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iRy MMe KB BHE AR
(LR RS iR S TR BT badk 712100)

B OB IHF] RAATEMHEA R RBAMRBRE, CRSTIRFAIL. BYILR L
FRENIKT W AFATEE S A R, SILE 5k 50%-80%. [ B 49 ) 4R R KM R MR RILE
BRAT PR 6, F AT B a9 RIAVE R BT ek el auEE, [0k ] ROA s g Ak ik ot o2 R LS Bt
BRI % F e MAT B 69 BN TR R, AR I PR T T AT A K R e e, AIRTRIL
FBRXT PR 30 T e AT B e JRIE 69 45i4% , KN E T M@ Aem pH. Rz, oA ATPJRE. 4
FORE TN, FHA R 4258 wATYILIN R LR BT BR  F e AT 8 e S k. [4XR] RL
B 3F RV 5 T AT 0 DI H IR E A 2.5-5.0 mg/mL, RILFRBREAR T B8 T MATE
a9 Rk R, RILKBAER B B L T MAT R IR pH 1K, 4o ol b 45 & 4 A8 R0/ R AR AL,
JR ATP JRETK, mitfd 7 Ak, @ieb AR AT, XHHRILEBRAE T minfgii
Fhk. (458 ) RIOURBRX WL F 36 MAT 8 A RAFa I HI80R, TR ANEL Y hm
JoRR ey B MR AT S, eH RRIVKBRG S A A ME, R B AEA RRITE AL
LU & AR de F FF LA .
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Antimicrobial activity of protocatechuic acid against
Cronobacter sakazakii
JIAZhen-Yu SUNYi CHEN Yi-Fei XIA Xiao-Dong" SHI Chao~
(College of Food Science and Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: [Background] Cronobacter sakazakii is an opportunistic pathogen transmitted by food,
which affects mainly newborns, infants and immune compromised adults, with reported case fatality
rates of 50%—-80%. [Objective] The aim of this work was to investigate the antimicrobial effect of a
natural plant-derived compound protocatechuic acid (PCA), and its effects on cell membrane
permeability of C. sakazakii strains. [Methods] We determined the Minimum Inhibitory Concentrations
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(MICs) using agar dilution method, and growth curves were also measured. Changes in intracellular
pH, membrane potential, intracellular ATP concentration, membrane integrity and cell morphology
were measured to elucidate the cell membrane damage induced by PCA. [Results] The experimental
results indicated that the MICs of PCA against C. sakazakii strains were 2.5-5.0 mg/mL. PCA
decreased growth rate of C. sakazakii and increased the cell membrane permeability of cells, as
evidenced by reduction of pH;, occurrence of cell membrane hyperpolarization/depolarization,
intracellular ATP concentration decrease, reduction of membrane integrity and changes of cellular
morphology in C. sakazakii cells after exposure to PCA. [Conclusion] These findings demonstrated
that PCA had antimicrobial activity against C. sakazakii. It exerted antimicrobial action partly through
causing cell membrane dysfunction and changes in cellular morphology. Considering its antimicrobial
properties, together with its well-known nutritional functions, PCA has potential to be developed as a

supplement in infant formula or other foods.

Keywords: Cronobacter sakazakii, Protocatechuic acid, Cell membrane, Membrane morphology

B Uiy v 5 T W A TR — P 22 IR L BRiz
3. PR AT M BRI
FFEEHA A & B A AT R A AR T R, Wiy
% RE A BT (Yellow pigmented Enterobactor
cloacae). H % 2008 4, ek EHE L h—1
BE, s 7 AR, R e B R R R
(g —ANFRA BRI SE B AT TS YT ), 2R4h
JUBEC 5 W 2 HE A 2k B BORIR . B RENE S
BAE LIRSS | TR IAE . RFEIE/ Nz 27 R 55 2 A
P, RN 50%-80%; 1fii H., 20%FA YL H
ATER G AATEM A G e, FEMEUK . P
ISR )1 % I e g gl

ERE AT N L R E ¢l s SR I e =
B3 B 300 B s =, AH T B ) AR A AT Y
BEPE, AR A A A B O R TR YK
WRTE R B RIS T R A KRR B
7. ZURenytie, JFECRIET Tz, MR
=1

JFLZSIR (3,4- AL I, CAS: 99-50-3)
BRIFAETIFZER . AR BRI —FE R
K, WP, b, EREZSF AL
TR S, JELZS A K )
CAFEMIAETE 2 - S0 ot B B 2y oA A4
g AR O R R, UL R
HATZRE YIS TE, R A et Rz m
POt g . LR RS B 4

SERICAMTR VR, X 4 B AT BR TR . WS AE ZEF AT 1A
K o AT BT 1) Fee /N BT MR BE 4 A 0.9 1.0 A
3.0 mg/mLM ARk, JFULZRRBE Iz AR
A TR b FE R R — 2 (e i g 91,

AT BEIRT I LS TR R0 52 2 V4 W T T
FIAI TR VE R S T BEAMHIHLEE, BRI LASER YT PR
Ui v B T AT TR B TRACR, , a0 e A /NI AT
W B I I LA IR B iy se B v AT i A K th 22 i
N pH. R . PN ATP ., diBEBESEREbE . 41
MO RIEEm, ARG AT RER I AL,

1 MREFE
1.1 Bk RFFERE

Bz Iy 57 % 3f % #T 7 (Cronobacter sakazakii)
ATCC 29544, ATCC 29004, ATCC 12868 LI
ATCCBAA-894 ¥l [ 3¢ E B TR bR B Pl .
B Uiy e 2 i B K T 03 B TR Ak 12-2, 14-15. 18-7.
18-8 Al 18-13 M PUILAMBIFE Kt iRl 5 T
TR B £ b S A W E 9 AT B 3 2 1 ol B 2R 40 )L
3 KA o

Ji JLAS R (HPLC>98%) W T Jli A1 2 1 i A= 0 B
HARR/A T LIVE/IDEAD® BacLight™ 4 15 M6
D) G TR B G R B A F] ;. DIBAC(3)%¢
FEHRETFI cFDA-SE % 644 T 26 [ Sigma 24wl 5
ATP R AR £ T3 = RAEYFARA A Bt
2% whi%s i (Phosohate buffered saline, PBS) (g/L): &
bk 8.0, AL 0.2, T ZI/KEGBERRAN 3.62,
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i — U 0.24; I BT AT AL 738 8 [ 7 43 4

JiREE 11 iR K L35I8 (Tryptone soya agar, TSA)
(9/L): WA} 15.0, MY MM 5.0, S4k4N 5.0,
Bilg 15.0; JHEE A4 K S A7 (Tryptone soya broth,
TSB) (g/L): W& 17.0, &AM 3.0, 4k
#125, B 2.5,
12 EFEUFH

PR FRA, IBRIS SRR R A B A K
IV VRO HL, 781E Eppendorf 245 BT
Smart Spec™ plus, 2£[H Bio-Rad /3] ; MEY4 A
BRI, 2522 Bioscreen /A ; ZYIRERE
FrY Infinite™ M200 PRO, i Ll t5EHA R ;
PR, TR AR R BR A
RSHEHEHLES S-4800, H A Hitachi 23+,
1.3 F%
131 =EMEL

A4 T80 °C B e 2 i AT T o) Xl 2k
BAE TSA il BiEfk, Bl S BRIBCR P V& R
30 mL TSB H, ¥53%W T 37 °C. 120 r/min 557
18 h, BiRIE MR RIS 4 °C. 5000xg &5.L» 15 min
Zbr LI, FH PBS PRIRBRIATTIE, RAEDEE 2 K
J&, F—Emn) PBS BF IARTINE, e IR
IR ODggo 9 0.5, fill BB R i 244 10° CFU/mL.
132 &/MIERERNZE

Fe/ MR (Minimal Inhibitory Concentrations,
MIC)F i R B A B U 1 St RERT i 1.3.1
H R 7 i 45 TR 2 (ODgoo 4 0.5), A7 s KA
TSA B R B HI & 45 °C oAy, INE 24 FL4RMRs:
FERH, PRI AR LSRRI A R,
LA 4 10.0, 5.0, 2.5, 1.25 F1 0.625 mg/mL.,
FOWATIRS, SR ARSI T e . W
2 pL PR AERN R 24 FLARAS AL e KRR
PR T 37 °C HEFRA 557 24 h S UL ZE 3R, Horp
1 MIC Al BRRy 5 2 5 B AT B o B 8 s L2
PR I SRR B o S50 LIS &8 SR LS IR Y TSA K%
FEAE R BAYERTIR, &A1 mg/mL 2 SPEAKE) TSA
FEFRHEAE R PR T B

133 BRILFBRMRIGEET s TRERBLE
M) Y37 7E

LSRN iRy e B i AT i 7E TSB HAE K
R 522 1] Silva-Angulo 25 ikl o sleie
HERTIAR 1.3.1 Wiy gl #5 TR E M, (] TSB J%E
PEK ODeoo 4 0.5 FEHiRE 100 %, i BAR EE
#9°% 10° CFUImL. [f] 96 FLANNE: AR FEfFL I AR
[FIARFR(125 pL) i s i i s LS IR A W (TSB . TiL
B, [ JLAER I A 1 MIC  1/2 MIC /4 MIC
1/8 MIC. 1/16 MIC #i1 1/32 MIC., #f5 % BELH AN
125 pL FHE M 125 L TSB, 15 525 X BZH 73
250 UL TSB. & B kW4 H sh K i s
FRURE Ky 37 °C FF4EFE 1 h A3 g 600 nm (1)1
JCHE, RSN 24 ho DAIHE] (h) Jf Ak b, TR B
ODgoo BIE AN R, 22l A K 2R
134 [RILZFERFPRIG T % 14 AT AR M pH 89220

HELPA pH B E 2 B8 Li 2080y, TR 4
[ 1.3.1, FEFEMEET 4 °C. 5 000xg &0
5min, 2 B, FBFRMS hIsmvess 1 K, JF
A4 B LW ) ODgoo 4 0.5, 1 Ff 50 mmol/L HEPES
PR (%4 5 mmol/L EDTA, pH 8.0)1k %
K 2 It EET 20 mL HEPES Zmia . A
3 umol/L cFDA-SE ZétHET, BEIRAE 37 °C #5537
FEvPIEE 20 min, FH 50 mmol/L BERRHH S5 nhis ik (B
4 10 mmol/L MgCl,, pH 7.0)0E% 1 ¥k, MKk
LG cFSE ZOBIREL , A ZIHEA (10 mmol/L)
FEW R AE 37 °C 15557 30 min, )5, il PBS 4%
TR (PH 7.0)BEIR BRI 2 Wk, BB IRAEDK FORA
S f FH R A 0% i W T o D LS PRV R, K%
JE LR BRI WA I 22 Rl b, LSRR
0 (WFHRZH) . 1/2 MIC Fil 1 MIC, AL & T 37 °C
FEFEAE R EESR 20 ming FERE SIS (20 M AR Al
H, il Z D) REEER G e O B R 490 nm Fil
440 nm F K& 5HEK S 520 nm HEGIREE, Wk
S B BR G RE A0 9 nm F 20 nm, AR EE K
25 °C. FAS 5 RIE Y PBS ZZ bl (LA R
WeFE 435124 0,172 MIC F1 1 MIC) S 523 19O,
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i cFSE “EHHRE RN F] pH ZZ v il I
DOIRIE, WHEAMEMZ . pH Z P iE RN
5 H & & (50 mmol/L) . #7 & 2 (50 mmol/L) .
Na,HPO,-2H,0 (50 mmol/L)#l1 KCI (50 mmol/L), H
NaOH 1 HCI &% pH {43 %4 3.0, 4.0, 50, 6.0,
7.0, 8.0, 9.0 F110.0. {452 %% (10 pmol/L)F
JE H A1 % (10 pmol/L) I HE 4B 4 At pH, f iy
pH K4k pH A4
135 J[RILEERXRIG 52 5 1A HT & AR BB A aY 2

240 T IR 37 G0 < 22 1 Sanchez 251907 12z,
BARINTS : BRI 1.3.1, DL PBS ZE s
B 2 WOF AL R ODegoo 4 0.5 KF 125 pl ik
WOMA PRI, BT 37 °C K537 30 min,
B e ) PRV A I LS PRV W (PBS . 2% i i
ficil), LB M 0, 1/2 MIC #1 1 MIC,
PR FACE T 37 °C K537 30 min, [mAEfLHIIMA
1 pmol/L %54kl DIBAC,(3), 5 min jafdi 2 1hfE
FEEAASASINEEREE , WORIR ST 492/515 nm,
WOR IR ST AEBRTERE 43920 3 nm TS nm., Al 2
LS B el = D iy [ B E S HIU R 8450/ o = B30 B O VA
B AP,
1.3.6 JRILFEEMRIG ZIEMITEEA ATP &Y
=AU

R ATP ¥ B2 A s 7 i EA AN - 4 I iy
i 1.3.1 PR E RIS R, [T PBS il
VRIS TAIAR 2 WIT IR HE TR E M 1Y ODgoo A7 0.5, ] 5.0
B 2 mL BRAEW, FFEIAS R RS 1 )5 LSS
FRVA W (PBS 2P ik Bierhil), (HEULZRIRIRE ] 0.
1/2 MIC #1 1 MIC, ¥ E T 37 °C 1557 30 min,
B o SRR SR TR AL B, SRR, BEVRE L
7 45 7 BB 25045 T 100 °C AbFE 2—3 min ffiAf
mn T ATP BEICHG o Pl ES.OAIL4325/(5 000 g,
5 min), B E3EROIMA A @4 B, s ATP
o I3 G id B R R AT R, 22 D) RE AR A
DU ZE A i VSR DGR B . R, fdi ] ATP
WL o ATP FRifEs A BEAL 0.01, 0.1, 11

10 pmol/L % 4 MREERRRE, 2l nmE S ATP
W R R P pR e e, AR P AR 1B il S AR S rh
ATP VR .
1.37  JRJLEER XS BRI 52 5 1% BA 4T B 4 e pE ST 22 14
Al

%M shi %75k, i LIVE/DEAD®
BacLight ZH B ¥4 1 0 70 e e ) J5 ) L3S FR X Pl
U o 2 s T TR A B P e A T s e . AR T
W WA R 1.3.1, 4 R T 4 °C .10 000 xg
2.0 15 min, f8if] 0.85% NaCl ¥ PE I # A
2K, MEfEAMA 2 mL 9 0.85% NaCl % . &
ELTE Y TR A A EC L mL A E] 20 mL 11 0.85%
NaCl 78 (1% 7 2H) A1 70% 4 53 P v T (FE I 41)
H, F 25 °C #55% 1 h, ffiff] 0.85% NaCl ¥Ehi
2-3 e F 2 4 HE i IR %E 2 ODgoo M 0.5 (2 41152
AL 0.01). WIEJLASHR T 0.85% NaCl %k
PROGBH WD, fE LSRR U BE 4350 0. 1/2 MIC
M1 MIC, FF7E 37 °C & 30 min J5, 4 °C,
10 000xg .0 1 min J5 5% Bif, IAAERIATR
f 0.85% NaCl i .

DA (A AAC B T TR 2 T A VRN 3 T 2 T B R T
Tl A [] 8 B HE A8 Y B 2 (0. 10% ., 50% . 90% Al
100%), [1] 96 LI (L fFhr AR Hris B A s G R AL
(0.85% NaCl ) . AEahFLAIBRIERZESFL, FHm
HALHIMAARFIATL SYTOIPI Y 2x4ekl, FE/0K
FTIRAT . K 96 FLEGFRHR E T 25 °C $%55% 5-10 min,
i I Z D) REBER R SR, SYTO Gy
RIR ST Ky 485/542 nm, Pl QUM & 14 5%
K-y 485/610 nm.,
138 RILFERXMRIGR % &M EAMRESE
=AU

Yy o S5 4 1 B X B R 58 2 s T R 400 LT
AEUIZIE L P g, BRI . dPR R
R 1.3.1 PR IERI SRR, RIS R R 5
JLZERZ(0. 1/2 MIC F1 1 MIC)AY T (ODgoo A 0.5)'&
T 37°C Ki3%, fE 2 h BUbedh. BiJs, f#H PBS ¥k
BRA 2 3k, IR T 2.5%K —#E-PBS
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VP [ E (4 °C). 12 h SRR PBS. JCRI/KYE
WHIR, IR BEARE T 1% (AR )R 5 h,
B 1 A TR) R 32 (30% . 50% ., 70% ., 80%. 90%
1 100%) ) £ A6 BE /K, B35 WK R R 10 min,
A S I 22 B P IR B T 4 S Al L AR
e, PR ESDIK 2 h eSS, Ak
FHE L BT A0 P AT S
1.3.9 ¥R

BE LA a2 B AR (0=3), i
SPSS # A4 (Version 19.0) % Hdait A 1481504, RH
Ducan’s ANOVA X 4t W [a] () i 2 PE R T L8,
P<0.05 MA@ 2, P<0.01 NI A2tk 2.

2 HR54H
21 [RILFREEXMRIGZ T IERTFESNIE
RE

gEIRINGR 1 PR, JEJLZRERNT 9 RRBRIR 7% 14
AP oA RAFHIMHIER o R LASRRXTSEE0 ) 6 £k
B IRy 7 % 5 AT T S MIC i 5.0 mg/mL, JiLASHR
S AR B 23 B TR AR 12-2., 18-7 Fi1 18-13 () MIC
J& 2.5 mg/mL, SZEGVEFE ATCC 29544 #Ef7Ja 4L
2.2 JRILZRER X BRIE 52 5 15 A AT B A A< Bl 26 Y
A

& 1 AT, YeRESh 1/16 MIC 2 1 MIC 501
AR X} B R o % s A TR %) A A A B R AR

F1 RILEBRMIRIGR Z &R ENSNMNIERE
Table 1 Minimum inhibitory concentrations of protocatechuic
acid against Cronobacter sakazzakii

Strain Origin MIC (mg/mL)
ATCC 29544 JL MR 5.0
ATCC 29004 Bah LB Wik 5.0
ATCC 12868 B LBy Wik 5.0
ATCC BAA-894 MM RERAR 5.0
12-2 B4 ) LA 25
14-15 Ba LIC 5 5k 5.0
18-7 ESAYIS ) 25
18-8 B LBy Wik 5.0
18-13 B LTy Wky 215

0.8
0.7
0.6
_05
S - 1/16 MIC
03} = 1/8 MIC
o2l - 1/4 MIC
“l g o 1/2 MIC
0.1} 4 < 1 MIC
0 [ o o6 090900000900 oGo0o000 ".‘
0 2 4 6 8 10 12 14 16 18 20 22 24

Incubation time (h)

1 RIGEFEBHEESE AR KERILFE
TSB g4 K thzk
Figure 1 Growth curves of C. sakazakii ATCC 29544
cultured in TSB with various concentrations of
protocatechuic acid

o WA 1 MIC Ay LASER IEACTT DL 5E a3 Bl
Ui v B iR IE 24 h INR9AEK, WREESH 1/16 MIC
£ 1/2 MIC 1) J5 LS TR i B 0 5 2 v R AT 1T 1 AR 4
TR 23R Y N O 650 A R RTS8 VR R s {1 1 o U
/N, PRI IR RE(E N
23 FRILZBEXMRIGREZIEMITERA pH &Y
A

SEHGAE KR 490 nm 5 440 nm PG HIE S
Bl v 2 A A A R LN pH A RIFROZEIESC R, £
PERIA R y=—0.733 2x+4.826 8 (R*=0.985 9),
PR ] 3 3 2 FUAE AR AN R pH. & 2 o]
A, ZFLARRAN IS, BRI e S AT A pH
(AR i (P<0.01) . AR LA TR A HE I Ui 5
BT pH A 6.87+0.06 , 284 B4 2.5 mg/mL
P LSRRI IS, R 5 2 i AT B ML A pH [
% 4.72+0.06, ZHeJF N 5.0 mg/mL 5L B A0 T
J&, BR s BT AN pH BEKE] 3.83+0.11,
MH, 2 AHREEM LA R B Ly pH i ff
FER R 3 1 25 5 (P<0.01) .
2.4 JR)LEEE ¥ BRIG se 5 15 B 4T & 40 B AR B AL
op=A

SIS P B 2Ot G4kE DIBAC((3) AL
Jouet, Mk AHME SR N E R RES SR L
H2t. DIBAC)UE AN, AN LR G
i, UEEH AN R A RGN, s Anif itk 2,
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1.0,
091 7
08! -
07!
0.6}
05}
041
03}
02 L E 3
011

0

Ratio 490 nm/440 nm
—_—— len

Ratio 490 nm/440 nm

S = N W B L Sy - oo
pHIH

0 2.5 5.0
Protocatechuic acid concentration (mg/mL)

2 JRILEKBRXPRIGSE F 15T E ATCC 29544 B
pH BYS20

Figure 2 Effects of protocatechuic acid on the intracellular
pH of C. sakazakii ATCC 29544

e *x: SXTERAAHEL, 2254 35 (P<0.01).

Note: **: Difference is extremely significant compared with the
control group.

20 I PN Y T AT, B 7 AR, R AN
AR B 3 T, SRS R AL HS BRI 7
5 B FT TR IS A AT W A AR (P<0.01) . &
2.5 mg/mL JFULZRERALFRIS , 4 EA 2 AR E o7 HH B
A (FHX DO LR EE 7 {E) . 48 5.0 mg/mL J5LZE
PR AL , A0 EA A0 RS a7 HH B AR fb (RR X 2 e,
JEIEH) -
25 [RILEEEFTRIGE B EAATREA ATP BY
A

ZEMTE , TR ATP MR BE SR 2o B A BT
(RILR I 2 (y=1 896x+98.69, R?=0.999), FJi i+
X i B 1) AR AR TR ATP R BE 3ol . 5555
ZER R, TR LSRN PR e B T A FE R LY ATP
VI A A A 25 1 AR A T (P<0.01) (& 4) K& 5
JLZR TR Ak B8 B 085 50 B i B AP TR I DY ATP MR
4 1.824 pmol/L. £ R 2.5 mg/mL Ji2 JLZE R
AEPRIS , BRUG s B AT R LY ATP W EE R 2
0.053 umol/L, % 5.0 mg/mL JFLERRAL B,
Py ATP #eFEF% 2 0.011 umol/L . 11 H., 2.5 mg/mL
55,0 mg/mL 5 LZRBR AL BRAH 2 8] A i ) ATP e
25 SR i 2 (P<0.01).

(=T B VS T =
*

| |
w2

Relative fluorescence units (x10°)
|

=5t Bl

Protocatechuic acid concentration (mg/mL)

3 JRILHREEXPRIG5E 5 15T E ATCC 29544 4HRR
=Rz )

Figure 3 Effects of protocatechuic acid on the
membrane potentials of C. sakazakii ATCC 29544

T o**. SXTRRAIAH G, 2554 3 (P<0.01).

Note: **: Difference is extremely significant compared with the
control group (P<0.01).

2.6 [RILZRBEXSRUG T T 15T EABEAR T8
{E2=0p-A

SERAERARY], SEIOGIRE S AR R )
M E A E RIFMEREXRR, MG TR
h: y=28 580x+11 704 (R*=0.992 9), MZEImFHE
% B e B A e A AN L) 240 T A3 2 2 R
SRR L, 5 LASRRAL FHX [ i 5 7 B T A
Y1 S ) S HE PR T B R IRAE T . 48 2.5 mg/mL i
JUATRAb IS, ey 50 2 i I T D At B A e e P e

40 120
35 118

z {16

§ 30 f1a2
8 25 {12 &
220 {10 &
] =9
£ {08 £
2 5 <
= 10 10.6

2 {04

T”: 5 - * 10.2
="

0 2.5 5.0
Protocatechuic acid concentration (mg/mL)

4 RILEEEXIBRIG 5 T BT E ATCC 29544 1A
ATP B9

Figure 4 Effects of protocatechuic acid on intracellular
ATP production by C. sakazakii ATCC 29544

e * SXTIRAAHE, 2508 3 (P<0.01).

Note: **: Difference is extremely significant compared with the
control group (P<0.01).
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R 2 JRILFBRXIBRIG T F EATE ATCC 29544 4R
FESE B R0

Table 2 Effects of protocatechuic acid on the membrane
integrity of C. sakazakii ATCC 29544

Concentration of Green v;i)rl(e:egéll redPL?(:fi?)Tof
protocatechuic ~ fluorescence -
acid (mg/mL) units fluorescence viable cell
g (%) fluorescence (%)
0 (CK) 42451 99 1
25 29699 63 37
5.0 25316 48 52

k%] 63%), % 5.0 mg/mL JFLAERACIRS , BRI 7
B AT B AN e R I 48%.
2.7 JRILEER TR 72 5 i A 4T B 2B R L 7S Y
=AU
JL L2 B %o BR U6 52 2 545 P T o ) A B T 5
B A RE, AN 5 s . A& LA IR AL PRI PR
U5 5 B VAT IR (B SA) AR, TR, Mt
o 4 2.5 mg/mL JsULASPRANEE S, 34240 H B
KRG, HEASIE (8 5B). £ 5.0 mg/mL JFULES
FRACFRIT , 20 P AN A T ™ B A A 4 RSB
AT AP TP T IEAMFRIRIE A (8 5C). i
JUAS TR X R URF 5 2 s i A TR1 A4t T 285 %) 5 i o
FEFHE TG R
3 Wik
SERIEFEI, R PE SO 5 | A e X 45 [
AN LA TP AL E, mPiE RN 2

NS AW B KL, s AT K
TR, THPE X TR R T &
BOR . TEMRAET, SRAEA L AL XN 5 55
Tt 245 AR 0 5 R SR B BT 50 E O I G A, o R
Wy IR SRy S5 7 AR S 6 it S0 1 B e
AT B TS FILERREZ KR 5
M FE NS, W R s RSy, JFH
CLRIE X Z A A A PRIVE R, R LA Rt B
U 5 2 s I o ) Ak 4 P B AT A . AR5
5B 20 e BB L 2R R ot B e 72 B AT B H A B
IFHIEEAVE R, S B Z R oI Er K3 & 54t
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Figure 5 Scanning electron micrographs of C. sakazakii ATCC 29544 untreated (A), treated with protocatechuic acid at 1/2 MIC

for 2 h (B), treated with protocatechuic acid at 1 MIC for 2 h (C)

TE: FRROl 2 pum, HORAEECH 20 000.
Note: The scaleplate is 2 um and magnification times is 20 000.
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