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2.1 iKFH

% ah . KCL(1. 10 g), MgSO, » 7TH,0(0.71 g),Na, HPO, « 12H,0(3.77 g),CaSO, * 2H,0
(1. 00 g),CaCl, (0. 86 g) FFHBEMR (2. 18 g) , FLHH (52. 00 @), HZE/K (1000 mL,pH 7. 0) , FH ¥ £L 3% B i
ik SO/ T IR - I v A i L O W w72 11 B3 /S B s o T2 [
2.2 E#

GO H BRE (Staphylococcus aureus ) ATCC6538, W T o [ Bl 27 B S A 75 T .
2.3 BEHFE

BEIRWIT IR B IR 3 SCHRL9 TRl .
2.4 USFiEH

K HIRAL AR B 25 - I 58t A Sk Tl LT Z AR %) ) o FE L (O 0 8 L 0~ 800 MPa, 5 F A1 JiT Ry %%
TR, LA R Z B LA PR A B A7 FR-900 2 D) BE v AR 3 O AL, b e S RS AR
J7HEPR ) TGL-220 AUV YR ES.0AL, 1 BERL R A T A2 77 1 XW-80 RUTE I3 IR A # - Jb 5t 28 2 i K7
A RN F] A 72 ) Sartorious $5 2 W K, £ [H Orion Research Inc. ZE /=) 818 ¥S7 iR B it , i A4
Py 52 50 AL
2.5 WA *E
2.5.1 HERHMNEAMLZELE

PR 24 UGG A B FRR IR 3R 3,37 °C 140 r/min B 3% 48 h, 5000 r/min &L
15 min, 3% LI W . LA G2 1 W Ah s A VL, R R 0 R Uk R (RS R BB NG OB 107 ofu/mL 4 H e
5 mL BTG B IR, A O OR B T0URR D v i 25 . 4 R0 152 1 45 o v e A o 0 2 o A TR
FE 5 e Ay Bl R B S, AT R AL AR S AT 3 W, bR S ST BV AT oA W A OF
B 22 8 e s Ak 3L 1) T R W AR Sk v R
2.5.2 fmAEHHEEMNE

AT TR 2 3 > s R o) IR R ey e Ak B A AR TR B, TE SR T BRI Pl 37 CCHE SR 48 h
J& ¥ SCHRC 10 JEAT W P 10 4K,
2.6 KWt

PR - 52 9 3R WY L U B L 1 R s B [ 2 5 i e e e A K 4 B (A 2 BRI AT CC6538 1y G5 A 7
I, & ] Box-Behnken BEAL, 435 LA X\ X, W X, KRR Bk SCHN F(AZR), +1.0,—1 RS,
AR 7R 2= (X, — X)) /AX X B AR AT g, o2 AR RS E . X, N H AR R
BUSIE L X, AR e A AR B, AX N AR RIS K S K LR L,

*1 RBEEEKTERKD

Table 1 Code and level of factors chosen for the trials

Symbols Level®”
Factor
Coded Uncoded —1 0 1
Temperature/(°C) x X, 20 30 40
Pressure/ (MPa) X X, 200 300 400
Pressure holding time/(min) x X, 10 15 20

Note: (1) x; = (X, —30)/10;2, = (X, —300)/100;2; = (X; —15)/5.

S O A R R SE TR G Y PR R AR B N E L AR Y = — g N/ N, oRA% .50 N ol
RS 1 mL BTN B N, IR T mL BT T R, R TR AR A O A
PR 09 50 T K G TR A/ RIS ) IR Z IR
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Y=B,+ Bix, +Byx, + Bsxs +By,xx; + Bisxixs + Bosasxs + Bial + Byad + Basaf (D
P Y Sy T o AR RBP4 4G BRI SE TO A R L By N B By W B, By 3 IR L ME R AR
By Bis Bos N HINRE . Bii Boy \Bay N ZIRIURE, N 1 RAG M7 BRI & IR E 5 17 250 koK
fift (K 2) o AR BT 5 B AL R G2 1 H 8 PF Design Expert (Version 6. 0. 5,2001) 2 5 i,
Bt KSR 2,

2 AREHEER

Table 2 Experimental design and results

Y
Trial No. X, X X
Observed Predicted
1 —1 0 —1 2.97 2.92

2 1 0 —1 4.42 4.71
3 —1 0 1 4.84 4.55
4 1 0 1 5.96 6.01
5 —1 —1 0 2.91 3.02
6 1 —1 0 4.53 4.29
7 —1 1 0 4.85 5.09
8 1 1 0 7.18 7.07
9 0 —1 —1 3.21 3.15
10 0 —1 1 4.09 4.27
11 0 1 —1 5.42 5.23
12 0 1 1 6.98 7.04
13 0 0 0 5.52 5.26
14 0 0 0 5.08 5.26
15 0 0 0 5.31 5.26
16 0 0 0 5.21 5.26
17 0 0 0 5.17 5.26

3 RS

3.1 HEBEITRBEUKRE
o T T A K 4 B €0 ) 2 TR R X 45 R b LT (B L 3R 2,
M Design Expert HPFRXF 5 2 150560 B8 817 2 o0 W05, FRAS e I A K 4 20 (0 4 2R A
ATCC6538 HYHE 4 (Y) X F AR iR B2 (o)) ) Caey ) AV S I T8 (e ) 19 0% 22 301 [ I A28 7 72y
Y =5.26 +0.82x;, + 1. 21x, + 0. 7325, — 0. 382 — 0. 01x3 —
0.3322 4+ 0.18x,2, — 0. 08x,x5 + 0. 172075 2
X VZAE R AT 7 22 00 M A R LR 3 A R B VR R 4

£3 OABEBFEFHE

Table 3 Analysis of variance (ANOVA) for regression equation

Source Sum of squares DF Mean square F value Prob>F
Model 22.73 9 2.53 35.28 <C0. 0001
Lack of fit 0.39 3 0.13 4.58 0.0879
Pure error 0.11 4 0.16
Cor total 23.24 16

R=0.9891,R*= 0.9784,R%;= 0.9507
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Table 4 Test of significance for regression coefficients

95% CI  95% CI

Model term Coefficient estimate DF Standard error Prob>F

low high

Intercept 5.26 1 0.120 4.98 5.54
x1 (Temperature) 0. 82 1 0.095 0.59 1. 04 <C0. 0001
x, (Pressure) 1.21 1 0.095 0.99 1.43 <C0. 0001
a3 (Pressure holding time) 0.73 1 0.095 0.51 0.95 0.0001
at —0.38 1 0.130 —0. 69 —0.08 0.0216
x5 —0.01 1 0.130 —0.31 0. 30 0.9616
K] —0.33 1 0.130 —0.63 —0.02 0.0408
X1 X2 0.18 1 0.134 —0.14 0.49 0.2263
X1 X3 —0.08 1 0.134 —0.40 0.23 0.5570
X X3 0.17 1 0.134 —0.15 0.49 0.2445

7 2253 (ANOVA) % 3 i LAFH :Fuo=235. 28>F, , (9,4) = 14. 66, P<C0. 000 1, % B # 18 Jy
2O 2, AN [m] Ak B TA] 19 28 S i 1835 5 Fan = 4. 58<TF .05 (9,3) =8. 81, R 4UIT P=0. 087 9>>0. 05, K~
B B R IE B 2 R B (Adjusted Determination Coefficient, R A 0. 950 7, Ui HH % £ 7Y BE fift 1 24
95 %6 M N7 14 22 Ak AU AR S 5 00 AN i FH M ASE AR A B A OC R R O 0. 989 1, Ul Wi B A 4L & 72
BE R 0 1R 25 /0N A A A3 1, AT LA L AR A R A3 M ARSI R e R A K A R €0 R 2 R T 1 B
. T 4 1105 05 e 2R B0 A I T A AR (2) — IR I 2y (P<C0. 000 1), 2, (P<C0.000 1) ,25 (P=
0. 000 D B s I 27 (0.0216) .22 (P=0. 040 )W B % ., o} AW E ;L LIA GE .,

3.2 SEGHANKRRATHELANMEES T SHK

ALY (2) ) o o, T B A% e 6 R e DL T 1 RNIRT 2, PR RUORETS G i U ) BB T 100 ofu/g B
10° cfu/mL, PhAR K 6 /> Bik 9 A 4 B €0 7 4 3K TR Ry b 1 R A0 A 8 R A T 45 1

K125 T DR s 1] oy e AR (E (15. 53 min) B, I B I D7 % 3% 4 8 (0 35 29 3K AT 1 2 . MR 1
tRT LUE L BEE TR RE 0 TR R T RGO, <6 R0 R R BR TR Y AR T AR S R R RE A 43 il TR
24~40 °C 1 320~400 MPa Y [ A B, 4 8 €5 55 25 3K TR SE T30 K T 6, BK0E H 6 A %cs 90, X
B 7 B8 (20 fifp 30 0 A5 AR TR 2R 1y IREE 34,35 °C L R 77 329. 84 MPa,
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Fig. 1 Response surface plot and its contuor plot of the effect of temperature and pressure and

their mutual interactions on Sta phylococcus aureus of UHHP sterilization
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Kl 2 Bos T 1 R A (329. 84 MPa) i, I B2 1O He B[] X5 37 45 2 0, %) 49 BRI Y52 i . ALK
2 HT LU, B A IR R0 T B T A SE K 4 €0 7 2 3K T A B8 T B0 G R I R R [R] 43551
TE 21~40 "CHl 14. 5~20 min A Fl Y I, 4 55 (0 8] 45 BK R JE T8 ROR T 6, B H 6 B 4, Xt
R Ty 2 (2) fifp 39006 PR A R TR 2% 8 - IRBE 34 35 °C L[] 15. 53 min,

20.0

X,:Time/(min)
—
v
[=}

10.0 . ]
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X,:TI(C)

B2 B AR e ) B A8 B FH X R v e A 2K 4 B 007 25 BR T i) A ey 7 T R A5 R 4%
Fig.2 Response surface plot and its contuor plot of the effect of temperature and pressure holding time and

their mutual interactions on Staphyloccus aureus of UHHP sterilization

3.3 REGIFRE

R TR I A e R R AR TR R (2) B A S R RV RO L AT T 10 AUIRE IR A R LK 5,

FIH SPSS(Version 10. 0,SPSS Inc. USA) X3 5 BUHE AT AH M 401, 4 4 (A A5 2 Bk ATCC6538
FETHCE Y 1 S E R T30 L 19 R OG R BR 0. 994 6., FE 43 156 B R A A2 538 A AU

x5 HEAMNKIELER

Table 5 Verified results of the model equation

Variable )%
Trial No.
X, X, X; Observed Predicted
1 25.0 250.0 14.0 4.10 4. 04
2 25.0 300. 0 16.0 4. 87 4. 90
3 25.0 320.0 13.0 4.58 4. 60
4 30.0 200. 0 16.0 4.15 4. 14
5 30.0 330.0 12.0 4. 97 5.03
6 30.0 350. 0 16.0 6.17 6.01
7 30.0 200. 0 10.0 3.21 3.15
8 35.0 260.0 15.0 5.10 5.05
9 25.0 300. 0 12.0 4.19 4.17
10 35.0 250.0 11.0 3.61 3. 64
4 & R’

RIS B T8 Design Expert, B UG 8 i 07 11 2 (RSMD B S7 T8 i He A% K 4 060 7 44 BRI 1Y)
TR ZIURAE AR 25 K 0 UF B A 3 AT S A [ A ) AR TR g e TR B AR g e ) 5 i e e R R TR 1Y
AR T B A BAE R AT 2T, DAkt 28 K 6 Bt G 4 v 0 B A BRI ATCC6538 14 A 2514
JE 71 329. 84 MPa, i FF 34. 35 °C WAl 15. 53 min, #J UL, ) 0 R 1 2 6 8 5 TR A8 B S R ik o . &
(R IE 23 ]



Eiid %18 %

I
o
N

S

g

278

References:

[1] Ruan Z.Zeng Q X. Effects of Environmental Factors on the Inactivation of High Hydrostatic Pressure [J]. Food
Sciences1997,18(4) :8—10. (in Chinese)
Bt AE, 8 R 22. PR N 0 e RO s (1], B @R ,1997,18(4) :8—10.

[2] Knorr D. Effects of High-Hydrostatic-Pressure Processes on Food Safety and Quality [J]. Food Technology,1993,
6:156—161.

[3] Mertens B.Knorr D. Developments of Nonthermal Processes for Food Preservation [J]. Food Technology »1992,46:124—133.

[4] Lin S Y,Kong B H. Effects of Ultrahigh Pressure on Food Enzymes [J]. Food & Machinery,1999,73(5):30—31.
(in Chinese)
RIS, AL i X & g A e [T, & 5L, 1999,73(5) :30—31.

[5] Chen X K. New Technique of High Hydrostatic Pressure Inactivation [ J]. Food and Fermentation Industries,1995,
4:69—79. (in Chinese)
Wtk 2. B R AR BT ROR [T A i 5 & B Tk, 1995,4:69—79.

[6] Pan J,Zhang W C,Cheng C G. Equipment Design and Technology of Food Sterilization by Superhigh Pressure [J].
Food &. Machinery,1999,73(5):32—33. (in Chinese)
WL RSO OBt R R R T T Rk BB [T, R S LR 1999,73(5) :32—33.

[7] Montgomery D C. Design and Analysis of Experiments (2nd ed) [M]. New York:John Wiley,1991.

[8] Annadurai G,Sheeja R Y. Use of Box-Behken Design of Experiments for the Adsorption of Verofix Red Using Bio-
polymer [J]. Bioprocess Engineering,1998,18:463—466.

[9] Zhou Y G. Microbiological Culture Catalog (3rd ed) [ M]. Beijing:China Agriculture Technology Press,1997. 230.
(in Chinese)
JAFO6. AN E SR 3 RO (M. Jb st E AR B A 1997, 230.

[10] Shen P.Fan X R.Li G W. Laboratory Experiments in Microbiology (3rd ed) [ M]. Beijing: High Education Press.,

2000. 92—94. (in Chinese)
WM, WER, R, MUEY KGR 3 D [M]L 6 E A R AREE . 2000, 92— 94,

Optimization of Conditions to Sterilize Staphyloccus Aureus by Ultra-High
Hydrostatic Pressure Using Response Surface Methodology

GAO Yu-Long,WANG Yun-Xiang,JIANG Han-Hu

(College of Food Science and Technology » Nanjing Agriculture University , Nanjing 210095 ,China)

Abstract: The results of factorial experiment showed that the significant external factors affecting
UHHP sterilization were pressure, temperature and pressure holding time. Based on the results, re-
sponse surface methodology (RSM) was employed and a second order quadratic equation for UHHP
sterilization was built in the present work. The applicability of the model equation for predicting the
optimum response values was verified effectively by the validation data. By analyzing the response sur-
face plots and their corresponding contour plots as well as solving the quadratic equation,the optimum
process parameters for sterilization Staphyloccus aureus of six log cycles were obtained as: tempera-
ture 34. 35 C,pressure 329. 84 MPa,and pressure holding timel5. 53 min.

Key words: ultra-high hydrostatic pressure (UHHP) sterilization; Staphyloccus aureus ; response sur-

face methodology (RSM) ;optimization



