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P P i A6 7 i o 3 A £ S AR, T I
WA A Dby — ol Bk A REL DD TR 7 s B SR
K> s S Ty 593 Ji TR B8 TR BRI % o oAk T R B
M ERWE T A8 T AR RER T
iR (AA) JFLIR (LA) FIAT R IR (CA) X il v i 5K 7
AR A T S ST AH N (K K3 B g 2R A
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1 BB 7k

L1 ##
111 E#k: B ILIKE ATCC 33847 Khriti S %
B ZJON TR B by A 52 56 5 O A7 1R 2R 958 43 25 8K ZI6N
BRI AR O AR S 56 3 DR AT 11 I R 23 B A
L1.2 FZR AR w0 BT ki R
(Brain Heart Infusion, BHI) % /X A% B8 £ 47 8 1% th
b B I I8 12 3% &£ (Thiosulfate Citrate Bile salts
Sucrose agar, TCBS) 76 & ¥ Fi 45 W) [ vp B A 56 46 9%
RSB A6 50 Bl A BER A R A Al ke R (b2
g, C,H,0,°H,0 &8 =99. 0% , 4y 7 & 210. 14) J§%
iz (43 #1 4, CH, COOH & & =99.5%, 4% F &
60.05) “FLi (/> #r4l, C,H, 0, % & =85.0%, 4y T
I 90) 90 17 5 24 4 Ak 2 R B A F] 5 Millipore
PR B SE R (0.22 wm) 1 [ R CAEY R ARG R A
H o
1.2 HE#RHl&E

RIS T 3 bk (25 3 Bk ATCC 33847 Il K
G BIRE ZJ6N FIFRIE 53 BBk ZJON) 43 5 7 B K 2k )i
PRI B &, T BHI 1 37°C g % B 3% i % (12 h)
H % W50 L B #E 5 mL i ff BHI o, 55557 3
4 h, WA 0D, & 0.15 -0.20 (41 4 10°
CFU/mL) ,3 PR S5 IR A 5 & M. /3 thal
PTG 1R H 02 2 B8 3 e AT DR 00 R R 1 B 1 T e
SIAFAEZE e » I B £ ot 22 A 10 R BE R R 2SR T
Y B % 60, 75 AT AE L AT Uk IR B AR S T A T 1 A
KT # 2 AE ] 3 PR L4 VR & - AR

6 3 R ) I IR 3 el S A0 ) A B A AL IR Ak R
BB 22 A K (P >0.05) .
1.3 BERBAKEH & pH NE

F A= 31 25 7K (0. 85% NaCl %5 %) Mic 1 3 Fl A Hl
1% (LACAA R CA) AN [R) o J82 1) ¥ 980, W 52 pH E )5
1.4 FHEE 4 18 &K P &AM ol & B KE R
I

7 Eppendorf & 1 il N A [R] 9 BE 18 6 ML IR 4% W
s R R K (B PEXT ) 990 wL, I AN 10 L & & B
IR AT, % (25°C) 403 10 min J5 37 )] PBS 28 o
7 (NaCl 8.0 g/L, KCl 0.2 g/L, NaHPO, * 12H, O
3.58 g/L,KH, PO, 0.27 g/L,pH 7.2) ¥ 4T 3%E 4 10
5 R 5 DO > B0 8 B2 1) 6 1 4% 10 pL s5FF T BHI
LGV B, 37 °C 55 5% Ja v EG BN IR BECE 3 AT
.
1.5 FHHLERXT o454 o & A ol & A9 K E R
Wy

T IE IR R T A 3 T S, R 25 g, B
JE T Co60 48 I K B (4 A4 14 kGy) #7121,
KRB A 5 mL W EE 24 10° CFU/mL &
BB B A T 0 A 3 55 4°C KA T OBCE.
291 h LU 40 1 78 20 R B 5 0CHS 3 Rl A 40 B TR A
JEONAS [R) 9 B2 1R A6 BIL IR 5 i h 2 W AL B 10 min J5
WO SR AR AR T 26 2 IRV B TR IR T W X
5, 3 7 BN 100 mL PBS 28 i, 78 4 ¥
2 -3 min, WHL 100 pL HE473E 2L 10 155 B, BUIE Y4
PR P I B 10 L 2 A 1 TCBS 3 48 24 7 AR AT
G AR RE 3 A FATER.
1.6 HEAE

¥ 1.2.3 1 1.2.4 1) ok B4 ] Excel
spread sheet T 5t 3 /> T & FF fiy 1) 1 258 S b #E
7 g AT LR Ak B 20 17 3% R R B DL AR B R AKO0) R A
(1175 TR 4805 49 B AS [F) ok B2 A ML IR A 3 /5 1 ot K
MAEE 2 Po A HLRRIREE S P 2 (0] 1 8] U5 H I
gy R8T AR S A i 2 Bl R g A R I &, WT LA
T Ik X A7 3% % P HEAT Logit # 4 (logit (P) =1n [P/
(1-P) D) o P o4l logit (P) ™71 B 35 i 3 k-
WU NG o A 0T b SRR H0 0 6, 74 2 R
TR PRI A7 35 60 99% (0.99) o #4845 PE 8L & 5 7
T 50% 13 AN E (ECy,) F1 90% 17 25 7 1
JiE (ECyo) » LAERAE 3 A A1 R ¥ V0K il ¥ 10 91 B (¥ 2
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Table 1

752 A log B Fo AR50 1 78 A MR < B 30 T 1) 4K
I A 20 B A5 R AE 90% Je AT B FELLR By AT Ak A
D)5 DAASEAE FH 0005 2 A 77 925 B B AN [A) A BIL IR 4 AH
S RN (ECy, 88 ECy,) » & A AR 15 A HLIR 2k
TR KW pH AEAE 3.07 —4.29 2 i) (1) - ¥
111 Logit (P) 544 HLER ¥k F& k47 1] 15 43 B (1]
1),3 Bl AALA FIl CA K 5 5 90 18 17 15 % 2 1L UF
L E o &R, R 40 50 4 0.99.0.98 1 0.96; MR %
0T ) S TR S I 1 SR X 3 A AL IR 1) R
BEL KKK CA >LA > AA.

FEKRERER L BRAMITEREERKPHEBTMINEFETE

Survival of Vibrio parahaemolyticus in saline solutions containing different concentrations

of acetic acid, lactic acid and citric acid

Organic acid Concentration/ (mmol /L) pH Bacterial counts (Log,, CFU) Survival rate (P) Logit (P)
0 7.06 6.28 +0. 000 0. 99 4.5951
1.75 3.70 6. 13 +0. 023 0.71 0. 8954
Acetic acid 3.5 3.52 5.54 0. 027 0.18 ~1.5163
5.25 3.41 4.49 £0. 100 0.02 ~3.8918
7 3.33 3.30 £0. 000 0.0011 ~6.8113
0 7.06 6.28 +0. 000 0. 99 4.5951
0.30 4.29 6.26 +0. 000 0. 95 2.9444
o 0. 60 3.73 6.20 +0. 000 0. 84 1. 6582
Lactic acid 0. 90 3.52 5.98 +0. 032 0. 49 - 0. 0400
1.20 3.38 5.16 0. 064 0.076 ~2.4980
1. 50 3.28 4.08 +0. 000 0. 0063 ~5.0609
0 7.06 6.28 +0. 000 0.99 4.5951
o 0.35 3.47 5.72£0.024 0.27 ~0.9946
Citric acid 0.70 3.22 4.08 0. 051 0. 0063 ~5.0609
1.05 3.07 3.15+0.213 0. 00079 ~7.1427
6.0 o AA RZ=099 2.2 AEHERAIE T HEE R P B M E F iR E
40R, LA R2=098 B9 %2 M
e, ACA R2=096 ) e T .
20 _\\\\. AT AN AR B AE 90% KA F H LR B A
\.\ Y 0 c/(mmol/L) %‘ X [i] ﬂ;’ﬁfﬁ il g | Efﬁ JE T ﬁ$ L33 ’f; S NEEE UL
0.0 L gy L RS — L | L L L | L M | o N . = " X
= AN 20 e 40 60 80 T P BE Y T (3% 2) 5 MR A7 b 1] A7 BLRR 7B 31 2K
=~ A > e A e NN
D201 VWL pH S 7E 1.85 -2.54 2 . 45 REW, R
\ , —] 2N - - -, —H .
“ ol LN "o 74 WL 75 052 o6 VR JBE T b 3 10 43 e 0 4 14 A7 3% 2%
1 A ., L. )
‘o N\ . X RAH TREZ 1 -1.5 /4> loge I THAMNBRKEL
ok o BT E P 2 A BUF 0 R B Logit
$0F (P) #:4: (J 2) , R4y 51 2 0. 98.0. 99 F1 0. 96 (Logit
-100L (P) #: 45 1) R* 43 5124 0.99.0.95 F10.91) « M4}

B1 AEEHKPRERERDE (AL CFE (LA) T
B (CA) 5&817% M3l & 7778 X (Logit (P) ) B4 M = Y)3 5 #7
Fig. 1 Linear regression between concentrations of acetic acid (AA) ,

lactic acid (LA) or citric acid (CA) and survival (Logit(P) ) of Vibrio

parahaemolyticus in saline.

A W7 R A SRR S 30 AT ML IR B BB RE L R K
W H CA >LA >AA,
2.3 RIAMIMEAEEREKSHETChTEN
BB M E R LR

A8 A= B £ 7K sHr e R A b A LR R R
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Table 2 Survival of Vibrio parahaemolyticus in fresh shrimp meat treated with saline solutions

containing different concentrations of acetic acid, lactic acid and citric acid

Organic acid Concentration / Correspond‘ing oH Bacterial Cf)unts Survival Logit
(mmol /L) Concentration /% (Log,, CFU) rate (P) (P)
0 0. 00 6.20 6.52 +0. 035 0. 99 4.5951
200 1. 14 2.54 6.21£0.012 0. 49 - 0.0400
Acetic acid 300 1.72 2.43 5.61 0. 070 0. 12 ~1.9924
400 2.29 2.35 4.98 £0.012 0.03 -3.4761
0 0. 00 6.05 6.51 £0. 043 0. 99 4.5951
85 0. 64 2. 14 6.32+0.011 0. 64 0. 5754
Lactic acid 170 1.28 1.99 5.92 +0. 112 0.27 ~0.9946
255 1.92 1. 87 5.24 £0.024 0.05 ~2.9444
0 0. 00 6.75 6.90 £0.010 0. 99 4.5951
25 0.53 2.20 6.83 +0.017 0.86 1.8153
Citric acid 50 1.05 2.03 6.55+0.017 0.46 -0.1603
100 2.10 1. 85 6.06 =0. 055 0.15 ~1.7346
127 IR B A7 R PE R R (B 1 A 2) 43 o AH R 1)
o M SR U7 2 (2 3) T LUV bt 9 0 A o) 26 o 3
\: ACA R*=096 A7 LR T ) ¥ 1 5K BRT 1) 50% B8, 90 %0 A7 25000 B ¥R 5
£ 08 \ M ECs 88 EC,0 ¥ BEJEAT 20 A1 LA, A3 HL IR X 1) ¥ 1
g ST A BT 5 R A R0 A B AR ZK A ) 0 Rk R AR IR
R CA > LA > AA. fHR B AIERR{ Hf (040 34 4 1D 42 3%
Z o4l BEAR, R LA 5 CA ) EC,, 88 EC, 2y 24 # #h
KA 160 —200 £, 1 AA 1] EC,, B EC,y £ 4 A4 HE
02 ¢ Y HK K 73 87 4.
00 100 200 = 300 \‘430 NERYN
c/{mmol/L) 3 Lﬂ‘ i

B2 AEREEER (AA) (FLE (LA) fniT#5E (CA)
Xt e - P R R M E FE R P R RPN

Fig. 2

Linear regression between concentrations of acetic acid

(AA) , lactic acid (LA) or citric acid (CA) and survival (P) of

Vibrio parahaemolyticus in shrimp meat.

Rl 5 10 IR 0T R U, pH 4.0 = 5.0 Ak B 2h 42
KA L T CHE AT A LR
IS S B I B D K . (R 2 A0
HURR MR B 15 Kb BB (] AH 25 & WF F0AS [ 2 45 b 3 5

=3 BEER . FLER 0 AT AR ER 78 4 3B EL K A0 AT o &I 0 I 5 B A ROE R ELER

Table 3 Comparison of inhibitory effects of acetic, lactic and citric acids on Vibrio parahaemolyticus between shrimp meat and saline
Shrimp meat Saline
Organic acid - - -
Linear model” R EC,,* EC,, *" Linear model” R EC,,° EC,, "
Acetic acid y = -0.0025x +0.984 0.98 194 354 y=-1.58x+4.17 0.99 2.65 4.04
Lactic acid = —0.0038x +0.976 0.99 125 231 y=-6.31x+5.00 0.98 0.79 1. 14
Citric acid = —0.0089x +1. 006 0.96 57 102 y=-11.22x +3.74 0.96 0.33 0.53

" x represents the molar concentration of organic acids (mmol/L) ; y represents the survival rate (P) of V. parahaemolyticus (in shrimp meat) or logit
(P) (in saline) , and logit(P) =In [P/(1 -P) ].

¥ ECy, and EC,, represent the 50% and 90% effective inhibitory concentration (mmol/L) , respectively.

""The US Department of Agriculture Food Safety and Inspection Service (USDA-¥SIS) approved the maximum level (2.5% ) of organic acid solutions

[16
’

which is equivalent to 435 mmol/L for acetic acid, 325 mmol/L for lactic acid and 130 mmol/L for citric acid for food decontamination.
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Inactivation Kinetics of Vibrio parahaemolyticus in peeled
shrimp treated with organic acids

Yuan Liu, Chun Fang, Changyong Cheng, Weihuan Fang
Zhejiang University Institute of Preventive Veterinary Medicine and Zhejiang Provincial Key Laboratory of Preventive

Veterinary Medicine, Hangzhou 310058, China

Abstract: [Objective] To establish the kinetic inactivation models of Vibrio parahaemolytius in saline and peeled shrimp
treated with acetic acid, lactic acid and citric acid for guidance of their potential application in shrimp decontamination.
[Methods] To determine the survival rate (P) of V. parahaemolyticus in saline and peeled shrimp treated with organic
acids, dose-response in peeled shrimp between P and concentrations of organic acids was modeled directly. Logit (P) was
transformed from survival P with the formula In [P/ (1 = P) ] for linear modeling. Both linear models were used to
interpolate 50% and 90% effective inhibitory concentrations (EC,, and EC,,) , which were then used to compare the

difference of inhibitory potency between saline and peeled shrimp. [Results] Organic acids in saline were more inhibitory

and EC, for lactic acid

to V. parahaemolyticus in saline than in peeled shrimp, seen as 160 to 2004fold increase of EC,, 0

and citric acid, and more than 704old increase for acetic acid. These results indicate that food matrix had significant
impact on the antimicrobial activity of organic acids. We also found that EC,, of the tested organic acids in peeled shrimp
was far below the 2. 5% limit for use as food ingredients regulated by USDA. With equimolar concentration in the test
solutions, the order of inhibitory potency is citric acid > lactic acid > acetic acid. [Conclusion] Food matrix could have
negative impact on antimicrobial activity of organic acids. Concentrations of organic acids around 2% could lead to
significant reduction of V. parahaemolyticus contamination of peeled shrimp for improved food safety.
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