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Abstract: In this study,crystal violet staining method was applied to quantify biofilm-forming
ability of pathogenic (n=22) and no-pathogenic (n=17) V. parahaemolyticus on different contact
materials (polystyrene,glass and stainless steel) with regard to various temperatures (4,10,15,25
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and 37 °C). The results showed that V. parahaemolyticus adhered better at high temperatures (25 and
37 °C) than that at low temperatures (4~15 C ). Meanwhile,25 ‘C was the optimal temperature for

biofilm formation of V. parahaemolyiicus. Compared with the other two materials,the level of

bacterial biofilm formation was highest on glass. Based on coefficient of variation (CV) analysis, it

displayed that the increase in strain variability of biofilm formation caused by temperature was much

greater than that caused by material. Further analysis of the results revealed that the pathogenic

bacteria can adhered significantly (p<0.05) better than no-pathogenic bacteria. Therefore, the biofilm

formation of pathogenic and no-pathogenic bacteria was obvious difference at five temperatures

under three contact surfaces. In future,the contamination caused by pathogenic V. parahaemolyticus

biofilm can be controlled effectively through changing temperatures or contact materials during food

processing.

Keywords: Vibrio parahaemolyticus ,biofilm , temperatures, contact materials
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37 °C 180 r/min MFE IR R 5% 10 h, & L2016
W AE R BRI A FH (Ao m=0.4) o
2.2 BF HiZ3
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Table 1 Strains used in this study

S0 1 B bk

FEEo P 1 iR

VP-S1 tdh-+/trh~/ilh+ AR S5 % 43 B (T IE)
VP-S2 tdh+/tirh—/tlh+ ARSI 53 1 ()
VP-C3 tdh+/irh~/ilh+ o [ R 27 B i A F 5 i
VP-54 tdh+/tirh—/tlh+ ARSI = 43 B ()
VP-C5 tdh+/irh—/ilh+ o [ k2 B i AR A F 9 i
VP-S6 tdh+/trh~/ilh+ ARSI 2 3 B (T AT )
VP-S9 tdh+/trh—/tlh+ ARSI 5 4 B ()
VP-S11 tdh+/trh—/tlh+ AR S % 43 (T AF)
VP-S12 tdh+/irh~/tlh+ ARS8 % 4y 1 (T 5 )
VP-S22 tdh+/irh—/ilh+ AR 5258 % B (T HF )
VP-S23 tdh+/irh~/tlh+ AR S % 43 1 (T IF)
VP-S24 tdh+/irh~/tlh+ ARS8 % 4y 1 (T 5 )
VP-S26 tdh+/tirh—/tlh+ ARSI 2 53 1 ()
VP-S27 tdh+/irh—/tlh+ A S 5 7 43 B (T UF )
VP-S28 tdh+/irh—/ilh+ ARSI = 43 B ()
VP-S29 tdh+/trh—/tlh+ ARSI 7 53 1 ()
VP-S30 tdh+/trh~/ilh+ ARSI 2 S B (T AT )
VP-S31 tdh+/trh—/tlh+ ARSI = 43 B ()
VP-S32 tdh+/tirh—/tlh+ ARSI = 53 1 ()
VP-C7 tdh~/irh+/tlh+ w2 e i A W T 5 e
VP-S10 tdh~/trh+/tlh+ NS =N CEIE 1)
VP-C39 tdh+/irh+/tlh+ 2 [ B 425 1 5 BBy e

VP-S8 tdh~/irh~/ilh+ ARSI % 4y 8 (I HE)
VP-S13 tdh~/trh—/ilh+ NS85 5 53 Y (T A )
VP-S14 tdh~/trh—/tlh+ AR S5 % 43 5 (T HE )
VP-S15 tdh~/trh—/ilh+ AR YL % 4y B (ITHF)
VP-S16 tdh—/irh~/ilh+ NS 88 5 43 B (T A )
VP-S17 tdh~/trh—/tlh+ ARSI % 43 B (T HE )
VP-S18 tdh~/trh—/ilh+ AR L8 % 4y B (I E)
VP-S19 tdh~/trh—/tlh+ AL 7 43 5 (TTHE )
VP-S20 tdh~/irh—/ilh+ AL 3 43 5 (T HE )
VP-S21 tdh~/irh—/ilh+ AR 5258 %y B (T HF )
VP-S25 tdh~/trh—/tlh+ ARSI = 53 1 ()
VP-S33 tdh~/trh~/ilh+ ARS8 % 4y B (HE)
VP-S34 tdh~/trh—/ilh+ NS 88 5 53 B (T AF )
VP-S35 tdh—/trh—/tlh+ 7R S % 43 8 (T HE )
VP-S36 tdh~/irh~/ilh+ AR YL = 5y B (I F)
VP-S37 tdh—/irh~/tlh+ NS 88 5 53 B (T A )
VP-S38 tdh~/trh—/tlh+ AR 5258 % 43 5 (T HE )
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Fig. 1 Boxplots of biofilm formation by V. parahae -
molyticus at different temperatures on polystyrene

(PS,A),glass(GS,B) and stainless steel (SS,C)
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Fﬁuum&o 71.8%, Horf 78 GS M RIRT , 2 #k VP IE L 1 Hokh
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ﬁﬁﬁk BIIIAS S, AR S BB KB NHEF A RE F7 e, HURE SS e, 2 PS i,
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CV (4 °C), M 25 CXF VP B BE 71748 5 1 52 i) e JERCE S AT AFR 2 AT 0, 7E 25 C&A4F T ,PS #
K. Lianou 551N, V0 17] [K B BB i ) 748 S5 M £E 25 BRI, 29 Bk VP Az 555 R B PE BF,5 Bk VP AR g
Che/N HEER AR, Ui WIS [ R i 248 0 Tt B KiB £ BF,4 Bk VP A= g ki B BF; 7€ GS #4k

Xf H: BF JE AE J) 728 S PE R R M AF AR AR K22 52 F L 18 Bk (15 Bk 2 Bk VP 43 5 A= iS5 | | ok B
3.2 AE#MHFRE VP Bk BF RIER S £ BF; 75 SS MBI T , 28 Bk VP £E )il 55 Al iy ¥4 BF,

FEAR IR A58 A TR 422 fal b4 B 2R THD VP & Bk BF 1 ¥k VP 2E ok B E BF, JC 38K B BF (4 42 1,
TERUE LI 2, 76 4 CHMUT, 54 48.7% . LTI W, E 25 CA&F T ,SS Mo TH VP AU BE
38.5% .46.2% 1) VP 7E PS.GS Al SS Z ifii 4 i BF, T8 55, #E 37 CE&AFF ,PS #Eifi 37 ¥k VP IE #L55
UL, 7E 4 CAMETT VP 5 78 PS b RL 3 1 Ak B KiBHPE BF; 76 GS AP RIR T, 24 Bk VP AR 155 K B
HRE SS &, feJm & GS KM, 78 10 CHRIFT, £ BF, 14 BRA= ok B BF; 7 SS M*H%E 19
GS F1H 64.1%1 VP £ i BF, 1M PS FI SS #4 K} & 1fi PR VP A 1 B, ot 1 AR IE Lok B PE BF, 124551
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Table 2 Biofilm formtaion of V. parahaemolyticus on different surfaces at various temperatures

T G BT S

----------

4 20(51.3) 19(48.7) 12(30.8) A 7(17.9)B - 1948.7) 12(30.8) A 7(17.9) B
10 26(66.7) 13(333) 6(154) A 7(17.9)A - - - - - - 13(333) 6(154)A 7(17.9) A
PS 15 23(59.0) 16(41.0) 7(17.9)B 923.1)A - - - - - - 16(41.0) 7(17.9)B 9(23.1) A
25 1(2.6) 29(74.4) 14(35.9) A15(38.5) A 4(10.3) -  4(103) 5(12.8) 3(7.7) 2(5.1) 38(97.4) 17(43.6) B 21(53.8) A
37 2(5.1) 37(94.9) 17(43.6) B20(51.3) A - - - - - —  37(94.9) 17(43.6) B 20(51.3) A
4 24(61.5) 15385) 7(17.9)A 8205 A - - - - 15385) 7(17.9) A 8(20.5) A
10 14(35.9) 25(64.1) 11(282) B 1435.9) A - - - —  25(64.1) 11(28.2) B 14(35.9) A
GS 15 10(25.7) 27(69.2) 11(28.2) B 16(40.0) A 2(5.1) 26.1) - - —  29(74.4) 11(28.2) B 18(46.2) A
25  4(103) 18(46.1) 5(12.8) B 13(33.3) A 15(38.5) 8(20.5) 7(17.9) 2(5.1) 2(5.1) 35(89.8) 15(38.5) B 20(51.3) A
37 12.6) 24(61.5) 10(25.7) B 14(35.9) A 14(35.9) 7(17.9) 7(17.9) - 38(97.4) 17(43.6) B 21(53.8) A
4 21(53.8) 18(46.1) 5(12.8)B 13(333)A - - - - - - 18(46.1) 5(12.8)B 13(333) A
10 2564.1) 14(359) 3(7.7)B 11(282) A - - - - - - 14(359) 3(7.7)B 11(282) A
SS 15 11(282) 28(71.8) 11(282) B17(43.6) A - - - - - —  28(71.8) 11(28.2) B 17(43.6) A
25 12(30.8) 27(69.2) 8(20.5)B 1948.7) A - - - - - - 27(69.2) 8(20.5) B 19(48.7) A
37 21(53.8) 18(46.1) 5(12.8)B 13(33.3) A - - - - - - 18(48.2) 5(12.8) B 13(333) A

N, ST AT AS R B T R 3 WO, T AT 553 0 BAE Tk 5 WP—, 55 R0 B A B30 1 TRk 5 WP+ 3553 RS BEF B30 1 T R 5 T, BT A oS R 9 ok 5 MP—
HHORE 61l 0 1 TR R s MP+, RS B0 1 TRk 5 ST, JUT AT S8 RS O Tk 5 SP—, 35 G BB 11 S0 1 1 bk 5 SP+, SER RS B S50 1 R AR 5 T, B
AR R TP, BT A B AR B0 VL B 0 TP+, T A B EOR TE R MR . A 5 B 3878 SO Pk BBk 5 I B0 PR bR e R — 25 1R N
BF JE I RE 1 #4 f 35 1 9% 5% (p<0.05) .
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Fig. 2 CLSM images of VP-S36 strain biofilm formed at different temperatures.
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