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Abstract: To investigate the antibacterial activity of protocatechualdehyde (PC), the minimum inhibitory concentrations (MICs) of PC

against C. sakazakii strains and the effect of PC on C. sakazakii growth curves were determined. The effect of PC on the cell morphology of C.

sakazakii was observed under field emission scanning icroscope. In addition, the impacts of PC on cell membrane integrity,

intracellular pH (pH;,), intracellular adenosine triphospha ATP) concentration and membrane potential were measured using multiple
fluorescent probes to elucidate its possible antibacterial mec anism/ The results showed that the MICs of PC against C. sakazakii strains ranged
from 0.625 to 1.25 mg/mL, and the addition of PC significantly reduced the specific growth rate and the maximum optical density of C.
sakazakii. Electronic microscopy observations indicated that C. sakazakii cells exposed to PC had a wrinkled surface and lost the typical
structure of Corynebacterium spp. In addition, PC treatments at concentrations of 2MIC and 4MIC reduced cell integrity by 49.0% and 50.7%,

respectively, and caused a decr H;, of C. sakazakii from 6.87 to 5.67 and 4.47, respectively; the PC treatments reduced the intracellular

ATP concentration from 1.824 pmo less than 0.01 pmol/L. In addition, cells treated with PC showed depolarized cell membranes. In

conclusion,

membr£ PC
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had good antibiotic activity against C. sakazakii, and its possible mechanism of action was to affect the permeability of the cell

the potential to be used as a natural antibacterial agent in infant formula or other foods.
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Table 1 Minimum inhibitory concentrations of
protocatechualdehyde against Cronobactersakazakii
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Fig.1 Growth curves of C. sakazakii ATCC 29544 cultured in
TSB with various concentrations of protocatechualdehyde
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Table 2 Growth kinetic parameters of C. sakazakii cells in
tryptic soy broth with different concentrations of
protocatechualdehyde

SRR BRI UmatSE OD,
1/2MIC 0.028+0.001* 0.361+0.004*
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1/8MIC 0.0730.003°€ 0.583+0.001°€
1/16MIC 0.092+0.002° 0.617+0.002°
0(CK) 0.121+0.004" 0.622+0.004°
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Table 3

t§ of protocatechualdehyde on the membrane integrity of C. sakazakii ATCC 29544

LR BRI %ERe wm ONE 7 A R LA % S0 R 7 R P A9/ %
KO(CK) 424514549 99.0+1.6 1.0+1.6
2MIC 264794268 51.0£0.8 49.0+0.8
259034224 49.3+0.7 50.7+£0.7
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Fig.3 Effects of protocatechualdehyde on the intracellular pH of
C. sakazakii ATCC 29544
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Fig.5 Effects of protocatechualdehyde on the membrane

potentials of C. sakazakii ATCC 29544
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O Mt S 265 0 S 35 08 e AN ATP ik FE T 51 724
PLhREZREL. AR R A E B R RS 5| S A% A B
A 25 R B 1 4 S R A7 38 2% X I 3 PR L P pH
ARSI 1 B (B 0, ARTT,  HTE R
PEFNLERZ 7, TR ) LASEET FRss ve &' i i d T
P AR B LG Rt — 2P 5T

3 it
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3.1 ARSCUAE ) LASEE A TN G, S A It B 0
T VT TR PR i/ N B A P ) LA B AR
Wi5E J5 ) LASEAE F s i v 22 v I vl () AR 28,
HHA Gompertz BUEERIRIER TG ) LAERT A A A= 1<
sz Ko sgm 75 RIS RS F B iR L2
sk Bl b 5 2 U T A R AE TS s s I 22 bk
ARSI 5 ) LAS BT B bt 5 2 v AT e 4 s 5
PE. BN pH. BIPY ATP 3RFE. BEEAZIOVER, #R7T
HOTREMIPIRELER . RIS SE AR  JE LA R
S BV AR R R N B EEA 0.625~1.25 mg/mL,
TP FEA R s WRIEN MIC (9 R ) LSS
FeA A i o 2 i A R AR G 1/2MIC~1/16MIC
TR () i) LA o A o e KA KR RS, oK
R AV B SR 250/ s T R 4 TR R A SR LS A (5 Bl
IRy oo DV AT B TR AR, I [FE, PR
TR LZREE (2MIC AT AMIC) 41 B 41 i 52
VLY HIBEA 49.0%A11 50.7%, fE4HE A pH H 6.87
BN 5.67 Fil 447, {EANRALA ATP W 1.824
pmol/L P& A 0.01 pumol/L LATR, - H.fa 41 i 40 ffu i
I AR .
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JEJL%@%“%?%M@%MMD%fﬁﬁﬁnﬁmﬂﬁ%ﬁﬁ

[1] Healy B, Cooney S, O 'Brien S, et al. Cro

(Enterobacter  sakazakii):  an opportunistic foodborne

pathogen [J]. Foodborne Pathogens.and Disease, 2010, 7(4):
339-350

13-122

of Cronobacter sakazakii.and C. malonaticus isolates from
powdered infant formula and an infant formula production
factory in/ China [J].
Microbiology, 2015, 81(16): 5430-5439

[4] Friedemann M. Enterobacter sakazakii in food and beverages

Applied Environmental and

(other than infant formula and milk powder) [J]. International
Journal of Food Microbiology, 2007, 116(1): 1-10

[5] A AR B B A R ORI R OR 7R T e 0.3
AERHEITE A B2, 1995,3(4):52-57
GAO Hai-sheng, LI Chun-hua, CAI Jin-xing, et al. Advances
on the study of natural fresh-keeping agents for fruits and

2]

[13]

[14]

[15]

vegetables [J].
Science & Technology, 1995, 3(4): 52-57
Amalaradjou M A, Venkitanarayanan K. Effect of trans-

Journal of Hebei Normal University of

cinnamaldehyde on inhibition and inactivation of
Cronobacter sakazakii biofilm on abiotic surfaces [J]. Journal
of Food Protection, 2011, 74(2): 200-208

Saile E, Mcgarvey J A, Schell M A, et al. Role of
extracellular polysaccharide and endoglucanase in root
invasion and colonization of tomato plants by Ralstonia
solanacearum [J]. Phytopathology, 1997,87(12): 1264-1271
Etoh H, Murakami K, Yogoh T, et al. Anti-oxidative
compounds in barley tea [J]. Bioscience Bi

68(12): 2616-

hnology and
Biochemistry, 20
Chang Z Q, Gebru

2
ee S P, et‘al. In vitro antioxidant and
anti-inflammatory activit of protocate
from Phellinus gilvus 1. J urnal of Nutritional Science and
Vitaminology, 2011, 57(1): 118-122

Li SL, Yu Y M,.Chen J N, et al. Evaluation of the

dehyde isolated

antibacterial effects ‘and mechanism of action of

protocatexwhyde against Ralstonia solanacearum [J].
Molecules, ,21(6): 754

Prachayasittikul S, Buraparuangsang P, Worachartcheewan A,
et al. Antimicrobial and antioxidative activities of bioactive
constituents from Hydnophytum formicarum Jack [J].
Molecules, 2008, 13(4): 904-921

Joshi S S, Howell A B, D'Souza D H. Cronobacter sakazakii
reduction by blueberry proanthocyanidins [J]. Food
Microbiology, 2014, 39(5): 127-131

Choi M J, Kim S A, Lee N Y, et al. New decontamination
method based on caprylic acid in combination with citric acid
or vanillin for eliminating Cronobacter sakazakii and
Salmonella enterica serovar Typhimurium in reconstituted
formula [J]. of Food
Microbiology, 2013, 166(3): 499-507

Amalaradjou M A R, Hoagland T A, Venkitanarayanan K.

infant International  Journal

Inactivation of Enterobacter sakazakii in reconstituted infant
formula by trans-cinnamaldehyde [J]. International Journal of
Food Microbiology, 2009, 129(2): 146-149

Kim K J, Kim M A, Jung J H. Antitumor and antioxidant
activity of  protocatechualdehyde  produced  from
Streptomyces lincolnensis M-20 [J]. Archives of Pharmacal
Research, 2008, 31(12): 1572-1577

Shi C, Sun Y, Zhang X R, et al. Antimicrobial effect of lipoic
acid against Cronobacter sakazakii [J]. Food Control, 2016,

59:352-358

111



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.7

[17]

112

Shi C, Zhang X R, Sun Y, et al. Antimicrobial activity of
ferulic acid against Cronobacter sakazakii and possible
mechanism of action [J]. Foodborne Pathogens and Disease,
2016, 13(4): 196-204

Salton M R. Structure and function of bacterial cell
membranes [J]. Microbiology, 1967, 21(21): 417-442

Bajpai V K, Sharma A, Baek K H. Antibacterial mode of
action of Cudrania tricuspidata fruit essential oil, affecting

N

! |

[20]

membrane permeability and surface characteristics of
food-borne pathogens [J]. Food Control, 2013, 32(2): 582-
590

Li G H, Xu Y F, Wang X, et al. Tannin-Rich fraction from
pomegranate rind damages membrane of Listeria
monocytogenes [J]. Foodborne Pathogens and Disease, 2014,

11(4): 313-319

) U

X

Q&



