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CHAPTER |
INTRODUCTION

Salad dressing is one of the non-sterilized ready-to-eat foods, which are
susceptible to growth of food pathogens, e.g. Salmonella spp., S. aureus and E. coli
when it is not refrigerated (Erikson, 1991 Snyder, 1998). In general practice, chemical
preservatives are used to.inhibit food pathogens-and spoilage microorganisms. Owing
to rising concern on the Use of ehemical substances i food product of health conscious
consumers, alternativenatural preservatives have beenproposed.

Garlic (Allium’sativum.kinm) is an herbal plant widely grown in Thailand. Garlic is
a food item which.ean poientially'benefit Auman health. It has been reported to possess
antimicrobial activities (Cavallito gt al., 1944;:Rees, 1993). The most significant bioactive
components of garlic, are organosulfur-coniaining compounds (11-35 mg/g fresh garlic)
(Nagpurkar et al., 2000), ior example, thiosdlf_inates, volatile odor producing substances
formed enzymatically when garfic'is crushed. The main antimicrobial effect of garlic is
due to allicin (allyl 2-propene-thiesuifinate), a thiosulfinate formed via allinase reaction,
which reacts with thiol” groug™of various gnzymes e.g. alcohol dehydrogenase,
thioredoxin reductase, and RNA polymerase (Ankri-et. al., 1997; Wills, 1956). Many
researchers haveibeen interested in using garlic as an antimicrobial agent (Kim, 2000;
Krest et al., 2000; Ross et al., 2001). Althought allicin has antimicrobial potency, it is
unstable at high €mperature (Siripongvutikorn et al., 2005). Garlic oil is both volatile
and hydrophobic. When it is subjected to heat, allicin is transiormed into more stable
derivative,compounds that may possess.reduced antimicrobial.activity. To overcome
this problem, microencapsulation of garlic oil is necessary.

Mieroencapsulation involves the process of encapsulating or coating ingredients
into £a ~protestivex film, of anotherc material~The™ most general 4echnigue for
microencapsulating” sensitive ingredients, especially ‘volatile and essential oil; is by
using a spray dryer. Owing to short contact time between hot air and the droplets, loss
of activity of bioactive ingredient is minimal. Several studies have also looked at the
possibility of using this process for the preservation of probiotic bacteria (Silva et al.,



2

2002). The results of their experiments showed high survivor rates of microorganisms at
low storage temperature.

This research aims to develop garlic oil antimicrobial microparticles for
application in commercial non-sterilized food. Salad dressing was used as a food model

in this study. Firstly, the optim N of preparing emulsions for subsequent
studies was investigated. > Optimtimespray-dried condition to produce
desired microparticles was.detern irdly,-the-pioperties of microcapsules, ie.,

physical and chemical properties, sensory assessment, and antimicrobial assay, were
observed. " 77 1
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CHAPTER I
LITERATURE REVIEW

2.1 Garlic

Garlic (Allium sativum Linn.) has been widely used as a food ingredient and
a medicinal agent for centuries. Itis noted “Gengrally:Regarded as Safe” (GRAS) by the
United States Food and Drug- Administration (USEDA). Garlic is an herbal plant widely
grown in Thailand. It-appears to be a‘food item which can potentially benefit human
health (Fenwick and Hanley,4985; Nagpurkar et al., 2000).

In recent years, there are several papers about garlic or its constituents.
A number of studies have shown'an infibitory effect of fresh and freeze-dried garlic
extracts on manysmicreorganisms.For-instance, Cavaliito and coworkers (1945)
reported the antibacterial properties of garlic clove homogenates against Escherichia-
coli and Staphylococcus-aureus, Yet the complex biological actions of them are still not
completely understood: 8

Garlic is composed: mainly of wd@r"-(56-68%) and the most significant
components, hioactive agent; are fhe organasufur-centaining compounds (11-35 mglg
fresh garlic) (Lawson, 1996). Garlic clove contains mainly eysteine sulfoxide such as
allin (5-10 mglgiresh gariic) followed by methin and isoallin’ that are formed from
gglutamyl-cysteines (grglutamyl-S-trans-1-propenylcysteine, crglutamyl-S-allylcysteine,
and gglutamyl-S-methylcysteine). When garlic is crushed, enzyme allinase or alliin
lyase is released to,convert eysteine sulfoxides-intosthiosulfinates-{that-contains 60-80 %
allicin) (Prasadet al.; 1996; Rabinkov et al., 1998; Liiand-Xu, 2007), which are reactive,
volatile, odor producing substances. Allicin (allyl-2-propenethiosulfinate).is, the most
abundant thiosulfinate-(approximately*70%) formed+via @llinase reaction. (Figure 2.1).
The stability“of thiosulfinates depends ‘on” solvent, temperature, concentration, and
purity. Half-life of pure allicin in water and 1 mM citric acid is 30 and 60 days,
respectively, while that of allicin without a solvent decreases to 16 hours (Lawson,
1993).
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2 H.C-CHCH;S.CHCH-C00' > H,C-CH-CH,-S:S-CH,CH=CH,
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Figure 27 Geperation of alticin through the allinase reaction.

Source:Ankri and mirelman (1999)

Since 1994, after allicin was identified, ma’ny? fesearchies have been focused on the
thiosulfinate of garlic. ss 2

Fresh garlic and garlic powders have been prepared by.carefully drying at low
temperatures (<60-C}-to-keep-ihie-capabiiity-oi-pioducing-aioactive allicin. Some
products such as-garlic macerates in oil and garlic oil products do not only generate
allicin but also contain allicin-dlerived compounds. These products contain varying
amount of allicin-deriveg.compounds like methyl and allyl sulfide derivative (Lawson,
1996; Ross, 2001).-In recent years, garlic products have been popular as health foods
with beneficial physiological effect for human. Thus, there are many researches
investigating the application of garlic in new products.~Several types of garlic products
are prepared, under a variety ‘of! conditions’such as-low: temperature ‘drying, isteam
distillation and long-term incubation in various media (Table 2.1) (Nagpurkar et al.,
2001).



Table 2.1 Commercially available products and their possible active principles

Product Processing Possible active Note
principle(s)

Fresh garlic None Alligin and allicin Heating may cause
dervaiive.eompound loss of allinase
generaied In.vivo activity

Garlic powder Drying/ginding | Allicin and allicin May be enteric or

tablet dervative compound non enteric coated

generated in vivo and/or standardized
for allin content

Oil mercerated Incubation i oil "~ Vinyl* dithins, ajoenes, Not often found
garlic allyl sulfides commercially in

| North America
Garlic ol Steam distiliation - allyldi-, trisulfides

Aged garlic extract  Incubatienn S-allyleysteine (SAC) Contains no allicin

ethanol . orallicin-derived
S-allylmercaptocysteine
compound

Source: Nagpurkaret al. (2000)

Methyl and-allyl"sulfide defivatives of-allicin are formed:by steam distillation of
chewed garlic to produce garlic ol (GO)"(Lawson, 1996) used'in"medicinal products.
Although some early studies concluded that GO has lew.antimicrobial activity.(Adetumbi
et al, 1986; Chung et al., 1998), recent studies revealed that GO and itS\major; diallyl
sulfides, i.e. diallyl disulfides (DADS), diallyl trisulfides (DATS) possess antimicrobial
activity against various gram-negative and gram-positive bacteria (O'Gara et al., 2000).
Recently, Ross et. al. (2001) showed that GO in which the most abundant constituents
consist of DADS and DATS, revealed broad-spectrum antimicrobial activities, especially
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against several pathogenic species which cause food poisoning. The minimum
inhibitory concentration (MIC) results for GO over 24 and 48 hours from their study are
shown in Table 2.2. Moreover, Han et al. (1995) found that the antibiotic activity of 1 mg
of allicin is equal to that of 15 IU (International unit) of penicillin (Han et al., 1995).

Mechanism of allicin action IS Spegific inhibition on other bacterial enzymes
such as the acetyl-CoA-forming system (acetyl<CoA" synthetase or acetyl-CoA ligase,
E.C.6.2.1.1) consisting-oi-acetate kinase and phospheiransacetyl-CoA synthetase by
means of the thiol disulphide.exehange reaction of allicin with free thiol group in proteins
or SH-containg enzyme.that Testlis in loss of protein function (Figure 2.2) (Focke et al.,
1990; Wills, 1956). The inhibition.is non-covalent and irreversible.

Thiol Allicin . mixed disulphide

Figure 2.2 The generic thiol disulphide exchange reaction between allicin and thiol.

g4

Source: Curtis et al. (2004)

Many studies developed various types of garlic produets for use and handling
in order to preserve the biological activity of allicin. Although._freeze-drying (FD) is
a convenient process that yields dehydrated garlic with an excellent quality, it is one of
the most expensive processes owing to large capital outlays and high operating cost.
Thereforey other. processes ave been investigated far the, suecesstul production of
garlic products{Li‘and Xu, 2007).

Recently, Li.and Xu.(2007) studied.the properties.of garlic powder-which was
microencapsulated by microwave-vacuum drying (MVD) to prolong shelf lite and protect
allinase activity. They concluded that garlic powder prepared by MVD technology could
also provide high allicin content of 90.2% and the quality of the final product was
as good as the product prepared by freeze drying method.
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Table 2.2 Minimum inhibitory concentration of garlic oil against human enteric
pathogens®

No. of MIC (mg/ml)

Bacterium .-, srams o b 48 It

Human enteric pathogens
Bacillus cereus .
Escherichia coli 055

‘ © 0.08 0.17
[ _J

- | | ey 5 55
Escherichia coli 8137 ‘ - 2.75
Escherichia coll 71/ 5.5
Shigella boydi 2.15
Shigella flexneri 2.15
Shigella sonnei 2.15-55
Vibrio fluvialis 2.75
Vibrio metschnikovii 0.34
Vibrio parahaemolyti 0.08
Yersinia enterocolitica : 0.68
Listeria monocytogenes 3 -~ 0.02 0.02-0.08
Salmonella entesica ¢ nterifidis ¢ 2 85 5.5
Salmonella '1;,’—:'_": ------- > o] 55
Salmonella entericaserc “ 55
Senftenberg
Salmonella enterica sérovar 0.34-2.75 0.68-5.5
]
o mamwmm
Campylobacter Jejuni 0.16-0.32 0.16-0.32
o3 i S PTAY umw%maﬁ
L |

® Each MIC determination was performed in triplicate per bacterial isolate
*Incubation time

Source: Ross et al. (2001)



2.2 Foodborne lliness from Salad Dressing

Dressed salad, non-sterilized food, is a mixture of various foods. The main
components of salad dressing contain raw egg, sugar, spices and organic acids.
Because of the addition of vinegar, salad dressing typically has a pH between 4.0 and
5.5. The acetic level in the aqueous phase is much lower than that in mayonnaise, and
is often between 0.2% and 0.5%. Commercial salad dressing is not sterilized by
freatment at high temperature because it would”destroy the physical integrity and
directly affect sensory qualities.substantially. Therefore, dressed salads should be kept
refrigerated to extend theirshelifife. The chilled shelf life of commercial salad dressing
products is typically between 2 and 8 weeks (Lund et al., 2000). The initial microflora of
salad dressing is.made up ofhe microbial load of the raw maerials. The incorporation
of raw materials cans@lso lead'to the contam"ination of pathogen resulting in foodborne
linesses. Pathogens such as Escherichia coli O157:H7 (acid-tolerant), Saimonella spp.,
and Staphylococcus™ aurgus @re significant-source of iliness (Table 2.3). Growth of
pathogens represents an evident safety hazard for salads with a high pH or final pH
values above 4.1, when salads are not keptfét- refrigerated temperatures. At 22°C to
32°C, Salmonella and Staphylocaccus aureus could grow well within 24 hours but no
growth occurred at 4°C (Lund-etal., 2000), Several salmonellosis outbreaks were
caused by mayonnaise and salad dressing. For instance, in-thg.United States, 404 of
965 persons in.New York hospital became il and 9 people died. The source of the
incident was hospital-prepared mayonnaise made with raw egg contaminated with
S. enteritidis (Telzak et al., 1990). In 1992, 81 guests and 11 catering staffs became ill
at a wedding, reception-due:to, S~enteritidis-from ymayonnaise (Chandrakumer, 1995).
When aitric aeid and low level of .acetic acid is'used.as an acidulant in mayonnaise
(~pH 5.0),’S. enteritidis can survive-for a few days at 20°C or 30°C (Lock and Board,
1994,71995).There hasibeen antincident 6f S; Typhimuriumiineggs in €2 UK, 120 of
170 people were reported to have a gastrointestinal illness “after eating in-a large
metropolitan building (Mitchell et al., 1989). In one of the Danish incidents,
a contamination of toxin-producing staphylococci also was observed in Salmonella-
contaminated mayonnaise (pH of 6.0) (Meyer and Oxhoj, 1964). In addition, another
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pathogen such as E coli O157:H7 can survive for 7 days in commercial mayonnaise
(Glass et al, 1993).

Chemical food additives such as benzoic acid and sorbic acid are used as
preservatives in commercial dressed salad. For human, because these chemical
preservatives may affect liver and kidney,/the WHO's International Programme on
Chemical Safety (IPCS) (1996) suggests a prowisional tolerable intake of 5 mglkg body
weight per day. Therefoie, natural subjtances thal-can eliminate pathogen in non-
sterilized food are considered-as a new alternaiive.raising more safety on consuming
non-sterilized foods.

1

Table 2.3 Controlled pathogens in'mayonnaise and dressings

== ==

Salmonella-sp, ";; .
Esthejichia call 0157:H7
Listeria monocytogenes ‘
Staphylococcus aureus

Significant hazards®

Spoilage-can-acct due;teacehc acid resistant microorganisms
(i.e. certair yeasts and-lactic‘acid bacteria). The major spoilage
problems_canbe controlled by selecting suitable stable
formulations, by preventing contaminatﬁsn" via raw materials
such asegg and-the "process environment, by hygienic
packaging, and chilled storage, and distribution.

Spoilage

*In particularcircumstancesyotherhazards may need to be-cansicered:;
Source: International Commission on Microbiological Specifications of Foods (ICMSF)

(2005)
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2.3 Microencapsulation

The advent of advanced technologies leads to new products better qualified for
application in pharmaceutical and food industries. Especially in the food field, there are
technologies useful for making quality-adding materials for application in food products.
Microencapsulation is one of the technigues widely used in various industries in order to
make packaging of food ingredients, 1.e., flavorprabiotic and vitamin. This technique
may transform agents of liquic form to a dry form; Which-is easy to handle and offers
application convenience (Gibbs, 1999; Madene, 2006). Moreover, in term of
pharmaceutic a drug micreencapsulated technique helps cover a bad smell or a hitter
taste, and protectdegradation/of.the active ingredients.

Microencapsulation S & technique of coating speeific core substances which
can be solid, liquie'or gas, inmicrocapsules with a polymeric material carrier, i.., wax,
gum arabic, or modliiied starch, whieh has fo be capable of forming wall structure in
order to protect special properties of the core.materials during storage. In general, the
most physical forms of mierocapsules appearin a spherical shape having a diameter
from nanometers to millimeters. At present, popular microencapsulation technigues
include spray drying, freeze drying; exirusion, Qo-crystallization, etc.

Studies..oh-microencapsulation started from 1930s. The. study leading to the
development of microencapsulation procedures for pharmaceuticals was published by
Bungenberg de Jong and Kaas in 1931. They prepared gelatin spheres by using
coacervation process. During 1930s to 1950s, Green and co-worker also created the
gelatin eoacervation jprocess, which eventually led, toyseveral patents for carbonless
carbon ‘paper-by Lsing gelatin'encapsulated-oil-phase.usually: containing a colorless
dye precursor (Dziezak, 1988; Shahidi, 1993; Green and Schleicher, 1995).

In the,food. industries, microencapsulation is @ camman fechnique which has
been employed for many years. In 1951, Griffin reported about the process for
preparation of solid oil concentrate by mixing 20 g of lime oil in 200 g molten sorbitol
containing 2% of water. The emulsion of the oil in molten sorbitol was cooled and cut
into pellets. The products were similar to the products obtained by co-crystallization
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and extrusion (Olsen and Seltzer, 1945). Nowadays, there are several different
processes employed for microencapsulaion of food additive, mainly including spray
drying, fluidized bed coating, and extrusion. Other processes such as dehydration,
coacervation, and cocrystalization are not frequently used (Jafari, 2008).

2.3.1 Microparticles

Particles having the diameter obetween loto 5000 um are known as
microparticles. Microparticles can be divided info-two.major patterns; microcapsules
and microspheres,-which may-te in elther spherical shape or non-spherical shape
(Figure 2.3) (Jafari,.2008; Re 1998).

l

Generally,smicrogapsule siructure. composes of essential ingredients as core
materials which argsCovgred by polymeric wall materials. The core materials may
contain only one-or sgverakingredients and the wall may be in'single layer or multiple
layers. Wall surface’ may b either smooth-or rough, sometimes even having holes
distributing on particle surface. The cores can be inside the microparticle in form of
solid, solution, suspension, or aergsel-that is 'calrtepl a reservoir (Arshady, 1992). In case
of microspheres, active agents which may be;'splu’h'bn, dispersed particle, or molecular
agent spread continuously-#n-the wall Iayers*:;--The awall material can not be clearly
separated from.the core material (Figure 2.3b) (Mathiowitz et al.1999).

The study-of microencapsulation needs the understanding and knowledge on
basic properties-of microcapsule, for instant, core and coaiing material properties,
stability, releasabilityyas-well as the microencapsulation process.



Gaseous core Solid core Liquid core
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Figure 2.3 /Structures and charasteristies.of (@) microcapsules (k) micraspheres
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Source: Mathiowitz et al. (1999)
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2.3.1.1 Core materials

Core materials may be in solid, liquid, or gaseous form. In liquid form,
they compose of dispersed materials and liquid-soluble agents. In the one hand, the
solid cores are compounds with combined active constituents, stabilizer, diluents,

excipients, and released rate retardants Wlerator The liquid core may be non-

g material strucires @fled into two types; single
iUre24). Single core has high-core loading (approximately
90% of total capsuleweiq i) s " -coacervation, fluidized bed
drying, co-extrusion,sanc Jar inclision process. For multiple cores, which are
produced principally hy/Spre  material is dispersed on the wall material

Core material
(oil droplets)

& Single core Multiple cores

ﬂumwsmwmnﬁ
TR P ] ¢ 5 2

l%ource. Jafari et al. (2008)



14

2.3.1.2 Coating materials
The important criteria for selecting coating materials are as follow;

1. what product patterns are required, such properties as low volatility,
good release controlling, or core-protective ability,

2. kind of coating materials that can provide a desire target product, and

3. In case-0i-i00d-ingredients microencapsulation, the materials need to
be ‘edible’ and ‘blanel*

Coatingmatierials, which are basically film forming materials, can be
chosen form a wiae Varigty ofnattiié!,or synthetic polymers, depending on material to be
coated and required characteristics in the. ,Microcapsule product. The composition of
coating material can affect the release ability of a particular ingredient. An ideal
polymeric material should express the folIoWing charactefistics,

1. Good rhieological. properties.at high concentration which leads to
comfortable working ability. 224

2. The ability to disperse or emulsify an.active material and to stabilize
the produced emulsion.

3. Non-reactivity with a wall material used for encapsulation during
processing and prolonged storage.

4 Sealing and holding the activetingredient-ability dufing processing or
storage.

5. Completely- releasing solvent-or ,other materials=capability during
dissolution.

6. Protection to active materials against environmental condition, i.e.,
light, oxygen, and humidity.

7. Solubility in solvents that are acceptable in the food industry.
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8. Inexpensive food grade status.

Colloids are also common coating materials for food microencapsulation.
The selected colloidal materials such as vegetable-based colloids or gum are edible
and maintain original flavor of food. Other natural polymeric materials used in food
microencapsulation include gelatin, vegetable derived product, milk protein, waxes, and
fat. Sometimes, they may be combined with ancther material to make a new coating
material having dominant-properties that gould safisfy.multiple requirements (Table 2.4).

Conirolled release-methods can be employed in setting free active
agents or ingredienis‘at . deslied site and at specific rate. These techniques deal with
uses of heat, températuré, /moisture, pressure, electromagnetic or pH-sensitive
additives. The ingredignts presenting in microcapsules.can be released under an effect
of a specific stimults at@ specific stage. For instance, sweeteners susceptible to heat
may be released iowaid the end of ;tg_ak“ing In order to prevent undesirable
caramelization in the baked producis. Breaking of coaiing material may also result from
pressure, grind, or other related mechanisms.. I addition, the core release depends on
diffusion ability or leaching of;permanent fluid. Many different releases are related to
mechanisms such as diffusion; dissoftition (wafta or solvent), molecular trigger (such as
pH), biodegradation, thermal, mechanical, or osmotic stresses. Figure 2.5 shows that
osmotic releases-triggered-by-the-absorpiion-oi-waier-inio the microcapsule core.
Subsequent swelling ruptures the microcapsule shell (Persyn and Oxley, 2008).
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Table 2.4 Different coating materials used in spray-drying microencapsulation of food
oils and flavors (Jafari et al., 2008)

Wall materials Properties Examples Encapsulated flavors
and oils
Carbohydrates ”/
- Hydrolyzed ier, 1/ olids,  Citral and linalyl acetate;
starches i | 1S ethyl caprylate; cheese
: aroma; orange peel ol
N
-Modified starches Meat flavor; fish oil;
: range oil; d-imonene;
~_|-menthol; butter ol
ream; black pepper
- Oleoresin; vitamin E
-Gums ( mVe T Essential oils; cardamom

oll: orange peel oil;
oleic acid; vegetable oil

-Cyclo-dextrins —  Very good inclusion of o- B o Pine flavor; shitake flavor,
I"ilesexcellent . Clodextrins d-limonene

| I

AL Tl e
 Other biopolymers - ~ Soyproteins, Wheat germ
-Other proteins oil; evening primrose oil;
Soluble soy fish ol

polysaccharides,

chitosan, alginates




17

Rupture

Figure 2.5 Absorption of water into the microcapsule Causes swelling rupture of the
microcapsule (Persyn and Oxley, 2008). »

2.3.1.2.1 Maltodextrin

Maltogextrindé manufacturéd by partially hydrolyzing starch with acids or
enzymes, which Dreaks" the" stareh-into medium-lengtn chains of dextrose (glucose)
molecules (Rocha.€t al.,2005). Maltodextrm may be disguised on labels with different
names; sometimes it is refefred fo as glucose polymers complex carbohydrate or starch
hydrolysis product with*different dextrose equwalents (DE) which contains glucose
polymer of various lengths,“Maltodexirin can be hundreds of sugar molecules in length,
much larger than the simple, carbonydrate -arrap.gement of glucose. The polymers
contained in maltodextrin can bé @ivided into Wpatterns linear amylose and branched
amylopectin degradation produicts. Maltodexirin |sVery different from a typical complex
carbohydrate “hecause—of--its—simplifiec—Strcture —0f-—fepeating dextrose units.
The products in"maltodextrin extend from oligomers to macromolecules. Maltodextrins
with different DE values exhibit different physicochemical properties such as solubility,
freezing temperaturegViscosity, etc.

Maltodextrin with a DE valuecof 10 has_been widely wsed in the food
industry as carrier materials in spray drying process because of their several
advantages;vary goad oxygen-hafrier, cheap, Tow Viscasity @t fhigh stlids; ease of
drying, aqueous solubility, bland in flavor, fight odor“and color: Since*the molecular
weight of DE 10 maltodextrin is about 1800 Daltons with no lipophilic group, their
emulsification properties are poor. For this reason, it produces coarse emulsion that
result in poor oil retention during drying (Re’, 1998).
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Beristain and co-workers (2001) studied the efficiency of spray-dried
encapsulation by using different blending wall materials; 60% gum arabic (GA), 40%
mesquite gum, and a mixture of 40% mesquite gum and 60% maltodextrin. The results
showed that the mixture was able to highly encapsulate 83.6% of cardamom essential
oil. This concluded that maltodextrin can successfully replace a part of GA as coating
material. The combination of maltodextrin anc.modified starch also reduces the cost of
the encapsulating material-and enhances the-€mulsiieation ability of the encapsulating
system (Re’, 1998). The.degree of proteetion is-directly.related to DE of the hydrolyzed
starch. Higher DE values produce the powder with excellent encapsulation efficiencies
due to its low oxygenspermeabllity (Jafari et al., 2008).

Additionally, ather combinations-stich as proteins and lipids with carbohydrates
as encapsulating blend materialshave also been investigated. Maltodextrin acted as
a matrix film forming materal,” white the “added agent, lipid or protein served as
an emulsifying agent(Re’, 4998). '8

2.4 Spray drying

There are several difierent processeshrﬁﬁ{byed for microencapsulation of food
ingredients or food additives. The-main processes used nowadays include spray drying,
fluidized bed coating, extrusion, and coacervation. Since late 1950, spray drying has
been the most cammon technique in food industries owing to their. many advantages, for
example, process economics, flexibility, instrument availability, and the ability to yield
good quality products. The microencapsulation by spray drying deals with the
dispersion-of-active agents in carrier, materiaksolution in order to-be sprayed into a hot
chamber. 'Spraying.by means of fotary atomization or/pressure:injection results in lipid
droplets with high surface to volume ratio that leads to rapid evaporation.(Re’, 1998).
The ‘mixture 1S ther converted 4nto powder-or dry'granulé: due'toevaporation-of water
leaving the polymeric materials encapsulating the active ingredient.
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2.4.1 The spray drying operation

Dehydrating fluid by spray drying is a common engineering practice. In general,
a spray drying is divided into main four stages, (i) atomization of feed into a spray dryer,
(if) sprayed liquid-air contact, (iii) dehydration (evaporation of water), and (iv) separation

of dry product (Figure 2.6). ' ,//
.,
..
g \ Carrier solution

7 D}‘-}&\\m Oil emulsion
- 'd\\\\

. Water evaporation
—— ',.' ; Crust formation
| droplet ==

Heater Selective d|ﬁu3|on

o
AUEINENITNEINS
AR T el

‘Source: Modified from Soottitantawat (2005)
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The spray drying begins with the atomization of a liquid feedstock into a spray of
droplets. Next, droplets are put in contact with hot air in a chamber. Evaporation of
moisture from droplets and formation of dry microcapsules proceed under controlled
temperatures and airflow conditions, which can be described about in more details of
stage as follows;

-Atomization

The aim of this.stage IS 1o create effective heal-transferring at contact surface
between hot air andliquid feed by optimizing heat ane mass transfer. Available
atomizers can be_classified«aceording fo the nozzle design mainly used in industrial
drying, which include"rotary (atomization by cenirifugal energy), pressure nozzle
(atomization by pressure energy), and: two-fluid nozzle (atomization by kinetic energy).
The selection criteria of atomizer depend upon the natural properties of feed such as
viscosity, and desired characteristic of dried p}oduct (Gharsallaoui et al., 2007). Dried-
particle size correlates with Several factors which are feed rate, viscosity, and surface
tension of initial liquid. (ncreasing feed rate. causes an increase in particle size at
a fixed-energy amount. Othey factors such as types of atomizer and rotational speed of
atomizer also have an impact on pariicle size. ”

-Hot air contact and evaporation of droplet water

This stage.involves dehydration of the water in the liguid Teed to generate dry
powder. When the liquid is sprayed in the chamber in the same direction as the flow of
hot air (typically 150:t0.220°C for the inlet air temperature), evaporation immediately
occurs (after“droplet-hot air ‘contact so as ‘tosconvert liquid droplet mto solid form at
moderate; temperatures (50 to 90°C) (Gharsallaoui et al., 2007). In case of thermo-
sensitive products, the drying process can be applieé*as the counter-currént drying in
which hot airflews.n the opposite direction afthe sprayed liquid.” Heat transfer between
air and droplet results from balances of temperature and vapor partial pressure. Basic
theory of drying composes of three main steps which may be different in term of
duration depending on the feed nature or other related factors such as inlet temperature
and feed rate. After liquid-air contact, the droplet temperature is increased to
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a constant value by heat transfer process. The droplet water is then dehydrated at
a constant temperature and a water vapor partial pressure. Finally, when the
temperature reaches a critical value, a dry crust is formed at the droplet surface, drying
is then theoretically ended as soon as the particle temperature turns equal to that of the
air (Gharsallaoui et al., 2007).

-Dry product separation

After evaporation-stage, the final‘product-is-separated by means of a cyclone
placed outside the drying chamber. The most dense microeapsules are collected at the
base of the drying.chambeiThe finest particles pass throughithe cyclone in order to be
separated from the humid air with hoth-filters; bag houses and chemical scrubbers that
are used to remove_ihe finest powder and the remaining powder (or any volatile
particles e.g. flavoring) respectively (Gharsallaoui et al., 2007).

2.4.2 The spray-dried particle properﬁes _

In general, the dried particles are spherical with a narrow size distribution and
with holes distributing “on Jthe--surface. The technological parameters such as
concentration of polymeric solution to. be sprayedsnlet and outlet air temperature, feed
rate, air flow rate, heating, and exhausting have an impact on-the acquired product
properties that inclute-particle-Shape:-size-¢distibtiion-buik-density, particle density,
porosity, moisture-content, flowability, stability, dispersability; friability, product yield,
activity retention,-afoma and flavor (Newton, 1966). These properties can possibly be
altered and controlled.by modifying the parameters involved in the spray drying
process;

Conte et al. (1994) studied the effect of the inlet and outlet temperatures, feed
rate ‘and of starting palymeric solution‘concentration ‘onithe Chatacteristics, of diazepam
loaded poly-D,L-lactide microparticles. The particles are evaluated for production yield
shape, size and release behavior. The best tested conditions are the highest feed rate
and temperature.  Lower moisture contents were observed at higher drying
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temperatures. Other physical and chemical properties such as total retention and
releaseability also depended on the spray drying parameters and composition of feed.

Other essential parameters that are found to affect the product properties
significantly are nozzle size and inlet air temperature. Wan et al. (1990) produced
coated theophylline microcapsules using Aydroxypropylmethyicellulose (HPMC) as the
coating polymer by a spray-drying process.. Tneliresults showed that an increase in
nozzle size or a decrease-in.the air to liquid Ciamelei-flow ratio improved some of the
flow properties. With an Increase in inlet air temperaiure, there was a corresponding
improvement in the flow.jpropeities and & reduction in dissolution rate. The dissolution
profile indicates an effeciiveness of coating, that is, a slower dissolution rate indicates a
better coating. ln-@cdition, the type of feed used was also important. The suspension
feed showed betterrelease behavior and flow propert|es than the solution feed (Wan
etal., 1990).

Sometimes, product properties result fram the co-functions of various processes.
For instance, Broadhead et al. (1994) evaluated the joint effects of various processing
and formation on the ‘properties of spray dried beta-galactosidase, the residual
enzymatic activity and the productyield were significantly affected by the processing
variables. Theirresults showed that the product yield directly vasied with the drier outlet
temperature.

Each parameter may have a different impact on the particle size. The particle
size could be reduced with an increase in the energy available for atomization, i.e.,
rotary speed; nozzle pressure; er airta liquidsfloweratio=in -a~pneumatic atomizer.
An increase 'in- feed rate causes-a raise in the “microcapsule’size. The effect of
temperature on the size associates:with the kind of coating material that bas different
structures. Foi! instance, ‘an increase in ‘drying \air temperature “caused the  mean
diameter of particles coated by film forming to be reduced to a greater extent compared
with those coated by crystalline material. Newton (1996) reported that the particle size
of some materials increased with increasing drying air temperature. Moreover, high
drying air temperature also associated with lower bulk densities (Master, 1979).
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The advantages of spray drying
The main advantages of spray drying are presented as following;

1. Spray drying is a continuous process and a single step operation from liquid
feed to drying product. "

2. The process is ada _.. f fi WO trol.
3. Specific driec , che cter

operating dryer to

amed by designing and

4. Both h erial can be applied in this

Process

5. Feed
thixotropic paste.

as solution, slurry and

‘because the material does not
contact the instrument s ----- Iy rapid evaporation cools the
inlet gas near its outlet tem eraire, and are few moving parts. From these

, T
reasons, the malintenance Coskis rect 1‘ 3T

ﬂﬁﬂ’)ﬂﬂﬂﬁﬂﬂ'ﬂﬂ‘ﬁ
QW']Z‘NﬂiﬂJ UAIAINYA Y
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2.4.3 The Initial emulsion

Initial emulsion is one of the key steps in spray drying encapsulation of oil and
flavors. This emulsion plays a major role in determining the retention of volatiles and
surface oil content of the final encapsulated powder. The related parameters to consider
are total solid concentrations, viscosity, stahility, droplet size, and emulsification
method.

Emulsion stability.has-an impact on the encapsulation efficiency of oil and
flavors. The better emulsion Stabrlity indicates higher encapsulation efficiency. Liu et al.
(2001) studied the giiect of.emulsion stability on the retention of emulsified hydrophobic
flavor during dryingeTheyfound thai-seme factors such as the initial carrier solid
concentration and drying .air temperature “influenced the. retention. The retention
increased with thednCrease in the carrier solid concentration. When air temperature was
high, a crust formed at the droplet surface so duickly that the flavor could not evaporate
easily. !

The emulsion droplet size-has a Cdnsiplerable effect on the encapsulation
efficiency of oil during encapstiation of ails and flavors during spray drying. The
encapsulation efficiency of the-core material can be improved with decreasing the
droplet size to lower than 1.0 um. The major advantage of prodicing a finer emulsion is
higher stability,.which Is critical during spray drying. Besides, tfie emulsion size may
affect the characteristics of the final microcapsules such as surface oil and total ol
content as well. Risch and Reineccius (1995) reported that a smaller emulsion droplet
size yielded a higher;retention anlower surface-oil onthe dried-powder of gum arabic
or modified starch.and orange ail.emulsions, hence.powders withclonger shelf life.
Some work (Minemoto et al., 2002) also showed that the encapsulated linoleic acid with
smalier emulsion. size-oxidized more slowly-than powders with-larger dreplet'émulsion
Size, because of the lower surface ol content of the dried particles. This is similar to the
results obtained by Soottitantawat et al. (2005) who revealed that increasing diameter of
orange oil emulsion resulted in a decrease in the retention of orange oil and its active
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composition, d-limonene, for different coating materials (.g., gum arabic, Hi-Cap, and
maltodextrin) (Fig 2.7).

100

{range oil
20

d-limonene

Retention ~ 7q |
(%)

i 2 # \a 4 5

Emulsion size (um)

Figure 2.7 Influencg of emulsion droplet si‘jz_e on the retention of flavors during spray
drying encapsulation of0range oil and d-limonene:

Source: Jafari et al. (2008)

2.4.3.1 Polyoxyethylene surfactants (Polysorbate)

In_.general practice, the surfactants are employed in macroemulsion
formation. Polyoxyethylene surfactants or polysorbate, commercially known as Tween®
are one of the emulsifiers commonly used in some pharmaceutical and food products.
Polysorbates are a nonionic surfactant and oily liquids derived from polyethylene glycol
(PEG)-ylated-sorbitan (a-derivative;of sorhitol)-which are esterified with fatty acids and
are often calledTween. There are/different palysorbate series commonly used, i.e.,

-Polysorbate 20 (Tween®20 or polyoxyethylene{20) sorbitan monoldiréte)
-Polysbrbate 40 (Twéen®40'er polyoxyethylene {20) sorbitan monopalmitate)
-Polysorbate 60 (Tween®80 or polyoxyethylene (20) sorbitan monostearate)

-Polysorbate 80 (Tween®80 or polyoxyethylene (20) sorbitan monooleate)



26

The number 20 following the polyoxyethylene part refers to the total number of
oxyethylene -(CH,CH,0)- groups found in the molecule. The number following the
polysorbate part is related to the type of fatty acid associated with the polyoxyethylene
sorbitan part of the molecule. Monolaurate is indicated by 20, monopamitate is
indicated by 40, monostearate by 60 and monooleate by 80.

Polysorbate 20 and 80 belong to a class oifood additives. A summary of the
major physical properties.of them is shown in“Table 2.5..They are approved for use in
specific products and are generally reco@nized as safe (GRAS). They are well tolerated
upon oral administration.and are practically non-irritating, possessing very low toxicity
potential. As a food additive, Tween 80 is used in ice ereams, pickles, vitamins/mineral
preparations, whipped toppin0s, gelatin desserts, cottage cheese, barbecue sauce,
etc. Generally, the acCepiable dally intake (ADI) of both Tween®80 and Tween20 set
by world health organization(\WHO) is 25 mg per kilogram of bady weight.

Table 2.5 Major physical properties of the TWgean_ZO and Tweeng0

Properties Tween=20 Tween"80
Polyoxyethylene (20)  Polyoxyethylene (20)
sorbitan monolaurate sorbitan monooleate

Chemical name

Molecular-weight 1228 g/mal 1310 g/mol

Density (g/ml) 1.105 1.064
Critical micelle 0.059 (0.0072%) 0.012 (0.0016%)
concentration (mM)
Hydrophilic lipophtiic

16.7 .
Balance(HLB) i >0
Cloud point (-C) 76 65
Viscosity,at25 - C(cP) 330 425

[den-yellow vi
Phase Clear liquid Colder y.e QW YRR
liquid

Source: Malgorzata et al. (2007)
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2.5 Essential Oil Microencapsulation by Spray Drying

There have been many works (Brenner et al., 2000; Beristain et al., 2001) in the
literature dealing with general issues of essential oil microencapsulation by spray drying.
Essential oils retain volatile oil component which are a class of volatile organic
compounds derived from plants through distillation. The oils are called "volatile" because
they can evaporate (become airborne) at low iemperatures. Therefore, essential oil
microencapsulation by spray drying s employed-io preseive their biological activity and
their load by containing ol inside a carrier or a wallmaterial. Several studies (Re’, 1998;
Beristain et al,, 200L)="reporied  the preparation of various essential oil
microencapsulation with.different coating materials. Beristain et al. (2001) prepared
spray-dried microgapsules” Ofcardamom essentail oil with mesquite gum in order to
investigate the abilityof mesquite to act as an encapsulating agent for the production.
They reported that thesStability against-drop ¢oalescence. of emulsions was elevated
when increasing oil.or deereasing gum for-all the gum to ol ratios studied (1.5, 1:4, and
1:3). High oil retention (83.6%) was attained when praportion of 1:4 oil:gum was used.
This confirmed that the mierocapstles had a'gbod flavor encapsulation ability and could
be readily used as a food ingredient, e

In another study, peppermint essential 'OTI'microcapsuIes were prepared by
spray-drying emuision-of-oii-ii-mediied-starches-(Baranauskiene €t al, 2007). Various
modified food Starch mairices were used as an encapsulating agent, for example
chemically n-octenyl succinic anhydride (OSAN)-modlified statches HI-CAP 100, N-LOK
(starch with corn syrup added), and CAPSULE (derived from waxy maize) and the acid-
and/or enzyme hydralyzed starches (dextrins), ENCAPSULE 855 (refined from tapioca
and mizegl starch), CRYSTAL TEX 627 (refined from fapioca starch), CIEmCap 12633
(stahilized and acid-thinned instant waxy maize star€h), CIEmCap 12634 (spray-dried
Wwaxy'maize 'starch ester), CIEmCap 12635 (stabilized and acid-thinnegd, instant waxy
maize starch). The results revealed that all n-octenyl succinic anhydride (OSAN)-
modified starches had higher emulsification and encapsulation efficiencies of
peppermint essential oil than hydrolyze starches (dextrins). Loss of the essential ol
(EO) volatiles during storage was more intense at a higher water activity (a,) level. The
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effect of a, on the release of EO was related with the structural changes of the coating
matrices. The lower mobility of EO molecules was found in the glassy state of the
capsule matrices. At high a, levels, the matrix started to plasticize, resulted in an
increase of release rate of the possibly higher mobile EO.

Jafari et al. (2008) reported that the loss of some volatiles during spray drying
encapsulation is inevitable. - Other related paramgters, for example, the properties of
wall and core materials-(molecular weight, vapor.piessure and structure) and the
prepared emulsion along with-the drying process-conditions have an impact on the
efficiency and retention~of {he core compounds. The Increase in molecular size
generally results in slower diffusion rate; Additionally, the retention of volatiles also
depends on their.jpolaritys The more polar compound exhibits less retention which could
be explained by the.greater solubility of polar ncompounds Inwater.

The retentionsof volatiles dependedg’on their molecular weight, relative volatility,
polarity and type. Goubet etal. (1998) stated that the retention of aroma compound with
various functional groups is in_the-order: of acids< aldehydes< esters< ketones<
alcohols with acids having the minimum retention.«The other possible parameter such
as interactions between the volatiies anc walt maerials might associate with physical or
physicochemical interactions Including insolljblé"_cbmplex association and molecular
association of the-coaling-material-with-the-voiatiie-through=hyaragen bonding, which
could influence the formation of the Interfacial film at the-interface of oil-in-water
stabilizing the emuision and may affect the retention indirectly.

In“many; ofsthe spublishedsworks(Reineccius, :1988;~Sankarikutty et al., 1988;
Risch, 1995),the ‘optimal’ core 'to-coating material ratio-of 1:4"(20%"core at the final
encapsulated powder) for various materials like gum arabic and modified starches was
reporfed. | In-Contrast; Brenper-et al.*(2000) showed in“their ‘patent thai the" core to
coating material ratio of 75% flavors could be produced by using “sorbitol as
a plasticizing wall material but there has been no commercial products using this patent.



CHAPTER Il
MATERIALS AND METHODS

3.1 Materials and instruments

3.1.1 Materials

3. Staphylococ ~= 25923 (TISTR culture collection,
. i e

313 ' 'A
1By| alcoho e German AR. grade

ﬁ,ﬁm?jﬂwmﬂﬁm e

QR FM I NFTIRE N

9 5. Petroleum ether Labscan Asia Co. Ltd., AR. grade
Thailand

6. Plate count agar Britania, Argentina AR. grade
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7. Peptone Merck, USA AR. grade
3.1.4 Instruments

1. Weighing scale (Sartorius A200S, Mettler-Toledo, Switzerland)

‘Thermospectronic,

Qortex mixer (Model G- 560E Scientific InduIQnes Inc., Bohemia N.Y.,

AU e INe 0N ..
AR mﬁmma 18088,

Japan)

14. 4-digit precision weighing balance (Model AG 204, Melter Toledo,
Switzerland)
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15. Microwave (Model 000502174, Thai Cityelectric Co., Ltd., Thailand)

16. pH meter (Model Cyberscan pH 1100 Bench, RUTECH instruments
pte. Ltd, Singapore)

17. Blender (HR 1791, Phillips, Indonesia)

18. Scaning

I"', i e ‘ ,' r .v“ -
T 1 N J .!j " UU

SM-5410LV, JEOL, Japan)

19, Paii
|‘

eanalyzer{Ma
1Strumen; G AJ.K " _- —

20.Vis '- f(v// ete \\ 'a_‘model RI:2:.L, Shannon
,, F.,' i J ) l_'f.‘ \ ) : .

24Coloy nolta Chrom nodel C "00,0saka,japan)

Master sizer Jversion 5.22, Malvern

22. Infrargd ‘ _:.;
23.5p .n yer ( :”"ﬁ 0 Inc

AULININTNEINS
AMIAN TN INAE
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3.2 Methods

3.2.1 Determination of critical micelle concentration (CMC) of Tween® in
20 g/dL maltodextrin

3.2.1.1 Preparation of Tween® in maltodextrin solutions

o tensi all- Tween \ Odlextrin solutions (at every
concentration) was'detefminecl by using ¢ w\'\' ui oter equipped with the
2. The JoWn

FTA 32V 2.0 s0 0P e - Al. The measurements
were done in duplicate wk \\ SU ace tension of the solution
changes sharply. The'expe Was conducted |n2 ylications.

The steps |nd
:-r-—,
20 g/dL maltode trm e show n-Figure 3.1

El ’ 3
ﬂﬂﬂ’)ﬂﬂﬂﬁﬂﬂ'ﬂﬂ‘ﬁ
QW']Z‘NﬂiﬂJ UAIAINYA Y

Ca m|ceIIe concentration of Tween®in
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Tween® 20 g/dL maltodextrin solution

—-_hh;\::. " : — -
oneentration of Tween™ i maliedextrin solutions;

itvf ACeIe

y_ — _lr‘

AUt INensHENg
Q9 B bR 6 2

Figure 3.1 Steps in the determination of critical micelle concentration of Tween® in
20 g/dL maltodextrin.
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3.2.2 Determination of stability of garlic oil emulsions
3.2.2.1 Preparation of garlic oil emulsion

The emulsions were prepared by mixing Tween®0 in 20 g/dL
maltodextrin solutions to obtain the final Tween® concentration of 0.6%, 0.8%, and 1%
wiw. Garlic oil was then added to the Solutionsto.get oil to maltodextrin ratios of 0.1:1,
0.15:1, and 0.2:1 wiw. - The mixtures were-then homogenized using a hand held
homogenizer at different rotational speeds (13,000, 19,000, and 24,000 rpm for 5 and 10
min).

3.2:2:2 Emulsion stability analysis

Twelve (12) mL of each emulsion was placed into capped vials and
stored at room temperature (25°C) for-48 haurs. The Separating oil layer of emulsion was
recorded at 48 hours/ Themeasurement was performed in 3 replicates.

Size distripution.of-oil droplets"di%pprsed In emulsion was carried out for
each sample that was stored at4°C by using &parficle size analyzer. Each sample was
added to 700 mL of water uriil value reached an obseruration.limits. The surface-
average diameter,-D{3,2], was determined following equation 3.1 (Sherman, 1968;
Beristain et al., 2001):

D[3,2]=(znd?/ =nd?) (3.1)

Where, n; is the number of droplets with diameter d.
The measurement was done In triplication.

The steps in determination of stability of garlic oil emulsions are shown in
Figure 3.2.



Tween“20 20 g/dL maltodextrin solution
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000, 19,000 and -
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Figure 3.2 Steps in the determination of stability of garlic oil emulsions.
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3.2.3 Spray drying of garlic oil emulsions

One thousand (1000) mL of garlic oil emulsion was prepared by using a hand
held homogenizer. The emulsion was spray dried at the operating conditions (Table 3.1)
which were obtained according to the method that was modified from that of Beristain et
al. (2001). The dried microcapsules were packaged in an aluminum foil laminated pouch
(OPP/AL/PE/LLD 100 um) to prevent degradation oithe formulation by moisture during
storage. All measurements were carried out in-2replicates. The steps in spray drying
of garlic oil emulsions are showin Figure 3.3.

Table 3.1 The operaiing Conditions of Spray drying

Parameters ¥ Value

Inlgt temperaiure (°C) 120, 160, 180 and 200
FeedTate (mlemin) ok & 2545

PrgSsurers) o 43

3.2.4 Evaluations-of physical and chemicalproperties of spray dried powders
3.2.4.1 Powder morphology and particie size analysis

A small amount of microcapsules were placed on one surface of
a double-faced adhesive tape that sticks to a stub which was used as the sample
support-Thesstub sticked-microcapsules were:coated with gold undervacuum condition
and then observed-using-a scanning electrofi microscope (SEM) at 1000x, 1500x and
3500x magpnifications in order to determine the particle size and to observe particle
morphology. ~Average Size~of at least 50 particles*was“determined for-cach. sample
using a SemAfore program (Version 4.01 demo, JEOL, Finland). The procedure is shown
in appendix A2. The measurements were done in triplicate.
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3.2.4.2 Bulk density determination

Bulk density of microcapsules was investigated by measuring the
volume of a certain mass of microcapsules sample that had been passed though
a screen into a cylinder. The procedure was modified from the tapping method that was
described by Beristain et al. (2001) and shown in Appendix A3. The bulk density of
dried particles was calculated from the rafio<0f.mass (g) and volume (mL). The
measurements were dong.in replication.

3.2 4.3Moisture-content determination

Moisture .eontent-of ‘dried microcapsules. was determined following
method number 9251001 /AOAC (1995) as. described in. appendix A4.  The

measurements were perfoimed nriplication, "
3.2.4 4Watér activity deteimination

The water agtivity (a,) of microencapsules was determined by using a
water activity analyzer following-the step in*prpendix A5, The measurements were
performed in triplication for each Sample.

3.2.4.5-Solubility test

Ihe solubility of all dried-microcapsule samples were measured
following the metfiod that was modlified from the procedure deseribed by Jangchud and
Chinnan (1999) (Appendix A6). All measurements were performed in duplication.

3.24.6 Total ‘ail content determination

Total oil content was observed according to the procedure that was
medlifiedfronr that of Hogan:et al(2004).  The:dried sample (appreximate 2,grams) was
added with 250 mL"petroleum ether. The sample was'shaked by a shaker at200 rpm
for 6 hours. The sample was then filtered through Whatman no.41 filter paper into a
round bottom flask and the solvent was distilled off from the flask by using a rotary
evaporator. The solvent was evaporated completely in a hot air oven at 50°C for
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2 hours. After that the flask was cooled down in a desiccator for an hour and
reweighed. Total oil in microcapsules was calculated following equation 3.2.

Total oil (%) = (weight of fat (g) / (weight of sample-moisture) (g)) x 100 (3.2)
3.2.4.7 Bioactive compound analysis

Approximately 1 g of microencejstles and garlic oil were extracted with
5 mL of ether twice. The ether extracts were combined-and were then evaporated by
using a rotary evaporator uniil-iransparent oil was-obtained. The oil yield percentage
was calculated and the.bioacive compounds having antimicrobial activity, which are
diallyl disulfides (DADS)pdlialiyl irisulfides (DATS) and eyclic sulfurs (Sg) were analyzed
by gas chromatography-technique (GC). which was operated under the conditions
shown in Table 3.2 y

Table 3.2 Operatingconditions of gas chromaibgraphy technique (GC)

Column: CP-sil 5

Maximum temperature: 368°C
Equivalent column; DB-1,-HP-1
Detector; FID

Carrier gas.N,

Initail temperature 50°C, 2min  Temperature increasing rate#1, 5°C/min
2 temperature-110°€,/0 min aTemperaturejingreasingates#2;:0.5°C/min
3% temperature 111°C, 1 min  Temperature increasing rate#3, 3°C/min
A" temperature 150°C, O'min “ Temperature increasing ate#4; 1°G/min
5" temperature 165°C, 0 min  Temperature increasing rate#5, 10°C/min

Final temperature 280°C, 0 min
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Initial feed emulsion of garlic oil in
0.6%, 0.8% and 1% wiw Tween®20 in 20
g/dL maltodextrin solution

_____

yIa: ’H‘Q%\‘

[

hemical properties

=

Powder Ti’ | Moisture content

‘
quﬂ a SqubHﬁytestf u M ’_] ,

Figure 3.3 Steps in the determination of physical and chemical properties of garlic oil
microcapsules.

particle suﬁnalys
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3.2.5 Antimicrobial assay
3.2.5.1 Test microorganisms preparation

Escherichia coli ATCC 25922, Salmonella Typhimurium ATCC 13311
and Staphylococcus aureus ATCC 25923 was cultivated in nutrient broth (NB) at 37°C
until bacteria grew up to mio-log phase (10~10° CFU/mL). The cell concentration
density was measured by a spectrophotometer ai'600.nm. The target absorbance that
indicated mid-log phase growth was 0.4 Bacterial cultures at the mid log phase were
diluted to 10° CFU/ misforsubsequent use in the experimen.

3.2'5.2 Minimum Inhibitory, Concentration (MIC) of emulsion

MIC of garlig ol emulsion was determined by using agar well diffusion
method described.y Parentg etal. (£995)that is exhibited in Appendix B1. Five (5) mL
of emulsions containifg Tween“20 ai different concentrations (0.6%, 0.8%, and 1%),
were prepared and transfered into a sterilé't___est,_tubes that contained 5 mL of distilled
water to make two-fold dilution series. “Sample of 0.25 mL from each tube was taken
with a micropipette and transferred-inio agar weulls_,i:n a plate containing semi-solid agar
(1%) and each indicated microorganisms (Es*ehéfichia coli ATCC 25922, Salmonella
Typhimurium ATCC 13314, and Staphylococcus aureus ATCC 25923). The sensitivity to
garlic oil emulsion was-classified-by-the diameter-of-the-inhibition-halos as sensitive for
diameters at 0.2'mm or more than 0.2 mm that dic not include-tiameter of cock border
(0.8 mm) (Ponce et al., 2003)

3.2.5.3 Minimum, Inhibitory.Concentration, (MIC) of microcapsules

Garlic oil were prepared and transferred-into 5 sterile test tubes, which
contained 5 mL of distilled water. Each microencapsulated samples were @dded to the
fubes to make'two-fold dilution series. Then, all tubes were mixed by a'vartex mixer and
placed at room temperature (~25°C) for an hour. The details of experimental procedures
for the agar diffusion assay were similar to that shown in 3.2.5.2.
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3.2.6 Effect of temperature on microbial growth inhibition ability of garlic ol

One (1) mL emulsion was added to sterile microtubes. Each microtube was
immersed in a temperature controlled water bath at 70, 80 and 90°C for 0.5 to 25 min.
After the specified time, the tubes containing sample were cooled down in an ice-cold
water bath. The antimicrobial activity of the heated garlic oil was determined by the agar
diffusion method described in 3.2.5.2.

3.2.7 Evaluation.of oilrelease inawater from-microcapsules

The procedure for.ihe release test was modified from Dawson et al. (2003). Five
(5) g of garlic oil microcapsules wes dissojved In 50 mL of sterile distilled water to obtain
the final oil to aqueos phase concentraﬂon of 8.6 g/mL. Two hundred and fifty (250) .L
of sample was then takenwitha m|crop|pette after 5, 10, 15, 10, 15, 20, 25, 30, 40, 50
minutes, 1, 2, 3, 4,9, 677, 8910, 12, 24 'and 48 hours. The concentration of garlic o
which was releaseddnto water was revealed as the width of inhibition zone (cm) by the
agar diffusion method described in'3,2.5:2, The experimentwas done in 4 replications.

s F
I

3.2.8 Application of garlic it microcapsulesin salad dressing
3.2.8.1 Prepasation'ef selad dressinge.

Satad_dressing was_prepared_following—a-standard recipe shown in
Appendix C1. “Fhe dressing composed of 39.62% wiw water-and 23.53 %wiw oil. The
aqueous phase contains vinegar, egg yolk, lime, condensed milk, and milk (Table 3.3).
3.962 g of microcapsules. was added to the dressing to make the final concentration of
3.962x10%9/g.
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Table 3.3 Volume of aqueous phase in salad dressing model on 1 unit of recipe

Composition Agueous phase(g)  Aqueous phase (%)
Vinegar 9.55 0.90
Egg yolk 85 8.00
Lime 25 2.35
Condensed milk 104.9 9.87
Milk 196.56 18.50
Total salac.dfessing 42101 39.62

(1,062.5 9) :

3.2.8.2 Golordetermination

Color of salad dressing were'r‘ﬁe'aspred by a colorimeter in the CIE LAB
color system (L* a* and b*)-tsing D65 a'srth"e"' light source. L* is the lightness
coordinate, a* is the red/greei coordinate, with +a* indicating red, and -a* indicating
green, and b*the yellow/blue coordinate, with +b* indicating-yeliow, and -b* indicating
blue. Six measuréments at six different positions were done for-each sample.

3283 Sensory assessment of dressing~ containing garlic oil
microcapsules

Samples @f fifty (50) ‘'mL of salad "dressing containing garlic ol
microcapsules were stored at room temperature (~25.C) for up to 7 days. The samples
were: coded:-viith “three digit “random number before “they ‘were présented 'to 50
assessors. The assessors were asked to evaluate the samples for their color, odor,
texture and acceptability by using descriptive analysis with scoring method.
The evaluation sheet is shown in Appendix C2. The score for each attribute ranges from
1to 7 (Table 3.4).



Table 3.4 Definition of scores for color, odor, smoothness, viscosity and acceptability
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Score Color Odor Smoothness ~ Viscosity ~ Acceptability
1 Light Yellow Odorless ~ Extremely smooth ~ Not viscous ~ Not acceptable
2 Dark Yellow Very mild Highly smooth Verylow  Quite acceptable

garlic odor viscosity
3 Very dark Mild™garlic Very smoothLow viscosity Rather
Yellow odor acceptable
Moderaiely Smooth Moderately acceptable
4 Light brown™ strong'0arli¢ vIseous
odor
5 Brown Stiong garlic - Rather smooth Rather Very acceptable
odor vIScous
6 Dark brown = Very strong Quite smooth Highly Highly
garlic’odor . ViSCous acceptable
7 Very dark Extremely s Extremely Extremely
brown strong garlic Not smooth viscqus acceptable
odor

(3.962 g)rusing ‘a blender at’low Speed until it was homogeneous.. The control sample

3.2.8:4 Shelf life determination

The saladdressing (100 g) was mixed with garlic oil microcapsules

was salad dressing that was not added with garlic oil microcapsules. The samples were
stored.at.room.temperatures.(~25"C) for up.to.7 days.-Samples.were.immediately taken
with'a mictopipette.at the initial time. (0-dlay) and at annterval of two days to determine
for microorganisms load by plate count method as described in Appendix B2.
The samples were taken to measure for color and sensory assessment following 3.2.8.2
and 3.2.8.3.
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3.2.9 Statistical analysis

The statistical analysis of the results was conducted by the analysis of variance
(ANOVA) and Duncan's New Multiple Range Test to evaluate the difference between
means at 95% confidence interval.

i ol
AUEAINENTNEINS
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CHAPTER IV
RESULTS AND DISCUSSION

4.1 Critical micelle concentration (CMC) of Tween® in maltodextrin solutions

In order to determine the critical micelle concentration (CMC), the surface
tension of all Tween®20 and 80 in 20 g/dL meliedextrin solutions was measured after
preparation. CMC is_a minimal concentration-of emulsifier which micelles are
spontaneously formed-in-solution leading to dispersing of oil (hydrophobic) into an
aqueous phase (hydrophilie):In-general, developed antimicrobial products consist of
both water soluble-and non-waer solublevlextract. Emulsifier enables non-water soluble
extracts or oils to_disperse' throughout a water base fo-form a cream or an emulsion.
The emulsifier concentration hadto be above its CMC value, In this study, the CMC
value was determined fiom association betﬁ_(/een surface tensions of emulsifier solutions
and emulsifier congéntrations. The strface tension of all diluted Tween®0 and 80
(0-5.11% by weight) in 20 g/dL maliodextrin 'sbluti*on Wwas measured by the pendant drop
method. Figure 4.1 showed the CMC valueslfoﬂween@)zo and 80 that were identified by
the intersection of the two straight fines tangeﬂtléﬂdiﬁerent slopes. The CMC was 0.49
Ywhw for both Tween20 and 80.-The surfa@;t_gns_ion at CMC was 36.9 and 41.96
dyn-cm for Tween20 and 80, respectively (Table 4.1).

Table"441' Critical micelle concentrations and surface tensions of Tween®20
and Tween®80 determined by the pendant drop method.

Continuous phase CMC(%oww) ST# (dyn-cm™)

Tween®0  Tween™80  Tween®20 a.Tween®80

20'g-dL* Maftodextrin solufion ™ “0:49:0.01 * 0.49:0.01" *36:69:0.48"  41.96+0.02

*CMC: Critical Micelle Concentration, ST Serface tension (dyn-cm™)
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The surface tension.at CMC of Tween?QQ"(36.69¢0.48 dyn-cm™) was lower than
that of Tween80(41.96:0.02 dyncm®). This is due fo. the fact that the HLB
(Hydrophilic-Lipdphilic Balance) value of Tween“20 which is 16:7.is higher than that of
Tween“80 which is 15.0 (Malgorzata et al., 2007). Tween” is a non-ionic surfactant that
could be absorbed on an oil droplet surface and aggregate its molecules to produce
micelle.-Generally; water, solubility, of Tween=-depends, on the type of.fatty acid in the
ester group of<Sorbitan and the amount of axyethylene.groups in palyethylene glycol
structure. “Fewer oxyethylene compounds results in better solubility in oil compared to
that fin water..y Atha<Coneentration aboverits CMC, anemulsifier could aid fin the
production ofa"stable'emulsion.” Therefore, 0.6%, 0.8% and 1%-wiw of Tween“20 were
selected to prepare an emulsion in subsequent studies.
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4.2 Stability of garlic oil in emulsions

All resulting oil-in-water (O/W) emulsion appeared milky white and had low
viscosity. No separation of oil was observed after preparation. The emulsion tended to
form rapidly at low oil to maltodexrin rat|os and high Tween®20 concentration.

7

All prepared em t~u-ne,..__ stored

4.2.1 Emulsion stability

rature ~25°C) for 48 hours.

The resuits showed that there Was no se arat| nofoff pha e in both garlic oil emulsions
with maltodextrin and those /r \\ n-. uls ns contammg maltodextrin
provided solutions With pieCipitate / e Botte \\4\ gure 4.2) whereas those without
maltodextrin maintained son ‘l 3):, He “Ho er, all emulsions with-
out maltodextrin pr ﬁg ""1.\\ ‘-. speed of 13,000 rpm

consisted of two Sepal
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Tween 20

Qil to maltodextrin ratio

0.1:1

0151

0.2:1

TR i

rotational speed of 13,000 rpm (1

1), 19,000 rpm (2

10 min (b) and stored at 25°C for 48 hours.

2) and 24,000 rpm (3

) for 5 min (a

a) and
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Tween 20 Oil ratio
0.1:1 0.15:1 021

0.8%
wiw

1%
wiw

u METINYT;

rrew rrrrrergm
een®20 in drstrlled ater prepared at homogenizing rofat speedo Orpm

1), 19,000 rpm (2) and 24,000 rpm (3) for 5 min (a) and 10 min (b) and stored at 25°C
for 48 hours.
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From the results, this emulsion system consisted of garlic oil dispersing
in maltodextrin (DE=10) solution was stabilized by Tween20 which acted as an
emulsifier. Tween“20 (polyoxyethylene sorbitan monolaurate) is a non-ionic surfactant.
The surface active molecules of Tween“20 absorb to the surface of oil droplets during
homogenization and protect them from,coming close enough to aggregate (Weiss et al.,
1996; Krstonosic, 2009).

In aqueous. phase, maltodextrin-plays-a-major role as a hydrocolloid
stabilizer in increasing small.viscesity of continuous phase of an emulsion, which leads
to slowing down the gravitational separation of the droplets (Dickinson, 2003). When
maltodextrin is dissolveddn water, many hydroxyl groups (-OH) of their molecules can
hydrate the water.eontinuetsly by ydrogen bonding until complete solvation. Although
98% of the maltodexifin is.Soluble in water, there is about 2% non-water soluble fraction
precipitating in “solution. Therefore, lobservable precipitate in the bottom of O/W
emulsions preparedin maltodextrin solufion could be expected. Lower available water
resulting from emulsifier-water” interaction leads to an increase in precipitation of
maltodextrin as well '*':i N

At low homogenizing rotational Speed of 13,000 rpm, emulsion without
maltodextrin showed separation in two different color layerswithin24 hours. The bottom
layer had darkesmitky-color-compared-to-the-top-layer=—Hisresulted from different
droplet sizes between layers due to flocculation of droplets—Flocculation of droplets
which resulted in<arger oil droplet size had a higher density-ihan small droplets, thus
sank to the hottom layer:
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4.2.2 Garlic oil droplet size

Average size D[3,2] of garlic oil droplet in emulsion with various
Tween®20 concentrations (0.6%, 0.8%, and 1%) and 20 g/dL matodextrin solution are
compared in Figure 4.4. Range of average oil droplet sizes was 0.126 to 0.281 um. It
could be observed that an increase in homagenizing rotational speed from 13,000 to
19,000 and 13,000 to 24,000 rpm led to a significant decrease (p<0.05) of oil droplet
sizes in emulsion prepared with-0.6% and 0.8% w/ Tween®20. For emulsion with 1%
wiw Tween®20, oil droplet size significéntly decreased (p<0.05) when the rotational
speed increased in every.devel (43,000 ta 19,000 rpm, 13,000 to 24,000 rpm and 19,000
to 24,000 rpm) (Figure 4.4). Hioher homogenizing rotational speed, hence higher power
input, caused oil.droplet.sizeto become smaIIer On the contrary, homogenizing time
did not influence theoil droplet size of emulsmns with 0.6% and 0.8% wiw Tween®20
concentrations. But it still affected the drOpIet size of emulsions with 1%Tween®20 by
decreasing significantly the size of oil droplets in emulsion prepared with 0.15:1 oil-to-
maltodextrin ratio with,24,000 rpm homogemzmg speed from 5 to 10 minutes (Figure
4.4). For the effect of oll-to-maltadextrin ratr& droplet sizes of oil in the emulsions
prepared with different” ratios (0.1:1, O.lS.l_janﬂ 0.2:1) were significantly different
(p<0.05). Higher oil-to-maltodextrin ratio tended to-yield larger oil droplet size for all
emulsions. The_effect was more pronounced when higher. homogenizing rotational
speeds (19,000.27d 24,000 rpm) were employed.
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Figure 4.4 Droplet size of garlic oil emulsion in various Tween®20 concentrations in 20
g/dL maltodextrin solution prepared by homogenizing at 13000 (1), 19000 (2) and
24,000 (3) rpm for 5 (a) and 10 (k) min stored at 4°C for 24 hours.

a.b.c.0.&. 1 pifferent letters above bars of each group denote significant difference (p<0.05)
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The increase in rotational speed from 13,000 rpm to 19,000 rpm and
24,000 rpm also decreased the droplet size from 0.223 to 0.153 um, 0.222 to 0.176 um
and 0.229 t0 0.200 pm for 0.1:1, 0.15:1 and 0.2:1 oil to maltodextrin ratio in 0.6% wiw
Tween®20, and from 0.227 to 0.126 um, 0.237 to 0.153 um and 0.237 to 0.176 m for
0.1:1, 0.15:1 and 0.2:1 oil to maltodextrin ratio in 0.8 Ywiw Tween®20, and from 0.232 to
0.127 um, 0.281 t0 0.140 um and 0.273 t0.0.485.um for 0.1:1, 0.15:1 and 0.2:1 oil to
maltodextrin ratio in 1 Y%wi Tween®20, respeciively.@s the increase of homogenizer
speed led to the developmentofhigh shear stress, thus.ncrease the interfacial area and
reduce the size of ail-droplets.MeClements (2005) reported that the size of droplet in
an emulsion could e recueced by. increasing the amount of energy supplied during
homogenization. Thedncrease of rotational speed and the length of time to blend the
sample can increase the energy input. When considering the influence of maltodextrin
addition on garlie”oil droplet ‘size; the  results showed that, at every Tween®20
concentrations, the ail drople'size in emulsions with and viithout maltodextrin did not
differ significantly (p>0.05) and.varied.in thé.;oil,droplet size range 0.111 to 0.260 pm
(Figures 4.5, 4.6 and 4.7). This is because maltodextrin is not particularly surface-active
and is also water soluble"(Daki¢ et al., 1997).In an emulsion system, the major part of
maltodextrins (~98%) was dissalved and the stabilizing action in O/W emulsion comes
from small viscosity modification or film formation on micelle. of the aqueous continuous
phase surrounding-the-gitcropiet{Bickinsen;2006);

The emulsion size may be an important parameter determining the stability of
initial feed emulsion, and may also affect the characteristic of final spray-dried
microeneapsulation powder.
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Figure 4.5 Droplet size; D[3,2], of garlic oil emulsion containing 0.6% wiw Tween“20 at

0.L:1 (A), 0.15:1 (B), and 0.2:1(C) oil-to-maltodextrin ratio stored at 4°C for 24 hours.
" above bars of each group denotes no significant difference (p>0.05).
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Figure 4.6 Droplet size; D[3,2], of garlic oil emulsion containing 0.8% wiw Tween“20 at
0.L:1(A), 0.15:1 (B), and 0.2:1 (C) ail-to-maltodextrin ratio stored at 4°C for 24 hours.
" above bars of each group denotes no significant difference (p>0.05)
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Figure 4.7 Droplet size; D[3,2], of garlic oil emulsion containing 1% wiw Tween®20 at
0.L:1 (A), 0.15:1 (B), and 0.2:1 (C) oil to maltodextrin ratio stored at 4°C for 24 hours.
" above bars of each group denotes no significant difference (p>0.05).
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For initial feed emulsion, the optimal proportion of preparation could be
selected from the preparation providing the smallest oil droplet size and more oil ratio to
spray drying. Several studies (Risch and Reinneccius, 1988; Re’, 1998) have reported
that an emulsion with smaller droplet size yields higher oil retention percentage in the
dried powders leading to better ability to keep the core material in a product for a longer
period of time. From the resuits, smaller oll draplt sizes were observed at 19,000 rpm
and 24,000 rpm rotational speed of homogenizaiior aivarious Tween20 concentrations
(0.6%, 0.8% and 1%w/w)...Dug to- more gfficient-oil-retention during microencapsulation
process, 0.2:1 oil to-maltodexiin. ratio was selected. At0:2:1 oil-to-maltodextrin ratio,
there were no sigaificant.differences between oil droplet sizes of the emulsions
homogenized at 19,000 (0111 [0 0.260 um) and 24,000 (0.141 to 0.273 um) rpm
rotational speed, and_ime of fiomogenization of at various. Tween®20 concentrations.
Therefore, the optimal piepajation condition for feed emulsion was 19,000 rpm rotational
speed for 5 minutes. | Y

4.3 Physical and chemical propertié; of sprayj'drie'd microcapsules

Three selected emulsion-feeds containing 0.6%, 0.8% and 1% wiw Tween"20
and 20 g/dL maltodextrin with 0.2:1- 0ll-to- ma{todextnn were spray dried at various inlet
air temperatures(120, 160, 180 and 200°C) at a pressure 0fi3 bars, and a feed rate of
25:5 mL/minutex7After-theSpray drying process; all emulsion feeds yielded dried
powder with I|ght yeIIow color (Figure 4.8).

Figure 4.8 Spray-dried garlic oil microcapsules.
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4.3.1 Powder morphology and particle size analysis

The outer topographies of spray-dried microencapsulated products were
assessed by SEM (Figures 4.9 to 4.12). The spray-dried powders prepared at different
inlet air temperatures (120+5°C, 160+5°C, 180+5°C and 200+5°C) were almost spherical
and had small holes dispersing on theirwall. The particles appeared in either smooth or
rough surface. At inlet temperature of 120°C; the particle surface was rough. As
the temperature was increased from 120°C 10-460°C,.180°C and 200°C, the surface
became smoother for €ach Tween“20 concentration (06, 0.8 and 1% wiw). When the
microcapsules were Cross-sectioned, it could be observed that the core material was in
the form of small“droplets  embedcled in the wall matrix layer. In the center of the
capsules, a largevold cotld-aisobe observed which occupied most of the capsule
volume. This structuie’is galled microspheré“structure (Figure 4.9, 4.10, 4.11 and 4.12)
and is the particle that gore materials spreaE!I continuously In the wall layer.

The large woid In the-center-ef a microcapsule is called balloon, which
resulted from the steam formed in theinterior of the drying droplet owing to direct
contact with high inlet air iemperature. This c’aﬂsed the droplet to puff or balloon that led
to a thin-walled hollow particlé(Jafasi et al., 20(18)."

A low inlet temperature, the bé?t'rble surface dents were formed by
shrinkage of the particles-during.drying-and-cooling,-simiar-dentswere observed in the
study on milk"powder (Rosenberg et al., 1985). Sheu et a. (1998) spray-dried
microcapsules with wall material consisting of whey protein isolate, maltodextrin (DE=5,
10 and 15) and comn.syrup solids (DE=24) which showed notable surface indentations,
due to/their wall*composition, atomizationand: drying parameter.~They have also
reported he morphiological variations (Size, Structure and appearance), the beginning
spherical droplet could form particles with irreqular=surface in many casSes owing to
Internal formation efvaids and dents, depression and external fracture.
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Intact microcapsules Cross sectioned particles
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images of spray- dr|e rlic oil m|crocapsu|es prepared f
emuIS|on that contains 0.2:1 oil to maltodextrm ratio and 0.6%, 0.8% and 1% wiw
Tween®20 in 20 g/dL maltodextrin. The spray drying was carried out at an inlet
temperature of 120+5°C.
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Intact microcapsules Cross sectioned particles
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muIS|on that contains 0.2:1 oil to maltodextrin ratio and 0.6%, 0.8% and 1% wiw
Tween®20 in 20 g/dL maltodextrin. The spray drying was carried out at an inlet
temperature of 160+5°C.
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Intact microcapsules Cross sectioned particles
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emulsion that contains 021 oil to maltodextrin ratio and 0.6%, 0.8% and 1% wiw
Tween®20 in 20 g/dL maltodextrin. The spray drying was carried out at an inlet
temperature of 180+5°C.
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Intact microcapsules Cross sectioned particles
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emulsion that contains 0.2:1 oil to maltodextrin ratio and 0.6%, 0.8% and 1% wiw
Tween®20 in 20 g/dL maltodextrin. The spray drying was carried out at an inlet
temperature of 200+5°C.
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The size distribution of garlic oil microcapsules was determined by using
a SemAfore program (Version 4.01). The results were expressed as the surface area
moment mean D[3,2] or Sauter mean diameter (SMD) of microcapsules. The surface
area moment mean of the microcapsules preparared from garlic oil of 0.2:1 oil to
maltodextrin with 0.6%, 0.8% and 1% wiw Tween®20 in 20 g/dL maltodextrin ranged
9-13 um, 9-12 um, and 10-13 um, respectively. .According to Table 4.2, the average
size of microcapsules spray-dried at 120°C inlet temperature had the largest size for
every Tween®20 concentration. - There was no significantly.difference (p>0.05) between
the size of microcajpsules Spray-diied at|180 and 200°C inlet temperature for both 0.6%
and 0.8% wiw Tween®20_ eoncentrations.  The microcapstles prepared at 160 and
180°C for both 0.8%.and 1% Tween®20-had a size ranges (9.62, 9.82, 10.38 and 10.46
um) that were not signiiicani ciiferent. ‘The largest average size of microcapsules spray-
dried at 120°C might result-from their rotigh surface that caused higher length of
diameter and more surface area. "

The parameters such.as inletfé_i_r temperature, concentration of polymeric
solution have an impact on microeapstile size. (Newton, 1966). The effect of air inlet
temperature on size associates with kind of i:_qating materials that have different
structures. In addition, Newton-{£966) reported.that particle size of some material
increased with increasing drying aif temperaiure.  The previous studied (Soottitantawat
et al.,, 2004) reparied-that-the-laige-poweer-size-shiowed-the-figher and lower release of
encapsulated oil"than small powder size during Storage. However, it should consider
other parameters suich as moisture and kind of wall materials aswell.
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Table 4.2 Size of spray-dried garlic oil microcapsules (0.2:1 oil to maltodextrin ratio) at
various Tween®20 concentrations (0.6%, 0.8% and 1% wiw) in 20 g/dL maltodextrin
spray-dried at various temperature (120, 160, 180 and 200°C) in a feed rate of
25 mL-min™ and pressure of 3 bars.

Temperature Average The surface area
Emulsion of spray drying diameter*of  moment mean*
System Inlet Outlet microcapsules  of microcapsules
temperature-- Temperature (um) (um)
(C) ()
Garlic oil in 120+5 70%5 10.21%:0.21 13.07%+0.22
0.6% Tween® " 160:5 fo:5 028018 11.28":118
20in20gfdL  +"180=5 8055 8.63"+0:11 9.82:0.01
Maltodextrin 20045 8545 7.81'0.40 9.81%:0.94
Garlic oil in 120+5 70+5% 9,98+.0.16 11.98%+0.82
0.8% Tween® /16045 755 8407019 9.62:0.11
20in20g/d.  180:5 §0:5 C % 84#L001 982013
Maltodexrin 200+5 85:5 9.05:0.25 10.19%+0.66
Garlic oil in 12045 705 0 9544048 12.03*+0.18
1%Tween®20. 1605 7545 9.13:0.38 10.38%+0.57
in 20 g/dL 180+5 80+5 9.03%-0.89 10.46%+0.33
Maltodextrin 200+5 85+5 9.50"+0.33 11.94%0.76

ab.edet Different letters in the same column denote significant difference (p<0.05)
* Average 0fi50 particles

43.2 Bulk density, moisture content, water activity, solubility and total ol
content

Table "4.3" shows “the’ ‘physical ‘and chemical’ properties of “spray-dried
microcapsules including bulk density, moisture content, water activity, solubility and
total oil content. The bulk densities of all spray-dried microcapsule samples were not
significantly different (p>0.05) and they ranged from 0.38 to 0.54 g/cm?
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The moisture content of the sample spray-dried at 120°C inlet temperature for
any Tween®20 concentration was significantly different (p<0.05) from the sample spray-
dried at higher inlet air temperatures. This result also related with the water activity of
the sample prepared at the inlet temperature of 120°C. All garlic oil microcapsules
possessed low percentage of oil which.oil retention decreased with the inlet temperature
increased. Especially, the microcapsules prepared from the emulsion containing 0.6%
and 0.8% wiw Tween®20-and spray-dried @t an fnleitemperature of 180°C obtained
significantly higher .oll..content than.* microcapsules..spray-dried at other inlet
temperatures. However, it coule be observed that there were no significant differences
(p>0.05) in microcapsule solubility;

Table 4.3 Properties of spray-cried gariic oil microcapsules (0.2:1 oil-to-maltodextrin ratio)
at various Tween®20/Congentzations (0.6%, 0.8% and 1% w/w) in 20 g/dL maltodextrin
spray-dried at various gemperaiure (120, 160, 180 and 200°C) in a feed rate of 25 mL-min™

and pressure of 3 bars. v
The physicaland chemical properties of the spray-dried powder*
Inlet Moisture™ ~ Water activity %o@a_l ol Encapsula- Bulk Solubility
Sample*  Temp.  Content () -~ content tion density™  test™
(T (@ww) . (%whw)_efficiency (%)  (gfem®) (% wiw)
120+5.:722.06+0.18  0.262+0.02  1.82":0.72 9.09 053:001 9574
0.6%  160:5+.40.52°+001  0.13*:001 221*:005 1110 038:0.16  96.72
Tween20 180:5 0.64°+0.13 0.10%:001  369%:168 1845 051:001  96.92
200:5 054":0.13  0.11%.003  2.84*:090  8.37 051:001 9494
1205 187° 4070 . 0.17°:005 “4:34°+0.16 6.72 054:002  96.07
0.8% 160+5 & 0:37°+0.07 = 0.12°.001 _1.76° £0.20 8.80 050:001  96.12
Tween20 480:5 0.39°:0.12  0.08 001  368°:093 1840 042016  97.08
200:5  0.27°+0.01  008%:0.01 257045 1285 0524001  96.05
12045Y "2.037:108 1 0.18° +0.04 /229°.0.15 | 1145 052:001  97.01
1% 1605 051°:0.12  0.12%:001  1.67°+0.59 8.35 050:001  97.38
Tween20  180:5 053°:0.02  0.15°%:0.01  2.02°+0.04 10.1 049:001  96.52
200:5  0.10":0.06  0.10%:0.00  1.99°+0.07 9.99 048001  97.79

* Tween®20 in 20 g/dL maltodextrin solution with 0.2:1 garlic oil to maltodextrin

abedel Different letters in the same column denote significant difference (p<0.05)
" no significant difference (p>0.05)
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When the inlet temperature increased from 120°C to 200°C, the moisture
content and water activity (a,) of the microcapsules decreased. The moisture content
decreased from 2.06% to 0.54% wiw, 1.87% to 0.27% wiw um and 2.03% to 0.10% wiw
for microcapsules prepared in 0.6%, 0.8% and 1% wiw Tween“20, respectively. Water
activity (a,) decreased from 0.26 to 0.1, 0.17 to 0.08 and 0.18 to 0.10 for
microcapsules prepared in 0.6%, 0.8% and 1% wiw Tween“20, respectively. This was
due to higher evaporation-rate. In many cases; lnereasing the air inlet temperature
increases the rate of film.formation and velatiles retention.because the crust layer forms
immediately from a-rapiddrying. rate (Anker and Reinneeeius, 1988; Bhandari et al.,
1992; Re’ et al., 1998): However, Zakarian and King (1982) reported that a high inlet air
temperature resultedsn an.excessive evaporation leading to cracks in the particle wall
that induced a loss of volatiles ingredient.. From Table 4.3, at the inlet temperatures of
160°C and 180°C,4the toial garlic oil tendedto increase 2.21%to 3.69 % wiw, 1.76% to
3.68 % wiw and 1.67% t02.62 % wiw. for miérocapsules prepared in 0.6%, 0.8% and
1% wiw Tween“20, respectively. On.the othé‘p_.hand, al the inlet temperatures of 180°C
and 200°C, a decrease'in total oil 3.69% t0-2.84% wiw, 3.68% to 2.57% wiw and 2.02%
to 1.99% wiw for microcapsutes. prepared in 96% 0.8% and 1% wiw Tween“20,
respectively, was observed. It Was possiple that.when the inlet temperature reached
200°C, too rapich evaporation caused dried particles o crack leading to the loss of garlic
oll. The lowest ait-feiention-iesuiied-—at-120°C-ifiet-ai~iemperature due to low
evaporation rate that caused slower film formation rate around-oil droplets in the drying
process. As a cansequence, loss of volaiile substances was observed. The highest
garlic oil retention was-microcapsules prepared 0.6% wiw Tween“20 in 20 g/dL
maltodexirin‘and spray driedat 180°C.

The results showed that there was no.significantly effect of Tween“20
concentration-(0.6%, 0:8%and<1% w/w) and Inlet airtemperatuie (120°C;-160°C,/180°C
and 200°C) on difference of bulk density and solubility of microcapsules.
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4.3.3 Bioactive compound

Gas chromatography (GC) was used for detection and quantification of main
antimicrobial compounds in garlic oil and microcapsules. According to Ross et al.
(2000) diallyl disulfides (DADS) and diallyl trisulfides (DATS) are an indicator for
antimicrobial ability of garlic oil. From Table 4.4, four major compounds including diallyl
disulfides (DADS), diallyl trisulficles (DATS), dieliyl sulfides (DAS) and cyclic sulfurs (Sy)
were detected in garlic.gil._GC analysis shows-ihe"Content of the four compounds that
found in garlic oil. Garlic oll contained 1.29% of DADS and 1.17% of DAS which were
higher than DATS (0.56%).and.5; {0.21%).

Table 4.4 Concentration of bioactive compounds found in garlic.oil

Concentration
Sulfur compounds Molecularstructure*
b4 (% wiw)
DAS chﬁvﬁeizjm,mz 117
DADS A ARt 1.29
DATS pe? g TN g 0.56
¢y
Ss Y 0.21
] =
\S_S/
Total 3.23

Note: DAS = Diallyl sulfides, DADS = Diallyl disulfides, DATS = Diallyl trisulfides,
S, = Cyclic sulfurs
* Source: Jirovetz (1992) and Kimbaris et al. (2005)
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From Table 4.4, the amount of sulfur compounds in garlic oil is in the following
order; DADS> DAS> DATS> S,. They were low because DAS, DADS and DATS, the
main constituents in garlic oil, are volatile aliphatic disulfide and unstable. Therefore,
during the storage and preparation, the loss of sulfur containing volatile might occur and
leads to the reduction of sulfur compound in garlic oil. A large amount of DADS
compared with DAS, DADS and DATS were consistent to previous results reported by
Sheen et al. (1992) and-O'Gara et al. (2000), DADS was found to be in higher
concentration (33 %).compared to DATS (16.5%)-and-DAS (17.5%). Sheen et al. (1992)
reported that garlic-eilgeneraily Cantains 40% DADS, 35% DATS, 10% DAS and other
volatile compounds.=From.ineiresults, DATS was found in-higher concentration than
DAS. The discrepancy [n‘the concentration of sulfur compound in garlic oil was,
perhaps, caused by gitthedoss af-volatile components during storage, handing, and
processing by spiay drying. Table 4.5 showed the amount of DADS, DATS and Sg in
spray-dried garlic oilmicrocapsules prepa}edJ‘from garlic oil (0.2:1 ail to maltodextrin
ratio) at various Tween“20 concentrationé‘.:_(o,ﬁ%, 08% and 1% wiw) in 20g/dL
maltodextrin spray-dried at various temperatures (120, 160; 180 and 200°C) at a feed
rate of 25 mL-min® and 8 bas Fiom. Table 45, DAS, DADS, and DATS were reduced
to virtually zero in all spray-dried microcapstiles. Only S, was found in the samples,
where the sample prepared from 0.6%, 0.8% and 1%wwiv Tween® at an inlet air
temperature of 120°C;-160-°C;-180°C-and-200°C-coniained-ihe-highest amount of S; at
0.081 % wiw. The-higher retention of Sg in all samples compared to other organosulfur
compounds was-because of their cyclic molecular structure which yielded greater
stability compared tothe-acyclic DAS, DADS and DATS (Block, 2009)
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Table 4.5 Bioactive compounds of garlic oil microcapsules (0.2:1 oil to
maltodextrin ratio) at various Tween®20 concentrations (0.6%, 0.8% and 1% wiw) in 20
g/dL maltodextrin spray-dried at various temperature (120, 160, 180 and 200°C) in
a feed rate of 25 mL-min™ and 3 bars,

Inlet temp. Sulfur compounds (mg/g sample)

Sample (C) %Yeld Zipet - pATSH S, Total (mg)

120+5 229 0.00 0.00 0.45 0.45

0.6% wihw 1605 9.5 0.03 0.00 0.81 0.84
Tween®20 18045 9.5 0.05 0.00 0.63 0.68
2005 10.5} 0.03 0.00 0.65 0.68

12045 2504 4 10.00 0.00 0.36 0.36
0.8% wiw 1605 S0=s  00L 0.00 0.26 0.26

Tween®™0 #F 180560 7.004 4002 001" 021 024
005 90 000 000 026 031

1255 494 5 /088 0400 0.00 0.33 0.33
1% wiw 160+5 9.0 52 0,00 0.00 0.21 0.30

Tween"20 18045 10.5 - A=et 0l 0.00 0.28 0.28

200+5 30 *000 0.00 0.13 0.13

* DADS = Diallyl-disulfides, DATS = Diallyl trisulfides, S = Cyeli¢-sulfurs
* Tween®20 in.20/g/dL maltodextrin Solution with 0.2:1 garlic oilfo.maltodextrin

The reduction of sulfur compounds may directly resuit-irom the low retention of
oil in microcapsule «Samples due to the highly volatile nature of the compounds.
Re' (1998) stated ‘that the exorbitant drying temperature affects the Crust formation of
microcapsules leading to the loss of volatile materials. The microcapsules spray-dried
at an inlet air temperature of 180°C for the emulsion=eontaining 0.6% wik-Tween®20
showed the higher, DADS concentration.than other samples. ' The DADS!is an indicator
for antimicrobial ability of garlic oil. Therefore, the sample was selected for further
studies.
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4.4 Antimicrobial ability

The garlic oil emulsions and microcapsule samples were determined for their
MIC by the agar well diffusion method against S. aureus ATCC 25923, S. Typhimurium
ATCC 13311 and E. coli ATCC 25922. The inhibition zone diameter was measured and

the result of antimicrobial assay WQ‘S({*'
44.1 Ant|m|crob|al .a;_‘of garhc 0 agar well diffusion method

The samples _ st S. aureus ATCC 25923,
S. Typhimurium ATCC 13344 ‘ E. coli ATCC 259 agar well diffusion technique.
Inhibition zone of @ are shoin| F|gyre4 13

vii

Vi

Figure 4.13 Inh| lon zone of emulsion (A) and m|crocapsu|e ) sample agamst

"at“"g?%ﬁeﬁﬁ WWW% e

Table 4.6 shows MIC and the width of inhibition zone of garlic%oil emulsion

BN "D b 0 30 5 53 15
7.81 uL/mL) against S. aureus ATCC 25923 was 31.25, 62.50 and 62.50 pL/mL, and the
width of inhibition zone was 0.32, 0.30 and 0.40 cm, for the emulsion containing 0.6%,
08% and 1%ww Tween®0 respectively. There was no inhibiion against
S. Typhimurium ATCC 13311 and E. coli ATCC 25922 for all emulsions in this study.
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Table 4.6 MIC of garlic oil emulsions against Staphylococcus aureus ATCC 25923,
Samonella Typhimurium ATCC 13311 and Escherichia coli ATCC 25922

Tested Bacterium
Salmonella
Emulsifier S. aureus Typhimurium E. col

Concentration** MGt Inhibition®  MIC*Inhibiion® ~ MIC*  Inhibition?
(uL/mb) zone{cm) — (uL/mbL)._zone(cm)  (uL/mL) zone (cm)

0.6% 3125 _0.5250:08 NH NH NH NH
0.8% 62.50 o (300,08 NH NH NH NH

1% 6250 4 040£0,06 NH NH NH NH

* Each MIC defermination” was perfo}med I triplicate. per bacterial isolate
* Inhibition zone diameter (em) did not include diameter of cock border (0.8 cm)
* Tween 20 in 20" g/dL maltodextfin-soltition with 0.2:1 garlic il to maltodextrin
NH means “No inhibition” -

The loss of antimicrabial-activity of garlic ol emulsions against Salmonella
Typhimurium ATCC 13311 and Eseherichia €oll ATCC 25922 may result from the low
amount of garlicyoil-in the emulsion (0.04 g/mL). In addition;” some of organosulfur
compounds that-possess antimicrobial activity might 10SS during preparation owing to
their highly volatile properties.  Yin and Chen (2002) reported the antimicrobial
protection of DAS and DADS against the growth of S. aureus, S. Typhimurium and
E. coli in_ground beef. “They reported that DAS and DADS could inhibit the growth of
S. aureus at.a (Qreater extent compared- to their” inhibition 'against Salmonella
Typhimurium and E. coli. Ten (10),uM of DADS outinhibited S. aureus compared to
Salmanelta Typhimarium,ang-E.-coliati0.62 and 1:09 Jog GEUIg respectively.

The prepared garlic oil emulsions contained 0.04 g of garlic oil per one gram of
emulsion (0.2:1 oil to maltodextrin ratio in 20 g/dL Md solution). This means that one
gram of emulsion composed of 0.052 g of DADS and 0.047 g of DADS. This was
responsible for the fact that the emulsion possessed an antimicrobial activity against
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S. aureus which is more susceptible to inhibition by the organo-sulfur compounds.
Fujisawa et al. (2008) stated that the lower susceptibility to inhibition by the organo-
sulfur compounds of gram negative E. coli compared with the gram positive S. aureus is
due to the structure difference between bacterium of different gram classes, especially
in their cell membrane. E. coli has 40 times higher content of lipid than S. aureus
(Salton, 1964). Thereby, allicin-or sulfur competinds may be trapped by this lipid layer
and lose it potency to react with its major protein taigets. This may explain why there
was no inhibition activity.of. emulsions against Salmonglla-Typhimurium and Escherichia
coli. For the effect-of*Teen“20-concentrations, the antimicrobial activity decreased
with increasing Tueen®20.eoneentration from 0.6% to 0.8% and 1% wiw. The bulky
molecule of the surfaetant(MW~1228-g/mol) mignt block or decrease the chance of
contact between garlie ol droplets and target bacterium.. The increase in emulsion
viscosity due to surfactant might also-decrease the diffusion ability of garlic oil droplets
leading to a reductionin the antimicrobial activi"ty of the emulsions.

4.4.2 Antimicrobial ability of garfic. off microcapsules

The microcapsules prepared from emulsions of garlic oil at various Tween®20
concentrations (0.6%, 0.8% and 1% wiw) in 20 g/di_ maltodextrin spray-dried at various
temperatures (120, 160; 180 and 200°C) at a feed rate 0f:25 mL-min® and 3 bars were
tested for their -aniimiciobial-ability-agaiisi-Staphylococcus alreus ATCC 25923,
Salmonella Typhimurium ATCC 13311 and Escherichia coli ATCC 25922 by agar well
diffusion technique.” Microcapsules from the emulsions that contain 0.6% and 0.8% wiw
Tween®20 had an MIC 0£0.1 g/mL. MIC of 0:2.9/mL was found in both microcapsules
spray-dried at 200°C and 120°C of 0.6% and 0.8% wiw Tween"20"(Table 4.7). In
consistent with the result presented in 4.4.1, the microcapsules had no inhibition against
Saimonella Typhimurium and Escherichia_coli,.  The‘iterease in MIC was partly due to
the reduction-in the_amount of garlic oil caused by heat-evaparation and the reduction in
the antimicrobial activity of the garlic oil due to heat the oil experienced during spray-
drying process. The reduction in antimicrobial ability of garlic oil as a result of heat is
discussed in section 4.4.3.
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Table 4.7 MIC of garlic oil microcapsules against Staphylococcus aureus ATCC 25923,
Samonella Typhimurium ATCC 13311 and Escherichia coli ATCC 25922

Spray- Tested bacterium
dried S.aureus Salmonella E. coli

Emulsion®™  Inlet ATCC ::ﬂ ~  Typhimurium ATCC 25922
emp.  wics  Inhibition® " “MIC" Inhibition*  MIC*  Inhibition®
(C) (gl e(cm (@t _Zone (cm)  (gmL) Zone (cm)
-2 _
120:5 NH NH NH
0.6%wh  160e5™0 10+045:007 . NH. NH M
Tween'20 18059 040" 4040000 '\ NH A NH NH
200:500 040" £030:044 " NH . NH,  NH MH
100:5 #0200 FOMg:0005 & NH . UNH - NH NH
08%ww 16080 0104 040000+ NH « . N NH  NH
Tween'20.  180:5 4020 £ 0:20:000 % “NH. . NH  NH M
20046 m LN NH  NH
120:5 10 NH NH
Woww  160:5 040 -035:007 4 - NH NH
Tween2)  180:5 10-?3@0% I - N NH
2005 020, 020:014, NH NH NH NH
. ' — E-""F?W"\:f"‘if'u- S
*  Each MIC --—__=_____-,_=_=_ -------- Ja r bacterial isolate
® Inhibition zone ¢ order(08cm)

* Tween®20in 20 /dL maltode 0.2.1 gérh@l to maltodextrin

NH means “Not |nh|lyt|o "

ﬂﬂ&l’)ﬂﬂﬂ‘iﬂﬂ’]ﬂ‘i
QW']Mﬂ‘iﬂJ UAIAINYA Y
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4.4.3 Effect of temperature on microbial growth inhibition ability of garlic ol

Effect of temperature (70, 80 and 90°C) on the antimicrobial ability of garlic oil
shown by the width inhibition zone of Staphylococcus aureus ATCC 25923, Salmonella
Typhimurium ATCC 13311 and Escherichia coli ATCC 25922 and Escherichia coli ATCC
25922 are presented in Figures 4.14 to 4.16. /The garlic oil emulsion prepared by using
an oil to maltodextrin ratio-of 5:1 In 6% wiw_Jwgen“20 in 20g/dL maltodextrin was
heated at various tempesatures (70°C, 80°C and-90°C).for-0.5 to 25 minutes. The results
indicated that the inhibition of emulsion against all bacterium decreased with increasing
time at 70, 80 and 90°C._Fhe Innibition zone width observed for all emulsions heated at
90°C against S. aureus was the lowest compared fo that at 70°C and 80°C. Taking the
destruction of all bacteria@s following first order kinetics, the reaction rate constants (k)
of the destruction of 8. aureusbythe garlic;gi“l emulsion heated at 70, 80 and 90°C were
-0.0172, -0.0185 and £0.0098 /min™, respectively. (Table 4.8). The result obviously
indicated that the antimigrobial ability of the:emulsion against S. aureus reduced with
heating temperatures. /The destruction rate constant (K) of the emulsion heated at 90°C
was approximately half of that at-70 and 8{5"6. However, there was no significant
difference of k of S. aureus caused by the emulsion-heated at 70, 80 and 90°C.

For the-inhibition against S. Typhimurium and Ex.coli-the k caused by the
emulsion heated: at-—70;~80-aiid-90°C-Was—-0:0802,-0:0131 and -0.0904 min™,
respectively for'S.Typhimurium and -0.0197, -0.0329 and -0.0335 min™, respectively for
E. coli (Table 4.8).The result did not show a decreasing trend-for k value with increasing
temperature. Similawto-the result for S. aureus, statistical analysis showed that there
was no'significant difference of k of S. Typhimurium and E. cali caused: by the emulsion
heated at/0, 80 and 90°C.
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Table 4.8 kinetic parameter for thermal degradation of garlic oil in emulsion prepared
by 5:1 oil to maltodextrin and 6% wiw Tween®20 in 20g/dL maltodextrin and heated at
70,80 and 90°C

Test hacteria Temperaiure("C) k(min*)
Staphylococcus aureus / 00172001
ATCC 75093 | 80 0.0185% +0.00
90 0.0098% +0.00
Salmonella Typhimuritim K 0.0802" :0.01
ATCC 49911 80 0.0131b +0.01
90 0.0904° +0.00
70 0.0197%+0.01

Escherichia‘Col P ]

ATCC 25023 604 0.0329° +0.01

90 0.0335° +0.01

ab.ed Different letters in the same column denote significant difference (p<0.05)
4.4.4 Evaluation of oil reiease in waterfronlf-microencapsules

The release ability of garlic oil microéap—)sules prepaied from the emulsion
containing 0.2:1 garlic oil to maltodexiin and 0:6% Tween“20+n 20 g/dL maltodextrin
and spray-dried at180°C inlet air temperature was determineahy using indirect method
that involves measurement of the inhibition zone diameter~against Staphylococcus
aureus ATCC 25923." Tfie-width of inhibition Zene of S, aureus is shown in Figure 4.17.
The release of.garlic oil.from micracapsules: in water-was obsefved from 5 minutes
onwards ‘at 25°C. The release pattern of the microcapsules in water could, thus, be
classified-as burst release ~The-esult,shows that-release of garlic;oil-was-constant with
Increasing time.
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Figure 4.17 Diameter of inhibition zofe against Staphylocoecus aureus ATCC 25923 of
garlic oll microcapsules attemperaitires of 25°C-for up (0,48 hours.

id

4.5 Application of garlic oil microcapsules in safad &ressing model

Garlic oil-microcapsule (3.96 g) was added into 100'g of salad dressing model
(pH 4.9). The!salad dressing containing garlic oil microcapsules was stored at room
temperature (~25°C) and was analyzed for total bacterial count during storage for 7
days.

4:5,1"Shelf life of salad dressing

Table 4.9 shows the total hacterial counts over 7 days of the salad dressing
containing; garlic oil microeapsules and the:control salad@ressing stored-at 25°C for 7
days.” The ‘control dreSsing without “antimicrobial microcapsules contained-0.9 log
CFUIg and increased to 13.4 log CFU/g after storage at 25°C for 7 days, whereas the
salad dressing containing garlic oil microcapsules contained 0.5 log CFU/g at the
beginning and increased to 11.4 CFU/g at the 7" day of storage. This is apparent that
the addition of garlic oil microcapsules could decrease the number of bacteria of
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approximately 2 log CFU/g at the last day of storage. When handled according to Good
Manufacturing Practice (GMP) conditions based on the General Principles of Food
Hygiene (CAC, 2001a), aerobic plate count (APC) should be < 10° CFUIg. Total plate
count of the salad dressing with garlic oil microcapsules and the control dressing was
found to reach 10° CFU/g at day 3 and day 2, respectively. Thus, the addition of garlic
oil microcapsules could extend the storage liie of salad dressing model for 1 day at
25°C.

At day 0 of storage,.the number of bacteria.n salad dressing containing garlic
oil microcapsules was lower than.ihat in the control salad dressing. This could be due
to the ability of microcapstles-to-rediuce total bacteria from the beginning. When garlic
oil was released fiom theimicrocapsules, it should react with target bacteria in the salad
dressing. However Qarlie ol consists of mény sulfur compounds that may react with
protein component in salac dressing, which caused the lower antibacterial ability.

Table 4.9 Total bacterialcount in salad dreséing containing garlic oil microcapsules and
control salad dressing stored at 25°C for 1 ton.-jdgys

Total bactefialcount 0g,,CFUIG)

Day ‘Control salad dressing Salad.dressing containing
gafiic-aitmicrocapsules
0 0.9%:0.07 0.5"+0.08
1 3.5%:0.19 2.6™+0.08
3 6.5%:0.12 4.9"+0.05
5 10.99:0.13 7.3%940.07
I 13.4%:0,01 11.4°.0,06

*" Different letters in the same row-denote significant difference (p=0.05)
“efon Different letters in the same column denote significant difference (p<0.05)
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4.5.2 Color of salad dressing

The color of salad dressing containing microcapsules was determined and
compared with the control dressing. Table 4.10 shows that the color of the samples was
significantly different (p<0.05). The L*value or lightness of salad dressing containing
garlic oil microcapsules was higher than that of the control salad dressing. The +a*-
value (redness) and +b*-value (yellowness) inercased and decreased, respectively,
when adding garlic il microcapsules. The -salad .dressing containing garlic oil
microcapsules appear t0 be more red and yeliow. This was due to effect of release
garlic oil droplet from miciocapsties in the salad dressing and the natural color; dark
brown, of garlic oil. Theshigher quantity\of il resulted in an increase in L*value by
increasing in dispersion and [eflgction of light (Chantrapornchai gt al., 1999).

Table 4.10 Color of the gontjol selad-dressing and the salad dressing containing garlic
oil microcapsules.

Color parameters

Sample =7 5 5
Control salad dressing 07.64:00% -3.06:001 21.22:0.01
Salad dressing adding garlic

- 68.67:0.06—-260-003" 19.61:0.11
oit microcapsules

4.5.3 Sensory.quality of salad dressing containing garlic oil microcapsules

The sensory assessments of salad dressing containing microcapsules and the
control salad dressing were made. The assessors were asked to evaluate the samples
for.their calor,flavor, odar, texture.and averall acceptability;by: using descriptive.analysis
with' scoring method.. Figure 4.18 shows the sensory score for color,sador, fexture
(smoothness and viscosity) and the acceptability of salad dressing at day 1, 3 and 5 of
storage at 25°C.  Mean rating scores for color of control salad dressing and salad
dressing containing garlic oil microcapsules at day 1, 3 and 5 of storage were 1.33,
2.58, 3.28 and 4.40, respectively, where 1 means light yellow and 7 means very dark
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brown. Mean odor score for control salad dressing was 1.57, for salad dressing
containing microcapsules at day 1, 3 and 5, the odor score were 6.37, 6.65 and 6.53,
respectively, where 1 means odorless and 7 means extremely strong garlic odor. In
comparison dressing with microcapsules was scored significantly higher for odor
(p<0.05) which may be caused the strang ador of garlic oil that has many volatile sulfur
compounds. The scores for odor of Salacl dressing containing microcapsules at day 1,
3 and 5 were not significantly different (p<0.05).-Meansensory score for smoothness of
the control salad dressing.and-the salad-@ressing containing garlic oil microcapsules at
day 1, 3 and 5 of siorage were4.63, 3.38, 3.28 and 4.40; respectively, where 1 means
extremely smooth and"7 means not smooth. - Although the salad dressing containing
microcapsules at day*l and 3°0f storage was rated a lower score (more smooth) in
comparison to the scores of contrel dressing, no. significant difference (p>0.05) was
observed betweendhe smootfingss of the dressing at day 5 of storage and the control
dressing. During aeiobic storage of.the sal‘ad"dressing containing microcapsules for 5
days, high level of bacterial- growth: (~10°CFU/g) could produce substances that
resulted in denaturation of protein-contained in salad dressing resulting from bacterial
enzyme. For this reason; the smoothness of the dressing was lower. Mean score given
by assessors for the viscosity of fhie dressing were.4.53, 5.75, 5.52 and 5.38 for control
and salad dressing containing microcapsulesr at"déy' 1, 3 and 5 of storage, respectively,
where 1 means Hot-Viscous-and-/-Means-extiemely-viscous. | The salad dressing
containing microcapsules received higher scores for viscosity-when compared with the
control dressing. -This was due to the dissolution of maltodextrin from the microcapsules
in the salad dressing. ~Mean acceptabilitysscore of the salad dressing containing
microcapsules at day 1, 3 and 5'of storage and the control dressing were 2.50, 2.32,
2.02, anch5.17, respectively, where 1 means not acceptability and 7 means extremely
acceptability. The salad dressing ‘Containing. microcapsules was rated a'much lower
score compared to.the acceptability seores of the control dressing (p<0.05). This was
mainly due to the strong garlic odor from the antimicrobial microcapsules added in the
salad dressing.
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CHAPTER V
CONCLUSIONS

The critical micelle concentration (CMC) of Tween®20 in 20 gfdL was 0.49%wiw
for both Tween®20 and 80. Owing.to the better solubility, Tween®20 was selected to
prepare an emulsion in various Tween“20,concentrations (0.6%, 0.8% and 1% wiw).
The emulsions were prepared: from 0.6%, 0.8%-and 1% wiw Tween®20 in 20 glldL
maltodextrin solutions using oil to maltodextrin ratios of 0:1:1, 0.15:1 and 0.2:1 at 13,000,
19,000 and 24,000 rom of.sotational speed for 5 and 10 minutes, which provided the
good stability at 25°C for.48 hotls. The average droplet size of emulsions at 4°C for 24
hours ranged fromy0:216,40 0.81" um that the oll droplet size in an emulsion could be
reduced by increasing the amourit the rotational speed and the length of time to
homogenize the sample: The gontaining of maltodextrin in an“emulsion did not affect
the oil droplet size signifieantly (p>0.05). After initial feed emulsion was spray-dried at
various inlet air temperatures (120,160, 180 and 200°C) at a feed rate of 25 mL/min and
3 bars, the microcapsules Were prodticed. The-particles appeared to be spherical and
had smooth surface witf small-fholes dispersing on their walls and large void in the
center.  Only particles prepared -t an inlet ar temperature of 120°C had rough or
dented external"Surfaces that were a result of low inlet femperature, The average dried
particle size D[3;2] ranged from 9 to 13 um. The higher inlet airtemperature decreased
the moisture content and the water activity of microcapsules. Higher bulk density was
observed for microparticles dried at 120°C. The solubility of all microcapsules was not
significant.difference’(p$0:05). The microcagisules prepared from 0.6% wiw Tween®20
in 20 g/dL maltodextrin and 0.2:1 oil to maltodextrin Spray-dried at 180°C possessed the
highest oll-retention and amount of diallyl sulfide compounds. Thus this was chosen for
further- studies, onstheir, releases properties and-application in salad .eressing. The
Minimum Inhibitory*Concentration (MIC)-against Stapphyloccus-adreus ATCC 25923 of
the selected emulsion and microcapsules was 31.25 uL/mL and 0.1 g/mL, respectively.
The salad dressing containing garlic oil microcapsules (3.962x107 g/g) helped retard
the spoilage of dressing by 1 day for storage at 25°C. The adding of microcapsules
caused an increase in the light (L*) and redness (a*) but decreasing the yellowness (b*)
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of salad dressing. This result was in accordant with the sensory assessment of the
salad dressing containing garlic oil microcapsules. The color also tended to be more
dark yellow during storage at 25°C for 5 days. The strong garlic oil odor might be the
main reason for low acceptability score for the salad dressing containing garlic oil
micrpcapsules product,

Suggestion

Garlic oil microcapstles could infibit Staphylococcus aureus but not
Escherichia coli and” Salmengiia. Typhimurium because garlic oil is considered as
effective at controlling a.wicie‘range of gram-posiive bacteria which possess higher
susceptibility to organo-sulflicompounds in the garlic oil. “Garlic oil can possibly be
active against gramsnegaive bacteria whefi It'Is applied at a higher concentration.
Therefore, for futlre experment, antimicr-obial volatile oil microcapsules should be
produced from moie suii@ble polymer for““'s_pray drying which may combine various
polymeric materials to protect and'hold the highest amount of bioactive volatile oil in the
microcapsules during spray drying at high tem'berature and during storage.

A4
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Appendix A

Determination of physical and chemical properties
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A2: Bulk density (Beristain et al., 2001)

Method (Tapping method)
1. Weigh accurately 2 g of sample into a measuring cylinder and tap cylinder at
altitude of 1 inch for every 1 minute for 15times
2. Record the particles volume particles
Calculation
D= MY

Where, D is bulk density'(q.em")
M is weight (g)
Vis volume (mby)

A3: Moisture determination(AQAC, 1995) (aumber 925.40)

Instrument f
1. Hot air oven (Viodel 606; Memmert, Gmiott Co. KG, Germany)
2. Desiccator =
Methods

1. Weigh<he_aluminitm dish, which has heen areviotishidried in a hot air oven
at 105°C until the‘welght of the dish is constant and then cool in adesiccator for an hour
and weigh accurately the dish again.

2. Weigh accurately 2-3 g of sample into a moisture dish.

3. Place the'dish in a“hot air oven/and-dry“at 105°C for 5 hours:

4..Remove'the dish and cool'the room temperature in a desiccator for an hour
Calculation

Moisture (%) = (W, - W,) x 100)/ W,

Where, W, is weight of the sample before drying (g)
W, is weight of the sample after drying (g)
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Ad: Water activity determination

Instrument
1. Water activity analyzer (AquaLab Series 3, Decagon Devices, Inc., USA)
Method
1. Weigh accurately 2-3.g of sample into@ tray and close the cap for an hour.
2. Open the cap and place the tray in‘the water activity analyzer.

3. Measure and record the water activity value that is shown on the monitor.

Ab: Solubility test (Modiited from.Jangehud and Chinnan(1999))

|

Instrument

1. Hot air ovef (Motlel600, Memmett, Gmiott Co. KG, Germany)

2. Dessicator \
1. Weigh Whatman No.1. filler papér and auminium dish that has been
previously dried in a hot air oven-at-105°C uﬁfif the weight of the dish is constant. The
filter paper and the dish were then-cooled in%rd'é'ssiccator for an hour and weighed.
The drying was carried out untiFthie weight is constant:

2. Weigh:accurately 2 g of sample and-dissolve in-20-mL distilled water and mix
for an hour.

3. Filter the suspension through the pre-dried Whatman No.1 filter paper.

4. Place paper.on a moisture dish and dry at 105°C for 5 hours.

5. Removethe dish andhleave ittoicool taroamitemperature in-a dessiccator for
an hour'before weighing.
Calculation

Solutfiny ) £ (1-((W, £, ) i) 100

Where, W, is weight of filter paper after drying (g)
W, is weight of filter paper before filtration (g)
W, is weight of the sample ()
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Appendix B

Microbial Determination

B1: Agar well diffusion technique (Modified from that of Parente et al., 1995 and
Dawson et al., 2003)

1. Innoculate 100 L of broth of test bacteria.(10° CFU/mL) into a plate.

2. Add twenty..(20).mL of the appropriate-sterilized nutrient semi solid agar
(Nutrient broth+1%.agarthat was held in solution at 42°C)-into the plate and pour plate
and cool to room temperatuietoaliowagar solidification.

l

3. Makes.test welis using:@,sterile 8 mm diameter cork borer.
4. Dispense test solutions inta'individual wells (1004, per well)

5. Incubateplateovernight at 37°C“”'m aerobic condition until growth of the test
organism was observed. s

¥,

6. Measure the diameier-af4aniition zone (€m) using a vernier caliper.

B2: Determination of aerobic plate count (APC)‘.'b)éviabIe plate count method (Modified
from that of Guingor and Gokoglu, 2008

Quantifying bacteria by spread plate in the following steps;

1. Add plate  count agar medium (PCA) into a plate and cool to room
temperature cto allow agar csolidification- (the- surface; of ,selid-medium have to be
absolutely dried).

2..Take 0.1.mL.of the.diluted sample solution-for each dilution, sample.into PCA
plate‘and spread the diluted sample by.a sterile glass spreader. The experiment was
done in 3 replications and turn upside down the plate and incubate plate overnight at
37°C for 48 hours and count colonies (30 to 300 colonies) to calculate the colony
forming unit per gram of sample (CFU/g).
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Appendix C

Salad dressing

CL: Preparation of salad dressing model

105 ¢
170 ¢
250 ¢
25 ¢

thod

1. Mix mng ‘q salt, pepper and lime together and set aside.

@@SW@F’W@MMW@@ ol

1teasp nat atime.

9 TR 6 2

4. Decrease the whipping speed of egg whisk and add both sweetened
condensed milk and fresh milk. Mix all ingredients together.
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C2: Evaluation sheet for sensory assessment

Sensory assessment of Salad dressing containing antimicrobial microcapsules

-Very dark brown (7)*

-Dark brown
-Brown (5)

-Light brown
-Very dark Yellow(
-Dark Yellow (2)
-Light Yellow (1) -

2) Odor ,
-Extremely strong odor ,__ |
-Very strong ga
-Strong ;-:;:—_-:r i
-Moderately strong ge
- i garc ocor ()
~Very mild garlc odor (2)
Ogatkss(y) @ |
0 L
3.1) Smagthness (texture)
-Extremely smooth (7 1
o130
-Very smooth (5)
-Smooth (4)
-Rather smooth (3)
-Quite smooth (2)

-Not smooth (1)

o2
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Appearance

Sample code

3.2) Viscosity (Texture)
-Extremely viscous (7)
-Highly viscous (6)
-Rather viscous (5) s
Moderately viscous (d)

Low viscosity (3)

-Not viscous

Very low viscosity (

4) Acceptability -
-Not acceptable (1)
-Quite acceptable (2)+
-Rather acceptable (3)
-Acceptable (4)
-Very acceptable (
-Highly acceptable (6)
-Extremely acceptable

)

-
k
o

L

7

1
’

iz

gt ALhr A h S

gy
|

iF |
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Appendix D

Garlic oil emulsion appearance, stability, oil droplet size, bioactive compounds
microbial assay and sensory assessment

Table D1 The appearance of garlic oil r’f n of 0.1:1 oil to maltodextrin (MD) in 0.6%

/itilled water stored for 48 hours of
L

¢ e ———
Ratio N - Emuisionappearance*
' | In distilled water
continuous phase

storage at 25°C

Two separated layers:; milky
- White solution on top and
ellow solution in the bottom

-~ Solution with preeipitate ~ Homagenous milky white
T .
n the ho solution

Homoenous milky white
ﬂ solution

* Experiments were done in 2 replications.
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Table D2 The appearance of garlic oil emulsion of 0.15:1 ail to maltodextrin (MD) in
0.6% Tween®20 in 20 g/dL maltodextrin solution and in distilled water stored for 48
hours of storage at 25°C

Ratio Homogenization
condiion .

Emulsion appearance*

In distilled water
continuous phase

Ol MD rpm

: Homg.enou S 1)

YW wo separated layers; milky
J—P" soluion wi \ ltate._white solution on top and
=7 S 1\q\m yeIIow solution in the hottom

\. \\‘:'“\1. separated layers; milky
ecipitate.  white solution on top and

W ||ow solution in the bottom

omogenous milky white
solution

01 1 19,000
Homogenous milky white
thebottom solution

‘Homogenous milky white
n the botto ;. | solution

olution with precipitate %ogenous milky white
in the bottom solution
- | U |

qmmnmmmﬁwmé" ]
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Table D3 The appearance of garlic oil emulsion of 0.2:1 oil to maltodextrin (MD) in 0.6%
Tween®20 in 20 g/dL maltodextrin solution and in distilled water stored for 48 hours
of storage at 25°C

Ratio Homogenization
condiion .

Emulsion appearance*

In distilled water
continuous phase

Ol MD rpm

: Homg.enou S 1)

YW wo separated layers; milky
J—P" soluion wi \ ltate._white solution on top and
=7 S 1\q\m yeIIow solution in the hottom

\. \\‘:'“\1. separated layers; milky
ecipitate.  white solution on top and

W ||ow solution in the bottom

omogenous milky white
solution

01 1 19,000
Homogenous milky white
thebottom solution

‘Homogenous milky white
n the botto ;. | solution

olution with precipitate %ogenous milky white
in the bottom solution
- | U |

qmmnmmmﬁwmé" ]
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Table D4 The appearance of garlic oil emulsion of 0.1:1 oil to maltodextrin in (MD) 0.8%
wiw Tween®20 in 20 g/dL maltodextrin solution and in distilled water stored for 48 hours
of storage at 25°C

Ratio Homogenization
condiion .

Emulsion appearance*

In distilled water
continuous phase

O MD™ Rpm

: Homg.enou S 1)

YW wo separated layers; milky
J—P" soluion wi \ ltate._white solution on top and
=7 S 1\q\m yeIIow solution in the hottom

\. \\‘:'“\1. separated layers; milky
ecipitate.  white solution on top and

W ||ow solution in the bottom

omogenous milky white
solution

01 1 19,000
Homogenous milky white
thebottom solution

‘Homogenous milky white
n the botto ;. | solution

olution with precipitate %ogenous milky white
in the bottom solution
- | U |

qmmnmmmﬁwmé" ]
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Table D5 The appearance of garlic oil emulsion of 0.15:1 ail to maltodextrin (MD) in
0.8% wiw Tween®20 in 20 g/dL maltodextrin solution and in distilled water stored for 48

hours of storage at 25°C

Ratio Homogenization Emulsion appearance*
condiion . In distilled water
continuous phase

Ol  MD Rpm

, 3Milk) Two separated layers; milky
. solution wit precipifate _White solution on top and

n the botiom . ye owsolutlon in the bottom
: “Two separated layers; milky

ly ihie
\tg: \ ,A hite solution on top and

yellow solution in the bottom

ae . Homogenous milky white
solution

01 1 19,000
cipit~ Homogenous milky white

solution

Homogenous milky white
- solution
o

precipitate | ﬁnogenous milky white

in the bottom solution
/

ARIAINTUNMINYINY
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Table D6 The appearance of garlic oil emulsion of 0.2:1 oil to maltodextrin (MD) in 0.8%
wiw Tween®20 in 20 g/dL maltodextrin solution and in distilled water stored for 48 hours
of storage at 25°C

Ratio Homogenization
condiion .

Emulsion appearance*

In distilled water
continuous phase

Ol  MD Rpm

: Homg.enou S 1)

YW wo separated layers; milky
J—P" soluion wi \ ltate._white solution on top and
=7 S 1\q\m yeIIow solution in the hottom

\. \\‘:'“\1. separated layers; milky
ecipitate.  white solution on top and

W ||ow solution in the bottom

omogenous milky white
solution

01 1 19,000
Homogenous milky white
thebottom solution

‘Homogenous milky white
n the botto ;. | solution

olution with precipitate %ogenous milky white
in the bottom solution
- | U |

qmmnmmmﬁwmé" ]
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Table D7 The appearance of garlic oil emulsion of 0.1:1 oil to maltodextrin (MD) in 1%
wiw Tween®20 in 20 g/dL maltodextrin solution and in distilled water stored for 48 hours
of storage at 25°C

Ratio Homogenization
condiion .

Emulsion appearance*

In distilled water
continuous phase

Ol  MD Rpm

: Homg.enou S 1)

YW wo separated layers; milky
J—P" soluion wi \ ltate._white solution on top and
=7 S 1\q\m yeIIow solution in the hottom

\. \\‘:'“\1. separated layers; milky
ecipitate.  white solution on top and

W ||ow solution in the bottom

omogenous milky white
solution

01 1 19,000
Homogenous milky white
thebottom solution

‘Homogenous milky white
n the botto ;. | solution

olution with precipitate %ogenous milky white
in the bottom solution
- | U |

qmmnmmmﬁwmé" ]
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Table D8 The appearance of garlic oil emulsion of 0.15:1 oil to maltodextrin (MD) in 1%
wiw Tween®20 in 20 g/dL maltodextrin solution and in distilled water stored for 48 hours
of storage at 25°C

Ratio Homogenization
condiion .

Emulsion appearance*

In distilled water
continuous phase

Ol  MD Rpm

: Homg.enou S 1)

YW wo separated layers; milky
J—P" soluion wi \ ltate._white solution on top and
=7 S 1\q\m yeIIow solution in the hottom

\. \\‘:'“\1. separated layers; milky
ecipitate.  white solution on top and

W ||ow solution in the bottom

omogenous milky white
solution

01 1 19,000
Homogenous milky white
thebottom solution

‘Homogenous milky white
n the botto ;. | solution

olution with precipitate %ogenous milky white
in the bottom solution
- | U |

qmmnmmmﬁwmé" ]
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Table D10 The appearance of garlic oil emulsion of 0.2:1 oil to maltodextrin (MD) in 1%
wiw Tween®20 in 20 g/dL maltodextrin solution and in distilled water stored for 48 hours
of storage at 25°C

Ratio Homogenization
condiion .

Emulsion appearance*

In distilled water
continuous phase

Ol  MD Rpm

: Homg.enou S 1)

YW wo separated layers; milky
J—P" soluion wi \ ltate._white solution on top and
=7 S 1\q\m yeIIow solution in the hottom

\. \\‘:'“\1. separated layers; milky
ecipitate.  white solution on top and

W ||ow solution in the bottom

omogenous milky white
solution

01 1 19,000
Homogenous milky white
thebottom solution

‘Homogenous milky white
n the botto ;. | solution

olution with precipitate %ogenous milky white
in the bottom solution
- | U |

qmmnmmmﬁwmé" ]
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Table D11 Qil droplet size D[3,2] in garlic oil emulsion containing 0.1:1, 0.15 and 0.2:1
of oil to maltodextrin (MD) ratio in 0.6% wiw Tween®20 in 20 g/dL maltodextrin solution
and in distilled water stored at 4°C overnight.

Ratio Operation of Qil droplet size D[3,2] in emulsion*

' 20g/dL In distilled water™
‘ continuous phase

0.197+0.031
0.219+0.019
0.165+0.013
0.126+0.012
0.135+0.008
0.139:0.028
0.177:0.002
0.217:0.011
0.184+0.001
0.161+0.018
0.163+0.002
0.157:0.012
0.260+0.036
0.236+0.044
0.216+0.007
0.193:0.013
0.208+0.022

*values fgn hree Meastrements and two expenments

SUGnR et i1 ﬁ N
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Table D12 Qil droplet size D[3,2] in garlic oil emulsion containing 0.1:1, 0.15 and 0.2:1
of oil to maltodextrin (MD) ratio in 0.8% w/w Tween®20 in 20 g/dL maltodextrin solution
and in distilled water stored at 4°C overnight.

Ratio Operation of Qil droplet size D[3,2] in emulsion*
Homogenization in 200/dl maltodextrin In distiled water™
Ol Mato rpm  Time (min) _Jcontinuous phase continuous phase
5 0.227:0,007 0.182:0.022
13,000 10 0.2422:0.062 0.202:0.013
5 10.172%0,031 0.141:0.007
01 1 19000 10 0.134¢:0.002 0.124:0.006
5 0:183°:0.004 0.139:0.021
24000 & AoF "/ 011260008 0.213:0.003
5 0:237%:0,007 0.194-0.008
13,000 0., 0,200,039 0.207-0.018
5 0.472°:0.001 0.178:0.027
045 1 19,000 10 0.162:0,001 0.151:0.003
5 0.152%+0.013 0.147:0.012
24000 10 0.153%:0,001 0.154:0.026
: 5 0.237%0.001 0.210-0.038
13,000 10 0.233+0,001 0.247:0.042
5 0.198¢,0,018 0.201:0.001
11 19000 10 0.203%*+0,039 0.184:0.003
5 0.186°..0.016 0.188:0.009
24000 © T 10 0 0.1767:0:006 0:189:0.007

*values from three measurements and two experiments.

abedel Different letters in the same column denote signifieant difference (p<0.05).

" In‘the same.row'denote significant difference (p<0.05).
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Table D13 Qil droplet size D[3,2] in garlic oil emulsion containing 0.1:1, 0.15 and 0.2:1
of oil to maltodextrin (MD) ratio in 1% wiw Tween®20 in 20 g/dL maltodextrin solution and
in distilled water stored at 4°C overnight.

Ratio jon of, 5 % | Ol droplet size D[3,2] in emulsion*
ization " in 20gfdl mattode In distiled water™
Ol Malto rpm  Time (min i ' continuous phase

0.152:0.027
0.179:0.009
0.156:0.009
0.140:0.030
0.166:0.005
0.111:0.001
‘ : L 0229:0084
13,000 ’o G~ DBIEE0057 0.197:0.025

5 a0 def+oo3 0.215:0.011

‘.r'n..

015 1 19,000 1°T::, 0,0 0.132:0.013
0240, 0.136:0.004

0.140%:0,01 0.173:0.071

L 0.222:0.033
0.249:0.023
. 00/ 0.187:0.001

11 19000 10 01830009  °  0.153:0.006

a5 | ,019136%0 039 0.162:0.019

1| ]ﬂj} 42:0.004
*values from three me sure ments afid two experiment=»
BRI ey
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Table D14 Refractive index of distilled water, Tween®20, 20 g/dL maltodextrin solution
and garlic oil.

' Refract|ve index*

Distle LU 330:0.00

20 g/dL Maltodextrin

Solution:

*values from three measurements

ﬂummmwmm
Qﬂﬁﬁ\ﬂﬂﬁmﬂﬂ’l?ﬂmﬁﬁ
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Table D15 Inhibition ability of garlic oil emulsion heated at various temperatures (70°C,

80°C and 90°C) for 0-25 minutes against Staphylococcus aureus ATCC 25923

Heating

time

(min)

05
1.0
15
2.0
2.5
3.0
35
4.0
4.5
5.0
55

Inhibition zone diameter (cm)

80°C 90°C
Second First Second
0420  0.410
0400  0.400
0350  0.400
0350  0.350
0300  0.320
0200  0.300
0200  0.300
0300 0.200
0.5 0.100
0300 0.200
‘.500 0300 0.200
0.500 0200  0.200
0.500 0250  0.300
u.' 0250  0.250
0.240  0.220
0250  0.210
0.400 uv 0220  0.220
0300 0.300 0.200  0.200

YW

guﬂqwﬂﬂ5WQWﬂﬁ
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Table D16 Inhibition ability of garlic oil emulsion heated at various temperatures (70°C,
80°C and 90°C) for 0-25 minutes against Saimonella Typhimurium ATCC 13311,

Heating Inhibition zone diameter (cm)

time 0°C w4 . 80C 90°C

(min) ' Second First Second
05 0400 0450
10 0400 0400
15 0300 0350
2.0 0350  0.300
25 0300 0320
3.0 025 0300
35 0200 0220
40 000 0.100
45 000 0.100
5.0 000 0.100
55 000 0.100
6.0 ~ 0.300 000 0.100
6.5 000 % | 0300 0000 0.000
8.5 0000~ 0000 - 0800, 0300 0000 0.000
00~ 0000 0000 0 0,300 4~ 0000  0.000

Yy

15,0 NS 0.30C 0000 0.000
200 0000 0200 o.zﬂ 0000  0.000
25.0 o t?ézoo 0.100 0400 0450

AUEINENTNEINT

YW

AINTUNRIINGA Y
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Table D17 Inhibition ability of garlic oil emulsion heated at various temperatures (70°C,

80°C and 90°C) for 0-25 minutes against Escherichia coli ATCC 25922.

Heating Inhibition zone diameter (cm)

time 80°C 90°C

(min) Second First  Second
05

1.0 0600 0500
15 0500 0500
20 0500 0500
25 0500 0500
30 0500 0500
35 0400 0500
40 0400 0500
45 0400  0.400
50 0400  0.400
55 0300 0300
6.0 . 200 0300 0300
65 0300%°"“0300 0000 0300 0300 0300
85 0400 50200 ). 0.200 0300  0.200
100 70300 020 * 0300  0.300
o’c-r—-_:# 0300  0.200
150 100" 0200 0100
20,0 m 0.10 01000000 0000 0000 0000
50 ‘o : 0000 0000 0000  0.000

YW

guﬂawﬂwswa1ﬂﬁ
ANNIUURIINYIAY
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Table D18 The average width of inhibition zone of garlic oil microcapsules in water
against Staphylococcus aureus ATCC 25923.

idlth of inhibition zone (cm)

D))
£
. ._]“‘

0.433:0.06

0.433+0.06
7 U6

/1)

* The measurement \/@s done in triplicate.

ﬂUB?ﬂHﬂﬁWUﬂﬂﬁ
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Table D19 The average sensory scores for salad dressing containing garlic ol
microcapsules and control salad dressing stored at 25°C for 1 to 5 days

Day  Sample Colort Viscosity*  Acceptability*

1 R 45308  5.17:087
S 127 575:002  250:0.05
3 R 453:086  5.17:0.87
' // , 0 52:007  2.32:0.12
5 1380085 157:073 483:010 453086  517:087
33 | '6.53:0 140:019 . 538:021  2.02:0.02
R was control dressing/and'S was Salad d Itaining garlic oil microcapsules.

* Average score fro 50 a85esS0i8.+

AULININTNEINS
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Appendix E
Statistics

Table E1 Analysis of variance of oil droplet size D[3,2] of garlic containing emulsion of
0.1:1, 0. 15 1and 0 2:1 of oil to mattodextrina om 0.6%w/wTween®20 in 20 gldL

DependentVaria

Source Sig.
Corrected Mode .000
Intercept 2564.784 .000
ratio 31 002
rpm 23.085 .000
time 1.669 206
Error

Total

a RSquared- 'I Adju

ﬂumwmwmm
’QW’]Nﬂ‘iﬂJﬂmTc)mﬂﬂB
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Table E2 Analysis of variance of il droplet size D[3,2] of garlic oil emulsion containing
0.1:1, 0.15:1 and 0.2:1 of oil to maltodextrin ratio in 0.8%w/w Tween®20 in 20 g/dL
maltodextrin solution stored at 4°C

s *\PI }7 }: 77 Effects
Dependent Variable:size o
T—

Source ‘ ‘Suar df Mlean S e F Sig.
Corrected Modgle®™ 045/ \"‘-"‘L S 17607 000
ntercept " 23800 1238 2430882 .00
raio P CEET AN a0
om A A 7' 018 3604 000
time ‘ 1.600 216
Error

Total

Corrected Total

a RSquared 746 ( Ad]US

(7

fil
ﬂUEI’J‘VIEWl?WEﬂﬂ‘i
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Table E3 Analysis of variance of il droplet size D[3,2] of garlic oil emulsion containing
0.1:1, 0.15:1 and 0.2:1 of oil to maltodextrin ratio in 1%wiw Tween®20 in 20 g/dL
maltodextrin solution stored at 4°C

Tests of Between-Subjects Effects

Dependent Variable:size -

TypeteliLoli A/ :
Source e Sqliares df ﬁare F Sig.

Corrected Model 016 12753 .000
Intercept 88 1097582 000
Ratio ' 7.850 002

Rpm AL 2NN 20149 000
e A AL =N " s
Error ' B

Total
Corrected Total

ﬂUEI’JVIEWl?WEﬂﬂ‘i
QW]MﬂiﬂJMWl’mmﬂU
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Table E4 Analysis of variance of oil droplet size D[3,2] of garlic oil emulsion containing
0.1:1, 0.15:1 and 0.2:1 of il to maltodextrin in 0.6%w/w Tween®20 in 20 gfdL
maltodextrin compared with that in distilled water stored at 4°C

Ratio of 0.1:1;

-1 .
Droplet tsize - 7 ' |
S  deansy : Sig.
Between GIoUps™ 061 810

Within Groups
Total

Ratio of 0.15:1;

Droplet size
‘Mean Square F Sig.
001 1.993 188

Between Groups
Withi' :
Total V:CL

Rat|oof021 i‘ )

Within Groups .009 10 001
Total 010 11
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Table E5 Analysis of variance of oil droplet size D[3,2] of garlic oil emulsion containing
0.1:1, 0.15:1 and 0.2:1 of oil to maltodextrin in 0.8%wfw Tween®20 in 20 g/dL
maltodextrin compared with that in distilled water stored at 4°C

Ratio of 0.1:1;

Droplet size — \\\ '

— F Sig.
Between Groups . 006 183 678
Within Groups " #3%/ |
Totad o o £ —=
Ratio of 015:1; -—
F Sig.
Between Groups 194 669
Within Groups

Totaloo 00

Ratio of 0.2:1; m

ﬂMEJI’J'ﬂEIWT‘WEHﬂ‘ﬁ

Sum of Sqﬁres df .Hnan Square Fas Sg.

q Wiin Growps 009 10 001
Tota 010 1
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Table E6 Analysis of variance of oil droplet size D[3,2] of garlic oil emulsion containing
0.1:1, 0.15:1 and 0.2:1 of oil to maltodextrin in 1%wiw Tween®20 in 20 gfdL maltodextrin
compared with that in distilled water stored at 4°C

Ratio of 0.1:1;

s

1.547 242

Between Grg

Within Groups

Total

Ratio of 0.15:1;

Droplet sizew ‘
ean Square F Sig.
003 382 550

Between Groups |
Within Groups =08

Ratio of 0.2:1; ID

ﬂMﬂ?ﬂﬂW‘ﬁ“‘Wﬂﬂﬂ‘i

Sum of Sqﬁres df .Hnan Square Fas Sg.

q WithinGrowps 118 10 012
Total 118 1




137

Table E7 Analysis of variance of garlic oil microcapsule size D[3,2]. The microcapsules
were prepared from an emulsion containing 0.1:1, 0.15:1 and 0.2:1 of oil to maltodextrin
in 0.6%, 0.8% and 1%wiw Tween®20 in 20 g/dL maltodextrin and spray-dried at various
inlet air temperatures (120°C, 160°C and 180°C).

Tests of Between-Subjects Effects
Dependent Variable: Powder size D[3,2]

Source Typedil.Sum of Squares o Mean Square F Sig.
Corrected Model 213 5 4,355 6.881 001
Intercept 2834.206 1 2834.206 4478.694 000
tweenconc 2.1 K 1389 2.194 140
inlettemp 18.996 3 6.332 10.006 000
Error i3 18 633

Total 2861.370 24

Corrected Total 33.164 23
a. R Squared = 657 (Adjusted RSquared =.561)

Table E8 Analysis of vasiance of moisture (%fvﬁ/w) of garlic oil microcapsule of 0.1:1,
0.15:1 and 0.2:1 of ail to maltodextrin in-0.6%, 0.8% and 1%w/w Tween®20 in 20 gldL
maltodextrin at various inlet-air-temperature including 120°C, 160°C and 180°C

Tests of Between-Subjects Effects
Dependent Variablermoisture

Source Type Il Sum of Squares df Mean Square F Sig.
Corrected Model 11.160a 5 2.232 20.105 .000
Intercept 16.157 1 16.157 145542 .000
tweenconc 090 2 045 405 673
inlettemp 11.070 3 3.690 33.239 .000
Efior 1.998 18 AU

Total 29.315 24

Corrected Total 13.158 23

a. R Squared =.848 (Adjusted R Squared = .806)
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Table E9 Analysis of variance of water activity (A,). The microcapsules were prepared
from an emulsion containing 0.1:1, 0.15:1 and 0.2:1 of oil to maltodextrin in 0.6%, 0.8%
and 1%wiw Tween®20 in 20 g/dL maltodextrin and spray-dried at various inlet air
temperatures (120°C, 160°C and 180°C)

Tests of Between-Subjects Effects
Dependent Variable: A,

Source Typedll.Sumof Squares di Mean Square F Sig.
Corrected Model 050° 5 010 12.799 .000
Intercept 416 1 416 531.035 .000
tweenconc 007 | A2 003 4173 032
inlettemp 044 -3 015 18.549 .000
Error 0 -8 001

Total 489 %

Corrected Total 064 "3

a. R Squared = .780 (Adjustec. R Sguared = 719) &+ &

¥

Table E10 Analysis of variance of fofal oil (%S[vfw);n_ The microcapsules were prepared
from an emulsion containing 0.4:4-0:15:1 andi}.zfi' of oil to maltodextrin in 0.6%, 0.8%
and 1%wiw Tween®20.in-20-gldL maltoclextrin-and spray-dried at various inlet air
temperatures {£20°C, 160°C-and 180°C)

Tests of Between-Subjects Effects

Dependent Variable: Total oll

Source Type Il Sum of Squares df Mean Square F Sig.
Correctetl Model 8:441° 5 1:688 1478 001
Intercept 130.419 1 130.419 554.528 .000
tweencornc 2.861 2 1.430 6.082 010
iniettemp 5,580 3 11860 790¢ 001
Error 4.233 18 235

Total 143.093 24

Corrected Total 12.674 23

a. R Squared = .666 (Adjusted R Squared = .573)
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Table E11 Analysis of variance of bulk density (g-cm™). The microcapsules were
prepared from an emulsion containing 0.1:1, 0.15:1 and 0.2:1 of oil to maltodextrin in
0.6%, 0.8% and 1%wiw Tween®20 in 20 g/dL maltodextrin and spray-dried at various
inlet air temperatures (120°C, 160°C and 180°C)

Tests of Between-Subjects Effects
Dependent Variable: Bulk density

Source Type ll'SumofSquares g df Mean Square F Sig.
Corrected Model 018 5 004 800 564
Intercept 5,88 1 5.783 1271.379 .000
tweenconc .00f | 4 001 110 896
inlettemp 04 . 8 006 1.259 318
Error 082 ;1n8 005

Total 5,883 \ 245

Corrected Total 100 : 23
a. R Squared =182 (Adjusted R Squared =-046)

i

Table E12 Analysis of variance-of-solubility (Ywhw): The'microcapsules were prepared
from an emulsion containing 0.1:%;0:15:1 and 0.2:1 of oil to maltodextrin in 0.6%, 0.8%
and 1%wiw Tween®0 i 20 g/dL malfodexirin and Spray-dried at various inlet i
temperatures (120°C;-160°C-and-186°C)

Tests of Between-Subjects Effects
Dependent Variable: Solubility

Source Type liFSum-of-Squares af Mean Square F Sig.
Corrected Model 3.468a 5 694 11252 390
Intercept 111813.440 1 111813440  201880.930 . .000
tweaneonc 21628 2 1.314 2.373 174
Inlettemp 840 3 280 505 693
Error 3.323 6 554

Total 111820.232 12

Corrected Total 6.791 11

a. R Squared =511 (Adjusted R Squared =.103)
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