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Abstract: Allium sativum is an herbaceous plant with homology of medicine and food. It has wide application because of its biological
activities including anti-pathogenic microorganism, anticancer, anti-oxidation, anti-diabetes, anti-atherosclerosis and anti-
hypertension. Studies have shown that A. sativum extracts contain a variety of biologically active chemical ingredients, such as organic
sulfur compounds, flavonoids and saponins. Among them, allicin has the most significant bioactive compounds and it’s also the most
concerned substance by researchers. Allicin is a kind of organic sulfur compounds which exhibits extensive antibacterial, antifungal,
antiviral and antiparasitic properties. The antimicrobial mechanism of allicin is mainly the competitive inhibition of thiol enzymes, the
destruction of bacterial structure and the effect on biofilm, etc. In recent years, studies have proved that allicin can effectively improve
its antimicrobial activities or prolong its action time when combined with drug carriers. Therefore, the combination of allicin and other
drug carriers is a feasible alternative method, which can improve the chemical stability of allicin. In this paper, the role of A. sativum
and its active ingredients on antimicrobial activities in recent 10 years are summarized, and the mechanism and the effect of allicin
combined with drug carriers are described, in order to provide reference for 4. sativum in anti-pathogenic microorganism application.
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Fig.2 Chemical structures of derivatives of allicin
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Table 1 Differences in sensitivity of different bacteria to allicin and garlic extract

Yl b PP ERp ) MIC/(mg-mL™") YE Y5 SCHR #E
A S IR T PR 32 PN YN 10-12
BEILEREATE B 0.062 5 KirREKFRT 10-11,13
ZF R b bk B £ [ 1 0.016 6~0.062 5 PN UN 10-11,13
ST T H 0.002 5 NG =R 8,15-16
KIGHT ik 0.03~0.14 Kasit 17 PEBMER
EFLINE iR 59.1~90.8 KK 18
KIGAT 4 0.032 PN 20-21
PR A 4 0.128 BHRFRR 21
TR B F 0.016 N N 21
i RSB AT B 4 0.016 BHRFRR 8,22
it 9 Bt BK B ERs 0.064 S UNTF 8 i 2 2 TR Ak
i ¢ B ER TR FE 0.032~0.064 NS N 8
A e R FH 4 0.032 BKFRER 8 Tiif 2 24 BRI bk
15 LB RR A FE 0.064 BHRFRR 8
Jits ¢ e, 25 11 B 34 0.128 NS N 8
PN 7LaT] I £ 125~250 Kvn/KFEHA) 24 PR E B- Y I
A BYBEER B FH 0.032 BHRFRR 25 FEERE SR B
R 2 BAT T8 34 0.078~0.156 Kis A ORI 26
A TEAT 34 0.089 K ST 27

MIC-FARIMBEASE, TR

MIC-minimum inhibitory concentration, same as below tables
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Table 3 Antiviral activities of allicin and garlic extract

THEEFRR ECso/(mgmL ™) ERYIR ik
FRE 0.009 SKRTERFGEE 39
e I 2 >335 PN vty 40
s IV 2 >335 PN vty 40
ARSI R 15 032 Kiwith 41
AU 9 7 0.05 Kir ) 4
BRI SA-11 0.025 PN vty 43
ARSI HINI >0.1 i 48
HALR YRR HINT 0.01 WilERl 49
HALR PR HINT 0.01 WilERl 50

NESE R 0.06
g
IR 0.025
BRI HON2 B 15
ECso-F $U KA SR
ECso-concentration for 50% of maximal effect
Joi, 1E 1987 4 Mirelman ZEP4HESE 27 A 75 N iE
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Table 4 Inhibitory effect of allicin and garlic extract on

KeslEOkeeldy 51

Kk LT 52
KmKEEH) 53

parasites
A H MIC/(mg-mL™") TERYIR SCHR
TIBE R 0425 Ktk I 56
R 2RR 00384 KonHERRY) 57
e 75 KarKIEEA 58
T8 B R 0.0125~0.1000  KFKiEE 59
WSR-S E A 0.0057~0.00586 KiEE 60
A PR 0.001 82~0.001 98 KiF& 60
ezl Ect >0.16 N5 61
o 2k 3.8~79 KeslECkeieid) 62
2 R 5 Kira 63
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Fig. 3 Antibacterial mechanism of allicin
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MIC 7£ 5~10 mg/mL.

Robles-Martinez 22806 K ps 3 FHAR 29K B+ Bk
H, SR B KGR RMPUEEE R KFF
# (MIC=0.04 mg/mL) 4373 54RYKE T 0.01.
0.02. 0.04. 0.06. 0.08 mg/mL BT, 453 ERK
w2 AR I Hb A 41 68 B R R I AR, RIS K55
FIREIREICE 0.4 pg/mL T HE 58 240 B AR 1)
Ao AR FAPLELE S0 25 80 7D B8 I 453 AR SIE
YRR B R R 57 2 TR S TR AR 1) B 22 T2 R AR e
A, WA A B R A R R T KR A
YUK E T B AR I Eh RIS . B
GREAR—FEE. A R L RRTT B 5] R
LR AR AR,

Meléndez-Villanueva 5PN SEHIE SE K pR &
55 & g K RL B FH UG A T = R AR E T A AR ) e
P, Ze B 3R A EE 30U RIIE S8 K55 32 R S KR
FHAAEAEM 2 h JFEAKEER, MEER
3 h I R R ek 84%, A ELAEH 6 h I 7 1K
LRI 92%. HULAT L, HEgKR 1 IR )
DAREK K ps 25 IR BRI (8], S buim d 1E
SIS RN, kR0 16.05, R RGFERM
S AR~ (1T FH LE S0 S 5 S G PRIV T %o 4 L
WA R, I RRR R M AR T B & —Fh
IRIF I 2 KIG 7] WF AR I RGR 3R 5 SRR T
I R R 5 A7 280 v, A R BRI FE B R B2 5
WAL 10 fi5. KR 5&490K0 PR REE Suh &
FEBHOR FEE NG, I REAG AR BRIZ T B3 1E
2 i ) A
5 48

Kar R NTH & AR E T W& G 259 AT vk
dns FE R BEAETE S KR R B B PR
PUEA  PUR B APUR A ST, BA R RN,
R, Ksaa nTE R Gobi i 250 A 808 AR B
B BT RBEERNEE AR E, 5%%
PR R, T 5 A N HARAT A, P DR P4 R
RO ZE R, PSS 51 NP3k 5 K ar R Ik
F, A B v T 1 SR B R N (R G, BT
MR ERT S TR RIVET A, KER s P R il
AEVIRIHLEZETEMT . (T KRR IR AR
PUR IS I B IR, AR TRIER B2
IR o HORER S8 AR AP SEIG R, AR A S50
AL, UHZEREEEARR=Z . S5, R
5Kk 2 CE PTI98 JER A A P ST 6 AR R e P e

TC, A AEE 9 NS e Sl 1R SR BLRE N 7E /2
HDE-Ve /P
ABAR ALY FEARAEF B R

SE 3k

[11 XINE, WA, 758, & Kisa K5I &M 2
BHFFE [I]. HEERE 5, 2021, 46(2): 79-82.

[2] skpEal. gR3EsLil « KFF (0] HEBEE, 2013(21): 36.

[81 77Uk, J5dRFE, SKAESR. KFRa B E L] AORT 5T
HRE (1], PR TREAE, 2020, 26(2): 187-192.

[41 WD, B, A, 5 KGRI R H 2L ot
FUHERE [9]. FPESEE A A, 2019, 25(8): 181-186.

[5] El-Saber Batiha G, Magdy Beshbishy A, Wasef L G, et al.
Chemical constituents and pharmacological activities of
garlic (Allium sativum L.): A review [J]. Nutrients, 2020,
12(3): 872.

[6] Cavallito C J, Bailey J H. Allicin, the antibacterial
principle of Allium sativum. 1. isolation, physical
properties and antibacterial action [J]. J Am Chem Soc,
1944, 66(11): 1950-1951.

[7]1 Borlinghaus J, Albrecht F, Gruhlke M C, et al. Allicin:
chemistry and biological properties [J]. Molecules, 2014,
19(8): 12591-12618.

[8] Reiter J, Levina N, van der Linden M, et al.
Diallylthiosulfinate (allicin), a volatile antimicrobial from
garlic (Allium sativum), kills human lung pathogenic
bacteria, including MDR strains, as a vapor [J]. Molecules,
2017,22(10): 1711.

[91 wiFE, A8, Y. Kesh @R R 1A 77
ETFERE (7], B, 2018(10): 36-39

[10] Bachrach G, Jamil A, Naor R, et al. Garlic allicin as a
potential agent for controlling oral pathogens [J]. J Med
Food, 2011, 14(11): 1338-1343.

[11] Kshirsagar M M, Dodamani A S, Karibasappa G N, ef al.
Antibacterial activity of garlic extract on cariogenic
bacteria: An in vitro study [J]. Ayu, 2018, 39(3): 165-168.

[12] Lee H J, Park H S, Kim K H, et al. Effect of garlic on
bacterial biofilm formation on orthodontic wire [J]. Angle
Orthod, 2011, 81(5): 895-900.

[13] Shetty S, Thomas B, Shetty V, et al. An in-vitro evaluation
of the efficacy of garlic extract as an antimicrobial agent
on periodontal pathogens: A microbiological study [J].
Ayu, 2013, 34(4): 445-451.

[14] Dwivedi V P, Bhattacharya D, Singh M, et al. Allicin
enhances antimicrobial activity of macrophages during
Mycobacterium tuberculosis infection [J). J Ethnopharmacol,
2019, 243: 111634.

[15] Yadav S, Trivedi N A, Bhatt J D. Antimicrobial activity of



FED 20224FE4 7 $53% B 78 Chinese Traditional and Herbal Drugs 2022 April Vol. 53 No. 7

= 2181 -

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

fresh garlic juice: An in vitro study [J]. Ayu, 2015, 36(2):
203-207.

Oosthuizen C, Arbach M, Meyer D, et al. Diallyl
polysulfides from Allium sativum as immunomodulators,
hepatoprotectors, and antimycobacterial agents [J]. J Med
Food, 2017, 20(7): 685-690.

Bhatwalkar S B, Gound S S, Mondal R, ef al. Anti-biofilm
and antibacterial activity of Allium sativum against drug
resistant shiga-toxin producing Escherichia coli (STEC)
isolates from patient samples and food sources [J]. Indian
J Microbiol, 2019, 59(2): 171-179.

Booyens J, Thantsha M S. Fourier transform infra-red
spectroscopy and flow cytometric assessment of the
antibacterial mechanism of action of aqueous extract of
garlic
Bifidobacterium strains [J]. BMC Complement Altern Med,
2014, 14: 289.

Loi V V, Huyen N T T, Busche T, et al. Staphylococcus
aureus responds to allicin by global S-thioallylation: Role
of the Brx/BSH/YpdA pathway and the disulfide reductase
MerA to overcome allicin stress [J]. Free Radic Biol Med,
2019, 139: 55-69.

Serrano H D, Mariezcurrena-Berasain M A, Del Carmen

(Allium  sativum) against selected probiotic

Gutiérrez Castillo A, et al. Antimicrobial resistance of
three common molecularly identified pathogenic bacteria
to Allium aqueous extracts [J]. Microb Pathog, 2020, 142:
104028.

Leontiev R, Hohaus N, Jacob C, et al. A comparison of the
antibacterial and antifungal activities of thiosulfinate
analogues of allicin [J]. Sci Rep, 2018, 8(1): 6763.
Nidadavolu P, Amor W, Tran P L, et al. Garlic ointment
inhibits biofilm formation by bacterial pathogens from
burn wounds [J]. J Med Microbiol, 2012, 61(pt 5): 662-
671.

Choi J A, Cho S N, Lim Y J, et al. Enhancement of the
antimycobacterial activity of macrophages by ajoene [J].
Innate Immun, 2018, 24(1): 79-88.

Idris A R, Afegbua S L. Single and joint antibacterial
activity of aqueous garlic extract and Manuka honey on
extended-spectrum beta-lactamase-producing Escherichia
coli [J]. Trans R Soc Trop Med Hyg, 2017, 111(10): 472-
478.
Arzanlou M.
exotoxin B using allicin from garlic [J]. Microb Pathog,
2016, 93: 166-171.

Mohsenipour Z, Hassanshahian M. The effects of Allium

Inhibition of streptococcal pyrogenic

sativum extracts on biofilm formation and activities of six
pathogenic bacteria [J]. Jundishapur J Microbiol, 2015,

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

8(8): e18971.

Karuppiah P, Rajaram S. Antibacterial effect of Allium
sativum cloves and Zingiber officinale rthizomes against
multiple-drug resistant clinical pathogens [J]. Asian Pac J
Trop Biomed, 2012, 2(8): 597-601.

Robles-Martinez M, Gonzalez J F C, Pérez-Vazquez F J,
et al. Antimycotic activity potentiation of Allium sativum
extract and silver nanoparticles against Trichophyton
rubrum [J]. Chem Biodivers, 2019, 16(4): ¢1800525.
Kocié-Tanackov S, Dimi¢ G, Levi¢ J, et al. Effects of
onion (A4llium cepa L.) and garlic (Allium sativum L.)
essential oils on the Aspergillus versicolor growth and
sterigmatocystin production [J]. J Food Sci, 2012, 77(5):
M278-M284.

Li WR, Shi Q S, Dai H Q, et al. Antifungal activity,
kinetics and molecular mechanism of action of garlic oil
against Candida albicans [J]. Sci Rep, 2016, 6(1): 1-9.
Burian J P, Sacramento L V' S, Carlos I Z. Fungal infection
control by garlic extracts (Allium sativum L.) and
modulation of peritoneal macrophages activity in murine
model of sporotrichosis [J]. Braz J Biol, 2017, 77(4): 848-
855.

Hayat S, Cheng Z, Ahmad H, et al. Garlic, from remedy to
stimulant: Evaluation of antifungal potential reveals
diversity in phytoalexin allicin content among garlic
cultivars; allicin containing aqueous garlic extracts trigger
antioxidants in cucumber [J]. Front Plant Sci, 2016, 7:
1235.

Wang Y C, Wei K K, Han X B, et al. The antifungal effect
of garlic essential oil on Phytophthora nicotianae and the
inhibitory component involved [J]. Biomolecules, 2019,
9(10): 632.

Li W R, Shi Q S, Liang Q, et al. Antifungal effect and
mechanism of garlic oil on Penicillium funiculosum [J].
Appl Microbiol Biotechnol, 2014, 98(19): 8337-8346.
Parvu M, Mot C A, Parvu A E, et al. Allium sativum extract
chemical composition, antioxidant activity and antifungal
effect against Meyerozyma guilliermondii and Rhodotorula
mucilaginosa causing onychomycosis [J]. Molecules,
2019, 24(21): 3958.

Aala F, Yusuf U K, Jamal F, ef al. Antimicrobial effects of
allicin and ketoconazole on Trichophyton rubrum under in
vitro condition [J]. Braz J Microbiol, 2012, 43(2): 786-792.
Pai S T, Platt M W. Antifungal effects of Allium sativum
(garlic) extract against the Aspergillus species involved in
otomycosis [J]. Lett Appl Microbiol, 1995, 20(1): 14-18.
Yamada Y, Azuma K. Evaluation of the in vitro antifungal

activity of allicin [J]. Antimicrob Agents Chemother, 1977,



° 2182

FED 20224FE4 7 $53% B 78 Chinese Traditional and Herbal Drugs 2022 April Vol. 53 No. 7

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

11(4): 743-749.
Meléndez-Villanueva M A, Moran-Santibafiez K,
Martinez-Sanmiguel J J, et al. Virucidal activity of gold
nanoparticles synthesized by green chemistry using garlic
extract [J]. Viruses, 2019, doi: 10.3390/v11121111.

Chen C H, Chou T W, Cheng L H, et al. In vitro anti-
adenoviral activity of five Allium plants [J]. J Taiwan Inst
Chem Eng, 2011, 42(2): 228-232.

Romeilah R M, Fayed S A, Mahmoud G I. Chemical
compositions, antiviral and antioxidant activities of seven
essential oils [J]. J Appl Sci Res, 2010, 6(1): 50-62.

Seo D J, Lee M, Jeon S B, et al. Antiviral activity of herbal
extracts against the hepatitis A virus [J]. Food Control,
2017, 72: 9-13.

Al-Ballawi Z F S, Redhwan N A, Ali M. In vitro studies of
some medicinal plants extracts for antiviral activity against
rotavirus [J]. IOSR J Pharm Biol Sci, 2017, 12(2): 53-58.
Liu Y, Che T M, Song M, et al. Dietary plant extracts
improve immune responses and growth efficiency of pigs
experimentally infected with porcine reproductive and
respiratory syndrome virus [J]. J Anim Sci, 2013, 91(12):
5668-5679.

Mohamed, E. F. Antiviral properties of Garlic Cloves Juice
compared with Onion Bulbs Juice against potato virus Y
(PVY) [J]. J Amer Sci, 2010, 6(8):196-199.

Hall A, Troupin A, Londono-Renteria B, et al. Garlic
organosulfur compounds reduce inflammation and
oxidative stress during dengue virus infection [J]. Viruses,
2017, 9(7): 159.

Khubber S, Hashemifesharaki R, Mohammadi M, et al.
Garlic (Allium sativum L.): A potential unique therapeutic
food rich in organosulfur and flavonoid compounds to fight
with COVID-19 [J]. Nutr J, 2020, 19(1): 1-3.

Choi H J. Chemical
possessing anti-influenza A/WS/33 virus activity [J].
Osong Public Health Res Perspect, 2018, 9(6): 348-353.
Mehrbod P, Amini E, Tavassoti-Kheiri M, et al. Antiviral
activity of garlic extract on influenza virus [J]. Iran J Virol,
2009, 3(1): 19-23.

Mehrbod, P, Aini I, Amini E, et al. Assessment of direct

constituents of essential oils

immunofluorescence assay in detection of antiviral effect
of garlic extract on influenza virus [J]. AfirJ Microbiol Res,
2013, 7(21): 2608-2612.

Kun S, Pongsanarakul P, Hannongbua S, et al. Anti-HIV-1
reverse transcriptase activities of hexane extracts from
some Asian medicinal plants [J]. J Med Plants Res, 2011,
5(19): 4899-4960.

Mehmood M. Antiviral activity and its prospective

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

mechanism of action on newcastle disease virus using
crude extract of four medicinal plants [J]. World Res J
Pharm Res, 2018, 7(18): 130-141.

Rasool A, Khan M U R, Ali M A, et al. Anti-avian
influenza virus HIN2 activity of aqueous extracts of
Zingiber officinalis (ginger) and Allium sativum (garlic) in
chick embryos [J]. Pak J Pharm Sci, 2017, 30(4): 1341-
1344.

Mirelman D, Monheit D, Varon S. Inhibition of growth of
Entamoeba histolytica by allicin, the active principle of
garlic extract (Allium sativum) [J]. J Infect Dis, 1987,
156(1): 243-244.

Ankri S, Mirelman D. Antimicrobial properties of allicin
from garlic [J]. Microbes Infect, 1999, 1(2): 125-129.
Argiiello-Garcia R, de la Vega-Arnaud M, Loredo-
Rodriguez 1 J, et al. Activity of thioallyl compounds from
garlic against Giardia duodenalis trophozoites and in
experimental giardiasis [J]. Front Cell Infect Microbiol,
2018, 8: 353.

Mahmoudvand H, Sepahvand P, Jahanbakhsh S, er al.
Evaluation of the antileishmanial and cytotoxic effects of
various extracts of garlic (Allium sativum) on Leishmania
tropica [J]. J Parasit Dis, 2016, 40(2): 423-426.

Seddiek ShA, El-Shorbagy M M, Khater H F, et al. The
antitrichomonal efficacy of garlic and metronidazole
against Trichomonas gallinae infecting domestic pigeons
[1]. Parasitol Res, 2014, 113(4): 1319-1329.

Ibrahim A N. Comparison of in vitro activity of
metronidazole and garlic-based product (Tomex®) on
Trichomonas vaginalis [J]. Parasitol Res, 2013, 112(5):
2063-2067.

Krstin S, Sobeh M, Braun M, et al. Anti-Parasitic Activities
of Allium sativum and Allium cepa against Trypanosoma
brucei and Leishmania tarentolae [J]. Medicines, 2018,
5(2): 37.

Millet C O, Lloyd D, Williams C, et al. Effect of garlic and
allium-derived products on the growth and metabolism of
Spironucleus vortens [J). Exp Parasitol, 2011, 127(2): 490-
499.

Palacio-Landin J, Mendoza-de Gives P, Salinas-Sanchez D
O, et al. In vitro and in vivo nematocidal activity of Allium
sativum and Tagetes erecta extracts against Haemonchus
contortus [J]. Turkiye Parazitol Derg, 2015, 39(4): 260-
264.

Lima C M, Freitas F I, Morais L C, et al. Ultrastructural
study on the morphological changes to male worms of
Schistosoma mansoni after in vitro exposure to allicin [J].
Rev Soc Bras Med Trop, 2011, 44(3): 327-330.



FED 20224FE4 7 $53% B 78 Chinese Traditional and Herbal Drugs 2022 April Vol. 53 No. 7

= 2183

[64]

[65]

[66]

[67]

(68]

(69]

[70]

[71]

[72]

Rabin N, Zheng Y, Opoku-Temeng C, et al. Biofilm
formation mechanisms and targets for
antibiofilm agents [J]. Future Med Chem, 2015, 7(4): 493-512.
Kyung K H. Antimicrobial properties of A//ium species [J].
Curr Opin Biotechnol, 2012, 23(2): 142-147.

Miiller A, Eller J, Albrecht F, et al. Allicin induces thiol
stress in bacteria through S-allylmercapto modification of
protein cysteines [J]. J Biol Chem, 2016, 291(22): 11477-
11490.

Velliyagounder K, Ganeshnarayan K, Velusamy S K, et al.
sulfides
periodontopathogen Aggregatibacter actinomycetemcomitans
[J]. Antimicrob Agents Chemother, 2012, 56(5): 2397-2407.
Reiter J, Hiibbers A M, Albrecht F, ef al. Allicin, a natural
antimicrobial defence substance from garlic, inhibits DNA
gyrase activity in bacteria [J]. Int J Med Microbiol, 2020,
310(1): 151359.

Wallock-Richards D, Doherty C J, Doherty L, et al. Garlic

revisited: Antimicrobial activity of allicin-containing

developing

In vitro efficacy of diallyl against the

garlic extracts against Burkholderia cepacia complex [J].
PLoS One, 2014, 9(12): e112726.

Getti G T M, Poole P L. Allicin causes fragmentation of the
peptidoglycan coat in Staphylococcus aureus by effecting
synthesis and aiding hydrolysis: A determination by
MALDI-TOF mass spectrometry on whole cells [J]. J Med
Microbiol, 2019, 68(4): 667-677.

Chen C, Liu C H, Cai J, et al. Broad-spectrum
antimicrobial activity, chemical composition and
mechanism of action of garlic (4//ium sativum) extracts [J].
Food Control, 2018, 86: 117-125.

Zhai H, Pan J, Pang E, et al. Lavage with allicin in
combination with vancomycin inhibits biofilm formation
by Staphylococcus epidermidis in a rabbit model of

prosthetic joint infection [J]. PLoS One, 2014, 9(7):

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

€102760.

Yang X L, Sha K H, Xu G Y, et al. Subinhibitory
concentrations  of
Escherichia coli (UPEC) biofilm formation, adhesion
ability, and swimming motility [J]. Int J Mol Sci, 2016,
17(7): 979.

Xu Z, Zhang H, Yu H, et al. Allicin inhibits Pseudomonas

aeruginosa virulence by suppressing the rhl and pgs

allicin  decrease  uropathogenic

quorum-sensing systems [J]. Can J Microbiol, 2019, 65(8):
563-574.
Li WR, MaY K, Shi Q S, et al. Diallyl disulfide from
garlic oil inhibits Pseudomonas aeruginosa virulence
factors by inactivating key quorum sensing genes [J]. Appl
Microbiol Biotechnol, 2018, 102(17): 7555-7564.
Said M M, Watson C, Grando D. Garlic alters the
expression of putative virulence factor genes SIR2 and
ECE1 in vulvovaginal C. albicans isolates [J]. Sci Rep,
2020, 10(1): 1-9.
Feldberg R S, Chang S C, Kotik A N, et al. In vitro
mechanism of inhibition of bacterial cell growth by allicin
[J]. Antimicrob Agents Chemother, 1988, 32(12): 1763-1768.
Gonzélez-Fandos E, Garcia-Lopez M L, Sierra M L, et al.
Staphylococcal growth and enterotoxins (A-D) and
thermonuclease synthesis in the presence of dehydrated
garlic [J]. J Appl Bacteriol, 1994, 77(5): 549-552.
Piletti R, Zanetti M, Jung G, et al. Microencapsulation of
garlic oil by B-cyclodextrin as a thermal protection method
for antibacterial action [J]. Mater Sci Eng C Mater Biol
Appl, 2019, 94: 139-149.
Ibrahim E, Zhang M C, Zhang Y, et al. Green-
synthesization of silver nanoparticles using endophytic
bacteria isolated from garlic and its antifungal activity
against wheat Fusarium head blight pathogen Fusarium
graminearum [J]. Nanomaterials, 2020, 10(2): 219.
[FrfEsmiF  Eim]



