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ABSTRACT:
Food borne diseases are a serious global problem that need to be addressed.
These diseases are usually caused by proliferation of micro-organism during storage
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INTRODUCTION
Foodborne illness continues to contribute large

food as natural food additive since it affects greatly the
taste of the food.

part of morbidity and mortality worldwide. Microbial

One way of preventing the direct incorporation

proliferation and contamination is usually the main rea-

of antimicrobial food additive to food is by using anti-

son for food spoilage. Microbial growth occurs at aston-

microbial packaging technology. Through this technolo-

ishing rates every place where moisture, heat, and food

gy, antimicrobial agent is bonded to polymer film in

source are present. Replication rates of million times per

order to suppress the proliferation of microorganisms

day lead to odors, discoloration, and the development of

and extend the shelf-life of the food without interfering

bio-slime. Thus, microbial infection is a frequent com-

on its sensory attributes (Sung et al., 2013). Thus, by

plication associated with food. The ability of these mi-

using this technology, food borne illnesses caused by

croorganisms to adhere to food is a key factor in the

microorganisms may be prevented and lessen.

initiation and propagation of diseases caused by microbial infection.

In this study garlic oil was bonded to polypropylene, a usual plastic container used for food. It aimed

Food are added with antimicrobial agents also

to develop an antimicrobial food packaging. Bonding

known as additives in order to prevent biological deteri-

interaction of garlic oil and polypropylene was evaluat-

oration caused by microorganisms. These additives can

ed. The antimicrobial activity of the product against

be synthetic such as the bicarbonates and benzoic acid

gram positive and gram negative bacteria, and fungi

or natural such as different plant extracts (Valencia-

were also determined.

Chamorro et al., 2011). Synthetic antimicrobial additives used nowadays were linked to increase cases of

METHODOLOGY

multiple autoimmune diseases worldwide (Lerner and

Polypropylene plastic was purchased from

Matthias, 2015). Thus, much attention is needed to de-

Chemline Scientific Co. Other reagents that were used

velop plant extracts as natural additives.

include garlic oil, sulfuric acid, chromic acid and per-

Garlic (Allium sativum) is a bulb crop that be-

fluorooctanesulfonate were acquired from Belman la-

longs to the family of onions, chive and shallots. It has

boratories.

long been known to have several uses such as diaphoret-

Preparation of garlic oil bonded to polypropylene

ic, expectorant, antispasmodic, antiseptic, antihyperten-

Polypropylene plastic was subjected to several

sive, anti-atherogenic, antithrombotic, and antimicrobial

preparation steps such as abstraction, emersion and oven

among others (Mathew and Biju, 2008) (Goncagul and

drying in order to graft the surface of the plastic for the

Ayaz, 2010). It also has antifungal properties deter-

garlic oil to chemically bond with it. The polymer had

mined through in vitro and in vivo studies (Li et al.

undergone β-scission in the presence of acetone for

2014). Aliin, a sulfur containing compounds present in

abstraction. Emerson process followed which include

garlic is determined to be responsible for its antimicro-

the preparation of bath consisting of 90% sulfuric acid,

bial property. Alliin is converted to allicin by allinase

8% distilled water, 2% chromic acid, 0.13% potassium

enzyme upon crushing of the bulb (Londhe et al., 2011;

permanganate and 0.025% perfluorooctanesulfonate.

Farías-Campomanes et al., 2014; Casella et al., 2013).

This method was based on the patent with modifications

However, this compound is the same compound respon-

(Salvin, 1952), specially designed for incorporation of

sible for the strong odor and flavor of garlic. The strong

dyes to cellulose; thus, modifications were done. To the

odor and flavor of garlic hinder its application to other

bath, polypropylene was immersed for 15-30 seconds
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Figure 1.Polypropylene bonded with garlic oil

Figure 3. Overlapped peak intensities of the bonded
sample (yellow) and polypropylene (black) on X-ray
diffraction analysis.

followed by immersion to garlic oil. Three different

(Goncagul and Ayaz, 2010). Staphylococcus aureus,

treatments were prepared with varying ratio of polymer

Escherichia coli and Candida spp. were used as repre-

and garlic oil. A 0.1%, 0.3% and 0.5% weight of garlic

sentative microbes for gram positive, gram negative and

oil per weight of the polymer were prepared. The poly-

fungi. A 6 mm disk is impregnated with a known con-

mer bonded with garlic oil was then rinsed using dis-

centration of an antimicrobial compound. The agar plate

tilled water and oven dried at 105ºC for 1 hour.

is inoculated with a suspension of the pathogen tested

The bonded polypropylene with garlic oil was

prior to placing of disks on the agar surface, simultane-

then subjected to different instrumentation procedure for

ous growth of the bacteria and diffusion of the antimi-

confirmatory analysis of the bonding that occurred. UV-

crobial compounds occurred. Comparative analysis of

Vis spectroscopy, Fourier transform-infrared spectros-

the inhibition of microbial growth using pure garlic oil

copy and X-ray diffraction analyses were done to deter-

and the developed product was also done using statisti-

mine the change in functionality and possible bonding

cal tool Analysis of Variance (ANOVA).

interaction.
Antimicrobial activity studies

RESULTS AND DISCUSSION

Parallel with it was the microbial analysis which

The bonded product obtained appeared clear and

consisted of testing the developed product to different

elastic similar to the untreated polypropylene (Figure 1).

representative microorganisms that usually infect food.

Polypropylene undergone several steps in order to mod-

This was done using Kirby-Bauer disk diffusion method

ify the surface prior to bonding with garlic oil. Abstrac-
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Figure 2. UV-Vis spectrum of polypropylene showing maximum absorbance peak at 250 nm for the
unbonded sample (left) and shift in maximum absorbance peak at 255 nm and appearance of shoulder peak at
245 nm for the bonded sample (right).
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Table 1. Antimicrobial activity of garlic oil bonded to
polypropylene.
S.
No
1
2

Figure 4. Zone of inhibition of bonded garlic against
(a) S. aureus (b) E. coli (c) Candida albicans

3

Microorganism
Escherichia coli
Staphylococcus
aureus
Candida albicans

Average zone
of inhibition
(mm)
32.4632
25.1328
54.4544

Description
Susceptible
Susceptible
Susceptible

tion of a hydrogen atom led the formation of a tert-

crobial analysis against representative microorganisms

carbon radical. This radical is unstable and further

of gram positive, gram negative and fungi that usually

formed upon application of heat. Sulfone component of

caused food borne diseases. Garlic oil was used as the

the garlic oil then formed bonding on the primary layer

control group since garlic oil has been proven to have

of the activated polypropylene. The bonding of the sul-

microbial inhibiting activity. Moreover, this will deter-

fone components of garlic oil which includes allicin was

mine whether bonding of garlic oil to polypropylene

confirmed by the appearance of peak at around 245 nm

affects its antimicrobial activity since this property is

and shift of the maximum peak from 250 to 255 nm in

crucial in developing an antimicrobial packaging. Based

the UV-Vis spectrum of the bonded sample (Figure 2).

on the average zone of inhibition, it was observed that

Allicin has absorption peaks at 245 and 255 nm (Farías-

the polypropylene bonded garlic oil have antimicrobial

Campomanes et al., 2014).

activity that falls on susceptible range against E. coli,

The incorporation of garlic oil to polypropylene

S. aureus and Candida albicans (Table 1). The average

caused a more crystalline structure as depicted by the

zone of inhibition determined against E. coli was

increase in the relative intensity of the peaks of the

32.4632 mm while for S. aureus and Candida albcans

bonded sample x-ray diffraction pattern (Figure 3). In-

were 25.1328 mm and 54.4544 mm, respectively. This

crease in the relative intensity of the peaks corresponds

antimicrobial activity is mainly due to allicin compo-

to changes to the morphology of the samples. These

nent of garlic oil that is known to inhibit S. aureus

changes in morphology may be due to particle size

(Wu et al., 2015; Marchese et al., 2016; Li et al., 2015;

changes as well as to texture of the samples. The uni-

Fratianni et al., 2016; Pérez-Köhler et al., 2015), E. coli

formed crystalline structure created a uniform strain

(Horita et al., 2016; Müller et al., 2016; Yang et al.,

termed as a macrostrain which is a permanent change in

2016) and Candida albicans (Li et al., 2015; Thomas et

the crystal lattice of polypropylene. This can be

al., 2015; Müller et al., 2016; Vikrant et al., 2015).

observed as a shift in the diffraction peak pattern at

Thus, this implies that growth of these microorganisms

around 40 to 45.

is inhibited by the product due to incorporation of garlic

The product obtained was then subjected to mi-

oil. The zones of inhibition observed were shown in

1

Table 2. Comparison of antimicrobial activity of garlic oil and garlic oil bonded to polypropylene
Zone of inhibition (mm)
Microorganism
t-calculated
t-critical
Garlic oil
Garlic oil bonded to polypropylene
Escherichia coli
33.5104
32.4632
1
2.920

2

Staphylococcus aureus

27.2272

25.1328

2

2.920

3

Candida albicans

55.5016

54.4544

0.5

2.920

S.
No
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Figure 4.

Farías-Campomanes AM, Claudia Horita N, Marise

Statistical evaluation of the results further sug-

Pollonio AR and Angela Meireles MA. 2014. Allicin-

gests that the t-calculated do not exceed the t-critical for

rich extract obtained from garlic by pressurized liquid

comparison of the zone of inhibition of garlic oil with

extraction: quantitative determination of allicin in garlic

the product against the different microorganisms (Table

samples. Food and Public Health, 4(6): 272-278.

2). Zone of inhibition of garlic oil against E. coli was
determined to be 33.51 mm which was slightly larger as
compared to that of the product which is 32.46 mm.
Zone of inhibition of garlic oil against S. aureus was
determined to be 27.22 mm while that of the bonded
product was 25.13 mm. Zone of inhibition of garlic oil
against Candida albicans was determined to be 55.5016

Fratianni F, Ombra MN, Cozzolino A, Riccardi R,
Spigno P, Tremonte P, Coppola R and Nazzaro F.
2016. Phenolic constituents, antioxidant, antimicrobial
and anti-Proliferative activities of different endemic
Italian varieties of garlic (Allium sativum L.). Journal of
Functional Foods, 21: 240-248.

mm while that of the bonded product was 54.4544 mm.

Gulsen Goncagul and Erol Ayaz. 2010. Antimicrobial

The t-calculated values for E. coli, S. aureus and

effect of garlic (Allium sativum). Recent Patents on

Candida albicans were 1, 2 and 0.5 respectively.

Anti-Infective Drug Discovery, 5(1): 91-93.

Thus, the antimicrobial activity of the bonded

Horita CN, Farías-Campomanes AM, Barbosa TS,

sample is comparable with that of the pure garlic oil.

Esmerino EA, Gomes da Cruz A, Bolini HMA,

These results suggests that bonding garlic oil to poly-

Meireles MAA and Pollonio MAR. 2016. The antimi-

propylene did not affect its antimicrobial activity.

crobial, antioxidant and sensory properties of garlic and

Hence, the objectives of the study were satisfied.

its derivatives in Brazilian low-sodium frankfurters
along shelf-life. Food Research International, 84: 1-8.

CONCLUSION
Garlic oil was bonded to polypropylene following the method of incorporating dye to cellulose. Bonding interaction of garlic oil and polypropylene was confirmed by UV-Vis spectra and X-ray diffraction pattern
of the product. Antimicrobial activity of garlic oil

Lerner A and Torsten Matthias. 2015. Changes in
intestinal tight junction permeability associated with
industrial food additives explain the rising incidence of
autoimmune disease. Autoimmunity Reviews, 14(6): 479
-489.

against gram positive, gram negative and fungi was not

Li G, Ma X, Deng L, Zhao X, Wei Y, Gao Z, Jia J,

altered by its bonding to polypropylene. Thus, the prod-

Xu J and Sun C. 2015. Fresh garlic extract enhances

uct obtained may be further developed as an antimicro-

the antimicrobial activities of antibiotics on resistant

bial food packaging agent.

strains in vitro. Jundishapur Journal of Microbiology,
8(5): e14814.

REFERENCES
Casella S, Leonardi M, Melai B, Fratini F and
Pistelli L. 2013. The role of diallyl sulfides and dipropyl sulfides in the in vitro antimicrobial activity of the
essential oil of garlic, Allium sativum L., and Leek,

Li W, Qing-Shan Shi, Qing Liang, Xiao-Mo Huang
and Yi-Ben Chen. (2014). Antifungal effect and mechanism of garlic oil on Penicillium funiculosum. Applied
Microbiology and Biotechnology, 98(20): 8337-8346.

Allium porrum L. Phytotherapy Research 27(3): 380-

Londhe VP, Gavasane AT, Nipate SS, Bandawane

383.

DD and Chaudhari PD. 2011. Role of garlic (Allium

Journal of Research in Ecology (2018) 6(1): 1456-1461

1460

Abesamis et al., 2018
sativum) in various diseases- an overview. Journal of

ic microbes. Journal of International Society of

Pharmaceutical Research and Opinion, 1(4): 129-134.

Preventive and Community Dentistry, 5(4): 302-308.

Marchese A, Barbieri R, Sanches-Silva A, Daglia M,

Valencia-Chamorro, Silvia Lluís Palou A, Miguel A

Nabavi SF, Jafari NJ, Izadi M, Ajami M and Nabavi

del Río and María B Pérez-Gago. 2011. Antimicrobial

SM. 2016. Antifungal and antibacterial activities of

edible films and coatings for fresh and minimally

allicin: a review. Trends in Food Science and

processed fruits and vegetables: a review. Critical

Technology, 52: 49-56.

Reviews in Food Science and Nutrition, 51(9): 872-900.

Mathew BC and RS Biju. 2008. Neuroprotective

Vikrant P, Priya J and Nirichan KB. 2015. Plants

effects of garlic a review. Libyan Journal of Medicine,

with anti-Candida activity and their mechanism of ac-

3(1): 23-33.

tion: a review. Journal of Environmental Research and

Müller A, Eller J, Albrecht F, Prochnow P,

Development, 9(4): 1189-1196.

Kuhlmann K, Bandow JE, Slusarenko AJ and

Xueqing Wu, Regiane Santos R and Johanna Fink

Leichert LIO. 2016. Allicin induces thiol stress in bac-

Gremmels. 2015. Analyzing the antibacterial effects of

teria through s-allylmercapto modification of protein

food ingredients: model experiments with allicin and

cysteines. Journal of Biological Chemistry, 291(22):

garlic extracts on biofilm formation and viability of

11477-11490.

Staphylococcus

Pérez-Köhler

B,

García-Moreno

F,

Bayon

epidermidis.

Food

Science

and

Nutrition, 3(2): 158-168.

Y, Pascual G and Bellón JM. 2015. Inhibition of

Xiaolong Yang, Kaihui Sha, Guangya Xu, Hanwen

Staphylococcus aureus adhesion to the surface of a re-

Tian, Xiaoying Wang, Shanze Chen, Yi Wang, Jing-

ticular heavyweight polypropylene mesh soaked in a

yu Li, Junli Chen and Ning Huang. 2016. Subinhibi-

combination of chlorhexidine and allicin: an in vitro

tory concentrations of allicin decrease Uropathogenic

study. Plos One, 10(5): e0126711.

Escherichia coli (UPEC) biofilm formation, adhesion

Salvin VS. 1952. Process for dyeing cellulose acetate
articles using a bath comprising a dispersed acetate dye,

ability and swimming motility. International Journal of
Molecular Sciences, 17(7): 979.

ethylene glycol monobutyl ether and an emulsion of
polymethyl vinyl ketone. June. Available from: https://
patents.google.com/patent/US2601460
Suet-Yen Sung, Lee Tin Sin, Tiam-Ting Tee, SooTueen Bee, Rahmat AR, Rahman WAWA, AnnChen Tan and M Vikhraman. 2013. Antimicrobial
agents for food packaging applications. Trends in Food
Science and Technology, 33(2): 110-123.
Thomas A, Thakur S and Sanjana Mhambrey. 2015.

Submit your articles online at ecologyresearch.info
Advantages








Easy online submission
Complete Peer review
Affordable Charges
Quick processing
Extensive indexing
You retain your copyright

Comparison of the antimicrobial efficacy of chlorhexidine, sodium fluoride, fluoride with essential oils, alum,
green tea and garlic with lime mouth rinses on cariogen1461

submit@ecologyresearch.info
www.ecologyresearch.info/Submit.php.

Journal of Research in Ecology (2018) 6(1): 1456-1461

