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Abstract: In this study, two kinds of Aged garlic extract (AGE-1 and AGE-2) were prepared and the two samples were extracted by
petroleum ether to obtain the petroleum ether fractions.of’/AGE-1 and”AGE-2. The minimum inhibitory concentration (MIC) of AGE-1 and
AGE-2 against Escherichia coli was determined by'broth microdilution method. The MIC of AGE-1 and AGE-2 against Escherichia coli was 31
pg/mL and 62 pg/mL, respectively. The antibacterial mechanism of AGE-1 and AGE-2 against Escherichia coli was studied by growth curves,
leakage of cell contents, conductivity of culture medium, confocal and scanning electron microscope. Further research found that AGE-1 and
AGE-2 inhibited the growth of Escherichia coli; damaged-the cell wall and cell membrane, changed the permeability of cell membrane, which
led to the leakage of electrolyte and macromolecules as well as cell apoptosis. The cell surface was rough and the cell was sticky and depressed.

Key words: aged garlic extract; Escherichia coli; antibacterial mechanism; apoptosis

Kol E A% SRRZ B P R AR AN RS 1 CAl)
SN, AT R A TE AR 57 AU PR ) 1 G 2
R R R 5D v Je R TR LB KR
t, TEIR NEOLRAE 10 M HEGE 20 M H, RS
13 2 IR SR 2 AR IR A5 R A5 21 T 85 122w R H
ks BHA: 2018-04-19
HEETE: KERNFHAZRATIE (14J0ZDJC34800); LG R A EAHH
FWHE (2016010021116); WUAREHAFHEIRHBEIES (20168K11)
&N T (1989-), &, I, L, WishE: REEFRSAR
)]

BREE: kR (1972-), B, Zd%, HIESIH, HRAE: ARKES

I=F=
oRE

32

PN, LRSI — TR KRR, BT A
RIS e B S I R, A
A A E L&, BB e B IR RN
PAAE T RFIRI NAAAT 2 A HLERA L A S 220
HURFRI AN B A5 5 i,
EARPEHIS — BRI U BRI EEEIRIRE |
KRR I RRESI . N RCTIRERH . DU
235 R DIEREIEAMEIRIE T O RERE.
PR 8 I DA R 5 2 B4 3y s T A A W it 1
R, AR T s S MBS EW TR o A7 SCHikAR
TERR -2 2 U AE Ko FP & AL S AT AR
IR, GREKREATT LA AGREIRY . 1 FREEL



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.9

Yo R R, R BRI R i A R e
Bt IR R I S A BT O I I RE R
TIRNE =R B TR EY), XEEA
RO AR KR BRI SR R
AR AT X PR B il E SRR B R S A A
T BE RIS L B T BRI A00T, R R
ArMBEESAL ST 2R BA RN S LU U
AR AL 2 A R B 1 B I S 1
), (B 812 R A T D 7 1 0 AL B
A

ARSI LLURERZE A ) AP RRE BRSO SRR
FAT BRI, ARSI 2 R e U A
BEFRAL, DU RO R, @RI R AR
TR S AN AR SE S, ATA
Z AR T L AT B A LR

1 MRIEEE

11 FH#

P00 5 AT RAR I 7 VA1 46 P Rl 2 s B R
i, AGE-1: M@ 2 Kaatl v 5 T =i M 10%
TR 90 d, IIEERNRIRE, B
40 ‘Clek 78 Rk4i 5 A1 AGE-2: K Kbl e+
FiR FAEZRBK IR 20d, S IEERNRR, B
W40 CHEZE Rk 510, Bl AGE-1, AGE-2
IN7KIE AR I 50 R P A g (60 “C~90 “CH ATV
R, FERRIR, A IREERRATIR AR, W4T
TR EAETHRRE ), 482 AGE-1 1 AGE-2 i
FrhEEERAL . AGE-1 Al AGE-2 F A Sk 743 5 75
fif /bR RN, BRI AR TR
R A — IR — IR A BRI C& 5 R
T AP, BCd PR B, SRs
R 75 ECAZE IR s 7R A ot R S A IR B2 1) 5
B

HERERE: KW i (Escherichia coli, ATCC
25922), “H I AR T M B R ARG OB AL
12 FENHLSE

SIHRF, ID1000-2, PLBHJERE AR A
FiFRA%, Multiskan FC, Z5[E Thermo A ], AR
F, SPX-250, RSV ARIBRITIRE) s R
W T Z IR F- R8s, SPF-1112, _Lifgt-1-si
WA ARAR; mEKEH, DY2009(X)-032-00,
E R AR ETRAT s aeE,
TU-1810, JbniEtm@EmHEARITELAR]; BEE

1%, DDS-307, dbxitEmmithinklE kAR AR:
IR AEL S, Clplus, HA Nikon AF]; 193t
FWAEE, SU1510, HA Hitachi High A7,

13 ik

131  RAKIPHE R 4G M

SR i PR A R0 7 e T B S5 K AT B
(R EERE (MIC) B, 435I AGE-1 #1 AGE-2
(I SRR A P A BRI A 20 mag/mL B4 B0, R
Ffe ER R R — BB . BUTC 1A 96 LR, 28
—47 1~10 LN 10 b RIERFERIFE G, 55 10 Fi 12
FUAIRE AR A KR, 112 FUil 100l f#5710°
CRU/ML KIHF Bsf =, “PAT=47. HP04T 1~10
FLIn 100 L RIS FRIBE R E, dRul 96 FLiR
FEIRE S 1 98 FUI T 37 “CARTR S I 4 o i B 1 55 24
h, FHEEAMCIE 600 M K OD fE. LU/NLANEA:
gl 5 A Fb T B RS S TR B AR A 1) MIC
132 &ibBkIRast KIMATE A K Lo Rh

KpFEE e, BTk RERERE, BT
37 ORISR 12 h, #B)y 10° CFU/ML Fr B
W, HU50 mL MR G I B S AGE-1 Fl AGE-2 [1)
At BT o B R A, {6 AGE-1 #1 AGE-2 1)
T B AL ) 2R B o BN L AR IR P, 37 °C,
150 rimin FERRG 7R, HANATEAKARE RS Fxd
W RPN U, SR e THE 600 nm
W oD M,
1.3.3 i m w4 ey ik

T RE IR R A>T I 52 S AT A A
WA . B 50 mL #EEA 10° CFUML HI T &
5 AGE-1 Fll AGE-2 1A Bk B AL /0 B o I A
i AGE-1 Fll AGE-2 A JHBEAL IR B 23l L
AR, 37 °C, 150 r/min #&A&EFE, BANAT
B KA AL S AR . B59% 0. 3. 6. 9. 12, 18,
24, 30. 36. 42. 48 h BUFf, KA 466 THE 260 nm
DE BRI OD {8, 1%MH n] MR AN DNA/RNA
PR RS P Fh I S ol 200 P BB P 2 A5 A v
1.3.4 3R BTN T

HY 50 mL #B: A 10° CFU/ML 11 B 5 AGE-1
A AGE-2 B4 MBS AL > B o AR A, 8 AGE-1
A AGE-2 (A KA R 23 B2 3 ) N H R ARATI A
W%, 37 °C, 150 r/min $EIRESFRE, AAPTLR KRG
FESMEAS AR . B59% 04 2. 4. 6. 8. 10, 12 h L
B, ME R R SR,
1.35 HOLE R E DM R G b BT K
FAATH 69778

33



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.9

N TR E )22 SRS EA A T R A K
B 40 PRI O MR AN AE B TS R s e, SR A
Hoechst33342 1 P1 XKz B WG B 50 mL ¥RFE
N 10° CFUMML (¥ B BE AW, 1 AGE-1 A1
AGE-2 (1147 H Tk E 7 1) 2838 P55 A L B AR AT B R I
37 CHEFR 24 h, HAHMUTCHE KA FE I IR AE At e
. B 1 mL KiFRERImEERIN 10 L WKEN 0.5
ma/mL f#] Hoechst 33342 (&K 355 nm, 5K
K 465 nm), 37 ‘CH4f? 10 min, 5000 r/min, 4 ‘C s
5min, 3 FiEESECT 1 mL S s L W
9 1 mg/mL (¥ PI GLi0kE B4 €2 10 min (UK BE 540
nm, RHEEK 620 nm), ZEERBE=IR. N
AEFERGT () R I B i B B b b, R B BA
SR GO 38 £ B g kA g,

1.3.6 HEFBEIK

N TR AGE-1 Al AGE-2 Ak B 57 %t A T
PSRRI, B 50 mL A 10° CFUIML IR K
FFE R 0S AGE-1 il AGE-2 HIA Bk AR
EREFE, AE AGE-1 1 AGE-2 A kSR A Iy
FLRARAM R, CUEE KRS B AR T B4,
37 °C, 150 r/min %37 24 h J5 5000 r/min 50> 5 min,
7 35, HEARR 2.5%00 % B[ € 24 h, 5000 r/min
B0 5 min 3 B, @BAUKIGT =R R s
afiyK e, E— V5 B AR N BB P AR TR R Bt
G, PR T S,

14 B AT
PR R =R, A5 RPLF I E (mean) Rt
(SD)#7, H Origin 8:0 HAHEE.

2 ZR5L

2.1 S R T AR R

KRR ZMEZE T AGE-1 1 AGE-2 £
T T S R K T A R I F BRIk B, &5 R
AGE-1 I AGE-2 Ayl s o X KT B 1) B A A o
WES> 5 31 pg/mL A1 62 pg/mL.

22 3K &8 R

N T I S A T B A X R R A B A K 2R 1 R
M, % AGE-1 Fll AGE-2 ik AL 5515 K AT B
TREEFR 48 h, AGE-1 Ml AGE-2 A1 MBS K
R AR R ZR 2 ma DL 1, st rb 1 o HRZH AR R
BEAKEAEKHA, 12 h BUS ODego fRFFFEE . AGE-1
AT AGE-2 A i Bk 3505 7 Ak 3 2H FEAIK T K g AF 18 1

34

ODeoo» 3577 12 h J5 KT ) ODegoo 5 — EFEE ]
Hahn, (HAGZAK T IE R XTI, i8] AGE-1 F1 AGE-2
A e Tk AN 7 S g (R A BT AR B 1)K W AT B 1 3
P, #5395 12 h Ja K i e oo T A K R B (R
Kot A2 PR, S5 ODgoo 25K T 1E 4 IR AL

1.6}

% 12r -=Normal group

> -e-Petroleum ether fraction of AGE-1
5 08k - Petroleum ether fraction of AGE-2

o

o]

0.4+

0 10 20 30 20 50
Rime /h
B 1AM BRI KRR R A RIS A2
Fig.1 Effectsof petroleum ether fractions on the growth curve
of Escherichia cali

2.3, 40 J v 7 A0 Bl O

¥ AGE-1 Al AGE-2 oo 78 I 5 AICHI B o4
RS KT iR A 1595 48 h, SR e
X3 TR AR R TV dAT TR, 25 5 LA
2.0 SRR ALA L, AGE-1 F1 AGE-2 A3 il A
SET EIFRWAPRK TGN, ZaE SRR
AGE-1 I AGE-2 itk i il 1 KT B 4 i
LA IR 1T S 550 T A AR P S RS -

121 & Normal group
-o-Petroleum ether fraction of AGE-1
LOT & petroleum ether fraction of AGE-2
£ o08r
o
==
E 0.6
8 oaf
02
0.05 10 20 30 a0 50

Time / h
& 2 MBI KRBT E AR 2 FHRGHH RIS
Fig.2 Effect of petroleum ether fractions on large molecules
leakage of Escherichia coli

24 BARETESENLA

YN AR E BB IA S, AHAR AN 0 FAR K 295
IREE IR P FEOE IR SN, B ]
DA e H T PRSI 1 (1 254K

¥ AGE-1 Fil AGE-2 A1 MBI AL 7E FL AR AR B
FE R 5 K R AR, &2 h E 3=



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.9

SR, ALK 3, WA IE 6 R R
L3 — EANE L BRI K, AGE-1 1 AGE-2
AR A AL FRAH F SR B R T IR X IR, H
AGE-1 1B A AN L 3R KT AGE-2 f17H
Tk ER A7 o

PLESERULRH AGE-1 A1 AGE-2 ik 7 %%
H AR IR P IS B T 4N B 4R AR, S8
Ji PN EAR BTN, . AGE-1 [0 Yl A5 %o 200 P A
WA FH R T AGE-2 A I BB o

321 _a-Normal group

-o-Petroleum ether fraction of AGE-1

E = Petroleum ether fraction of AGE-2
2 301 ——4
H %
5 —
i s PR S
Q L
3
)
=] : —
3 A
o
26} —
0 3 6 9 12
Time /h

& 3mSR KT RS TR A R S 2R AR
Fig.3 Effect of petroleum ether fractions on conductivity of
Escherichia coli culture fluid

25 WA ERELMETE A MBI A

Fo A T 44 e R 28 1 B R

25 um

25 um

E 4 8 24 h FRGTEHCEHREERRREE
Fig.4 Laser scanning confocal microscope'image-of Escherichia

coli.after exposure for 24 h

E: (a) *FREZe; () 31 pg/ml ¢ AGE-1 & k30 aal
3% 24 h; (c) 62 g/mL %) AGE-2 & ik 31 {z&L 3 24 h,

FIF Pl Hoechst83342 it KT i XU I F ik
HHRERMEDWEL R MK 4. Hoechst33342 &
YUfRIEE MO G ARk, PTG AT 40 DNA 24T
Jut,, FE R gL ts 2BME IS o, T
21 M IR P 5 ), PL R LUK SR R4 L
DNA FIIRNA BHT gt )f R 555608, B4 (a)
HRE H HRZH 2 20 A P B S s U (o, AR
et B 4 (b) A (c) o AGE-1 I AGE-2
A A B AT A B N AL BE 24 h 5 4 s .0k
R, U] AGE-1 Fl AGE-2 A ik fir a] DM A# K
WoAF B AR R AT A iEER N, R
AGE-1 1 AGE-2 ik Ao nT LARAE K AT 1 41 i
RARFE; S51ER SRR AGE-1 Fl AGE-2 M
ik S o7 7 e B AR TR AR BE T 70 7l b 3 24 h GRS R A8 K
JAAT B R T ARBE, B 1 AT v 20 o I e s
{8 Hoechst33342 [1i&id ZH4°K, H AGE-1 KAk
EALN KA B E R T AGE-2 FA iR A7 o

26 HAHE T DHENEF M BT A

T T 20 L JE oy %)

KA T 9 T BB S A R A6 K A
R IEA R, 25K 5. B 5 (a) Hontiid
KA BEETR 24 h G WA RTTOGH, TEASTEHE . 1,
ISR PPRIATIR , A 20 M SR A S PN 2547 ) MRS
5 (b) " 31 pg/mL [ AGE-1 £ A A EE 24 h
JERR R AR MG, AR AR, B 8]
FHENE, ERAREERAERE: B 5 (o) F 62 pg/mL
(1) AGE-2 f1iMBkEIAIALE 24 h J5 At R £ A AN
MR, ZHAZRTRARE, PR A EAHRNE: AGE-2 A1

35



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.9

TR A AL FRZH A 2 AR LN T AGE-1 A7 ik
FLAbERA, 2R GEFRT R FRINE .. HRNE
itk I i 25 SR DA OO I R B MR 4 R —
. AARE RN S E R RS, dipE N R
JRRE S BRI 0 EARRNE, H AT ARG .

DL 4k BB AGE-1 Al AGE-2 A3 JIk A7 6t K AT
PR AR, AT DU 20 o R AR 41 P s o 4
JER AR JR LR o

El5 438 24 h AT EIIEE FERRE (X 10000)
Fig.5.SEM image of Escherichia.coli after exposure for 24 h

(34L0000)
JE: (a) &R (b) 31 pg/mL 49 AGE-1 & it 31 4L 22
24h; (c) 62 ug/mL #) AGE-2 & ib Bk 3{ 4z 4L 32 24 h,

3 Zh5ip

3.1 ASIGHHT T AGE-1 Fl AGE-2 A1 il %k
JortT v B B ARAN R BT, KIW AGE-1 #1 AGE-2 1M
TR0 KT BRI VR B2 43518 31 pg/mL Al
62 pg/mL. AGE-1 Al AGE-2 [ Ik &R A7 Hfdk
PIRIRFE T REMSHIH R R K K E, SEE
P AR AR o T (TG, FEREXT R 1 40

36

HEFNA ARG i, SOSAMRAR I IEIENE, (R
RO T BIASE, IS R 2 M R RS, A
Z IR HAHRNE, AT R A AR T ARG,

3.2 WA AT C X RN A ) E SR 0 B
T P DA K AT B PR B VS T i T A AT, R I
AGE-1 Rl AGE-2 WA JHEkEAL & 2R A his
Ffeantn: —HE=E. R B 3-20%
F-1.2- A C-4-0 . 3-2HFE-1,2- R 243 O -5-
W8, B SR IR R S G T T
MEEEATRCT, X B R ST LS A
A BB IR R A R S S A AR, BHAS
A SRR IR I 1E 5 R 8 4 R
JRIIIE 5 & R B A e A K M E A s B it
I B I TT LS AN S R IR RN, | Fom— 2
Tk D75 A A — b A o ) e e B R R
WM. BT HISREG IR B AGE-L A AGE-2 1A Ik T
L&A Z M A WA EY)5T, X Le) ot n] DARHAS 20
M. dHRAEE &, FEBRRS T AE AN e AR A
a5 45 RIGAE T AGE-1 Al
AGE=2 1A Mk 7 AT A K AT B I A4 6 B

BRI Koy T A e S A E S5, A
JBOe R B R B I SIESE T AGE-1
L AGE-2 B4 kA7 ] DAIE I 455 KA Bl 4
P BRI B, S0 20 M T AR S0k B A B R

[1] Chandrashekar P M, Venkatesh Y P. Identification of the
protein components displaying immunomodulatory activity
in aged garlic extract [J]. Journal of Ethnopharmacology,
2009, 124(3): 384-390

[2] Amagase H, Petesch B L, Matsuura H, et al. Intake of garlic
and its bioactive components [J]. The Journal of Nutrition,
2001, 131(3): 9555-962S

[3] Xu C, Mathews A E, Rodrigues C, et al. Aged garlic extract
supplementation modifies inflammation and immunity of
adults with obesity: a randomized, double-blind,
placebo-controlled clinical trial [J]. Clinical Nutrition ESPEN,
2018, 24: 148-155

[4] Ushijima M, Takashima M, Kunimura K, et al. Effects of
S-1-propenylcysteine, a sulfur compound in aged garlic
extract, on blood pressure and peripheral circulation in
spontaneously hypertensive rats [J]. Journal of Pharmacy and
Pharmacology, 2018, 70(4): 559-565

[5] Iciek M, Kwiecien I, Wiodek L. Biological properties of

garlic and garlic-derived organosulfur compounds [J].



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.9

(6]

[7]

(8]

(9]

[10]

(11]

[12]

Environmental and Molecular Mutagenesis, 2009, 50(3):247-
265

Fujisawa H, Watanabe K, Suma K, et al. Antibacterial
potential of garlic-derived allicin and its cancellation by
sulfhydryl compounds [J]. Bioscience Biotechnology and
Biochemistry, 2009, 73(9): 1948-1955

Cowan M M. Plant products as antimicrobial agents [J].
Clinical Microbiology Reviews, 1999, 12(4): 564-582

TN K IR R B 2 R R BB A BRI A 40 v v A K
J3 53] DA G i A,2015,31(1):65-70

WANG Xiao-min, ZHANG Min, YANG Yu-kun.
Antimicrobial properties and components analysis of solvent
extracts from aged garlic extract [J]. Modern Food Science
and Technology, 2015, 31(1): 65-70

Runti G, Pacor S, Colomban S, et al. Arabica coffee extract
shows antibacterial activity against  Staphylococcus
epidermidis and Enterococcus faecalis and low toxicity
towards a human cell line [J]. LWT-Food Science and
Technology, 2015, 62(1): 108-114

Filippini M, Ortelli C, Svercel M, et al. Interspecies variation
in survival and growth of filamentous heterotrophic bacteria
in response to UVC radiation [J]. Journal of Photochemistry
and Photobiology B: Biology, 2011, 103(3): 234-242

Paul S, Dubey R C, Maheswari D K, et al. Trachyspermum
ammi (L.) fruit essential oil influencing on membrane
permeability and surface characteristics' in inhibiting
food-borne pathogens [J]. Food-Control, 2011, 22(5): 725~
731

Nakayama M, Shigemune N, Tsugukuni T, et al. Mechanism

[13]

[14]

[15]

[16]

[17]

(18]

of the combined anti-bacterial effect of green tea extract and
NaCl against Staphylococcus aureus and Escherichia coli
0157: H7 [J]. Food Control, 2012, 25(1): 225-232

Pan X, Wang Y, Chen Z, et al. Investigation of antibacterial
activity and related mechanism of a series of nano-Mg(OH),
[J]. ACS applied materials & interfaces, 2013, 5(3): 1137-
1142

Yong A L, Ooh K F, Ong H C, et al. Investigation of
antibacterial mechanism and identification of bacterial
protein targets mediated by antibacterial medicinal plant
extracts [J]. Food Chemistry; 2015, 186: 32-36

George S, Pokhrel S, Xia T, et.al. Use’of a rapid cytotoxicity
screening approach to engineer 'a safer zinc oxide
nanoparticle through iron doping [J]. ACS.Nano, 2009, 4(1):
15-29

Hwang B K; Lee'C H, Chang I'S, et al. Membrane bioreactor:
TMP rise and characterization of bio-cake structure using
CLSM-image analysis [J]. Journal of Membrane Science,
2012, 419: 33-41

Waag T, Gelhaus C, Rath J, et al. Allicin and derivates are
cysteine protease inhibitors with antiparasitic activity [J].
Bioorganic. & Medicinal Chemistry Letters, 2010, 20(18):
5541-5543

L, B PUR I P AL TR [9]. H IR IE, 2016,35(1):
5-9

MA Chao, WU Ying. Research on antimicrobial agents and
their mechanism of actions [J]. China Brewing, 2016, 35(1):
5-9

37



