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Abstract

This study investigates the antimicrobial effects of vanillin, turmeric aralioun in
packaging coating application. Regent alcohol and DMSO were introduced as t
solutions for the three antimicrobial agents. The coating solutions involving these thr
antimicrobial agents are: vanillin/ Reagent alcohol (10, 5, 2.5 and 1.25% (w/w)),
vanillin/DMSO (10, 5, 2.5, 1.25, 0.625 and 0.3125% (w/w)), turmeric/ Reagent alcohol
(10, 5, 2.5 and 1.25% (w/w)), turmeric/DMSO (10, 5, 2.5, 1.25, 0.625 and 0.3125%
(w/w)), curcumin/ Reagent alcohol (10, 5, 2.5 and 1.25 (w/w)) and curcumin/DMSO (10,
5, 2.5, 1.25, 0.625 and 0.3125% (w/w)). The antimicrobial activity effects of the
aforementioned coating solutions were investigated for five types of common pathogens
and food spoilage bacteri&aphylococcus aureus andListeria monocytogenes

representing gram-positive bacteisaigella sonnei, Salmonella typhimurium as well as

E.coli O157:H7 representing gram- negative bacteria. Significant antimicrelffietts

for gram-positive bacteria were observed for curcumin and turmeric irRbagent

alcohol and DMSO solutions. It is also noticed tBabli O157:H7 was more sensitive

over vanillin/ Reagent alcohol solution, howeuasteria monocytogenes was more

sensitive over vanillin/ DMSO solutions. The factors that influence the solution’s
antimicrobial activity were studied. Turmeric is chosen as the antimicradpat to be
incorporated into polymers. In order to study the antimicrobial effect as pagkag
application, two types of the polymer based turmeric products were evaluatgdréhe
LDPE based turmeric pellets produced by a single screw extruder, aratitucoated

BOPP films.
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1 Introduction

In this chapter a brief review of the developments in food packaging and new food
packaging technologies are presented with a special emphasismit@bial packaging.
The concept of active packaging is introduced with an emphasis on antimicrobial
additives from natural plants extract. Additionally, current studies on naturad plant
extract with antimicrobial activity and the future development in antirbiatgpackaging

are also discussed.

1.1.Background

Food quality and safety are major concerns in the food industry. Many food
contaminations are due to undesirable microbes such as bacteria and y@agt. Dur
distribution and transportation, the quality of food products can deteriorate bitliggica
chemically and physically (Han, 2005). One main role of food packagingiatsis to
control the mass and flavor lost during transportation as well as to extend tHdeshelf
until consumption. Therefore, the food industry wants packaging materials thabutentr

to extending the shelf life and maintaining the quality and the safety of the food groduct

Year after year, packaging technology has broader applications and hae lbettan
Food packaging has evolved from a simple preservation method to a more complex one,

and its functionality has changed from single to multiple. In the past, the madririre



food packaging was to focus on lightweight, source reduction and energy saving in the
1970s. People were more concerned about the effectiveness and cost of packaging
materials initially. However, from the 1980s to the present, most developments in the
area of food technology have become more complicated, which not only relates to cost

and functionality but also environmental issues and food safety.

Nowadays, many novel packaging technologies have arisen, which is leading to highe
standards of regulation, hygiene, health and safety. The most remarkable nesnélincti
packaging systems include modified atmosphere packaging (MAP), aatkegpag and
edible films/coating (Han, 2005). Among those technologies, active packaging, \akich h
the same basic function as traditional packaging systems, has changeadiditien of
packaged food products and is designed to improve safety and/or enhance sensory

properties in food and beverages, while protecting our environment.

1.2. Active packaging

Active packaging is an innovative concept that can be defined as a mode of paokaging
which the package, the product, and the environment interact to prolong shelf life or
enhance safety or sensory properties, while maintaining the quality obidhécpr
(P.Suppakuét al., 2003). The term “active packaging” was first applied by Labuza in
1987 (Rooney, 2005) and was introduced as recently as two decades ago. Labuza and
Breene in 1988 defined active packaging as technologies, which involve interactions

between the food, the packaging material, and the internal gaseous atmosphere.



Active packaging is designed to perform a role other than to provide an inegt barri
between the product and the outside environment, using the possible interactions between
food and package in a positive way to improve product quality and acceptabilati @Pre

al., 2011). Various kinds of active substances can now be incorporated into the packaging
material to improve its functionality and give it new or extra functions includiggesx
scavenging, antimicrobial activity, moisture scavenging, ethyleagesging, ethanol

emitting, etc. (Preett al., 2011). The decision to consider active packaging is usually
based on factors including economic advantage, process engineeringdimjtatne-
dependent processes, secondary effects and environmental impacts (Rooney, 2005).
Some of the driving forces in active packaging have been directed toward enhancing a
limiting characteristic of packaging materials, however, others haugbt a novel

function to such technology to allow protection and/or preservation of the food (Boca

Raton, 2007).

Food packaging technology has been developed over the past few decades to satisfy
consumer demands relating to more natural forms of preservation, and methodsoto cont
packaging and storage for assurance and food safety. Active packagirigirdycene of

the most impressive innovations in this particular field. Such importance isireatee

area of fresh and extended shelf life of food products as originally descrilhedbya

and Breene in 1989. Some new definitions on active packaging materials were also
presented by the European Union in 2004.They defined active packaging material as a
kind of material, which is designed to deliberately incorporate components bhat wi

release or absorb substances into or from the packaged food or the environment



surrounding the food (Regulation, 2004). Nowadays, the commercial viability of active
packaging is not only derived from an increased distributional life of the producedut als
results from the logistical benefits including reduced wastage, cheag@gpeg overall

and easier handling (Boca Raton, 2007).

1.3. Antimicrobial packaging

Antimicrobial packaging is a form of active packaging technology, whichsiscban
antimicrobial agents that are immobilized with the polymeric structuirgcorporated in
plastic resins, before film casting (Kiehal., 2008). Similar to but more specific when
compared with active packaging, antimicrobial food packaging acts to redubd, anhi
retard the growth of microorganisms that may be present in the packed food or gackagin
material itself (Appendini & Hotchkiss, 2002). The driving force behind this

development is the sporadic outbreak of contamination found in our daily food products

(Nicholson, 1998).

Antimicrobial packaging technology can be classified into two types: ¢$etthat

contain an antimicrobial agent that are released slowly from the packagedals to the
food products surface and (2) those that are effective against surfack gfowt
microorganisms and do not migrate into the food products. The target for an
antimicrobial packaging can also be focused in two fields: (1) pathogen iohitmti
provide enhanced food safety and (2) shelf life extension as well as to protecstbie los

flavor and odor in products (Nicholson, 1998).



This novel technology is widely used in the food industry, especially when it is
incorporated into a polymer. In most, but not all, solid or semisolid food products,
microbial growth occurs mainly at the surface (Bretsl., 2001). Thus elimination of
microbial growth on the food product surface is considered to be one of the effective
ways of improving the storage stability of packaged foods and their shelfdiet(al .,
2008). However, during the past few years, most of the antimicrobial agents in
commercial food packaging were artificially synthetized. Due to negetfects from
artificial preservatives, attention is shifting towards alternatilvasthe consumers
perceive as natural and in particular, plant extracts, including their ie$séatand
essences (Smith-Palmatral., 1998). For this reason, naturally derived antimicrobial
agents are becoming more important since they possess a perceived lowehésk to t
consumer. Recently, people have given more emphasis on the research of such next
generation food packaging materials derived from natural plants withienuinal

activity.

1.4. Antimicrobial agents

An antimicrobial agent is a chemical preservative that can be incorporated into a
packaging material to add antimicrobial activity to it (Han, 2000). Various entiimal
agents could be incorporated into conventional food packaging systems and materials t
create new antimicrobial packaging systems. They could generally be dividedree

major groups: chemical agents, natural spice, and probiotics (Han, 2005).



The most commonly used chemical antimicrobial agents are the various orgdsic aci
Organic acids, including benzoic acid, lactic acid and mixture of organic a@ds, a

widely used as chemical antimicrobial agents because their antibbetBciency is well
understood and cost effective. Other chemical antimicrobial agents like asjcakaihol

and fatty acids also have been used historically. When antimicrobial agents ar
incorporated into a polymer, the material limits or preventsohiat growth (Han, 2000).
Most of the commonly used polymers such as LDPE could be incorporated with
antimicrobial agents in food packaging. Potassium sorbate incorporated withH43PE
been applied in cheese packaging (Han, 1996); Benzoic acid anhydride incorpotated wit
PE has been used in fish fillet packaging (Huetrad., 1997) (Aaron L. Brodt al.,

2001). This early work has been followed by a much more divergent field of research into

antimicrobial packaging in general for applications in food packaging technolog

Natural antimicrobial agents, which are naturally derived or occurring imejdtave

been isolated from plants and animal sources. Considering the consumers’ demand for
chemical preservative-free food products, food manufacturers are now usingyatural
derived antimicrobial agents to replace the traditional chemical ones. Thenaiay
advantages to using natural plants as antimicrobial agents: firstly, itaip ebpecially

for use in underdeveloped nations with little access to expensive western medicines
secondly, natural spice without any chemical synthetic products should barshfeave
fewer side effects. Thus, it is possible and effective to coat these na&umapowders on
packaging materials in order to extend the shelf life of products. For exaompke, s

compounds reported as natural antimicrobial agents from plants include cinnaman, clove



thyme, vanillin, and grapefruit seed extract. Although these natural plamtsagere not
applied in the food industry as early as synthetized agents were, they wady &inown
as the main source of new leads for antimicrobial remedies and pharmealceutic
development by ancient civilizations (Abdallah, 2011). In commercidgumcg systems,
naturally derived antimicrobial agents incorporated with polymer or paperboald
reduce the safety risk, which originates from chemical antimicrobeéitageffectively

and significantly.

1.5. Antimicrobial packaging system

Most food packaging systems consist of the packaging materials, the food, and the
headspace in the package. Suppose the void volume of solid products is assumed as
headspace, most food packaging systems can be represented as either a package-food
system or a package-headspace-food system. Patterns of migration@ndact
antimicrobial food packaging systems are illustrated in Figurel.5.1 (gbariffusion
between the packaging materials and products at the interface is the igraiiom
phenomena in the food packaging system. The migration also can be achieved by gas

phase diffusion from the packaging layer to product surface.

There are five types of antimicrobial packaging including:
(1) Addition of pads containing volatile antimicrobial agents into packages;
(2) Incorporation of volatile and non-volatile antimicrobial agents direstlypolymers;

(3) Coating or adsorbing antimicrobials onto polymer surfaces;



(4) Immobilization of antimicrobials to polymers by ion or covalent linkages;

(5) Use of polymers that are inherently antimicrobial.

Package

Diffusion

Chemical
Immobilization

(a) Direct contact

Package Headspace

Equilibrium —p
Evaporation Equilibrium

Diffusion

Chemical
Immaobilization

(b) Direct and indirect contacts

Figure 1.5.1 Food packaging systems and migration phenomena (Han, 2000)

The mechanism of antimicrobial migration is critical for food packagistesys. Figure

1.5.2 shows the mass diffusion mechanism of an antimicrobial agent with different

applications. Antimicrobial agents are incorporated into the packagingasteitially,

then migrate into the food through diffusion and partitioning.
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Figure 1.5.2 Migration of active particles (Han, 2000)

1.6. Aims

In view of the development history of active packaging and antimicrobial pagkagin
well as environmental and general health benefits imparted by nattinaicaobial

agents in food packaging system, the present study is aimed at the following:



e Evaluate the antimicrobial effects of three natural plant powders (vanillin,

turmeric and curcumin) solutions with two kinds of solvent: Reagent alcohol and

Dimethyl sulfoxide (DMSO).

e The inhibitory effects of all solutions were investigated on Mueller Hinton agar

plates against five types of common bactefiaoli O157:H7, Staphylococcus

aureus, Shigella sonnei, Salmonella typhimurium, andListeria monocytogenes.

e Compare the results and find minimum inhibitory concentration (MIC) for each

solution.

e Apply natural plant powders on LDPE resin and BOPP films to produce low cost

and no toxins antimicrobial packaging materials.

1.7. Scope of work

The natural plant powders: Vanillin, Turmeric and Curcumin were chosen for the
antimicrobial activity study. Samples were prepared by half fold dilutiethod using
Reagent alcohol and DMSO respectively. The minimum inhibitory concent(Mi)
for each solution on different bacteria was studied. The relationship between
concentration and antimicrobial effectiveness was analyzed and some &sssinvpte
proposed. A comparison of antimicrobial activity among each solution was also
illustrated. Turmeric powder was selected to incorporate into LDPE resiroatidgcon

BOPP films, which were followed by antimicrobial activity studies.

10



2 Literature review

This chapter reviews the recent progress in antimicrobial packaging@andgs a
detailed discussion on the antimicrobial studies of antimicrobial agents deowed fr
natural plants. The sources of natural spice, their antimicrobial activtp@ssible
future applications in food packaging as well as other benefits are revieweded of
blending antimicrobial agents to LDPE resin as well as BOPP films wittmiarobial

agents coating is also presented.

2.1. Progress in antimicrobial packaging

Packaging plays a significant role in the food supply chain, and it has to saisfy m
demands and requirements. The basic functions of traditional packaging include
protection, containment, convenience and communication. However, in recent years,
consumer demands for minimally processed and naturally preserved food, khcrease
regulatory requirements, and concern for products quality and safety. Previously
traditional packaging materials were considered as “passive” one, whicis the&

function to protect the product against contamination is mainly based on an inert barrie
(Leeet al., 2008).

The first use of the term “active packaging ” was proposed by Labuza (198¥), w
defined active packaging as a kind of technology which perform some desired function

other than an inert barrier to the external environment (Rooney, 1995). In recent years

11



packaging technology has shifted from passive to active due to the development of novel

packaging methods such as active packaging.

Antimicrobial packaging is a form of active packaging. Antimicrobial foatkaging
materials have to extend the lag phase and reduce the growth ratecairgaorsms in

order to extend shelf life and to maintain product quality and safety (Han, 2000). Such a
system can be constructed by using antimicrobial materials and/or lbgonaiing
antimicrobial agents into the packaging system. The development and application of

antimicrobial packaging has been recently reviewed (Appendini & Hotchkiss, 2002).

The most common and successful commercial application of antimicrobial pagkagi

the food industry should be sachets that are enclosed loose or attached to thefraerior
package (Appendini & Hotchkiss, 2002). Carbon dioxide emitters as sachets, which
include ascorbic acid and sodium hydrogen carbonate, can inhibit the growth of gram-
negative bacteria and moulds on vegetables, fruits as well as fish, meat and poultry
(Ahvenainen, 2003). On the other hand, incorporation of antimicrobial agents directly in
to polymers has been commercially used in drug delivery, food packaging and
biomedical devices. For example, packaging films like antimicrobial imatsee

releasers including organic acids as well as spice and herb extracts\oamt the

growth of spoilage and bacteria on meat, fish, bread, cheese, fruit and vegetables

(Ahvenainen, 2003).

12



2.2. Types and uses of antimicrobial agents

There are many different types of antimicrobial agents, which can be usedde a
variety of applications in the food, pharmaceutical and cosmetic industries. |Sgvesa
of antimicrobial agents have been tested for antimicrobial packagingais

including organic acids, fungicides, bacteriocins, proteins, enzymes, inorganicayases
metals. Table 2.1 lists some typical antimicrobial agents used in food packdgimg

2000; Appendini & Hotchkiss, 2002).

Table 2.1 Examples of some typical antimicrobial agents used in food packaging

Class of antimicrobial agents Examples

Organic acids Potassium sorbate, benzoic acid, acetig
acid, propionic acid

Inorganic gas Carbon dioxide, sulphur dioxide, chlorine
dioxide

Metals Silver, copper

Bacteriocins Nisin, pediocins, lacticin

Spices Cinnamic, caffeic

Essential oils Grapefruit seed extract, clove, thyme

Inherently bioactive polymers Chitosan

Alcohol Ethanol

13



A summary of some typical applications of antimicrobial packagingmgsi® presented

in Table 2.2. Some common antimicrobial agents for food products are such preservatives
as organic acid, inorganic gas, metal, bacteriocins and alcohol. Organic acids
incorporated with chitosan, such as acetic acid and propionic acid have been studied as
antimicrobial chemicals for the packaging of water (OQuattaah, 1999). Carbon

dioxide, which is a kind of inorganic gas, has been studied as a preservative for the
packaging of fruit (Sacharow, 1988). Other materials including silver (tshit@95),

nisin (Daeschel, 1992) and ethanol (Sneithl., 1987), have been tested as antimicrobial

agents in food packaging.

Table 2.2 Examples of typical applications of antimicrobial packaging

Antimicrobial Agent Packaging material Food

Organic Acids Chitosan Water
(Acetic acid, propionic

acid)

Inorganic gas Sodium metabisulfite Fruit

(Carbon dioxide)

Metal (Silver) Various polyolefins Culture media
Bacteriocin (Nisin) Silicon coating Culture media
Alcohol (ethanol) Silicon oxide sachet Bakery

14



2.3. Natural plant products as antimicrobial agents

Nowadays, the most commonly used commercial preservatives in the food indeistry ar
chemical preservatives. Although the chemical preservatives, syrdahdtgemi-

synthetic, have been widely accepted in the modern era, the undesirable side effe
cannot be neglected. With the increasing demand for food safety and health standards
consumers have become more concerned about the presence of chemical residues in t
food products (Charet al., 2008). Due to the negative impact from chemical
preservatives, attention has been shifted to natural plant extracts,ngdiueiir powders

and essential oils (Smith-Palnetral., 1998).

Natural plants, which have antimicrobial agents, have been widely used in ethno-
medicine around the world dating back to a thousand years ago. In the first centyry A.D
Dioscorides wrote De Materia Medica, which offers descriptions of appabeiyni30

healing plants. However, since the development of antibiotics in the 1950s,

the production of antimicrobial agents derived from plants has been rarely needed
(Marjorie, 1999). Currently, the use of natural plants with antimicrobial gchave

come back into our lives: essential oils such as Cinnamomum zeylanicum, Thymus
vulgaris and Origanum vulgaris were studied as antimicrobial solutions in pape
packaging (Rodr iguest al., 2007). Antimicrobial compounds from plants can be

divided into several major groups, which include Phenolics and Polyphenols, Terpenoids

15



and Essential Oils, Alkaloids, Lectins and Polypeptides, Mixtures and Other Compounds

(Marjorie, 1999). Our study focuses on plant essential oils and extracts.

2.3.1. Antimicrobial activity in plant essential oils

Essential oils offer a promising alternative to the synthetic prasezsaised in food
products. H.J.D. Dorman and S.G. Deans (2000) evaluated antimicrobial activity of six
plant volatile oils against twenty-five common microorganisms. They conclutnéha
volatile oils showed considerable inhibitory effects against all tested laa&arith-
Palmeret al. (1998) studied the antimicrobial properties of twenty-one plant essential oils
against five common food-borne pathogens. This work highlighted that Gram-positive
bacteria were more sensitive to inhibition by plant essential oils than éime-Brgative
bacteria. Besides the previous study on antimicrobial activity of diff@lants essential
oils, some research focused on certain essential oils was evaluated. Charet &upta
(2008) screened ten herbal oils for antimicrobial activity using an agar Wedidn
technique against ten common bacteria. They discovered that only cinnamon oil and
clove oil showed a broad range of antimicrobial activity. The MIC is 1.25%(@/v) f
cinnamon oil againdtisteria monocytogenes andE. coli, and 2.5%(v/v) for clove oil
againsttaphyl ococcus epidermidis respectively. A. Rodr 1guez et al. (2007) had assessed
the antimicrobial activity of clove, cinnamon and oregano essential oils, anddafidse
essential oils on paraffin-based “active coating” for paper packagiregiaiat It has

been shown that no inhibition of tested Gram-positive bacteisser(ia monocytogenes

(ATCC 7644),Saphylococcus aureus (ATCC 29213)) was observed, and only the active

16



coating with cinnamon essential oil showed inhibitory activity against Grgatine
bacteria E.coli (ATCC 29252),Salmonella typhimurium (CECT 4000). It was also
found that the percentage of essential oils added to the coating materials have a
significant impact on their antimicrobial activities. Sudsuda Vetrat. (2010) reported
that pure clove oil possesses better antimicrobial inhibition on tested baEteoia (
(DMST 4212),Saphylococcus aureus (DMST 8840) Bacillus cereus (DMST5040)) than
clove oil in starch matrixes. Natural plant essential oils showed promisingicobial
activity against several species of bacterial food-borne pathogens igdiicih,

Listeria monocytogenes, and Staphylococcus aureus (Burt, 2004). Furthermore, Sara Burt
(2004) highlighted some Gram-positive organisms are generally morgvs&etts
essential oils than Gram-negative organisms, which agrees with the preumubys

Smith-Palmer et al. (1998).

2.3.2. Antimicrobial activity in plant extracts from roots and seeds

Plant extracts from roots and seeds are also reported to have wide-rangottyiby as
antimicrobial agents. Daljit S. Arora and Jasleen Kaur (1999) compared the/ggmasi
some human pathogenic bacteria and yeasts to various spice extracts. Theyetisc
that only garlic and clove were found to possess antimicrobial activity, aliclegdracts
inhibited Staphylococcus epidermidis (MTCC 435)andSalmonella typhimurium (MTCC
531)significantly. Prashant Tiwaet al. (2011) analyzed the antibacterial sensitivity of
various solvent extracts of Carica papaya root by well diffusion method andedbeat

Carica papaya root extracts possess a broad spectrum of activity againet af

17



bacteria diseases. Recently, antibacterial and antifungal activibpoénd root callus
extracts of Trianthema decandrain different solvents were tested against both Gram-
positive and Gram-negative bacteria (Ra@fal., 2012). In this work, significant
antimicrobial activity was observed in root callus extract of chloroform) attetate and
ethanol with a MIC of 3.12 to 12fg/ml. It is also reported that antibacterial activity was

more in root callus extract than root extract.

The antimicrobial effect from plant seed extracts, especially grege extract was
demonstrated in recent studies (T. Sivaroattah., 2008; Bledar Bishet al., 2010).
Antilisterial effect of grape seed extracts was evaluated usingpiatttiols (Bledar
Bishaet al., 2010), and the results suggested that grape seed extract has significant
antimicrobial effect againgtisteria spp. at relatively low concentrations. T. Sivarooban
et al. (2008) studied the antimicrobial properties of soy protein isolate (SPI) films
containing grape seed extract (1% w/w), nisin (10,0001U/qg), ethylenediatnaseatetic
acid (EDTA 0.16% wi/w), and their combinations. The grape seed extract, nisin and
EDTA incorporated with SPI film is effective to inhibit the growth_odteria
monocytogennes, E. coli O157:H7 andSalmonella typhimurium, which has potential

application in ready-to-eat food products.

2.3.3. Properties and uses of vanillin

The natural product of the extracts of vanilla, vanillin gghanolic aldehyde that has
received considerable attention as a possible antimicrobial agent (Sewvedr,a2009;

Suwaratet al., 2010; Chengt al., 2011; Jurmkwaet al., 2008). The antimicrobial
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property of vanillin is due to its phenolic compadun chemical structie, and the

chemical structure of vanillin is shown in Figur8.3
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Figure 2.3.3

Vanillin has been selected as an antimicrobial afggrcoating paperboard intended
packaging bakery products. Suwarat Rakcet al. (2009) evaluated the inhibitc
effects of vanillin solutions and investigated Md€Cthe solution against selected bact
includingE.coli (DMST 4212, Saphylococcus aureus (DMST 8840) andBacillus
cereus (DMST 5040)by agar well diffusion method. Three types of viamitoating
solutions were prepared and evaluated, includimglhrdDMSO (10,5,2.5,1.25%(w/w)’
vanillin/ ethyl alcohol (10,5,2.5,1.25%(w/w)) andnillin/chitosan
(10,5,2.5,1.25%(w/w)). Furthermore tt assessed the shelf life of vanillin coa
paperboard with bakery products, and the resutis/ietl that the shelf life was extenc
compared with the uncoated paperboard (Suwarattglet al., 2010). Vanillin coate:
solution significantly inhibit all tsted bacteria, and the antimicrobial effect depemt

the combination of substances in the solution Airdsblution concentratio
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In order to achieve an economical method for producing antimicrobial packaging,
Jurmkwanet al. (2008) incorporated vanillin directly into chitonsan-methyl cellulose
based films with polyethylene glycol 400 (PEG) as a plasticizer. Furtiernney

analyzed the impact of different vanillin concentration on mechanical propevies

vapor and oxygen permeability, opacity and thermal properties of the coating films. The
results indicated that both vanillin and PEG concentration affected all the tested

properties of chitosan-methyl cellulose based film.

2.3.4. Properties and uses of turmeric

Turmeric, a bright yellow-orange substance, obtained from the root of the plant@urc
longa, has long been used as a traditional spice in both China and India. Turmeric is
mostly used in flavored milk drinks, cultured milk and desserts to obtain lemon and
banana colors in dairy products. In previous research, turmeric has been shown to have
anti-HIV activity (Marjorie, 1999), wound-healing (Ish#gal., 2004) as well as
antimicrobial activity (Sehesat al., 2006). Turmeric contains protein (6.3%), fat (5.1%),
minerals (3.5%), carbohydrates (69.4%) and moisture (13.1%) (&laita2004). The

main components of turmeric are: curcumin (60%), desmethoxycurcumin,
monodemethoxycurcumin, bisdemethoxycurcumin, dihydrocurcumin and cyclocurcumin
(Priyankaet al., 2010). The Structure of the main curcuminoids of turmeric is shown in

Figure 2.3.4 (Ishitat al., 2004).
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P. S. Neget al. (1999) extracted turmeric oil from the mother liquor using hexane at

60 °C, and then studied the antimicrobial activity by pour plate method. The results of the
study show that turmeric oil possessed antibacterial activity agastes feacteria

including Staphylococcus aureus andE.coli. Another antimicrobial study conducted by
Seheret al. (2006) on methanolic extract of turmeric powder showed that turmeric

powder was most effective @aphylococcus aurues (COWAN 1)and had a slight effect

on Listeria monocytogennes (SCOOT A). However, it was not effective &nColi

(ATCC 25921).

2.3.5. Properties and uses of curcumin

Curcumin is the most biologically active constitute of turmeric. The ctearsiic yellow
color of turmeric was isolated in the"8entury and was named curcumin (Aradjo & LL
Leon, 2001). Curcumin has been shown to exhibit antioxidant, anti-inflammatory,
antimicrobial, antitumor activities (Ishigh al., 2004; Araudjo & LL Leon, 2001; Preetha

et al., 2008; Marjorie, 1999) and anti-cancer activities (Reason Wékah, 2011). The
chemical structure of curcumin (Figure 2.3.5.) was determined by Roughley andd/hiti

in 1973 (Araujo & LL Leon, 2001).

H CH==CHCOCH7COCH==CH OH

CHy OCH3

Figure 2.3.5
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Bhavani Shankar and Sreenivasa Murthy (1979) evaluated the activity of turmeric
fractions on the growth of some bacteria in vitro. In this work, both curcumin and the oil
fraction were tested against several bacteriaSigphyl ococcus andLactobacillus.

However, curcumin only inhibite&aphylococcus aureus in the range of 2.5mg/ml to
50mg/ml (CAC Araujo and LL Leon, 2001).

Antimicrobial activity of indium curcumin againSt aureus (ATCC 25923) and
Sepidermidis (ATCC 14990) as well as minimum inhibitory concentration (MIC) has
been reported (Tajbakhghal., 2008). It was reported that curcumin inhibits the growth
of varieties of microbes such as viruses, bacteria and some pathogenic fungt(&hai,
2005). Other studies on indium curcumin and microcapsule curcumin evaluated the

antimicrobial effects for particular bacteria (Tajbakbsal., 2008; Wangt al., 2009).

2.4. Development in polymers and packaging

As antimicrobial agents are incorporated into a polymer, the material infmicitsbial
growth. Such applications could be effectively used for foods products, not only in the

form of films but also as containers (Han, 2000).

The selection of an antimicrobial agent is often limited by the incompatibflithat
agent with packaging material or by its heat instability during theigwgin process
(Wenget al., 1993; Han & Floros, 1997). In order to minimize this restriction, Han (2000)

suggested using master batches of the antimicrobial agent (1% potassius) sorba
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Figure 4.2.3 LDPE resin control samples:L(egeria monocytogenes, (b) E. Coli
0157:H7, (c) Salmonella typhimurium, (d) Shigella sonnei, (e) Saphylococcus aureus.
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Figure 4.2.4 Turmeric coated BOPP films after 72 hoursaglla sonnei, (b) E. Coli
0157:H7, (c) Listeria monocytogenes, (d) Salmonella typhimurium, (e) Staphylococcus
aureus.

58



5 Conclusions and Future work

5.1.Conclusions

The results of the present study compares the antimicrobial activity oainatamt
powders such as vanillin, curcumin and turmeric in different solvents, and highlight the
promising potential of incorporating turmeric in industry using LDPE resin and

commercial BOPP films to produce antimicrobial food packaging materials

5.1.1. Effect of natural powders

According to this study, natural powders including vanillin, curcumin and turmeric ar
inhibitory to all tested bacteria to varying degrees. Vanillin/Reagenhol solution
possesses the most significant antimicrobial activiti.caoli O157:H7 with MIC at
2.5%(w/w), while it shows moderate effectivenessaigella sonnel andListeria
monocytogenes and slight activity or®aphylococcus aureus andSalmonella

typhimurium. However, vanillin/DMSO solution inhibits the growth of bacteria with
Listeria monocytogenes being the most susceptible with MIC at 1.25%(w/w). The same
solution possesses a moderate to lower effe&apyl ococcus aureus, Shigella sonnei,
Salmonella typhimurium andE.coli O157:H7. Based on the results, vanillin/Reagent
alcohol solution is more effective agaiistoli O157:H7 (Gram negative bacteria).

However, vanillin/DMSO solution is more effective againisteria monocytogenes
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(Gram positive bacteria). This may be due to the properties as well asahanu
physical structure of the solvents, powders and bacteria. The combinationeofaittoss

in the solution may possess a significant impact on the antimicrobial activity.

On the other hand, curcumin and turmeric powders in both Reagent alcohol and DMSO
solution possessed similar antimicrobial effects. Gram-positive asterh adisteria
monocytogenes andSaphylococcus aureus are generally more sensitive to curcumin and
turmeric than Gram-negative bacteria suclagella sonnei, Salmonella typhimurium
andE.coli O157:H7, which agrees with previous studies by Smith-Palmer et al. (1998)
(Burt, 2004). However, since DMSO solubilizing curcumin and turmeric better than

Reagent alcohol, the results from DMSO are more reliable than Reagent.alcohol

5.1.2. Effect of solvents

Comparing the antimicrobial results from Reagent alcohol and DMSO, whicisedeas
powder solvents, it seems that all natural plant powders in Reagent alcohol gger a lar
diameter of inhibition zone than in DMSO. However, after subtracting the siad¢ effe
from the solvent, powders in DMSO give a better antimicrobial effect thageRée

alcohol.

This is due to the antimicrobial effect from the solvent and how the solvent solubilizes

the powders. Pure Reagent alcohol, as the control sample in our study, has anéimicrobi

activity against all tested bacteria. The fact that vanillin/Reageoiall solution
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possessed significant antimicrobial activity against Gram-negativeriaag.coli

0157:H7, could explain by the possibility that Reagent alcohol in vanillin/Reagent
alcohol solution is more toxicity on Gram-negative bacteria than Gram-positiieriba
Turmeric/Reagent alcohol solution and curcumin/ Reagent alcohol solution contained
visible insoluble particles. The insoluble particles, which prevent the migration of
solution that contained antimicrobial agents, were considered to be the cripeat im
factor for the large STDEV and decreasing antimicrobial activitly mitreasing

solution’s concentration in this study.

DMSO, which is used as a cell protector for bacteria storage in the latyoteds nearly
no antimicrobial effect against all tested bacteria. Thus, compare®Resitpent alcohol,
the results in DMSO may reflect the actual effect from selected pswdBtSO has a
better solubility than Reagent alcohol, especially when it is used witbmur@and
turmeric powders. However, for curcumin and turmeric powders, a decreasing
concentration of the solution results in an increased antimicrobial activityinchcates
DMSO, is even a better solvent than Reagent alcohol, but the DMSO still Hasidimi

on solubilizing curcumin and turmeric powders.

In conclusion, antimicrobial activity of natural plant powders is complicatattl
influenced by many factors such as the type of solvent, spice and baceri&alvent
may influence the effectiveness of selected powders in two aspectssélirehts may
possess antimicrobial activity, which causes an additional effect od bestteria.

Second, if the solubility of a solvent is poor for some agents, those agents mag migra

61



slowly through the solvent to the agar and weaken the antimicrobial activity femisa
Thus, the selection of a solvent to dissolve an antimicrobial agent is importansfor thi

study.

5.1.3. Combination of powder and solvent

The antimicrobial activity against certain bacteria is related toyfieedf bacteria as well
as the type of the powder’s solution and its concentration. Therefore chdusiprgper

combination of powder and solvent is very important.

5.1.4. Effect of turmeric incorporated polymer

Based on the results from this study, there are no antimicrobial effec8vantesmeric
incorporated LDPE resin and BOPP films. This result might be due to slactoas
including the chemical and physical structure, temperature during procassing
moisture of the environment. The configuration of the polymers’ matrix, likeothe |
presence of a porous medium, can influence the diffusion phenomenon of turmeric
powders. On the other hand, the antimicrobial activity of turmeric powder may be
influenced by high temperature during the single screw extruder processirepvior
insufficient moisture in the environment for such products prevent the migration of

turmeric powders out of polymer matrix.
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5.2. Future work

5.2.1. Solvent properties

The antimicrobial activity of tested powder is influenced by solvent propegspscially

the solubility and antimicrobial activity from solvents. Chemical and phlysroperties

for solvents should be investigated. Moreover, other natural spices such as cloves,
oregano and cinnamon should be tested in both Reagent alcohol and DMSO solutions in

order to justify the antimicrobial effect from solvents.

5.2.2. Antimicrobial susceptibility of bacteria by survival analysis

The antimicrobial susceptibility over time of bacteria for certaimegeould be
demonstrated by survival curves. Changes in antimicrobial susceptibilitynvesrieaxed

by a survival analysis approach that tests changes in bacterial growth inhibition for a

given antimicrobial agent across the entire range of tested concentrations (Alvaro

Hidalgoet al., 2011). The survival analysis can confirm the antimicrobial effectiveness of

such agents against certain bacteria.

5.2.3. Polymer incorporated antimicrobial agents

Chemical and physical factors are related to the diffusion of antimicra@®atsathrough

the packaging material. This diffusion may be influenced by hydrogen bond, ionic bond,
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hydrophobic interactions, electrostatic interactions, and so on (Bastarehehe2011).

Future studies on packaging materials with high a presence of a porous medium may be
conducted to understand the feasibility of polymer incorporated antimicrobiaiahate

In some other studies, it is not always possible to incorporate the studied enittiahic

agents directly in the films’ matrix (Bastarracleesl., 2011). If this is the case, other
natural antimicrobial spices with a small particle size, good soluhitityapplicable

property on industry processing, should be considered.
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Appendix A Material Properties

Table A.1. Typical properties of LDPE resin

Polymer resin: Petrothene® NA 214-000, Low Density Polyethylene

Physical Properties
Density

Melt index

Vicat Softening Point
Melting point

Freezing point

0.918 g/cc ASTM D1505
10 g/10min ASTM D1238
86°C ASTM D1525
284°F
122°F

Applications

PETROTHENE NA 214-000 is a low density polyethylene
resin specifically designed for high speed, light weight,
extrusion coating applications. This resin can be drawn to
a coating weight of three pounds per rem at line speed
exceeding 1,500 fpm with minimum neck-in and no edge
weave. NA 214-000 can be used for applications including
sugar pouches, industrial and multi-wall bags, treated and

primed films and laminations.

Processing Techniques

A melt temperature of 590°-620°F is recommended for use
in processing NA 214-000 in light-weight coating
applications. Electrostatic, flame or chemical priming
should be used to ensure good adhesion. The maximum
melt temperature that is recommended for NA 214-000 is
625°F.
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Table A.2. Typical properties of BOPP films

Polymer film: Bicor™ 100 SLP, Biaxially Oriented Polypropylene

Product Characteristics

Product Name POLYPROPYLENE FILM

Product Description Polymer article

Intended Use Labeling material, Packaging material
Supplier EXXONMOBIL CHEMICAL COMPANY
General Information

Physical State Solid

Form Film

Color Colorless

Odor None to mild

Physical Properties

Melting point 116°C (240°F) - 171°C (340°F)
Relative Density (at 20 °C) 0.9
Freezing Point N/D
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Table A.3. Typical properties of Vanillin

Antimicrobial agent: Vanillin, product number 94752

Synonyms 4-Hydroxy-3-methoxybenzaldehyde Vanillinum
Formula GHsO3

Molecular Weight 152.15 g/mol

CAS Number 121-33-5

EC Number 204-465-2

Vapour pressure 1 hPa (1 mmHg) at 107 °C (225 °F)

Melting point Melting point/range: 81 - 83 °C (178 - 181 °F) -
Boiling point 170 °C (338 °F) at 20 hPa (15 mmHg) - lit.
Flash point No data available

Density No data available

lit.

Table A.4.Properties of turmeric

Antimicrobial agent: Turmeric, product number 330

CAS Number No data available
EC Number No data available
Vapour pressure No data available
Melting point 175 °C (347 °F)
Boiling point No data available
Flash point No data available
Density No data available
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Table A.5. Properties of curcumin

Antimicrobial agent: Curcumin, product number C1386

Synonyms

Formula
Molecular Weight
CAS Number

EC Number
Vapour pressure
Melting point
Boiling point
Flash point
Density

Natural Yellow 3
(E,E)-1,7-bis(4-Hydroxy-3-methoxyphenyl)-1,6-
heptadiene-3,5-dione
Diferulylmethane

Diferuloylmethane

G1H2006
368.38 g/mol
458-37-7
207-280-5
No data available
Melting point/range: 175 °C (347 °F)
No data available
No data available
No data available
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