1A
K PRI R D A BERF TN, I BB R R A
SR VR, L) ()RR VR A A B IR, Refg |k
pHA K 1 FHP20 JHER ) K B 25 L AR 68 ~T72°C,
J& TR A, B TS FE AR, pHAE M BT AT fED
H s 306 5 A7 AR AR Pk A R PR A R s o o B
HHpHAE 728 4, = 2 52 21 FL IR R A = 2 FLIER ¥ 52 i,
SVA RN EEE A AT R I RNZ T K o B R
WA 2%, X 5 Rubio IRFFTAI AT, KnorrZEiF 5T A A
MAWEET0.95 L NI, A A Ak T — PR IRAR S
(dormant state), I Hs 4 oI5 6F s 5 PR TR 52 P 4 1 i 32
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Effect of high pressure processing on refrigerated shelf-life of sliced
smoked cooked ham

Han Yanqing®, Zhang Qiuqin’, Xu Xinglian'*, Zhou Guanghong®, Xu Baocai?, Liu Junchang?
(1. Key Lab of Meat Processing and Quality Control, Ministry of Education, Nanjing Agricultural University, Nanjing 210095, China;
2. Technology Development Department, YuRun Food Group Company Limited, Nanjing 210041, China)

Abstract: The objective of this study is to evaluate the microbiological, physico-chemical and sensory properties of sliced
vacuum-packaged smoked cooked ham after high pressure treatment and determine if high pressure processing (HPP) is a valid
preservation method to reduce the growth of spoilage microorganisms without modification of its quality properties. Slices of
cooked vacuum-packaged ham were submitted to high pressure treatments at 400 and 600 MPa for 10 min at 12°C and then
stored at 4°C. Counts of aerobic mesophiles, lactic acid bacteria, enterobacteria and psychrotrophs were determined 0, 2, 4, 6, 8,
10, 12, 14 weeks after treatment, respectively. In addition, TBA, colour, Aw as well as sensory analysis were performed at the
same time on the treated and non-treated (NT) slices. It was found that HPP caused a degree of microbiological inactivation,
which increased with pressure level. The NT samples proved to be spoiled by lactic acid bacteria (around 10° cfu/g) after
2 weeks of refrigerated storage, while the shelf-life of those submitted to HPP of 400 and 600 MPa could prolonged to 8 and
10 weeks, respectively. High pressure treatment inactivated lactic acid bacteria at a rather low level (<10* cfu/g) for a long
period, Enterobacteriaceae were detected below the detection limit during the whole storage period (10° cfu/g), and the initial
competition abilities of Psychrotrophs and Enterobacteriaceae were lost after HPP. the pH values of the sliced cooked hams
were significantly increased after HPP. The firmness of pressurized hams was decreased a little, no other changes were found
in sensory parameters after HPP and during refrigerated storage. The application of HPP on meat products after final packaging
is an efficient method for delaying the growth of spoilage microorganisms in sliced smoked cooked ham and extending the
shelf life of the pasteurized cooked meat products.

Key words: ultra high pressure processing, physical/chemical properties, microorganisms, sliced cooked ham, shelf-life



