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Abstract: A novel ultraviolet-irradiated gallic acid antibacterial solution (UVC-GA) was developed using a new method of light-induced
enhancement of GA antibacterial activity through exposing gallic acid (GA) to UV-C for 12 h. The GA solution obtained after UVC-GA for 12 h
could reduce E. coli O157: H7 by 3.57 log cfu/mL (which was 22.33 times higher than that of GA. The antibacterial activity of UVC-GA
solution was affected by the irradiation duration, wavelength and pH. After 60 min of irradiation, UVC-GA reduced E. coli O157: H7 by 4.42
log cfu/mL, which was significantly higher than UVB-GA and UVA-GA by 64.25% and 223.47%; The reduction of E. coli O157: H7 by
UVC-GA at pH 3 was 94.23 and 87.62 times, respectively, higher than those at pH 7 and pH 11. The addition of benzenesulfinic acid (BSA) to
UVC-GA lowered E. coli O157: H7 to 0.63 log cfu/mL (p<0.05), indicating that quinone compounds in UVC-GA enhanced its antibacterial
activity. The addition of reactive oxygen species (ROS) quencher to UVC-GA significantly (p<0.05) reduced the antibacterial effect by 4.56%
and 8.15%, respectively, compared with those of the DMSO-treated group and the mannitol-treated group (p<0.05). The generation of hydrogen
peroxide and the increase of E. coli O157: H7-induced oxidative stress indicated the contribution of ROS to the antibacterial effect of UVC-GA.
The results showed that UVC-GA could effectively inhibit E. coli O157:H7 on the surface of oyster flesh, and correctly treated UV-C irradiated
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GA can be used as a novel antimicrobial solution for sterilization of oyster products and other foods.
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IRZfi % | Fenton S, ERS fi#E 252 H 3L ARFIE
{55 CellROX J7iENE T A A A A AR S 45 R
Wi 4b iR, UVC-GA Ab3ZH (140 5A AL LU B
SR GA WHRIH R =2 2.5 5, W DI A
5.1 f% (p<0.05), Tfii GA ZHF1 HC1 4 (pH=3.0) KFH



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.11

BEZER (p>0.05),
45
40
35+
3.0
2.5H
2.0H
1.5+
1.0 b b b

0.5H ’—'j ’—’_‘
0.0 ' ' ' ' <

HH®

o E. coli O157:H7I8/> & / log(cfu/mL) &

150

120 -

A

HH®

90 [

60

RIESGME

30+ b b a
0
O GVAaGA  GA GHI DI A
8000 -
6000
4000 -
2000 -
-2000 |
-4000 -
-6000 |-
-800g

(@}
e
pu
oS
iy

UVC-GA

ERepili

FHXTEPRA

33 334 335 336 337 338 339
WA/ nm

8000 -
6000 GA
4000
2000

T

T

-2000
-4000
-6000 -
-8000

T

AHXFEPRAE 5 9

333 3|34 33|5 336 337 3|38 33|9
HHiY) / mT
[&] 4 UVC-GA 4 ROS 734
Fig.4 Analysis of ROS from UVC-GA
7: (a) UVC-GA F374m ROS K 49 E. coli O157: H7
2+ 408,V F; (b) E. coli O157: H7 %14 UVC-GA. GA. HCI.
DI Frit A AL G 49 BN R R, 0 R TARIE 5 At
MEA 0; (c. d) UVC-GA #9# B b1k 49 EPR #e453RI745 £
2. REFEEATREREF (p<0.05).
W FT4Es KR, MRS RErE 2o a] oG T 7

A= ROS THERE /3858, Wnd S FIFREE B k.
GA # 400 nm % & LED 4% 15 min &, =A%k
I N S I S Ol N )

(Staphylococcus aureus) J3%E KT 5 log cfumL!',
DNHERR . ZRJEIR . RWETILERER. REREBTILER
BETIRIEAEIEE R ZMBPAFBKR UV-A
BUECA IR AR RS, [RIRE R e ) 0
5%, Wang 25 th R L GA #ARIR 5 = A i e al> .
[Klt, TTRE ROS tH/2E UVC-GA BA =M RE i —
AN . A TR A ETE R CRACERD . R
H H2E1ERR7 (DMSO FIH &R 77 UVC-GA
Je, MBERETIBEAG, UFSEI A A SRS 1 H A AR
T UVC-GA #IREME. flghRER UVC-GA F4)
7 uM [PEEMNE, R UVC-GA 724 ROS. {HEZ
UVC-GA FJEME S ERIR. 5ok, BREE AR
R, ATREE TS S K. B T ROS 19 FRASI
4b, UVC-GA MIREAIIRIENE (20 4 i) AR
ROS Kfiiks, [AA ROS @ BA R Kk,
HIR UVC-GA ¥ ROS 25 7 HANEEN, (HEARE
FH T 58 AR R LA R AL

2.3 4# UVC-GA B ¥rkwm E. coli

O157:H7

UVC-GA SRR E. coli O157:H7 I 45 51
Wi 5 fos, WILGEFI R R4 5.23 log cfwmL, 15
min J7, DI 2> EEZ) 0.8 log cfw/mL, GA ZH R
/DE#) 2.24 log cfmL, 1 UVC-GA 4 F /> &
4.14 log cfw/mL, b GA 41F1 DI 418 2% 1.75 f5/1 5.5
5 (p<0.05). MIFERHZESR 1 h, GA A UVC-GA
YR E coli O157T:HT /b ERT 4.12 log
cfwmL, ULEHME A SHIREE ). A5 EMB
LRk 7R A B TSA, 2R EMB RERS A4 45 A
JRR I H e B E K, HREE MWL UVC-GA X
E. coli O157:H7 WiHIHI/E - H T EMB J&—Fhik #:14%
(2 SRR, RERZIA IV 3OAE ME B A5 20 1 () 5
U, Bz 32 3660 UVC-GA FIIME A 2o 5 e ai it
F TSA RIS RARRIESE . A1, UVC-GA »&—
FHRAG I IRANEE 2%, nl T30 6 = i A A R
T G AN B

3 g

SRR R T B L 50 R, GA # UV-C 4R
Je, HANERE % pH M UV-C K52, ROS At
AN AL GA RIS = AR S T o

67



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.11

ROS £ UVC-GA HIHim{EH s — ek,
HEGHEFREE, IR R ES— PR 1
UVC-GA TERME (pH=11) FAERrERR e ImESS A
H&, 458 E. coli O157:HT NG . Ui B IEAfAb 3R
UV-C &) GA A v RefE— P BB R H T
BRI S OREE, R 7R AN B A5CRE A B i o

(1]

(2]

Gyawali R, Ibrahim S A. Natural products as antimicrobial
agents [J]. Food Control, 2014, 46: 412-429
Gutiérrez-Larrainzar, M, Rua, J, Caro, et al. Evaluation of
antimicrobial and antioxidant activities of natural phenolic
compounds against foodborne pathogens and spoilage
bacteria [J]. Food Control, 2012, 26(2): 555-563

ZHANG Ju-fang, YANG Hong-shun. Effects of potential
organic compatible sanitisers on organic and conventional
fresh-cut lettuce (Lactuca sativa var. Crispa L) [J]. Food
Control, 2017, 72: 20-26

SR AHE AR I 5 & T IR RS VERT T HE R[] 75 ARER 24
2ERE 2R, 2020,41(2):146-149

SHI Hai-yan, XI Yan-li. Advances in bioactivity of gallic acid
[J]. Journal of Jilin Medical College, 2020, 41(2): 146-149
Cetin-Karaca H, Newman M C. Antimicrobial efficacy of
plant Salmonella  and
Escherichia coli [J]. Food Bioscience, 2015, 11: 8-15

Ricke S C, Kundinger, M M, Miller D R, et al. Alternatives to

phenolic compounds against

antibiotics: ~ Chemical and  physical  antimicrobial
interventions and foodborne pathogen response [J]. Poultry
Science, 2005, 84(4): 667-675

Sanhueza L, Melo R, Montero R, et al. Synergistic
interactions between phenolic compounds identified in grape
pomace extract with antibiotics of different classes against
Staphylococcus aureus and Escherichia coli [J]. PLoS One,
2017, 12(2): 1-15

TR AR B, IR, 55 B T IR M AT R R B e
L GE IR A2 1 57,2020,9:585-593

GUO Xiao-dan, SONG Jing-jiu, WANG Dong, et al.
GALLIC ACID and its derivatives physiological activities
and research status [J]. The world of Chemistry, 2020, 9:
585-593

Varela-Lopez A, Bullon P, Giampieri F, et al. Non-nutrient,
naturally occurring phenolic compounds with antioxidant
activity for the prevention and treatment of periodontal

diseases [J]. Antioxidants, 2015, 4(3): 447-481

[10] A e, A i T, 55 AN [0 A3 H 7K BT P e

68

[11]

[13]

[14]

[15]

[17]

[18]

[20]

RIS 1 BZY,2020,42(3):702-708

WU lJia-xin, ZHOU Bo, DENG Meng-meng, et al. Effect of
heating time on gallic acid in Yuganzi decoction [J]. Chinese
Patent Drug, 2020, 42(3): 702-708
AT R A R, S R BT LR BRI T IR IR A
Uk 2 4ot BEHTVR VE AL [9]. £ & A4 2,2019,40(24):
79-85

YUAN Yue, ZHAO Yong-qiang, YANG Xian-qing, et al.
Anti-freezing mechanism of epigallocatechin gallate on
frozen tilapia surimi [J]. Food Science, 2019, 40(24): 79-85
Borges A, Ferreira C, Saavedra M J, et al. Antibacterial
activity and mode of action of ferulic and gallic acids against
pathogenic bacteria [J]. Microbial Drug Resistance, 2013,
19(4): 256-265

Nohynek L J, Alakomi H L, Kéhkénen M P, et al. Berry
phenolics:  Antimicrobial properties and mechanisms of
action against severe human pathogens [J]. Nutrition and
Cancer, 2006, 54(1): 18-32

XU Chang-mou, Yagiz Y, Hsu W Y, et al. Antioxidant,
antibacterial, and antibiofilm properties of polyphenols from
muscadine grape (Vitis rotundifolia Michx.) Pomace against
selected foodborne pathogens [J]. Journal of Agricultural and
Food Chemistry, 2014, 62(28): 6640-6649

YIN Rui, DAI Tian-hong, Avci P, et al. Light based
anti-infectives: Ultraviolet C irradiation, photodynamic
therapy, blue light, and beyond [J]. Current Opinion in
Pharmacology, 2013, 13(5): 731-762

Nakamura K, Ishiyama K, Sheng H, et al. Bactericidal
activity and mechanism of photoirradiated polyphenols
against grampositive and negative bacteria [J]. Journal of
Agricultural and Food Chemistry, 2015, 63(35): 7707-7713
Nakamura K, Yamada Y, Ikai H, et al. Bactericidal action of
photoirradiated gallic acid via reactive oxygen species
formation [J]. Journal of Agricultural and Food Chemistry,
2012, 60(40): 10048-10054

Narayanan M, Leung S. A, Inaba Y, et al. Semiquinone
intermediates are involved in the energy coupling mechanism
of E. coli complex I [J]. Biochimica et Biophysica Acta, 2015,
1847(8): 681-689

Cossu A, Ercan D, WANG Qing-yang, et al. Antimicrobial
effect of synergistic interaction between UV-A light and
gallic acid against Escherichia coli O157:H7 in fresh produce
wash water and biofilm [J]. Innovative Food Science and
Emerging Technologies, 2016, 37: 44-52

de Oliveira E F, Tosati J V, Tikekar R 'V, et al. Antimicrobial



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.11

(21]

(23]

[27]

(28]

[29]

activity of curcumin in combination with light against
Escherichia coli O157:H7 and Listeria innocua: Applications
for fresh produce sanitation [J]. Postharvest Biology and
Technology, 2018, 137: 86-94

DING Qiao, Alborzi S, Bastarrachea, L J, Tikekar R V. Novel
sanitization approach based on synergistic action of UV-A
light and benzoic acid: Inactivation mechanism and a
potential application in washing fresh produce [J]. Food
Microbiology, 2018, 72: 39-54

DU Ying-xun, CHEN Hui, ZHANG Yuan-yuan, et al.
Photodegradation of gallic acid under UV irradiation: Insights
regarding the pH effect on direct photolysis and the ROS
oxidation-sensitized process of DOM [J].
2014, 99: 254-260

Elias R J, Andersen M L, Skibsted L H, et al. Key factors

Chemosphere,

affecting radical formation in wine studied by spin trapping
and EPR spectroscopy [J]. American Journal of Enology and
Viticulture, 2009, 60(4): 471-476

Benitez F J, Real F J, Acero J L, et al. Gallic acid degradation
in aqueous solutions by UV/H,0, treatment, Fenton’s reagent
and the photo-Fenton system [J]. Journal of Hazardous
Materials, 2005, 126(3): 31-39

Bektasoglu B, Esin C S, Ozyiirek M, et al. Novel hydroxyl
radical scavenging antioxidant activity assay for
water-soluble antioxidants using a modified CUPRAC
method [J].

Communications, 2006, 345(3): 1194-1200

Biochemical and Biophysical Research
Wolff S P. Ferrous ion oxidation in presence of ferric ion
indicator xylenol orange for measurement of hydroperoxides
[J]. Methods in Enzymology, 1994, 233: 182-189

Choi H, YANG Zhi-lin, Weisshaar J C. Single-cell, real-time
detection of oxidative stress induced in Escherichia coli by
the antimicrobial peptide CM15 [J]. Proceedings of the
National Academy of Sciences, 2015, 112(3): E303-E310
Schwalm K, Aloni R, Langhans M, et al. Flavonoid-related
regulation of auxin accumulation in Agrobacterium
tumefaciens-induced plant tumors [J]. Planta, 2003, 218(2):
163-178

WANG Qing-yang, Oliveira, E F, Alborzi S, et al. On
mechanism behind UV-A light enhanced antibacterial activity

of gallic acid and propyl gallate against Escherichia coli

[30]

[34]

[36]

[38]

0157:H7 [J]. Scientific Reports, 2017, 7(1): 1-11

Corbo M R, Bevilacqua A, Campaniello D, et al. Prolonging
microbial shelf life of foods through the use of natural
compounds and non-thermal approaches-A review [J].
International Journal of Food Science and Technology, 2009,
44(2): 223-241

Son H S, Choi S B, Zoh K D, et al. Effects of ultraviolet
intensity and wavelength on the photolysis of triclosan [J].
Water Science and Technology, 2007, 55(2): 209-216

Eslami A C, Pasanphan W, Wagner B A, et al. Free radicals
produced by the oxidation of gallic acid: An electron
paramagnetic resonance study [J]. Chemistry Central Journal,
2010, 4(1): 15

SONG Yang, Wagner B A, Lehmler H J, et al. Semiquinone
radicals from oxygenated polychlorinated biphenyls: Electron
paramagnetic resonance studies [J]. Chemical Research in
Toxicology, 2008, 21(7): 1359-1367

Quici N, Litter M L

degradation of gallic acid under different experimental

Heterogeneous photocatalytic
conditions [J]. Photochemical & Photobiological Sciences,
2009, 8(7): 975

Wysocka I, Kowalska E, Trzcinski K, et al. UV-Vis-induced
degradation of phenol over magnetic photocatalysts modified
with Pt, Pd, Cu and Au nanoparticles [J]. Nanomaterials,
2018, 8(28): 1-20

Oliveira C M, Ferreira, A C S, De Freitas V, et al. Oxidation
mechanisms Food Research

International, 2011, 44(5): 1115-1126
Ensafi A A, Jamei H R, Heydari-Bafrooei E, et al

occurring in wines [J].

Electrochemical study of quinone redox cycling: A novel
application of DNA-based biosensors for monitoring
biochemical reactions [J]. Bioelectrochemistry, 2016, 111:
15-22

Yang G Sau C, Lai W, et al. Affinity and activity of
non-native quinones at the QB site of bacterial photosynthetic
reaction centers [J]. Photosynthesis Research, 2014, 120(1-2):
181-196

Yasukawa T, Uchida I, Matsue T. Permeation of redox
species through a cell membrane of a single, living algal

protoplast studied by microamperometry [J]. Biochimica et

Biophysica Acta-Biomembranes, 1998, 1369(1): 152-158

69



