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ABSTRACT

Phytosterols play a major role in the area of fi.rnctional foods. Their ability to

reduce serum cholesterol in humans has been widely proven and they are now being

added to various foods world-wide. Several stud"ies have also reported on their

antioxidant activity, and as suchphytochemicals mayhave the potential to impart other

benefits to food. The present study investigated the antimicrobial activity of seve¡al

phytosterol mixhres produced by Forbes Medi-Tech Inc. (Vancouver, BC) against milk

microflora including Pseudomonas as well as yoghurt starter cultures and the antioxidant

activity of various free and esterified sterols in oils. The effect ofphytosterols on the

rheology of yoghuf was also investigated.

As indicated by the results, a coûlmercial phytosterol preparation (cpp)

containing ß-sitosterol, cempesterol, sitostanol and campestanol, exhibited no

antimicrobiat activity at a concentation of 1.8% (w/v) towards the SpC (standard plate

count) or psycbrotroph population in milk stored at 4oC.A challenge study employing

various Pseudomoncs spps in milk at 4oc also confirmed that the cpp was not

antimicrobial. Homogenization of the milk subsequent to Cpp addition, in order to

increase dispersal, did not increase its antimicrobial effect. However, the addition of

dispersible forms ofphytosterols designated ADP (dispersible phytosterol mix¡¡re A) and

BDP (dispersible phytosterol mixh¡re B), which contained sodium stearoyl lactylate

(ssl, 0.03%; w/v) appeared to produce an antimicrobial effect against spc and

psychrotrophic bacteria in refrigerated mitk. The ADp and BDp (0.72%w/v) did not,

however, inhibit the growth of Pseudomonos. Aninvestigation into the antimicrobial
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activity of SSL alone revealed rhat it did not inhibit the growth of SpC in millq indicating

that it did not posses any intrinsic antimicrobial activity that added to that of ph¡osterol.

The CPP, as well as several other ph¡osterol mixtures had no effect on the

growth of Lactobacillus bulgaricus and Sneptococcus thermophilus during yoghurt

production at 33oC. The phytosterols also had no effect on acid development as

evidenced by pH values. Acid and starter culture levels were simirar.to those of the

controls during storage at 4oC for 30 d. This is seen as a beneficial feature since growth

of and acid development by these organisms are crucial for yoghurt quatity.

Saccharomyces cerevístae andAspergillus oclraceus, inoculated into yoghurt samples to

simulate spoilage by yeast and mold, were not inhibited by the inclusion of the Cpp

either during production or storage at 4oC for 30 d- Rheolory results indicated

characteristic flow and viscoelastic properties for both contol and Cpp containing

yoghurts. Overall, the results indicated that the CPP did not contribute to an increase in

shelf life, however, it also exhibited no negative effects on yoghurt quariry.

Investigation into the antioxidant activity of phytosterols revealed that free

phytosterols (3.4% Ww) exhibited greater activity than phytosterol esters (5.44o/oøÐ in

MCT (medium-chain triglyceride) and canola oils. Also, only free phytosterols were

shown to reduce lipid oxidation in oils stored for 12 months. The phytosterol esters

ofiflered no protection againsf lipid oxidation for oils heated to 100 and l90oC but, instead,

appeared to increase the propensity to lipid oxidation. Free ph¡osterols reduced the

thermal degradation of canola oil when held at 190oC for 7-12h and reduced lipid

oxidation in oils heated to l00oC. The loss of linolenic but not linoleic acid was also

reduced by addition of free phytosterols to the oil. The increased activity of the free



versus esterified phytosterols w¿ts likely due to the availability of a terminal hydroxyl

goup in the former compounds, for interaction with peroxide radicals.
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T.INTRODUCTION

A functional food is a widely used tenn and was defined by Health Canada in

1998 as "generally accepted to be foods similar in appearance to conventional foods and

consumed as part of the regular diet. These foods have demonstated physiological

benefits, and/or reduce the risk of chronic disease beyond basic nutritional firnctions"

(Moreau, 2004). Some of these foods can also be referred to as nutraceuticals, which

specifically refers to "a product that has been isolated or purified from foods and

generally sold in medical forms not usually associated with food" (Moreau, 2004). This

definition of the term nutraceutical as a product category was abolished by Health

Canada in 2001 and products falling under its definition lryere tansferred to the natural

healthproducts (NIf) category (Moreau, 2004).

The first major developments in the a¡ea of modem fi¡nctional foods occurred in

Japan in the 1980's, and since then have spread world-wide. In 2000, the world market

for frmctional foods was valued at $15 billion us (Gibson and williams, 2000). These

types of products appeal to health conscious consumers who are concerned about their

dietary intake. Also, in many countries, there are concen$ about the health of

an increasing ageing population. New resea¡ch linking diet and the prevention of chronic

disease such as artherosclerosis has also increased awareness (Gibson and Williarns,

2000).

Phytosterols are a goup of compounds isolæed from plants that have recentþ

entered the ñmctional food market. They have been added to various commercially

available foods including fat spreads and yogburt and thei¡ consumption has been proven



to lower serum cholesterol levels. As is the case with several phytochemicals,

phytosterols also exhibit antioxidant activity (Yoshida and Niki, 2003). Since many

ph¡ochemicals displaþg antioxidant activity, including exfacts from spices, also

possess antimicrobial activity @ykes et al., 2003) it is possible rhat ph¡osterols can act

as antimicrobials. If this were true it would provide an added benefit to food preservation

since consumers would preferproducts with all natural ingredients. Extacts of aprimary

phytosterol, ß-sitosterol, from several herbs has been shor¡m to exhibit antimicrobial

activity against the organisms Bacillus subtilts @eltrame et al., 2002) and Candida

albicans (Moshi et al., 2004).

The objectives of the present study were to: f . investigate the antimicrobial

activity of a ph¡osterol mixture against milk microflora and spoilage organisms 2.

evaluate the effect of the same ph¡osterol mixtue on the growth of starter culhre

organisms and spoilage organisms in yoghurt and 3. verifr the antioxidant activity of the

commercial phytosterol mixture.

To attain these objectives, the growth of aerobic mesophiles (standard plate

cotutt), psycbrotrophs and pseudomonads in milk with and without phytosterol addition

was investigated. Also, due to interest in adding sterols to commercial dairy products

(Forbes Medi-Tech Inc.,2006), potential activity of phytosterols towards sta¡ter cultures

and possible contamiruiltts including yeast and mold in yoghurt (based on its popularity

and the number of commercially available products containing nutraceuticals) was

evaluated. The effect of phytosterols on yoghurt pH and rheology were included in this

study as a means of assessing food quality. Finally, the antioxidant activity of the

phytosterols w¿ts investigated as a means of correlating antimicrobial activity.



2. LTTERATURE REVIEW

2.1. Phytosterols

2.l.l.Ilistory

. Phytosterol is the name used to describe a goup ofnaftrally occurring sterol

compounds found in plants that have a similar structure to cholesterol, difi[ering only in

their side-chain configuration or extra double bond @aker et al., 1999). The chemical

similarity between phytosterols and cholesterol is so striking that it is difficult to separate

them by physical means, and techniques such as gas chromatography or high pressure

liquid chromatography are often used to identifr them (Ostlund,2002). Their role in

plants is similar to that of cholesterol in animals in that they play a vital role in

maintaining membrane function (Ostlund, 2002).

Althot'gh phytosterols have been used to treat hypercholesterolemia since the

1950's (Miettinin, 2001), it is onty in the last few decades that they have gained wide

acceptance and availability to consumers in the form of functional foods. The ability to

block absorption of cholesterol thereby lowering serum cholesterol levels is important,

since it has been shown to decrease the risk ofca¡diovascular and coronary heart disease

(Zawistowski and Kitts, 2004). The fust phytosterol mixn'e produced was a

pharmaceutical called Cytellin, which was marketed by Eli Lilly mlg57 (Moreau, 2004).

ln early studies, cholesterol reduction was studied by administering relatively large doses

(25 glday) of a ph¡osterol mixture in crystalline form (nstitute of Food Science and

Technolory, 2000)- Administering crystalline phytosterols, however, did not promote a

significant decrease in serum cholesterol when compared to phytosterols dissolved in

edible fat products (Institute of Food science and rechnology, 2000). The studies



concluded that the effect on sen¡m cholesterol was not reliable because the crystalline

phytosterols were not dispersed adequately (Morear¡ 2004).

With the increasing popularity of frmctional foods, phytosterols are now being

added to cornmercially available foods including fat spreads, salad dressing and yoghurt

in order to help consumers lower their serum cholesterol levels. In the UK alone it is

estimated that the use of phytosterol-enriched fat spreads have the capacityto save $150

million per year in healthcare costs (Zawistowski and Kitts, 2004).

2.1.2. Nomenclature and structures

There are several types of ph¡osterols found in nah¡re. Over 250 compounds are

included in this category. The main compounds are campesterol, stigmasterol and p-

sitosterol, with ß-sitosterol being the most prevalent (Quilez et a1.,2003). The structures

of these compounds are shown in Figure 2.1. Phytosterols are synthesluLednplants

through a series of steps initially involving acetate subunits through squalsr.leading to

the production of cycloartenol (Ostlund" 2002). A variety of final sterol products are

produced" with each plant species possessing a distinct distribution of sterols that can be

used as a type of fingerprint to identi$ them (Ostlund 2002).

Ph¡osterols a¡e divided into tr¡ro groups. The first group is termed sterols or Â-5

sterols and includes comFounds such as campesterol, ß_sitosterol and stigmasterol that

have a double bond at the 5 carbonposition. The second goup is termed stanols and

contain a 5o-reduction of the double bond (Ostl:urrrdr2002¡ Stanols are the saturated fomr

of sterols, meaning they contain no ca¡bon-ca¡bon double bonds (Moreau,2004). For

exarnple, sitostanol is the saturated form of sitosterol.



Figure 2.1. Chemical structure of cholesterol and primary goup of ph¡osterols

þsimsæml
(+drsæùrlstuot)

Gror¡rc¡ol
(+mooooreù,rlstuol)

SB¡n¡$crol

(all +-arsocÈy.lncrot¡

Cycloarrmol
(4,4.tt''*¡¡t'¡t.'o¡,

þSrtosrcryl ohrrc
(Snryl frm rcid estu)

adapted from Quílez et al., 2003

þsrtosnryi gl-r'coside

(srÐ{ E:l}<oside)



2.1.3. Dietary sources

Phytosterols are naturally present in foods (such as vegetables) that are regularly

consumed in the human diet, but levels vary widely and each plant species contains

specific phytosterols in fixed amounts. Although levels can change slightly by variations

in cultivation method and genetic factors (Quilez et al., 2003),they are not high enough

to achieve the daily 2 g phytosterol intake necessary to cause a significant decrease in

blood cholesterol. ln the USA, daily intake of phytosterols as part of a healthy diet is

estimated at 180 mg; in Japan it may be as much as 400 mg (Moghadasian and Frohlic,

1999). As previously mentioned, phytosterols are found in vegetables and in the oil

fractions ofplants. Com oil, for exarnple, contains nearly S dkg while palm oil contains

0.5 g¡kg (Quitez et al., 2003). Phytosterols a¡e also present in pulses and dried fruits

(Quilez et al., 2003). The ph¡osterols most comme¡{y found in these foods are ß-

sitosterol, çampesterol and stigmasterol Mettinin et ù.,1995). The phytosterol levels of

several foods a¡e listed in Table 2.1.



Table 2.1. Phytosterol content of several cereals, vegetables and fruits (mg kg-t fiv1)

Barley
Millet
Corn
Rice
Broccoli
Carrot
Lettuce
Tomato
Apple
Banana

I Fresh weigbt

2 Not determined

3-
I races

a Not reported

Sitosterol

43748/'
371

Avenasterols Stanols Total
150-192

112
_4

146
67€9

10

10

10

3.6-9
20
I

sis
285-310

70

50

30

130-157
110
233

24-36
18

104
8-1 1

30
40

30-35
1

30
Tr3

56€9
87

17-19
N.D.2

32

18

720-801
770

662-1205
723

367-390

120
100

70

130-185

160

274

io
2

;

10

adapted from Püronen and Lampi,Z}}4



2.1.4. Commercial sources

Several sources are used for the cornmercial production of phytosterols. One

major source is from the deodorization of vegetable oils during the refining process

(Quilez et a1.,2003). Other sources include fibre oils such as maize,tall-oil which is the

fat-soluble ûaction of the hydrolysate qþtained during wood (conifer) pulping process in

paper production (Quilez et al., 2003) and sunflower oil processing @aker et al., lggg).

Tall-oil yields a higher proportion of stanols than vegetable oils, with B-sitostanol being

the primary stanol compound (Forbes Medi-Tech Inc.,2006). Stanols are frequently

added to foods fortified withphytosterols @avidson et al., 2001) and are believed by

some researchers to be more effective at lowering blood cholesterol than sterols

(Miettinin et al., 1995). It is estimated that 2500 tonnes of vegetable oit yields I tonne of

plant sterols during ¡sfining, wbile 2500 tonnes of pine oil is required to produce I tonne

of plant sterols through the pulping process (Forbes Medi-Tech Inc., 2006).

2.1.5. Cholesterol lowering mechanisms

Several human trial studies have confi¡med that phytosterols reduce total and low

density lipoprotein (LDL) serum cholesterol, which is primarily attributed to their

structural simil¿¡i1y with dietary and endogenously secreted cholesterol. Phytosterols

become incorporated into fat micelles in the intestinal lumen, displacing both endogenous

and biliary cholesterol and inhibiting their absorption in the small intestine (euilez et al.,

2003).In particular, it has been shown that phyøsterols compete with cholesterol and

displace it from bile sallphospholipid micelles (Ostlund, 2002). Studies have also shown
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that ß-sitosterol has an increased affinity for biliary micelles compared to cholesterol and

therefore its uptake is favored (Ostlund, 2002). Unabsorbed cholesterol is then excreted

in the feces. Overall, phytosterols remain relatively unabsorbed (Quilez et a1.,2003) due

to their micellar solubility, mucosal esterification and thei¡ slower rate of transfer from

the cell surface to the intacellular site compared to cholesterol (Moghadasian and

Frohlic, 1999). During consumption, approximately 56%of cholesterol was absorbed

while 90% of sitosterol was excreted in the feces (Ostlund, 2002) .Datausing more recent

analytical methods to determine ph¡osterol absorption suggest thatl.g%çampesterol,

0.51%ß-sitosterol,0.04yo sitostanol and0.16% camfestanol a¡e absorbed (Ostlund,

2002).

Phytosterols may also lower blood cholesterol by other means. For example,

phytosterols remaining in the intestinal epithelium after ingestion have been shown to

displace cholesterol within intestinal enterocytes as well as at intra lu'ninal sites (ostlund,

2002).

According to clinical trials, reductions in serum cholesterol of approximately I0%o

can be achieved when soluble phytosterol doses of 2 gper day are administered (Ostlund"

2002). Daily intakes consisting of 2-3 g of plant-based stanols have been shown to reduce

LDL cholesterol levels in people who are hlper- as well as non-h1'percholesterolemic by

l0'I4% (Mensink et aI., 2002). Sitostanol has proven to be the most effective phytosterol

at lowering senrm cholesterol levels, but further study ha* shown thaf amixture of plant

sterols and stanols can be as effective as stanols alone (Moghadasian and Frohlic, 1999).
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2.1.6. AdditÍon to low-fat foods

f1þsrrgh many studies have explored the effect of phytosterols and stanols on

lowering serum cholesterol in humans sensnming high fat diets, relatively few studies

have been conducted on populations consnming low fat diets (Mogbadasian and Frohlic,

lggg).Most studies have utilized phytosterols dissolved in oil or eggfaf,emulsified in an

aqueous solution with tiglycerol monooleate, or reduced to a particl e size of a few

microns andmixed with fatty foods when evaluating their effect on blood cholesterol

(Ostlund, 2002). These preparations increase the bioavailability ofphytosterols. As

previously mentioned, many studies have been conducted with respect to the health

benefits of incorporating phytosterols in fat spreads. However, studies fssusing on

addition of ph¡osterols to lowfat or non-fat aqueous phase products such as milk and

low fat yoghurt are fairly new (Noakes at aI., 2005). Although the addition of

phytosterols to these products is being explored as ameâns of broadening their utility, it

is recognized that health conscious consumers may not ingest enough fæ spreads

(sometimes as much as 16 g) to achieve the recommended2 lday intake ofphytosterols

necessary to achieve the desired decrease in blood cholesterol levels (Noakes at al.,

2005). Since low-fat daþ products are already seen as health foods, it is expected that

they would be readily acceptable to health conscious consumers. In this res¡rect it has

been shor¡m th¿t the consumption of a low-fat (0.7%) yoghnt containing 3 glday plant

stanols reduced LDL cholesterol by 13.7% (Noakes ú ù., 2005).
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2.1.7 . Incorporation into food

The incorporation of phytosterols into certain foods can be difficult. phytosterols

have a lipophilic Dature, which aids in their incorporation into high fat foods, but they are

also somewhat waxy, which can hinder their incorporation. Ph¡osterol preparations have

avery slow dissolution rate; they also exhibit low aqueous and organic solubility

(Ostlund, 2002). Purified phytosterols tbat are used commç¡siall, are in a highly stable,

crystallized form that can take days or weeks to dissolve in bile salt solutions (Ostlund,

2002). The solubility of free phytosterols in tiglycerides is also low (l-2%), however,

esterification with long chain fatty acids increases their solubility (Noakes at a1.,2005) to

levels as high as 10'20% (Ostlund 2002). These phytosterol esters are hydrolyzed in the

intestine to free sterols (Institute of Food Science and Technolory, 2000). In addition to

esterification, products containing free phytosterols can be dispersed in a protein, lecithin,

or diacylglycerol matrix. For example, a product manufactured by Kraft Foods Inc. uses

free ph¡osterols dispersed with emulsifiers (Moreaq 2004).

2.1.8. Safety

Studies have examined the safety of phytosterols, in particular how they affect

levels of fat-soluble vitamins. However, a study by Davidson et al. (2001) reported that

there were no adverse health effects (gastrointestinal, skin, urinary, nervous system,

psychiatric, vasculat or respiratory problems) related to the ingestion of esterified

phytosterols and on levels of fat-soluble vitamins. The study did show a decreased level

of serum o-tocopherol, however, this was expected because most c-tocopherol is ca¡ried

in LDL particles, which a¡e reduced byph¡osærol ingestion- Studies have also shown
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that serum levels of o- and p-carotene decreased by ll-Z2%following phytosterol

ingestion (Ostlund, 2002). Again, this is not surprising as there is a corelation between

reductions in cholesterol absorption and reductions in carotene and lycopene levels

(Ostlund, 2002). Reductions of this magnitude are not dangerous to healthy individuals,

but may be problematic to certain individuals, such as those with vitamin deficiencies or

pregnant women.

A study was also conducted by Westrate et aJ. (1999) to determine the effects of

phytosterol ingestion on fecal bile acid levels and neuhal sterol excretion. These

compounds are deemed imFortant because they have been shown to play a vital role in

the development of colon cancer (Westrate et al., l99g). The study demonshated that

phytosterol esters had no effect on neutal sterols while secondary bile acid levels in feces

were reduced by phytosterol ingestion. This was likely accomplished by the inhibition of

microbial T-deþdroxylation activity, which is responsible forthe conversion ofprimary

to secondary bile acids (Westrate et al., 1999). Results of this study were in agreement

with those conducted on mice, in which it was found that phytosterols provided

protection against colon cancer caused by chemical carcinogens. This protection was

likely due to the reduction of bile acid-induced colonic cell proliferation (Westrate et al.,

t999).

2.1.9. Market

Phytosterols have been added to fat spreads, yoghurt, yoghurt drinks, chocolate,

salad dressings, cheese,juice and soy drinks. Phytosterol-enriched foods are especially

popular in the European marke! which is very focused on fi¡nctional foods and non-
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GMO (genetically modified) foods (Forbes Medi-Tech Inc., 2006). In 1995, rhe first

phytosterol-enriched fat spread was intoduced by ¿ f innish company called Raisio Oy

(Zawistowski and Kitts, 2004).In the UK alone the annual value of phytosterol-enriched

spreads, yoghurt and yoghurt drink sales in 2005 was $300 miilion (Forbes Medi-Tech

Inc.,2006).

In the USA, the market for phytosterol-enriched foods is somewhat smaller, but is

still growing. The firstph¡osterol-enriched spread.s Benecol@ and Take Control@

entered the US ma¡ket in 1999. In 2003, a phytosterol-enriched orange juice was

launched by Minute Maid using ph¡osterols produced by Cargill Foods. In 2005,

General Mills launched the firstph¡osterol-enriched yoghurt forthe American market as

Yoplait Healthy Heart@ (Winter, 2005).

In Canada, there are no phytosterol-en¡iched foods available. Becel pro-activ@ (a

phytosterol-enrichedfat spread available inthe USA) was available briefly in 2001, but it

w¿ìs removed when Health CanaÅaadvised consumers that it was not in compliance with

Canadian Foods andDrugs Act Regulations (Moreau, 2004).

2.1.10. Legislation

Legislation conceming phytosterols diÊfers around the world. As of 2000, it was

determined that the use of ph¡osterols in vegetable oil spreads must not exceed a

concentationof 20%o (Institute ofFood Science and Technolory, 2000). The US Food

and Drug Arlministation (FDA) has also cleared spreads containing tpta2}yoplant

sterol esters and plant stanol esters as GRAS (generally recognized as safe) (Institute of

Food Science and Technology, 2000).
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In Europe, the development ofphytosterol-enriched foods is hampered by tight

regulations and many applications that must be filed as they are classified as a..novel

foods" (Winter,2005). The Scientific Committee on Food (SCF) of the European Union

(Official Joumal of the Eruopean Union, 2004) determined that since long term

phytosterol intake can affect p-carotene levels, all foods containing phytosterols,

phytosterol esters, phytostanols and phytostanol esters should have labeling indicating

their presence. The SCF also determined that levels should not exceed 3 dday,as there

was no evidence to indicate that higher levels produced additional heatth benefits.

Therefore, the Commission of Er.uopean Communities decided, based on the results

obtained by the SCF, that product labels should indicate serving or single portion size

"containing either maximum 3 g or maldmum I g ofphytosterols/ph¡ostanols,',

calculated as free phytosterols/phytostanols (Official Jou¡nat of the European Union,

2004). When this is not possible or suitable, there should be a clea¡ indication as to the

portion that equals one serving size in ml or g and the level of phytosterols contained in

that portion. The Commission also requires that products containing phytosûerols state

that the product is intended for people who wish to lower their cholesterol and that people

who are already on medication to lower cholesterol must only consume the product under

medical supervision. There must also be a statement thæ the product may not be

nutitionally suitable for pregnant or nursing mothers (Official Joumal of the European

Union,2004).

In Japan, several phytosterol-enriched fat spreads and oils are approved as

FOSHU (Foods for Specified Health Use). Ausnalia and New Zealand also allow the sale

of ph¡osterol-enriched foods. The Austalian and New Zealand Food Authority
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(ANZFA) has ¿pp¡sved several fat spreads, which are required to inform consumers on

their label that certain groups may be at risk by consr.ming the product (Moreau et al.,

2004).

As mentioned previously, phytosterol-enriched foods a¡e not available in Canada.

Health Canada claims that ph¡osterols may pose a risk to specific groups like pregnant

women, children and people who are on cholesterol-lowering medication. Because of

these statements and a lack of regulations by Health Qana¡llthe sale of phytosterol-

enriched foods is not allowed under the Canadian Food and Drug Act and Regulations

(Moreau et al., 2004).

2.2. Milk

Milk is a nutritious food product that is universally consumed in one form or

another. The addition ofph¡osterols would make this medium an ideal fi¡nctional food

candidate.

2.2.1. Sources of spoilage organisms

Although the commercial production of milk has been enhanced by pasûeurization

and improved distibution methods, the premature spoilage of milk is still a problem in

the daþ indushy. The shelf life of pasteurized milk is approximately 14-17 days when

maintained at4-7oC (Dairy Management Inc.,2006). Spoilage is due to avariety of

microorganisms originating from va¡ior¡s environmental sources. Atthough the majority

of spoilage microorganisms in raw milk are destroyed during the pasteurization process,

gram-positive spore-forming bacteria including Bacillus and or asporogenous
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thermodurics includin g Micrococcus can survive. Most of these microorganisms grow

slowly in refrigerated milk @neroth et al., 1998), however, when the total aerobic plate

count reaches 107 cfr¡/mt @eeth et al., 2}}z)spoilage (mainty odor) becomes evident.

. The occurrence ofpost-pasteurization conta¡nination in milk also leads to

spoilage. The most common sources are filling-machines and pasteurizers that have not

been cleaned and/or sanitized properly (Hayes et al., 2002). Contamination occ¡rs

because filling is an open process and exposes the milk to aerosolized organisms.

Condensed water on machinery also can enter milk and ca¡¡se contanination if the

machinery has not been thoroughly cleaned or if the water is contaminated. For example,

Eneroth et al. (2000) reported that although the municipal water used in several dairy

plants was not contaminated with gram-negative bacteria, their presence was nevertheless

detected on the interior surface of rubber hoses. In addition, biofilms were created. The

study also detected the presence of gram-negative organisms in the residual water at the

bottom of the filling machines as well as on the filling noz,zf,es.

2.2.2. Important spoilage organisms

Approximately 50%o of retail pasteurized milk contains a flora consisting of gram-

negative psychrotrophic bacteria inclurting P seudomonos, Aeromonas and.

Enterobacteriaceae @neroth et al., 2000). In many cases their presence is due to post-

process contamination and represents the primary cause of spoilage in retail milk (Hayes

et al., 2002). The contamination level of these organisms is relatively low (< 30 cfir/ml)

as to be virtually undetectable in freshly pasteurized milk. fls\¡/sys¡, due to their

psychrotrophic nature they can not only grow under refrigeration temperatures but also
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slmthesize extacellula¡ enrymes that contribute to a shortened shelf life @neroth et al.,

19e8).

Pseudomonas is the main spoilage bacterium found in refrigerated, pasteurized

milk. Pseudomonas fluorescens is usuatly the most prevalent species, followed by the

non-fluores ctngPseudomonasfragi(Ternshöm et al., 1993). The typical ¿roma of milk

spoiled by Pseudomonas is often described as fuity. This aroma is caused by the

production of esters including ethyl butyrate and ethyl hexanoate (tlayes et al., 2002).

Rancid or "cheesy''aromas may also be present due to free fatty acids produced by

lipolysis (Hayes et al., 2002). The growth of these organisms also causes milk to have a

bitter flavor. This type of spoilage is due to proteases produced during growth, which

leads to the breakdown of milk proteins producing bitter peptides (Deeth et al., 2002).

Free fatty acids due to lipolysis of milk are also products of Pseudomozas growth and

contribute to the sour flavor of spoiled milk @eeth et a1., 2002). Low molecular weight

organis acids including lactic and acetic acid may also contribute to soumess. Severe

bacteriological spoilage is often accompanied by rotten flavors due to sulfi¡¡ compounds

such as sulphides, disulphides and mercaptans produced during proteolysis @eeth et al.,

2002).

2.3. Yoghurt

2.3.1. Health benelits

Yoghurt is a food product made by the fermentation of milk using starter cultures

nonrrally consisting of Streptococcus thermophih¿s and Lactobacillus detbruekü spp.

bulgaricus (McKinley,2005). The addition of these microorganisms lsad5 to the
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development of aproduct with a lowerpH and a firmer texture compared to milk.

Overall, the shelf life of yogurt is greater compared to fluid milk primarily due to its acid

pH@.za.fl.

Extensive research has confirmed the human health benefits of eating yoghurt

(McKinley, 2005). The first and most obvious benefit is derived through the nutrients

contained in the food product. The primary component of yoghurt is mill<, and as such it

has a nutritional profiIe simila¡ to that of milk. Table 2.2 shows the nutrient values of

milk and yoghurt. The addition of fruit, which is very popular in commercial yogburt,

will slightly alter its nutrientprofile (McKinle¡ 2005). Yoghurt is a good source of

proteins, vitamin Bl, vitåmin 82, vit"min B12, calcium and phosphorous (McKinley,

2005). Milk proteins are of excellent biological quality because they contain all the amino

acids necessary for good health. Proteolysis caused by starter cr¡ltures also makes the

proteins more digestible (Tamime and Robinson 1985).
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Table 2.2. values of the major constituents of milk and yoghurt

Whole Fullfat Low fat Fruit
Calories
Protein (g)

Fat (g)

Carbohydrate (g)

Calcium (mg)
Phosphorous (mg)

67.5
3.5

4.25
4.75
119

94

50

152

36

3.3

0.13
5.1

121

95

52

145

98

5

1.25

18.6

176
153

2U

64
4.5
1.6

6.5
150

118

51

192

72

3.9
3.4
4.9
145
114
47
186

Sodium (mg)
Potassium

adapted from Tamime and Robinson, 1985
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fþs vitamins and minerals contained in yoghurt are also beneficial to human

health. It has been shown that consumption of dairy products increases the likelihood that

children and teenagers will meet the recornmended intakes of calci¡m, folate,

phosphorous, vitamin Bl2, vitamin A and magnesium (McKinley,2005). calcium in

particular is an important mineral found in dairy products. Although it can be found in

other foods, the calcium contained in duity products is high on a per serving basis and is

highly bioavailable, meaning it is available for absorption and use by the human body

(McKinley, 2005).

As mentioned, calcium is an essential nufuient found in abundance in dairy

products' Unfortunately, many people suffer from lactose intolerance and are unable to

consume milk. Lactose is a disaccha¡ide composed of the sugars galactose and glucose.

People who suffer from lactose intolerance lack sufficient amounts of the enryme lactase

necessary to break lactose down into its primary sugars, which can then be absorbed by

the small intestine and used by the body (McKinley,2005).If lactose is not broken down,

it passes to the large intestine where it is ferrnented by microorganisms in the colon,

leading to flah¡lence, diarrhea and abdominal pain (McKinley, 2005). The reaction to

lactose appears to decrease or disappear entirely, however, when it is consumed in the

form of yoghurt. Although the exact nature of this phenomenon is not known, there are

several possible explanations. It could be explained by the breakdown of lactose by the

starter cultures, causing a lower level of lactose to reach the small intestine so that an

adverse reaction is not instigated (Tamime and Robinson, 1985). Lactic acid bacteria

produce p-galactosidase dwing yoghurt production, which may still be active in yoghurt
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at the time of consumption. Some of the organis¡¡s may also survive the passage through

the stomach and continue to metabolize lactose in the small intestine (Tamime and

Robinson, 1985). Yoghurt also has a different texture than that of milk; it is a coagulated

product. The yoghurt coagulum remains partially intact after digestion and so is diffised

more slowly through the walls in the intestine. This may allow the lactase within the

yoghurt to break down the lactose (Tamime and Robinson, 1985). Whatever the exact

mechanism, the reduction of the adverse reaction to lactose facilitates the calcium intake

of those people suffering from lactose intolerance.

Health benefits of eating yoghurt are also athibuted to the bacterial starter cultures

used in its manufacture and to other lactic acid bacteria" which survive passage through

the htrman stomach and are known as probiotics (Haines, 2004). McKinley (2005)

described probiotics as "viable non-pathogenic microorganisms which, when ingested,

exert a positive influence on host health or physiology". Probiotics have been proven to

exert several benefits to human health especially maintenance of a healthy microflora in

the human gastrointestinal tract (GIT) (Stanton et al., 2003). Probiotics including

Bifidobacterium and Lactobacillars species aid in maintaining human health by

contributing to digestion, stimulating the immune system and inhibiting pathogen growth

(Stanton et al., 2003). Several lactobacilli, for example, produce alpha-galactosidic

activity and are therefore able to eliminate the gas-producing carbohydrates from

legumes and soy bean milks by breaking down alpha-galactosidic bonds in raffinose and

stachyose (Kalantzopoulos, l99l). The antagonistic activity of probiotics toward

pathogens in the intestine is due to several factors. These include competition for

available nutrients, decrease in pH due to production of lactic and acetic acids,
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production of inhibitory metabolites such as hydrogen peroxide and diacetyl, a decrease

in redox potential and the production of antimicrobial compounds such as antibiotics and

bacteriocins (Kalanøopoulos, 1997). Some of the health benefits of probiotics exhibited

in human clinical trials are shown in Table 2.3.Inorder to be effective in improving

human health, these organisms must be present in a viable forrn and in suffrcient

numbers. Bífidobactería'tnfermented milk of 108 cfir/g, for example, have been shown to

have major effects, while one clinical trial found that Lactobacillus casei levelsof l0ll

cfu per day were necessary to increase levels of immunoglobulins in children with acute

diarrhea (Kalantzopoulos, 1997). Probiotics must also survive passage through both the

stomach and small intestine to reach the large intestine and be capable of colonization.

This colonization is optimized if the organisms are versatile and efficient in the substrates

they utilize for metabolism, have the ability to adhere to epithelial cells of the gut walls

and be able to tolerate gastric acid. It is important for probiotics to be as hardy and

effrcient as possible, since the bacteria already residing in the gut are highly adapted to

their environment and conditions, providing intense competition for any incoming

organisms (McKinley,2005). The consumption of probiotics with foods such as milk,

cheese or yoghurt buffers stomach acid, thereby increasing the chance of bacterial

survival (Haines, 2004).It is also believed that certiain dairy components may have a

synergistic effect on probiotics. Lactoferrin, which is naturally present in milk, has been

shown in several ín vitro studies to enhance the growth of bifidobacteria (Haines, 2004).
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Table 2.3. Probiotic organisms and their documented health benefits in human clinical

trials

Health benefit
acidophilus

casei

reuteri
rhamnosus

La5

Shirota

Biftdobacterium salivarius
longum

lactis

sD2112
GG

ucc118
8b536
Bb12

shortening of diarrhea episodes
reduced recurrence of superficial bladder cancer

ímmune modulation
shortening of dianhea episodes
shortening of diarrhea episodes

ímmune modulation
relief of inflammatory bowel disease (lBD)

treatmenUprevention of allergy
reduced IBD
reduced IBD

treatment

adapted from Stanton eta1.,2003
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2.3.2. Production methods

The milk used for yoghurt production is standardized and fortified to ensure it

complies with standa¡ds for Yo fat and solids-not-fat (SI.IF), as well as protein since the

consistency of the resulting yoghurt is affected by the amount of protein present in the

milk (Tamime and Robinson, 1985). Legal standards for the SNF of yoghurt are a

minimum of 8.2-8.6%. In the USA, yoghuf must contain no less than B.25yo SNF (Gale,

2006).If the SNF content is higher than25% it can reduce the activity ofthe starrer

culture organisms by timiting available moisture. SNF in milk can be increased by adding

skim milk powder to liquid milk, which is a popular method in the industry. Whey

powder or casein powder may also be used. The fat content of the milk is also

st¿ndardized by removing fat or adding creâm to the milk in conjunction with the use of

standardizing centrifuges (Tamime and Robinsoa 1985).

The next step is homogenization. This ensures ahomogenous emulsion of the

mixnue. The milk used in yoghurt production is an oil-in-water emulsion and has ¿

tendency to undergo separation when left standing. After homogenization, the mixture is

pasteurized (85' C for 30 min; 90-95oC for 5-10 min) to destroy pafhogens and most non-

sporulating spoilage organisms. The fermentation of the mixture takes place afrer it has

been cooled to the incubation temperafure. This varies between producers. A variety of

temperatwes can be used as long as they are within the tolerance of the starter culture

organisms. A temperature of 4045oC is the maximum, and ensures a short incubation

time of approximately 2.5 h if the starter cultrue concentration is sufficiently high (3%).

A longer incubation period of 18 h is peeded when the temperature is 30oC. The



25

fermentation of the yoghurt by the starter culture causes the formation of a gel. This

occìrs due to the utilization of lactose by the organi5ms as an energy source,leading to

the production of lactic acid. The lactic acid destabilizes the casein micelle and denatures

the whey protein complex. Aggregates of casein micelles coalesce as the pH drops to the

isoelectric point" which is around 4.64.7 (Tamime and Robínsoa 1985). The casein

particles link together in clusters and chains with pores where the aqueous phase is

confined (Lucey and Singh, 1998). Fermentation also leads to the production of

compounds that define the flavour and odor¡r of yoghurt. The sequence of fermentation

during production differs depending on the t¡pe of yoghurt being produced. For set

yoghurt, the fermentation takes place in the final retail cont¿iner. Once the incubation

period is over, the yoghurt is cooled to refrigeration temperature to decrease the

metabolic activity of the starter cultures and their enzymes (Tamime and Robinson,

1985). For stirred yoghurt" the fermentation is conducted in a bulk taxk. After cooling the

yoghurt can be mixed with fruit or flavoring and is pumped into retail containers and kept

under refrigeration.

2.3.3. Criteria for detemining quality

The quality of finished yoghurt is assessed based on its chemical composition,

physical cha¡acteristics, microbiology and sensory cbaracteristics. Chemical analysis

involves determination of sNF, o/olacnc acid or plJarrd% fat, while physical

characteristics a¡e evaluafed based on the nature of th¡ee differentproducts; set yoghurt,

stirred yoghurt and drinking yoghurt (Tamime and Robinson, 1985). These products each

have different standards for viscosity and firmness, which can be increased by
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denaturation of whey proteins (Lucey and Singþ 1998). Set yoghurt has a firm gel

structure while stired yoghurt is a semi-viscous liquid and has a lower viscosity as the

coagulum is broken up during packaging (Tamims and Robinson, l9g5). In set-style

yoghurt, firmness (Newtons) decreases during storage (Tone et al., z}}3).Viscosity is

measured using dpamic testing employing a series of oscillatory or applied stain stress

tests (Lucey and Singh, 1998). These tests yield aphysical profile ofthe sample, which

includes a measure of the energy stored in the material per oscillation cycle, which is

called the elastic or storage modr¡lus (G') and the viscous or loss modulus (G), which

represents the energy dissþated as heat per cycle of deformation. The loss tangent (tan ô)

is also detennined and is the ralio of viscous to elastic properties (Lucey and Singh,

1998). These parameters are affected by the stength and number of the bonds between

casein particles in the yoghurt, as well as their structure and spatial distribution (Lucey

and Singb, 1998).

Whey separation is another imFortant physical measurement of yoghurt quality. It

refers to the formation of liquid on the surface of the yoghnt (Lucey and Singb, l99S).

Separation occurs if there is substantial rearrangement of the yoghurt gel or if the gel

network is damaged. Whey separation sometimes occurs with syneresis, which is caused

by shrinkage of the yoghurt gel and expulsion of liquid from the gel stuctrue. Syneresis

occurs due to instability in the gel network and loss of the ability to hold atl of the serum

phase. It can be prevented by increasing the total solids content of the milk in set-style

yoghurt" or by adding stabilizers such as pectin or gelatin to stirred yoghurt (Lucey and

Singh, 1998).
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Starter culture activity also has an effect on the sensory quality of yoghurt. It is

important that Lactobacillus bulgaricus and Streptococcus thermophilus are present in a

1:1 ratio in order to oprimize their activity (Tamime and Robinson, 1985). During

incubation, L. bulgaricz,s produces amino and formic acids that stimulate the growth of 
^S.

thermophilzs, which grows rapidly until a pH of 5.5 is reached. This favours the growth

of L. bulgariczs. If incubation is not halted when a pH of 4.0 to 4.4 is reached" then I.

bulgarícus will continue to grow and produce a yoghurt that is overly sour @arraquio et

al., 1981). It is also imFortant that the starter culture is free of contamination- An

'1rnclean" smell or gas bubbles in the culture indicates contamination. This could lead to

off-flavours in the yoghurt or, if yeast or molds are presen! a decrease in the shelf life of

the product (Tamime and Robinson, 1985).

Microbiology of yoghurt is important because low populations of ,S. thermophilus

and I. bulgarícus will leadto poor flavour development while ahigh level will lead to

excessive acidification of the produc! s¡meresis, and imbalance in the flavor¡r

components and spoilage due to acid production during storage. Although there are no

officiat regulations or standards for the level of organisms present in yoghurt, the industy

standa¡d is a minimum of 107 to 108 cfi¡/mt depending on the country ofproduction.

Yoghurt is also evaluated for contaminating organisms, particularly coliforms and yeast

and moulds. Yeast and mould are particularly toublesome as they are capable of

withstanding the high acidity of yoghurt (Tamime and Robinson, 1985).
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2.3.4. Spoilage

Although the increased acidity of yoghurt allows for an extended shelf life, it is still

susceptible to spoilage. For example, ñrngi and yeast are capable of surviving and

growing in yoghurt despite its acid natu¡e (Viljoen et al., 2003). In partic¿lar, growth of

yeasts is aided by the addition of sugar and fruits, which act as fermentable substrates.

Normally resistant to metabolites produced by the starter culture during fermentation,

yeast and mould a¡e also resistant to preservatives that a¡e sometimes added to yoghurt,

and this increases their competitive advantage (Viljoen et al., 2003). In order to assure a

high quality produc! yeast levels should be < 10 
"fug,although 

a level of < I cfi:/g is

ideal. Under refrigeration temperatures, a shelf life of 4 weeks can be attained" assuming

all other manufacturing conditions are in place (Flee! 1990). This shelf life is diminished

when yeasts are introduced with raw ingredients such as fruits, nuts and honey (Fleet,

1990). Contamination can also occur from equipment that has been improperly sanitized.

In addition, some dairy-associated yeasts have been shown to be resistant to commercial

sanitizers ¿¡d s[eaning ssmFounds (viljoen,2001). Debaryomycese hanseií, candida

versatilis and Torulaspora delbrueckií were shor¡m by Laubscher and Viljoen (1999) to

resist sanitizers even after 60 min of exposure. Generally, it is not unusual to find yeast

levels of 103 cfi.r/g or greater in commercial yoghurt samples. A sr:rvey ofretail yoghurt

in Canada and the uK found that20-30% of samples had yeast numbers > 103 cfu/g

(Fleet, 1990) and yeast numbers as high as 106-107 cfir/g have been found in commercial

yoghurt products (Viljoen et al., 2003). This is a problem as spoilage becomes evident

when yeast populations reach 105 to 106 cfu /g (Viljoen et al., 2003).This spoilage takes
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the form of excessive gas formation leading to package swelling, as well as off-flavours

and discoloration (Viljoen et al., 2003).

Several yeasts a¡e associated with yoghurt spoilage, however Kluyvermyces, Candida

and saccharomyces are the most commonly isolated genera (Fleet, 1990).

2.3.5. Functional yoghurts

ln addition to phytosterol-enriched products, there are several types of

nuhaceutical yoghurts that are available. For example, Naturally Nutritious Yoghurlrn

includes dietary fiber and is995% fat-free (Mountain High Yoeburt,2003). In 2004 Cbr.

Hansen A/S developed a yoghurt called Cardio-04rM that purports to lower blood

pressure through a mixture of lactic acid bacteria (Chr. Hansen A/S, 2004). Several

yoghurts enriched with EPA (eicosapentaenoic acid) and DFIA (docosahexaenoic acid)

are also available. These two fatty acids play ¿¡ important role in brain and nervous

system development and aid inthe maintenance of cardiovascular function (Ocean

Nutrition Canadalimited, 2006).In Canada rr-2006, Danone inhoduced panins@, ¿

yoghurt containing omega-3 fatty acid and DHA @anone CanaÅ42006). The first

drinkable yoghurt containing EPA and DIIA was launched in Japan in 2006 (Ocean

Nutrition CanaÅalimite{ 2006).

The market for probiotics is rapidly growing, with the sales in Europe set to triple

from 2004 to 2010, reaching 5137.9 million (Flaines, 2004). The U.S. market is

somewhat smaller, but is growing very rapidly and is projected ûo reach $394 million

(Haines, 2004). As previouslymentioned, the addition of probiotics to yoghurt is

becoming widespread. The global probiotic and daþ drinkmarket is estimaæd at $10
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billion (The Dannon Company, 2005). Available products contain a range of

Lactobacillzs and Bifidobacterium species includingL. caseí, L. acidophilus, L.

delbreuckii ssp. bulgaricus, L. brevis, L. fermentum, L. plantarum, B.bífidum, B. longum,

B. infantis, B. thermophílum and B. animalis (Kalantzopoulos, 1997). In 1987, Danone

introduced Activia@ brand yoghurt in France. The product became available in the

U.S.A. and Canadan2006 (The Dannon Company, 2005). It is ma¡keted by the Dannon

Company as "the first and only probiotic yoghurt that is clinically proven to help

naturally regulate your digestive system in two weeks, when eaten daily as part of a

healthy and balanced diet".In 2006, CoolBrands International Inc. introduced Breyers

Light Probiotics Plus Yoghurt@. This product contains 70% less sugar than the leading

low-fat sweetened yoghurt, contains Bifidobacterium culfires and is en¡iched with

vitarnins A and D as well as calcium (CoolBrands, 2006).

2.4. Antioxidant Activity

2.4.1. Action of antioxidants

Like many phytochemicals, ph¡osterols exhibit antioxidant activity (Wang et al.,

2002). These compounds a¡e receiving increased attention because consumers desire

products with *all natural" labels. There have also been safety concenn over the use of

common synthetic antioxidants such as BHA (butylated hydroxyanissls), BHT (butylated

hydroxytoluene) and TBHQ (tert-butylhydroquinone) (Hung and Yen, 2001).

Antioxidants ¿Ìre necessary in many fæ-containing foods to combat the damâge to sensory

and nunitionat quality caused by lipid oxidation- Antioxidants are capable of donating

hydrogen radicals and, therefore, reduci¡g primary radicals to nonradicals (Jadbav et al.,
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1996). Once the hydrogen atom is donated" a radical with low reactivity is formed so that

further reactions with lipids are halted. Antioxidants a¡e classified as either primary or

secondary. Ptimary antioxidants react with peroxide radicals prior to their reaction with

unsaturated lipid molecules and convert them to more stable compounds. Secondary

antioxidants slow the rate of chain initiation (the autoxidation of a fat due to the contact

of an unsaturated lipid with orygen leading to the formation of free radicals) by methods

such as scavenging o)rygen, absorbing UV radiation, binding metal ions and deactivating

singlet oxygen (Jadhav et al., 1996).

Phytochemicals with antioxidant activity include phenolics, flavonoids, cinnamic

acids, proteins, carotenoids and lignans as well as sterols (Jadhav et al., 1996).

Tocopherols and ascorbic acid are highly effective as antioxidants and a¡e commonly

added to foods (Jadhav et al., 1996). Also, herbs and spices have atkacted interest with

respect to their content of antioxidant compounds (Rajalakshni and Narasimnhan,1996).

2.4.2. Antioxidants as antimicrobi¡ls

Several resea¡chers have reported the use of antioxidants to inhibit fungal and

bacterial growth and in some cases toxinproduction @ubanks and Beuchag l9g3).

For example, Fung et al. (1977) showed that both growth and aflatoxin production by

Aspergillus parasiticus were inhibited by BHA. A study by Eubanks and Beuchat (1933)

showed that Saccharomyces cerevisíae viability was reduced when TBHQ was used at

100 ppm at -l8oC over 25 d compared to contols. The authors also showed that 100 ppm

BHA at 4octr'ada letbal effect against S. cerevtsíae over a period of 25 d.



32

Essential oils obtained from herbs and spices as well as extacts from the leaves and

bark of traditional medicinal plants are nahral antioxidants that have been investigated

for their antimicrobial activity (Rajalakshmi and Na¡asimnhan, 1996). fþs impetus for

the development of natural antimicrobials is the same as that for natr¡ral antioxidants:

consumer concem about synthetic ingredients. In addition, some organisms have

developed resistance to antibiotics and antimicrobials that are commonly used. several

natural antioxidants have been shown to exhibit antimicrobial activity. The mechanism of

action differs between compounds, but activity has been shown to be dependant on the

plant from which the extract has been produced and the bacterial shain against which it

was tested @ykes et al., 2003). Flavonoids act as primary antioxidants as well as

chelators and superoxide anion scavengers. Their antioxidant activity is enhanced by the

presence of a 3-hydroxyl g¡oup in their structure as well as a2-3 double bond in their C

ring (Rajalakshmi and Narasimnhan, 1996). Spices and herbs contain ûuuly antioxidant

compounds and some have yet to be identified and isolated (Rajalakshmi ¿¡d

\¿1'¿5imnhan, 1996). Phenolic acids are a group of compounds found inplants whose

antioxidant activity is correlaled with the number of hydro>cyl groups in the molecule

(Rajalakshmi and Narasimnhan, 1996). Carotenoids are a group of antioxidants found in

plants that prevent the formation of hydroperoxides in the presence of singlet oxygen by

quenching the singlet oxygen. This ability is related to the number of double bonds in the

molecule (Raj alakshmi and Narasi mnhan, 1 996).

Flavonoids reportedly have antibacterial activity against microorganisms including

Proteus vulgarís, Staplrylococcus aureus and Staplrylococczts epidermis (forrnerly

Staplrylococcus albus) (Tereschuk ef al.,1997). A study by Tereschuk etal. (1997)
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investigated the effect of flavonoids exhacted from Tagetes minutatea leaves against

several microorganisms in comparison to chloramphenicol. They found that Escherichía

coli growthwas significantly inhibited by the flavonoid exhact even at low

concentrations in comparison to the antibiotic chloramphenicol. Extracts of the tea leaves

were also effective in inhibiting Bacillus subtilis and Pseudomonas aeruginosa.

However, S. cerevísíae, Lactobacillus rhamnosus, L. plantarum andZynomonas mobilis

were not inhibited by the extracts.

Although the antimicrobial activity of phytosterols has not been extensively

researched, several studies investigating the antimicrobial activity of herbs have led to the

isolation and subsequent evaluation of ß-sitosterol. In a study by Beltrame et al. Q002) ß-

sitosterol was extracted from the topical plant Crssas sicyoides in Brazil. The compound

inhibited the growth of B. subtílis at a concentration of 50 pdml. Aganst Staphylococcus

aureus, E. colt, and Pseudomonas aerugínosa, however, no inhibition was observed at a

concentration of 100 pÙml- While investigating the antimicrobial activity of the Tanzanian

plantUvaria scheffleri, Moshi etal. Q004) exfracted amixhue of stiemaskrol and ß-

sitosterol from tåe leaves. This 1:1 mixnre of the ph¡osterols exhibited antifungat

activity against C. albicans, but failed to inhibit the growth of Aspergillus niger, A.

fumigatus, E. coli, S. aureus, P. aeruginosaandaPenicilium species.

2.4.3. Antioxidant activity of phytosterols

Lipid oxidation is an important factor influencing the quality of oils. It is one of

the major detriment¿l reactions that occru in oils used for fiying and in fried foods.

Losses in microbial stability as well as functional, nutitive and sensory values are often
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the result of lipid oxidation. Therefore, in the food industry, antioxidants are often added

to oils, fats and foods containing fats to combat the development of oxidation (Jaswir et

al., 2000a). As previously mentioned, consumers prefer to purchase foods that contain

natural additives rather than commercial synthetic compounds. For this reason, there has

been a growing interest in natural soì¡rces of antioxidants that can be used in foods.

Several studies have investigated the antioxidant activity ofphytosterols. It is

believed that their activity is due to formation of an allylic free radical, which is

isomerized to other st¿ble free radicals (Yoshida and Niki, 2003).In plants, it is believed

that ph¡osterols also act as antioxidants by packing and stabilizing membranes (yoshida

and Niki, 2003). Yoshida and Niki (2003) investigated the effect of p-sitosterol,

stigmasterol and campesterol as well as a mixture of the three comFounds on the

oxidation of oils dtring heating. The researchers reported that the compounds inhibited

oxidation ofmethyl linoleate, with the mixture having the greatest activity followed by

carnpesterol, p-sitosterol and stiemasterol. However, when evaluated in liposomal

membranes prepared ûom phosphatidylcholine they did not exhibit antioxidant activity.

In addition, stigmasterol appeared to have a pro-oxidant effect.

Avenestrol, aphytosterol found in rice bran oil, has also been reported to act as an

antioxidant during firying due to a ethyldiene group on its side chain (Wang et al., 2002).

Wang etal. Q002) investigated the antioxidant effect of phytosterols/phytostanols and

their ferulic acid esters in com fiber oil and soybean sterols. All of the samples exhibited

antioxidant activity, with rice bran oil showing the highest value, followed by sitostanol-

ferulate. The results of this study a¡e summa¡ized nTabLe2.4.



35

Table 2.4. Antioxidant activity (OSDt of several natural and synthetic compounds in

FAME2 and commercial soybean oil

fRn¡e'(n) SovOean o¡(nr
6 Umol/5g oil 12 UmoUSg oit 6 UmoUSg oil 12 pmol/Sg oit

Sitostanol-ferulate 5.48 6.28 11.30 11.70
Sitostanol
Soy sterols

4.80 4.90 1 1.53 I 1.05
5.08 4.80 12.43 11.28

Corn fiber oil 5.23 S.4S 1O.TS 10.30
Rice bran oil 9.18 1 1.95 19.79 14.68
TBHQ 21.98 - 35.30
õ-Tocopherol 12.40 jrla 1z.zs 12.ss
Blank 4.69 1 1,33

tOSI: oxidative stability index

2FAÌvß: d"istilled soybean oil fatty acid methyl esters

adapted from Wang eta1.,2002
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2.4.3. Evaluating antioxidant activity

Antioxidant activity of natural compounds is usually deterrnined by evaluating the

stability of food lipids afrer the addition of the compound. 1þs sample is oxidized under

standard conditions and the amount of oxidation is measured by one of a variety of

chemical, instumental or sensory methods. ln sensory analysis, effectiveness of an

antioxidant is evaluated by deterrnining the lengthening of the induction period, which is

the time it takes for initiation of oxidation coinciding with the development of off_flavour

in the lipids (Rajalakshmi, and Narasimnh¿¡, 1996). Chemical methods for determining

oxidative stability include estimation ofthe peroxide or anisicline values, the Kreis test

and the thioba¡bituric acid test @ajalakshmi, and Narasimnhan, 1996). These chemical

tests utilize reagents, which react with the products of oxidation, such as peroxides,

hydroperoxide, free fatty acids and aldehydes. Each test expresses results in different

values, based on the manner in which oxidation is being measured (Rajalakshmi, and

Narasimnhan, 1996).
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3. MATERIALS AND METHODS

3.1. Effect of CPP On Growth of Milk Microflora

3.1.1. Preparation of milk samples

Retail skim (0.5% m.f.) and whole (3.2% m.f.) pasteurized milk were stored at

4oC and used within one day of experimentation. CPP powder (Forbes Medi-Tech Inc.,

Vancouver, BC) consisting of a mixnue of (% dw): ß-sitosterol (68.5), campesterol (8),

ß-sitostanol (18.5), campestanol (1.5%) was added to a series of beakers containing skim

milk in order to obtain final concentrations of 0.26Yo, 0.72% and | .8o/o, (dv) CPP.

Aqueous stock solutions ofkappa carrageenan (CM 750; TIC Gums, Belcamp, MD.) and

maltodexnin (Cerestar /Cargill, Wayzat4 MN) were boiled 5 minutes and added to the

milkto obtainfinal concentrations of 0.016% (w/v) and 0.186% (dv), respectively.

Carrageenan and maltodextrin were added to help stabilize the milk-CPP mixture.

Carrageenans are used in food as gelling agents, stabilize¡5, water binding agents and

thickeners (ISI Inc., 2005). K-carrageenan forms stong gels and combines with milk

proteins forming a salt bridge (Hazen, 2006). Maltodexrins are water soluble

polysaccharides that a¡e used to regulate viscosity and act as binders or diluents

@formualte,2004). Following addition of both stabilizers and CPP to the milk samples

(12 ml) were transferred aseptically to a series of sterile test tubes, vortex-mixed and

stored at 4-7oC. Two control treaments were also included and consisted of milk without

stabilizer and CPP and milk with stabilizers only.

Samples were held at 4oC for 2l-22 d and analyzed at regular intervals for

autochthonous st¿ndard plate cor:nt (SPC) and psychrotrophs. In addition, growth of
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pseudomonads was evaluated using challenge studies employing Pseudomonas

fluorescens and a cocktail consisting of 2 snains of Pseudomonas syringae and

Pseudomonas aeruginosa. Each treafuent at each sampling period was evaluated in

duplicate. The preceding protocol was repeated \¡/ith whole milk to determine whether fat

content played a role in the efficacy of phytosterols as antimicrobials.

3.1.2. SPC

Samples (1.0 rnl) were serially diluted in sterile 0.1% peptone and plated on

Standard Methods Agar @BL, Becton Dickinson and Co., Sparks, MD) using both the

spread plate and pour plate methods. Plates were incubated at 35oC for 48 h.

3.1.3. Pseudomozøs growth

P. syringae (ATCC 11528; ATCC 19304), P. aeruginosa (ATCC7700) and P.

fluorescens @resque Isle) were obtained from the Departrnent of Microbiology,

University of Manitoba, Winnipeg, MB. Cultures were maintainedat4-6"C on ty¡rticase

soy agar (TSA) slants (BBL). Inocula were prepared by transfening loopfirls of cultu¡e

from slants to typtic soy broth (TSB, BBL) and grown ovenright at22oC. Following

centrifugation (x 4909;15 min) the pellets were suspended in 0.85% sterile saline and

adjusted to their original volume and again centrifuged (x 4909; 10 min). The final pellets

were each suspended in sterile 0.85% saline solution, vortex-mixed and standardized to

an OD 600 nm 
: 0.700 corresponding to approximately 8 logls cfr¡/ml. CFU were

determined by direct plating using Pseudomonøs base agar (Oxoid Ltd., Harnpshire,
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England) containing centrimide-fucidin-cephalosporin (CFC) supplement (Oxoid Ltd.).

Plates were incubated at 25oC for 48 h.

Ståndardized P. syringae, and P. aerugínosa were each diluted to about 103

cfu/ml in sterile 0.85% saline, combined in equal amounts, vortex-mixed and 0.1mI

inoculated into l2ml milk samples. Pseudomonas growthwas evaluated using

Pseudomonasbase agar with CFC supplement. Plates were incubated at 25oC for 48 h.

Colonies were confinned as Pseudomonas using the criteria described in Table 3.1.

Separatel¡ standardized P. fluorescens cul[xe was diluted to 103 cfi¡/ml using

sterile 0.85% saline and 0.lml was inoculated into l2ml milk samples and vortex-mixed.

füowth of P. fluorescens was evaluated as described above for the other sfrains of

Pseudomonas.

3.1.4. Psychrotrophic plate count

Milk sarnples (1.0 ml) were serially diluted in sterile 0.85% saline and plated on

St¿ndard Methods Agar using both the spread plate and pour plate methods. During the

first week of storage (4-7"C) samples were recorded as cfi¡/I0 ml. This was Írccomplished

by pouring 5 plates each with 2 ml of the undiluted sample. Plates were incubated,atToC

for 7-10 d following which the cfil among the fi.ve plates was totaled. After the first week

samples were evaluated as cfu/ml.
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3.1.5. Water activity

Water activity of milk samples was deterrnined using a Novasina AW Sprint

water activþ machine (Axafu AG Ltd., Pfriffikon, Switzerland).

3.1.6. pH
The pH of milk samples was measured using an Accumet pH meter @isher

Scientific, Nepear¡ Ontario). Standard buffer solutions (Fisher Scientific; Nepean ON) at

pH 4.0 and 7.0 were used to calibrate the meter.
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Tãble 3.1. Criteria used for identiffing Pseudomonas species

Sugar
Fluorescence Growth at Growth Gelatin fermentationSpecies Oxidase Gram Catalase under UV 42oQ at 4oC liquefaction on TSl1,2

fluorcscens+-++-++none
aeruginosa+-+++-+none
syringae+-++-none

rTSI : triple sugar iron agar (BBL)

2crowth 
on TSI conducted at37oc
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3.2. Microbial Growth in Mitkwith cPP Following rromogenization

In order to detennine whether homogenization would better disperse CPP in millÇ

thereby increasing its effectiveness, the following protocol was used. Carrageenan,

previously dissolved in water heated to 65oC, maltodextrin and CPP were slowly added to

milk heated to 65oC and stined for 10 min. The final concentations of stabilizers were

0.186 and 0.018% (w/v) respectively, and CPP was added at0.26% (wiv). The milk

samples were subsequently homogenized using an APV 1000 homogeuzer (ApV

systems, Albertsbord, Denmark) at 3000 psi, first stage, and 2500 psi, second stage.

Sarrrples were collected in sterile flasks transfened to sterile test tubes and pasteurized.tn

a water bath at 80"C for 5 min. Milk samFles were stored at7oC and evaluated for SPC

and psychrotrophs. In addition, a challenge study using P. fluorescens wasperfonned as

outlined previously. This procedure was repeated using 0.72% (w/v) final concentation

CPP. Studies employingl.S% CPP were not performed since it clogged the homogenizer.

3.3. Effect of Dispersible Phytosterols on Milk Microflora

Retail pasteurized l% m.f. milk was stored at 4oC for no more than one day prior

to experimentation. Three treatuents were carried out, including a control containing

only milþ milk containing a dispersible mixture designated ADP (dispersible phytosterol

mixture A) consisting of 36% (w/v) phytosterols, and milk containing a dispersible

mixture designated BDP (dispersible phytosterol mixture B) consistingof 57o/o (dv)

phytosterols (Forbes Medi-Tech Inc.). The dispersible ph¡osterol mixtures consisted of

spray-dried preparations of CPP, sodium stearoyl lactylatn (SSL), maltodextrin and
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canageenan (ADP and BDP differed from each other only in their CPP and maltodexrin

concentration). The formulation of SSL in a mixture of phytosterols to increase

dispersibiþ in water was patented by Forbes Medi-Tech Inc. (USA Patent Application

Dr. Jeruy Zawisotski #601790,749 April 2006).Initially, lOml milk was aseptically added

to a series of sterile test tubes. Each dispersible ph¡osterol mixture was dispensed into

the milk to give a final concenûationof 0.72%o (w/v) phytosterols and thereafter vortex-

mixed. All teatuent samples were stored at 4oC for 2l-22 d and monitored periodically

for SPC and psychrotophs as described previously.

P. fluorescens was grown and standardized as previously indicated. Standardized

P. fluorescens wasdiluted to 103 cñ¡/ml using sterile 0.85% saline and 0.1 ml was

inoculated into the 6ilft samFles and vortex,mixed. Growth of p. fluorescens was

evaluated for approximately 10 d using Pseudomonøs base agar containing centimide-

fucidin-cephalosporin (CFC) supplement. Plates were incubatedat25oC for 48 h.

Colonies were confimredas Pseudomonas using the criteria described in Table 3.1. All

heatments were carried out in triplicate.

3.4 Effect of Sodium Stearoyl Lactylate on SPC Growth in MitlG

Sodium stearoyl lactylate (SSL), a surface active compound used to aid dispersal

of CPP in milk, was examined for potential antimicrobial properties. In this respect, 10

ml portions of freshly pasteurized milk containing0.l3% (w/Ð SSL (ADM Arkady,

Olathe, Kansas) was added to a series of sterile test tubes and incubated at4-7o C for 14

d. A similar protocol was followed using BDP for comparison (0.03% SSL plus CPP;
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Forbes Medi-Tech Inc.). The SPC of milk stored at 4-7"C was determined periodically

over2 weeks.

3.5. Effect of cavamax@ on Growth or P.flaorescenr in Tryptic soy Broth

In order to confirm the effect of CPP on microbial growth additional studies were

performed using P. fluorescens inTSB (BBL). In this respect TSB was heated to 40oC

and Cavamax@ (1 .zlyo, w/Ð a dispersible form of phytosterols containing CPP was

slowly added with mixing (10 min) such that a final concentrationof 0.260/o (dv) CPP

was obtained. This concenffation was utilized as higher concenhations were not

dispersible. Cavamax@ contains the compound cyclodextrin which is used to increase the

aqueous solubility of compounds and acts as aprotectant and natural carier for

firnctional ingredients (CTD Inc.,2006). Following cooling toZloCthe broths were

inoculated (0.1 rnl; 4log1e cfi¡/ml into 100 ml of broth) with a standa¡dized culture of P.

fluorescens and incubatedatZ?oC on a shaker (100 rpm; 24h). Growth ofpseudomonads

was evaluated as previously described.

3.6. Effect of CPP on Yoghurt Microflora

3.6.1. Cultures

The yoghurt starter cultures consisted of Lactobacillus bulgarícus (strain TRl60)

arñ Streptococcus thermophilus (stain TCl20) and were obtained from Danisco

(Madisoa USA). L. bulgaríc¿¿s cultures were maintained on De Man, Rogosa Sharpe

agar (MRS agar; Oxoid Ltd.) and grown (45oC for l8 h) in sterile reconstituted skim milk
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po\¡/d€r (llYo, w/v). S. thermophílus was maintained on Ml7 agar (Oxoid Ltd.) and

grorwn at 33oC in reconstituted skim milk powder (llo/o,dv) for 16 h.

3.6.2. Yoghurt production

The yoghurt \¡/as prepared according to the commercial formulation used by

Forbes Medi-Tech Inc. using pasteurized mtlk Q% m.f.), skim milk powder and the two

commercial st¿rter culhres with and without the additionof 0.39%o (dv) CPP (final

concentration). Initially, the milk was heated to 50oC in sterile beakers and commercial

skim milk powder was slowly added to achieve a final concentation of 8% (wþ. CPP

powder was added concurrently. The sarnples were vortex-mixed for l0 min and

pasteurized in a 65oC water bath for 30 min. Following cooling to 30oC in a

therrnostatically controlled water balh, Lactobacillus bulgaricus ardStreptococcus

thermophilus \ryere each added atl%o(v/v) (3.5 x 108 and 6.5 x 108 cfu/ml, respectively)

After mixing, 100 ml samples were transferred to sanitize{ lidded plastic containers (175

g capacity) and incubated at 33oC for 12 h. The samples were subsequently maintained at

4oC. All tials were perfomred in tiplicate.

Growths of L. bulgaricus and S. thermophílus werc monitored during the 12 h

yoghurt fermentation and during storage at 4oC using a modified Elliker's agar (Matalon

and Sandine,1986; see Table 3.2). Samples (1.0 ml) were serially diluted in sterile 0.1%

peptone and incubatedat3ToC in jars under anaerobic conditions (BBL GasPak Plusru)

for 48 h. On Elliker's medium L. bulgaricus appañ as large (2-3 mm in diameter) white

colonies while S. thermophilus colontes are much smaller and red. Typical colonies were
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confirmed as S. thermophilus or L. bulgaricns using the criteria listed in Table 3.3. The

pH of yogburt was measured as described previously.
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Table 3.2. Formula for modified Elliker's agar

Component Concentration( q/L)

Tryptone
Yeast extract
Gelatin
Dextrose
Lactose
Sucrose

Sodium chloride
Sodium acetate
Ascorbic acid
Agar
Tween 80

TTCl

I TTC : 2,3,5-úphenyltetrazolium chloride

20.0
5.0

2.5

5.0

5.0
5.0

4.0
1.5

0.5
15.0

0.10o/o

50uo/ml
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Table 3.3. Criteria for confirming identities of yoghurt starter culture organisms

Growth in 6.5% NaOll'2
Growth at45oC2 + -
Growth at 1OoC2

Catalase
Oxidase
Gram stain + +
Su9ar fermentationl'3 glucose glucose and lactose and/or sucrose

1 
Conducte d, at37oC

2 Conducted in TSB (Trypticase soy broth)

3 Conducted on TSI
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3.63. Effect of CPP on growth of yeast

Saccharomyces cerevisiae (ATCC 9763) *¿5 sþrained from the Department of

Microbiology at the University of Manitoba and was maintained on potato dexhose agar

slants (PDA; BDH, DarmsLadt, Germany). Growth was perforrred by transferring

loopfrrls of culture to yeast exüact glucose peptone (2o/o yeast extract, lo/o peptone,2Vo

dexhose) broth (Wong et al., 2002). Following incubation at 30oC for l6 h, the culture

was centrifuged (x 4909) for l5 min and the pellet suspended in 0.85% NaCl and

similarly centrifuged. The final pellet was suspended in sterile 0.85% saline and

standardized to approximately 4log¡e cfir/rnl using sterile 0.85% saline. Yoghurt (800 mt)

\¡/as prepared as described previously, however, 0.1 ml of the standa¡dized yeast culture

was added concurrently with the starter bacteria. Following mixing, 100 ml portions of

the inoculated yoghurt mix was dispensed among 8 lidded sanitized containers. Growth

of yeast was monitored during lhe 12 h fermentation period as well as during refrigerated

storage using PDA acidified with 0.1%tartar:.c acid (22oC,5 d). Samples were plated in

duplicate. Yoghurt with yeast but without CPP served as a confiol.

3.7. Effect of CPP on Mould Growth

Aspergillus ochraceus (NRRL 3174) was obtained from the Nationat Regional

Research Laboratories (Agriculhual Research Service, USDA, Peori4 Ill.) and was

maintained on Czapek agar at4"C. Conidia were prepared by culturingA. ochraceous on

Czapek agar (5 d at20-22'C) and were han¡ested by flooding the culture plates with

sterile 0.85% saline; mycelial fragments were rcmoved by filtration using a sterile
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Pasteur pipette packed with glass wool. Yoghurt containing 0.39% (dv) Cpp was

prepared as described previously, however, 0.1 ml of the conid.ial suspension

(approximately lOa cñr/ml) was added concunently with the sta¡ter bacteria Triplicate

samples were visually monitored every 3 d over a period of 32 dfor mold growth.

Yoghurt with mold but without the CPP served as a control.

3.8. Effect of Phytosterol Mixfures on Yoghurt Microflora

Pasteurized 2Yo m.f. milk was pwchased at aretail outlet and stored at 4oC not

more than one day prior to experimentation. Yoghurt containing 0.39% CPP (w/v) was

prepared as described previously. kr addition, four phytosterol mixtures (designated wood

sterols, FCP, FMP and MP4) were used, each at a final concentration of 0.39%. The

mixtures differed in their concentration of the phytosterols sitosterol, sitostanol,

campesterol, campestanol, and brassicasterol. The phytosterol content of each is shown in

Table 3.4. ,S. cerevisiae was also inoculated into sarnples as previously described. A

control sample containing S. cerevisia¿ but no phytosterols w¿ts also conducted.

Triplicate samples of each treatment were evaluated for yeasL S. thermophilus and, L.

bulgaricus counts.



5l

Table 3.4. composition (%) of ph¡osterol mixtures applied to yoghurt

Sitostanol Sitosterol Brassicasterol

Wood sterols

FMP

FCP

MP4

10

0

79.56

56.34

79.2

35.22

0

0

7.3

21.11

0

0

1.4

0

9.69

34.54

0

19.15

0

0

0

3.87

0

0
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3.9. Effect of CPP on Yoghurt Rheolory

3.9.1. Sample preparation

Samples (20 mt) of milk containing skim milk powder, ph¡osterol and starter

culture (as previously outlined) were dispensed into the sample well of the AR 2000

Advanced Rheometer (TA krstnrments, New Castle, USA) containing a concentric

conical cylinders fixture. The sample was allowed to undergo fennent¿tion for l2hat

33oC followed by holding at 4oC for 5 h. Employing tn situyoghurt production prevented

disturbance of its structure during loading or preparation and aided in stabilizing the

temperature of the sample. sarnples were assessed in triplicate.

3.9.2. Evaluation of viscoelastic properties

Evaluation of the viscoelastic properties of yoghurt consisted of two frequency

sweeps to determine the G' and G". A frequency sweep from 0.10 to 10.0 Hz was carried

out at 1.0 Pa followed by a 5 min waiting period and a second frequency sweep (using the

s¿lme parameters). For preliminary experimentation, log stress sweeps were conducted at

0.1, 1.0 and 10.0 Hz from 0.10 to 10.0 Pa- A stress of 1.0 Pa was within the linear

viscoelastic region for the yoghurt sarnples (see results below).

3.9.3. Evaluation of flow propertÍes

Following the evaluation of the linear viscoelastic properties of the yoghurt

samples, their flow properties were determined on the sarne sample. A test was run to
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determine shea¡ stress vs. shear rate. This consisted of two continuous ramp tests in

which shear rate was increased from 1.452 to 145.2s-t over a 1.0 min period. After a l0

min holrling period, the test was conducted again to detennine whether the yoghurt gel

structure recovered after it was broken down by the fi¡st continuous rarnp test. All tests

were caried out at 4oc and interpreted using the TA Data Analysis program.

3.10- Antioxidant Activity of Free phytosterols and phytosterol Esters

All antioxidant activity tests were perfonned by Forbes Medi-Tech Inc.,

Vancouver, BC as outlined below.

3.10.1. Sample preparation

Free ph¡osterols consisted of CPP and the coniferous phytosterols sitosterol,

campesterol, sitostanol and campestanol. Ph¡osterol esters used were coniferous

phytosterols esterified with triacylglycerides extacted from sunflower oil. Antioxidant

activities of phytosterols were evaluated in a MCT (medium chain triglyceride) oil blend

of mainly medium chain tiacylgþerides that consisted of 65Votopical oils, l2yo olive

oil,7o/o canola otl,7%o fla¡<seed oil and 60lo coconut oil. Performance was also evaluated

in canola oil. Four treatments were applied to each oil: a control oil without phytosterols,

a treaünent containing 5.M% sterol esters, oil with 2.77% sterol esters and 1.7%o free

sterols, and a treaûnent .wrrh34% free sterols. These treahents were applied to MCT oil

and canola oil and blended- Each treafment was ca¡ried out in four trials.
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3.10.2. Effect of phytosterols on the shelf life of MCT oil

The shelf life stability of MCT oil was evaluated using three methods as outlined

below. The oil was stored at room temperature Q2oC) for 12 months and samples were

evaluated monthly.

3.10.2,1 Peroxide value

The peroxide value (POÐ of MCT oil was evaluated over the 12 month storage

period to determine initial lipid peroxidation products (LOPs). Peroxide value is the most

common measure of antioxidant activity (Rajalakshi and Narashimhan,7996). Samples

(5 g) were initially reacted with 30 ml of an acetic acid chloroform solution followed by

0.5 ml potassium iodide, which causes peroxide molecules to release iodine (Rajalakshi

andNarashimhaq 1996). Samples were subsequently titrated with 0.|N sodium

thiosulfate using a lYo stzrch solution (0.5 ml) as indicator. Peroxide values were

determined based on the level of sodium thiosulfate titrated and its normality (Horowitz,

1e80).

3.10.2.2. p -.Anisidine value (PAÐ

The PAV is a measurement of the aldeþde content of an oil, particularly the2,4-

dienals and 2-alkenals. These are secondary products of lipid oxidation and so can be

used as an indication of the degree of oxidation thæ has occurred in an oil. In soybean oil,

for example, almost 50% of volatiles from lipid oxidation are aldehydes (Tompkins and

Perkins, 1999). PAV was determined as described in AOACS Official Method Cd lS-90
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(AOACS, 1992). samples (0.5 g) were dissolved in 25 mr of n-hexane and the

absorbance (Ab) measured at 350 nm with n-hexane serving as the blank; 5 ml of the

same solution w¿ls reacted withp-anisidine (1 mt) for l0 min and the increase in

absorbance (As) was measured at 350 nm, 5 ml n-hexane and I mlp-anisidine was used

as the blank. The level of secondary LOPs was deter¡nined by the following equation:

PAV: 25 x (l.21.s - Ab) * (m-t),where z is the mass of the sarnple.

3.10.2.3 Percent loss of essentiat fafty acids

The percent loss of C I 8 :2, n-6 (linoleic) and C I 8:2, n-3 (linolenic) fatty acids

were evaluated after 6 months using GLC (Hewlett-Packard gas chromatography Model

6890; Palo Alto, cA.) equipped with a25 mx 0.53 mm capillary column and a flame-

ionization detector. The initial temperature of the column was l40oC, set to increase at

4oC / min to 250oC. The injector and detector temperature were set at2l}oC. The air flow

rates for the carier gas which consisted of nitrogen, hydrogen and air were 65, 44 and

440 ml/min, respectively (Jaswir et al., 2000b). Analysis of the peals was used in

calculating the fatfy acid levels.

3.10.3. Effect of phytosterols on the thermat stability of oils

Thermal stability of oils was evaluated using both MCT and canola oils. The oils

were heated to 100 and l90oC for 6 h. POV, PAV and polymerization degradation

products (i.e. alkaline contaminant materials; ACtvÐ were evaluated. ACM include soaps

and other surface-active components that form in oils during frying andhave the ability

to lower the retention of the oil on food products. They a¡e formed when fatty acids and
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metal ions react during oil degradation and can be used as an indication of thermal abuse

in cooking oil (Jaswir et al., 2000a). ACM were me¿ßured by the same GLC method used

to determine loss of essential fatty acids. PoV and PAV were evaluated after heating for

2 and 6 h while the degradation products were measured after 7-l2h of heating.

3.11. Data Analysis

The data gathered from this study was analyzedusing ANovA and

Tukey's test (SPSS 14.0; SpSS Inc., Chicago,IL).
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4. RESULTS

4.1. Effect of CPP on Milk Microflora, pH and a¡y

As shown in Figure 4.1, the CPP (0.26 to l.8Yo; w/v) exhibited no significant

þ>0.05) effect on SPC growth in whole milk stored at 4 -7oC (50.25 lo916 difference

compared to the control for each time period). Compared to the control, skim milk

containing 1.8% (wlv) CPP also exhibited a minimal effect (S0.25 logl¡ difference

compared to the control for each time period) on SPC growth (Figure 4.2), although the

effect of treatrnent in this tial was detenrrined to be statistically significant (p<0.05).

The growth of P. fluorescens inskim (Figure 4.3) and whole (Figu¡e 4.4) milk

appeared unaffected by the addition of the CPP. For example, in whole milk at 'loC, an

initial inoculum of 10r cfi¡/ml P. fluorescens increased by approximately 7 lo9¡6 cfi¡/ml

within 8 d regardless of the CPP concentration. Also, the addition of CPP had no effect

on the growth of a mixed culture of Pseudomonas species in skim milk (Figure 4.5). In

whole milk, significant differences (based on Tukey's test) in population were only

observed with 1.8% (dv) CPP, however, differences between the teatnent and the

control were ( 0.5 logro cfi¡/ml (Figue 4.6).

As shown in Figure 4.7,the addition of cPp had no effect on the growth of

psychrofrophs in 1% m.f. milk during storage at4-7oC for 24 days.

The effect of CPP on the initial pH and a," of skim and whole milk are shown in Table

4.1. In all cases the initial pH of the milk products did not differ by more than 0.04 units.

Also, compared to the control treatuent CPP appeared to have no effect on the initial ao,.
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Figure 4.1. Effect of CPPI on the SPC2 of pasteurized whole milk stored at 4-7"C.
Values3 are means of duplicate samples each performed in duplicate (n:4). Error bars

represent standard deviation of means.
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Figure 4.2. Effect of 1.8% CPPI on the SPC2 of pasteurized skim milk stored at 4-7"C.
Values' are means of duplicate samples each performed in duplicate (n:4). Error bars

represent standard deviation of means.
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Figure 4.3. Eftect of CPP1 on P. fluorescens growth in pasteurized skim milk stored at 4-
7oC. Valuest are means of duplicate samples each performed in duplicate (n--4). Error

bars represent standard deviation of means.
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Figure 4.4.Effectof CPPI on P. fluorescens growth in pasteurized whole milk stored at
4-7"C. Values2 are means of duplicate samples each performed in duplicate (n:4). Error

bars not represented: standard deviations of means are below 0.07.
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Figure 4.5. Effect of CPP| on growth of a cockfail of 2 strains of P. syringae and P.
aeruginosa in pasteurized skim milk stored at 4-7"C. Values2 are means of duplicate

samples each performed in duplicate (n:4). Error bars represent standard deviation of
means.

l+control (milk)

._ti,-_ milk+stabilizer 
3,4

- - O - -0.26o/o CPP+stabilizer

- à( - 0.72% CPP+stabilizer

l
----+- 1 .gYo CPP+stabilizer

Days

t Commercial ph¡osterol preparation

2 Appendix Table 3

3 Includes P seudomonøs inoculum

o Stabilire.:0.016%o (w/v) canageenan and 0.186% (dv) maltodextrin



63

Figure 4.6. Effect of CPPI on growth of a cockt¿il of 2 strains of P. syringae and P.
aeruginosa in pasteurized whole milk stored at 4-7"C. Values2 a.re means of duplicate
samples each performed in duplicate (n:4). Error bars represent standard deviation of

means.
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Figure 4.1.Effect of CPPr on the psychrotrophic plate count in I%o m.f. milk stored at 4-
7oC. Values'are means of triplicate samples each performed in duplicate (n:6).
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Table 4.1. Effect of CPPI on the initial pH and a* of pasteurized skim and whole milk

Skim milk Whole milk

CPP (Yo W v) 3
CPP (To W v) 3

Control2'a 0.264 0.724 1.94 Control2'a 0.264 o.Tz4 1.94
pH 6.81

0.978

6.80 6.80

0.979 0.978

6.80

0.978

6.77

0.974

6.77 6.76

0.974 0.975

6.76

0.974

I Commerciat phytosterol preparation

'Milk without Cpp

t Milk with 0.0I60/o (wlv)carrageenan,0.1g5yo(w/v) maltodexrin and cpp

oValues 
are means of triplicate samples
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4.2.Etrect of Dispersible phytosterols on Milk Microflora

Both the ADP and BDP dispersible phytosterol mixtures appeared to have an

inhibitory effect on the SPC of milk stored at4oC(Figure a.8). By day l2,the SpC of the

control samples increased while the SPC in the phytosterol samples remained relatively

constant. This trend continued for 2l d after which the SPC in the contol was

approximately 5 logl¡ higher than that of the phytosterol samples. Although there was a

significant difference between the contror and phytosterol treatuents (p<0.05), no

significant difference (p> 0.05) in SPC between the two phytosterol treatnents w¿rs

observed.

As shown in Figure 4.9, the psychrotrophic plate count in milk decreased to less

than I cñ¡/10 mt by 3 d in the presence of the ADP and BDP phytosterol mixtures,

however, the P. fluorescens population remained unaffected (Figure 4.10). In this regard,

dif[erences <0.25logro cfi¡/rnl were observed in the number of pseudomonads between

the control and CPP samples even afrer 12 d of storage at 4oC. It would, therefore, appear

that the activity of CPP towards P. fluorescens wasnot enhanced by an increase in the

dispersibiliry of the ph¡osterol.

4'3' Effect of CPP on Milk Microflora Following Dispersal by Homogenization

The growth of Pseudomonas or the SPC following homogenization teatuent of Cpp

in milk dif[ered only by 9.25log ,o (Table 4.2) wbencompared to their respective

controls at all time periods, although CPP dispersibility appeared 16 þs improved (Cpp

did not appear to float to the surface of the samples as readily).
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Figure 4.8. Eff,ect of dispersible phytosterol mixture A (ADP) and dispersible phytosterol
mixture B (BDP) on the standard plate count of lYo m.f. milk stored at4-7"C. Valuesr are

means of triplicate samples each performed in duplicate (n: 6). Error bars represent
standard deviation of means.
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Figure 4.9.Effect of dispersible phytosterol mixture A (ADP) and dispersible phytosterol
mixture B (BDP) on the psychrotrophic plate count n l% m.f. milk stored at 4-7"C.

Valuesl are means of triplicate samples each performed in duplicate (n: 6).
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Figure 4.10. Effect of dispersible ph¡osterol mixture A (ADP) and dispersible
phytosterol mixture B (BDP) on the growth of P. fluorescens n I% m.f. milk stored at
4"C. Valuest are me¿ills of triplicate samples each performed in duplicate (n:6). Error

bars represent standard deviation of means.
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Table 4.2.Effectof CPPI on microflora following its dispersal by homogenization in 1%
m.f. milk stored at4-7oC

Loqro cfu/ml2

Time (d) CPP (7=o w/v) SPC P. f/uorescens
o 
3 0.86 o.9B

o 0.26 3

0.723

0
2 0.26

0.72

o.76
0.94

0.94
0.94
0.86

0.86
0.86
0.94

1.15
0.99
0.83

0.96
0.74
0.90

1.18
1.00
1.00

1.16
1.11

1.08

0.80
0.72

2.79
2.69
2.73

4.37
4.15
4.28

6.29
6.32
6.31

7.55
7.53
7.62

N.D.4
N.D.
N.D.

N.D.
N.D.
N.D.

0

0.26
0.72

0
0_26

0.72

0
0.26
0.72

0
13 0.26

0.72

0
15 0.26

0.72

10

t Commercial phytosterol preparation

t Values are means of duplicate samples each performed in duplicate

3 locludes 0.01 6% (w/v) canageenan and 0.l86Yo (w/v) maltodexrin

a Not determined
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Also, CPP dispersed in milk after homogenization had no significant effect O >0.05)

on the growth of psychrotrophs (Figure 4.1l). Because the milk had been pasteurized

after the addition of CPP, levels of psychrotrophic organisms remained below I cñ¡/lOmI

for at least 2l d. By 30 d, samples with 0.26% and 0.72% (w /v) CPP contained lower

psychrotophic counts compared to the control samples until 35 d of storage. By 40 d,

however, populations in milk containing the phytosterols were at least 0.5 logro higher.

4.4.Effect 0f CPP on the Growth of P.fluoresc¿ns in TSB

The addition of CPP containing Cavamax@ to increase dispersion (1.21%owlv,

correspondingto 0.26Yo CPP) appeared to have no effect on the growth of P. fluorescens

in TSB at2l'22'C when compared to the control (50.25 logro cfir/ml difference) through

the entire time cotuse (Figure 4.12). Higher concentrations of Cavamær@ were not used

due to dispersal problems.

4.5. Effect of sodium stearoyl Lactylate (ssl) on sPC Growth in Milk

As shown in Figure 4.13 the SPC time course profile of milk with and without the

addition of SSL remained simila¡. By 14 d the SPC in both treatrents exceeded 2log s

cfi:/ml. In comparison, the SPC of milk containing the CPP mixture remained relatively

constant (< 1 logro cfi.r/ml) throughout the entire storage period.
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Figure 4.11. Effect of CPPr on psychrotrophs following dispersal by homogenization in
lYom.f. milk stored at4-7"C. Values'are means of duplicate samples each

performed in duplicate (n:4). Standard deviations of means are below 0.025
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Figure A.l2.Effect of Cavamax@l on P. fluorescens growthin TSB2 at22oC. Values3 are

means of duplicate samples each performed in duplicate (n: 4). Error bars represent
standard deviation of means.

*Control

--t:t.-o.26yo cPP (1 .21%
Cavamax@)

I Dispersible form of commercial phytosterol preparation containing cyclodextrin

2 Trypticase soy broth

3 Appendix Table 8

=E
fE4
o
cttoJ

ÈJ
Èo
(9



74

Figure 4.13. Effect of Sodium stearoyl lactylate (SSL) and BDPr on the SPC of lYo m.f.
milk stored at 4-7"C. Values2 are means of triplicate samples each conducted in triplicate

(n: 6). Error bars represent standard deviation of means.

3.5

-E 2.5

o
ê
Þto¿
J

!o
L 

'Ão t'' --4'-Control (milk)

_Z.j_ SSL+mitk
4

---+-BDP

I Dispersible phytosterol mixture B

2 Appendix Table 9

3 SSL was added to milk at a concentration of 0.03% (wlv)

a Mixtu.e consists of: carrageenan, maltodextrin, 57% (wlv) CPP and 1.54% (w/v)

sodium stearoyl lactylate, added such that frnal ph¡osterol concentration in milk was
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4.6. Effect of CPP on Yoghurt Microflora and pH

Overall, growth of either L. bulgariczs or S. thermophilus during yoghurt

production at 33oC over 12 h with or without the addition of 0.39o/o (øÐ Cpp did not

differ by more than 0.5 log¡s cfi/rnl (Figure 4.14 and 4.15) ateach sampling period.

Survivor levels for both starter culture organisms during storage at 4oC over 40 d with

and without CPP were not significantly different (p>0.05). Differences between the

conüols and treaûnents were <0.25logre cfi.r/ml (Table 4.3).

Changes in pH during yoghurt production (Figure 4.16) and storage (Table 4.3)

remained unaffected by the addition of 0.39% (w/v) CPP. The ultimate pH of the yoghurr

preparations following 12 h of fermentation was approximately 4.63, which decreased

slightly to 4.50 following 40 d of storage at 4oC.

Growttr of S. cerevisiae inyoghurt during ferrnentation was unaffected by the

presence of 0.39% (dv)CPP(Figure 4.17).Bytheendoffennentationyeastpopulations

in yoghurt with and without CPP remained relatively unchanged at approxiamtely 2 logle

cfi:/nrl. In contast, S. cerevisiae exhibited growth over the entire storage period at 4oC

regardless of treatnent (Figure 4.18). Compared to the control, yeast levels in

preparations with the phytosterol were nunerically lower throughout the storage period

increasing only at 20 d.

CPP did not appear to exhibit any effect on the growth of mould in yoghurt stored

at 4oC. Mould growth in yogburt was observed within 26 d of storage (Table 4.4) with

and without CPP.
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Figure 4.14. Effect of CPPr on L. bulgaricus growthduring yoghurt production at33"C.
Values'are means of triplicate samples each performed in duplicate (n: 6). Error bars

represent standard deviation of means.
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Figure 4.11 Effect of CPP1 on S. thermophilus growth during yoghurt production at
33oC. Values2 are means of triplicate ru-pi"r each performea in aulUcate (n: 6). Error

bars represent standard deviation of means.
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Figure 4.16. Effect of CPPr on pH during yoghurt production at 33"C. Values2 are means
of triplicate samples performed in duplicate (n:6).
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Table 4.3. Effect of CPPI on the pH and g¡owth of starter culture organisms in yoghurt
stored at4oC

Loqro cfu/ml 2

Time (d) CPP (% wiv) S. thermophitus3 L. buloaricus3 oHa

12

16

26

31

40

0
0.39

0
0.39

0
0.39

0
0.39

0
0.39

0
0.39

0
0.39

0
0.39

9.45r:O.12
9.42tO.O7

9.32r.0.02
9.2810.06

9.29r0.02
9.26+0.06

9.33+0.38
9.32+0.05

9.44xO.04
9.3210.03

9.32È0.03
9.30r0.06

9.27*O.02
9.23r0.04

9.3410.07
9.2710.08

5.7510.35
5.4010.19

5.9510.06
5.74t0.29

5.79r0.08
5.7910.05

5.8810.09
5.8510.10

5.9510.04
5.90*0.04

5.9510.06
5.8910.04

5.7310.06
5.7410.05

5.80t0.03
5.7910.04

4.63
4.65

4.51
4.50

4.56
4.54

4.47
4.45

4.61
4.52

4.50
4.50

4.54
4.50

4.52
4.50

I Commercial phytosterol preparation

2 Values are means of triplicate samples each performed in duplicate

3 M"* values + S.D.

nValues 
are means of triplicate samples
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Figure 4.l7.Effectof CPPr on S. cerevisiae growthdwing yoghurt production at 33oC.
Values2 are means of triplicate samples each performeA i" ã"pficate (n:6). Enor bars

represent standard deviation of means.
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Figure 4.18. Effect of CPPI ott S. cerevisiae growth in yoghurt stored at 4"C. Values2 are
means of triplicate samples each performed in duplicate (n :6). Error bars represent

standard deviation of means.
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Table 4.4.Effectof CPPI on the visible gowth of mould in yoghurt stored at4oc

Mould growth2

Time (d)
Yoghurt with CPP (0.39%

Wv)

t Commercial phytosterol preparation

t Number of samples out of three exhibiting visible mold growth

0

10

17

21

26
30

35
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4.1.Etrect of Phytosterol Mixtures on Yoghurt Microflora

Differences in the growth of S. thermophilus during the manufactu¡e of control

and yoghurt containing phytosterol mixhres ¿l similar sampling periods were not

significantly different (p<0.05) and were < 0.5 logro/ml (Table 4.5). Similar tends were

observed for L. bulgarícus (Table 4.6) and S. cerevísiae (Table 4.7).

4.8. Effect of CPP on Yoghurt Rheolory

4.8.1. Stress sweeps

Stress sweeps performed on yoghurt with the rheometer are shown in Figure 4.19.

An oscillation stress value, in which all three frequencies achieved a constant

G'/oscillation stress ratio, was chosen, where evaluation of the properties of the yoghurt

dependent on its native structure would be acquired. This controlled variable was used to

conduct frequency sweeps on yoghurt samples in order to determine viscoelastic

properties. A value of 1.0 Pa was chosen.

4.8.2. Viscoelastic properties

Results of tests performed on yoghurt with and without 0.39% CPP are shown in

Figure 4.20.The G' and G" for both treatrnents appear similar. As expected, G' is higher

than G", indicating that the yoghurt behaves more like a solid than a liquid. The tan õ of

the yoghurts also remained unaffected by the presence of CPP. The tan õ for both the

control and the 0.39% CPP-containing sample was 0.23.
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Table 4.5. Effect of phytosterol mixtures t on S. thermophilus growthduring yoghurt
production at 33oC

Logro cfu/ml

Hour Control 2 FcP 3' I FMP 3' s wood sterols 3' 6 Mp4 3'4

0 6.8010.09 6.8110.08 6.8410.04 6.8910.11 6.73+0.11

3 7.3710.09 7.62t0.04 7.5710.03 7.8510 7.73r.0.12

6 8.8110.19 8.91f0.09 8.92*0.04 9.09i0.07 9.0810.02

I 9.1 7r0. 1 3 8.8910.07 9.1 1+0.07 9. 1 910.05 9.2510.05

12 9.0710.05 9.04*0.03 8.9410.10 9.2910.05 9.31*0.05

I All mixtures added to final concentration of 0.39% (w/v)

2 Milk only

3 Values are means of triplicate samples each performed in duplicate * S.D.

a FCP and MP4 contain different ratios of sitostanol and campestanol

s Consists of sitosterol, stigmasterol and brassicasterol

6 Consists of sitosterol, sitostanol, campestanol and campesterol
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Table 4.6. Effect of phytosterol mixtures I on L. bulgaricrzs growth during yoghurt
production at 33oC

Logro cfu/ml

Control2 FCP 3'4 FMP 3,5 Wood sterols 3'6 MP4 3'4

0

3

6

9

6.4710.09

6.67*0.03

6.7810.19

8.19t0.21

8.4510.20

6.3910.04

6.67r0.08

6.99*0.18

8.0510.08

8.3810-08

6.4410.15

6.70*0.04

7.17r0.09

8.24tO.11

8.4810.10

6.23x0.14

6.53*0.15

8.17r0.19

8.30r0.07

8.6910.07

6.1610.15

6.72t0.11

8.2210.11

8.40r0.04

8.68r0.0412

I All mixtures added to final concentration of 0.39% (w/v)

2 Milk only

3 Values are means of triplicate samples each perforrned in duplicate + S.D.

a FCP and MP4 contain different ratios of sitostanol and campestanol

s Consists of sitosterol, stigmasterol and brassicasterol

6 Consists of sitosterol, sitostanol, campestanol and campesterol
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Table 4.7. Effect ofphytosterol mixturesl on S. cerevisiae growth during yoghurt
production at 33oC

Logro cfu/ml

Hour Control' FcPt'o FMP 3'5 wood sterols 3'6 Mp4 3'4

0 1.9410.03 1.88f0.02 1.91È0.04 1.9110.03 1.89i0.0S
3 1.9510.09 1.8610.04 1.8910.05 1.8510.06 1.9610.04
6 1.9410.10 2.0110.09 2.0510.28 1.9010.12 1.9410.14
9 2.0810.12 2.16t0.26 1.7810.11 2.17x0j4 2.13r]0.20
12 2.20r.O.13 2.22r]0.09 2.1510.10 2.3310.18 2.20r]0.12

t All mixtt¡res added to final concentration of 0.39% (dv)

2 Milk only

3 Values are means of triplicate samples each performed in duplicate * S.D.

o FCP and MP4 contain different ratios of sitostanol and campestanol

5 Consists of sitosterol, stigmasterol and brassicasterol

6 Consists of sitosterol, sitostanol, campestanol and campesterol
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Figure 4.19. Stress sweeps performed with a rheometer on yoghurt at 4"C at various
frequencies
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Figure 4.2l.Effect of 039%o CPPI on the viscoelastic properties of yoghurt. Values are
means of triplicate samples each performed in duplicate (n : 6)
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4.8.3. X'Iow properties

The addition of 0.39Yo CPP had no effect on the flow properties of the yoghurt

samples (Figute 4.21). Both the control and the CPP-containing treatuents produced a

yoghurt having an initial stiffstructure. As the shear rate increased, the structure of the

sarnples quickly broke down and became more free-flowing. As shown in Figure 4.21,

yoghurt viscosity decreased rapidly even at low initial shear rates, and quickty entered the

shear-thinning range where viscosity decreases according to a power law relationship

(Rao, 1999). Thereafter, increases in shear rate no longer resulted in a rapid decrease in

viscosity. A second strain sweep was performed on the sarnple after the yoghurt was left

standing for 10 min. Although the gel structure recovered somewhat (based on a higher

initial viscosity compared to that at the end of the first trial) it was quickly broken down

again.

4.9. Antioxidant Activity of Free Phytosterols and Phytosterol Esters

Results are those presented by Dr. Jerzy Zatustoski at the 6th ISF (nternational

Society for Fat Research) World Congress "Modem Aspects of Fats and oils - A

Fascinating Source of Knowledge" Prague, 25-28 September 2005.

4.9.1. POV and PAV

As shown in Figure 4.22 and 4.23 free phytosterols significantly (p<0.05) reduced

the oxidation of MCT oil over a 12 month period while phytosterol esters did not. The

mixture of phytosterol esters and free phytosterols significantly (p<0.05) reduced

oxidation. The lack of a reduction in oxidation of oil containing only phytosterol esters

indicated that this activity was caused by the free phytosterols.
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Figure 4.Zl.Effect of 0.39Yo CPPr on the flow properties of yoghurt at 4"C. Values are

means of triplicate samples (n: 3).
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Figure 4.22.8ffect of phytosterols *,t:irätåüof primary lipid oxidation products
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Figure 4.23.Bffect of ph¡osterols on the formation of secondary lipid oxidation
products in MCT oil I
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4.9.2. Percent loss of essential fafty acids

Compared to the control the free phytosterols significantly reduced the loss of

linolenic acid in oil after 6 months of storage by at least 25% (Figùre 4.24). This is

significant as linolenic acid is an omega-3 PUFA (polyunsaturated fatty acid) and is one

of the two fatty acids that are essential to human nutrition (the other being linoleic acid)

because vertebrates lack enrymes known as Â12 and Als desaturases. These enzymes

incorporate double bonds at those positions in the ca¡bon chain. This means that

vertebrates are not able to form double bonds beyond the Ae carbon in the chain and

cannot synthesize fatty acids with double bonds beyond that point from simple

precursors. Omega-3 PLIFAs have also been shown to be hypocholesterolemic and exert

antiatherogenic properties (Groffand Gropper, 2000). In contrast, the loss of linoleic acid

in oil during storage was not affected by the addition of free phytosterols.

4.9.3. Effect of phytosterols on thermal stability of oils

As shown in Figure 4.25 the addition of sterol esters and or sterol esters with free

sterols to MCT oil resulted in an increase in primary oxidation products following

heating at l00oC. Overall, however, it appeared that the sterol esters were largely

responsible for the increase. The secondary lipid oxidation products were not affected by

the addition of phytosterol esters to MCT oil (Figure 4.26),however, there was a slight

decrease in secondary LOPs with the addition of free phytosterols. Also, during the

heating of canola oil to l00oC (Figure 4.27)the addition of free sterols to MCT oil

appeared to decrease the production of secondary LOPs. Compared to the controls, the

inclusion of sterol esters in both MCT and canola oils when heated to 190"C also resulted
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in higher primary LOP levels (Figures 4.28 and4.29). Extended heating of canola oil for

up to 12 h at 190"C resulted in a gradual increase in ACM products in the control

treatnent (Figure 4.30). The addition of free sterols and to a lesser extent the mixture

consisting of sterol esters and free sterols reduced the levels of these contaminants in the

canola oil.
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Figure 4.24.Bffect of free phytosterols on loss of essential fatfy acids in MCT oil after 6
months storage
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Figure 4.2í.Etrectof phytosterols on primary lipid oxidationproducts in MCT oil due to
thermal degradation at l00oC I
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Figure 4.26.8ffect of phytosterols on secondary lipid oxidatio! products in MCT oil due
to thermal degradation at 100oC I
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Figure 4.27.Effect of phytosterols on the thermal oxidation of canola oil at 100oC I
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Figure 4.28.Effect of phytosterols on the thermal degradation of MCT oil at 190oC I
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t Error bars represent standard deviations of means (n:4).

'õ
cD.x
o
!,'i
o
q)
CL

.t
ct
g

=

trMCT oil Control

EIMCT oil+5.44% sterol esters

2'50 I ¡gçT q¡l+2.77% sterol esters and 1.7% free sterols

IIMcT oil+3.4vo free sterols
I



100

Figure 4.29.Effect of phytosterols on the thermal oxidation of canola oil at 190oC I
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Figure 4.30. Effect of phytosterols on the levels of ACM I in canola oil after heating to
1900c 2
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5. DISCUSSION

In this investigation, CPP concentrations up to 1.8% (dv) exhibited minimal

antimicrobial activity towards the growth of psychrotrophs and the SPC in milk. In

addition the growth of various Pseudomonas species, norrrally recovered from

pasteurized milk as post process contåminants, were not affected by the presence of the

phytosterol. Homogenization of CPP, in order to increase its dispersal in milk,

(Vuillemard, 1991) did not improve its efficacy as an antimicrobial.

The use of dispersible blends of phytosterols (ADP and BDP) containing

maltodexfin, carrageenan and sodium stearoyl lactylate did, however, exhibit a long-

term (up to 23 d) inhibitory effect on the SPC and growth of psychrotrophs in milk

maintained at4-7"C. However, growth of P. fluorescens was not affected. Overall, the

antimicrobial activity of the dispersibile phytosterol mixtures may be due to the increased

solubility in mitk. For example, during treahent regular CPP separated, much of it

floating to the top of the mitk after a few hours of incubation. Since SSL is an anionic

lipophilic emulsifier Gntra Chemical Inc, 2000) its ability to disperse CPP would be

advantageous, ¿rs the efficacy of hydrophobic antimicrobials is dependant on their abilþ

to travel across the aqueous phase of a solution in order to interact with the membrane of

the target organism (Trombetta et al., 2005). In addition, the percent saturation and total

concentration in solution would affect antimicrobial efficacy (Taylor et al., 2004). As

lipophilic compounds, phytosterols may partition out of the aqueous phase of a solution

crossing the tipid membranes of bacteria (Trombetta et al., 2004).
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It was also possible that SSL exerted a direct antimicrobial effect based on its

lactic and stearic acid content. Both compounds are known to exhibit antimicrobial

effects (Jay et al., 2005). For example, SSL has been shown to inhibit germination and

growth of Bacillus cereus spores at a concentration of 0.1% (Feijoo et al., 1997).In this

study, however, the use of SSL without phytosterols did not appear to have any effect on

the SPC in mitk and therefore should not be considered a significant antimicrobial. Also,

neither carrageenan nor maltodextrin exhibited antimicrobial effects on the SPC in milk

(data not presented). Ostensibly the antimicrobial effect of the dispersible CPP mixture

was due to synergy among its components. Although the antimicrobial mode of action of

the dispersible CPP mixture was not investigated, it is possible that (similar to other

antioxidant compounds) it functions by impairing bacterial membrane function. Several

phenolic antioxidants such as BHA have been demonstrated to cause lysis of bacterial

protoplasts by affecting cell permeability and leading to leakage of cell nucleotides

(Deg¡e and Sylvestre, 1983). Monoterpenes, which also act as antioxidants, have been

reported to increase membrane permeability and fluidity leading to alteration of ion

transport and inhibition of cell respiration (Trombetta et al., 2005). Generally, the cell

membrane is the choice site of action because many antioxidants including BHA have

low water solubility, (as is also the case with phytosterols) which prevents them from

diffusing into the cell cytoplasm @egre and Sylvestre, 1983). Generally, antimicrobial

effectiveness is dependant on the lipid composition of the target organism as well as its

net surface charge and the perrreability of the microbial outer envelope (TrombettaetaI.,

200s).
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It is interesting to note that while the dispersible phytosterol mixtures inhibited

psychrotroph growth, they did not have any effect on the growth of P. fluorescens. Since

the SPC was also inhibited it would be expected that some pseudomonads, which are

normally a significant part of the psychrotroph population in refrigerated milk (Ternström

et a1., 1993) would also be inhibited. Although grarn-negative microorganisms may be

considered more resistant to hydrophobic compounds due to their lipopolysaccharide

outer membrane (Trombetta et a1.,2004) the SPC of refrigerated milk is composed

mainly of gram-negative microorganisms @neroth et a1.,2000). Therefore permeability

of the organismper se may not be important. Altematively, some species of

Pseudomonashave the ability to metabolize phytosterols. For example, a study by

Mahato et al. (1981) reported that Pseudomonas used sitosterol as a sole ca¡bon source

by cleaving its side chain. Other microorganisms including Arthrobacter, Bacillus,

Brevibacterium, Corynebacterium, Microbacterium, Mycobacterium, Nocardia,

Protoaminobacter, Serratia, and Sneptomyces secrete enrymes capable of cleaving the

side chain of cholesterol (structurally similar to phytosterols) and contribute to the

complete decomposition of the compound (Owen et a1., 1983). The utilization of

phytosterolsby Pseudomonas would not likely occur in miltq which has more readily

available nutrients and, in fact, if it did the SPC population should also have increased

due to phytosterol degradation.

It is more likely that the lack of an inhibitory response to the phytosterol mixture

was due to the relatively high initial P. fluorescens population, following its inoculation.

T\e P. fluorescens numbers were at least I log1s higher than the naturally present SPC
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and psychrotroph populations, and presumably would be expected to require higher levels

of the phytosterol mixtue in order to be effective.

CPP without dispersants failed to inhibit the growth of L. bulgarfc¿rs and S.

thermophilus and did not affect their ability to produce acid as monitored by pH change.

In one sense this was advantageous as ttrese organisms are essential in the development

of acid and flavour compounds which affect the taste and texture of yoghurt. Inability to

inhibit the growth of starter culture orgenis¡¡s may be due to their ability to break down

phytosterols. For example, some lactobacilli are capable of assimilating cholesterol

(Klaver and Van der Meer, 1993). Alternatively, solubility issues pertaining to

phytosterol may also be important. [Iltimately, population numbers of st¿rter cultures in

yoghurt production can increase from 106to 10e cñ¡/ml. It is possible that the levels of

phytosterol employed were simply inadequate to elicit a microbial response. The same

argument could be made for inhibition of S. cerevisíae aadAspergíllas. Although the

addition of CPP did not detrimentally affect the quality of yoghurt, neither did it increase

the shelf life by inhibiting the growth of typical spoilage microorganisms.

The rheologicai profiles of yoghurt also were not affected adversely by the

addition of CPP. In this respect, the viscosity and the storage (or elastic) and loss (or

viscous) moduli remained similar in yoghurts with and without CPP. Since viscosity and

firrnness are important attributes of yoghurt quality, it was desirable to minimize changes

in these properties. Also, if growth of the starter culture organisms had been inhibited by

the presence of phytosterols, acid production would have been inhibited, ultimately

affecting coagulum formation and viscosity (Lucey and Singh, 1998).
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The antioxidant activity of the free phytosterols was confimed. Esterified

phytosterols, however, failed to protect ¿gainst oxidation of oils at elevated temperatures

althougb they did reduce the amount of oxidation in oil stored at room temperature for 12

months. Free ph¡osterols also reduced the loss of linolenic acid during 6 months of

storage. The difference in antioxidant activity between free and esterified phytosterols

may be due to their structural difference. In esterified phytosterols, the 3P-OH group on

the A ring that remains unoccupied in free phytosterols is att¿ched to a fatty acid (Moreau

et a1., 2002). The unavailability of the OH group to interact with radicals as well as the

increased size of the molecule may affect the ability of esterified phytosterols to act as

antioxidants.
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6. CONCLUSION

The addition of CPP did not appear to have any antimicrobial effect. Dispersible

phytosterol mixtures (ADP and BDP), however, did appear to increase the shelf life of

milk. In this respect, both the development of the SPC and psychrotrophic growth were

inhibited, however, Pseudomonas fluorescens was not affected. Since psychrotrophic

bacteria are the main determinants of shelf life in pasteurized milk it is possible that the

inclusion of the phytosterol mixture could not only offer consumers a health benefit but

also extend the shelf life of the product.

CPP did not appear to inhibit the growth of spoilage yeast and mold in yoghurt

and as such would not be expected to contribute to an increase in its shelf life. However,

phytosterols did not inhibit the growth of starter culture organisms or detrimentally affect

the rheological properties of yoghurt and as such did not have a negative effect on

quahty.

The antioxidant activity of CPP (free phytosterols) was confirmed. Phytosterols

esterified with triacylgþerides from sunflower oil reduced oil oxidation during storage

at room temperature. However, the esterified phytosterols had either no effect or

increased the oxidation of oils during heating. Free phytosterols also enhanced the quahty

of the oil by reducing the loss of linolenic acid. The antioxidant activity of free

phytosterols could be advantageous in maintaining the quality of high fat foods by

delaying the onset of rancidity due to lipid oxidation and by reducing the loss of essential

fatty acids. Based on the results of this study a link between the antimicrobial activity of

CPP (which contained free sterols) and antioxidant activity could not be established.
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Based on these results, it is possible that phytosterols could play a multifunctional

role as food additives. They provide health benefits to consumers as well as extending the

shelf life of some food products by delaying microbial spoilage and oxidative rancidity.

These benefits are achieved without any detrimental effects to the quatity of the food

product.

Further studies on the effects of phytosterols on the shelf life of dairy foods

should utilize more soluble forms including phytosterol esters. The antimicrobial effect of

phytosterol mixtures should be extended to include bacterial pathogens such as Listeria

and Salmonella arrdon gram-positive and gram-negative bacteria. Starter culture activity

should also be evaluated in order to assess the potential for inclusion of the dispersible

phytosterol mixtures in ferrrented dairy products. Also, the antimicrobial effect of the

dispersible phytosterol mixtures should be more closely investigated as a means of

determining what the active components are.
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APPENDICES

Appendix 1. Effect of CPPI on the SPC, growth of P. fluorescens and growth (logto
-.nVU¡ 

of a Pseudomonas cocktail (logro cfu/ml) in whole milk stored at 4-7oC

CPP (% Wv) s

Control 
2'3 Stabilizer 2'a 0.262 o.722

1.9510.02
1.1410.05
1.75+0.04

1.9510.01

1.2010.05
1.7610.08

2.3010.11
2.8910.02
2.54*0.08

N.D.

4.43r0.05
N.D.

4.53 0.09

6.17t0.04
6.34t0.07

5.22rO.10
7.0610.05
7_14r.0.07

6.2010.05
N.D.

N.D.

1.9010.02
1.1910.04
1.74tO.O1

2.04xO.18
2.74r.0.06

2.41xO.06

N.D.

4.42x0.02
N.D.

4.8610.08

6.17f0.06
6.18r0.05

5.40r0.02
7.10*0.06

N.D.

6.10r0.07
N.D.

N.D.

1.83+0.05
1.16*0.04
1.72r.O.Os

2.33r:0.14
2.7310.06
2.3610.06

N.D.

4.39*0.03
N.D.

4.5810.06
6.0410.03

6.3810.10

5.5810.09
6.88r0.03
6.95*0.02

5.88r0.03
N.D.

N.D.

1.92

1.91r0.00
1.1710.05
1.7510.01

2.25*.0.08
2.6610.03
2.0610.11

N.D.

4.28f.0.04
N.D.

4.65r0.80
5.94r0.05
5.7410.10

5.38t0.36
6.89t0.01
6j2x0.20

6.11r0.01
N.D.

N.D.

10

SPC
P. fluorcscens

Pseudomonas cocktail

SPC
P. fluo¡escens

Pseudomonas cocktail

SPC
P. fluorescens

Pseudomonas cocktail

SPC
P. tluorescens

Pseudomonas cocktail

SPC
P. fluorescens

Pseudomonas cocktail

SPC
P. fluo¡escens

Pseudomonas cocktail

2.3010.11
2.81t0.02
2.39i0.07

N.D.6
4.40*0.05

N.D.

4.53r0.30
6.17r0.03
6.25r0.02

5.22t0.06
7.20r0.03
7.23t:0.04

6.2010.03

N.D.

N.D.

t Commercial phytosterol preparation

2 Values are means of duplicate sarnples each performed in duplicate

3 Milk without CPP

o Milk with 0.016% wlv canageenan and 0.186% w/v maltodextrin

t Milk with 0.016% wlv carragsoûân: 0.186% \¡¡/v maltodextrin and cPP

6 Not determined
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Appendix 2. Effect of CPPI on the SPC of pasteurized skim milk stored at4-7oC

Loqro cfu/ml

Day Control2'3 Stabilizer 2'a cPP 2's

0

3

6

I
12

15

18

1.72tO.O8

1.6910.10
1.74tO.Os
1.74l.0-O4
1.9810.16
2.78rO.42
4.77x0.07

1.6410.05
1.5610.10
1.6210.06
1.6510.05
2.02t0.04
3.45t0.08
4.6910.15

'f .5810.09
1.6310.05
1.6310.11

1.51r0.06
1.81r0.39
3.4010.09
4.83r0.09

I Commercial phytosterol preparation

2Values 
¿ìre means of duplicate samples each performed in duplicate

3 Milk without CPP

o Milk with 0.016Yo (wlv) canageenan and 0.186% (w/v) maltodextrin

t Milk with 0.0l6Yo wlv carr¿geenan,0.l86yo (w/v) maltodextrin and l.8o/o (w/v) CPP
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Appendix 3. Effect of CPPI on the growth (logro cfir/ml) of P. fluorescens and a

Pseudomonas cocktail in pasteurized skim milk stored at4'/C

Dav

CPP (% w/v) s

control 2'3 stabilizer 2'a 0.262 o]22 1.92

P. fluorescens

Pseudomonas cocktail

P. fluorescens
Pseudomonas cocktail

P. fluorcscens
Pseudomonas cocktail

P. fluorescens
Pseudomonas cocktail

P. fluorcscens
Pseudomonas cocktail

P. tluorescens
Pseudomonas cocktail

2.70+0.18 2.83+0.16 2.30+:0.24 2.40*0.24 2.67+0.20

2.16+0.11 2.19j0.06 2.23+0.10 2.24+0.09 1.91+0.15

2.51+0.0
1.63+0.07

3.16+0.1I

N.D.6

3.42j]0.0s
6.10+0.02

3.97+0.14

6.77+0.07

4.54+0.04

N.D.

2.51+0.0 2.51r0.0 2.51+0.0 2.51+0.0

1.7GÌ0.03 1.62+0.05 1.67+0.06 1.63+0.07

3.23+0.20 2.99+0.07 3.1G!0.08 3.13*0.21

N.D. N.D. N.D. N.D.

3.48+0.04 3.50Ì0.04 3.41+0.04 3.2b0.0s
5.17+0.03 5.23+0.1I 5.98+0.05 5.75+0.09

3.97*0.06 3.94+0.07 3.93+0.04 3.73+0.1I

6.98+0.07 7.02l:0.22 6.81*0.15 6.8540.07

4.4?t0.15 4.3910.07 4.3æ0.12 4.61+0.23

N.D. N.D. N.D. N.D.
13

I Commercial phytosterol preparation

2 Values are mans of duplicate samples eachperfomred in duplicate

3 Milk without CPP

o Milk with 0.016% (w/v) carrageenan and 0.186% (wþ maltodextrin

t Milk with 0.016% (dv) c¿urageenan ,0.186yo (w/v) maltodextrin and CPP

6 Not determined
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Appendix 4. Effect of CPPI on the psychrotrophic plate count (logro cfi:/ml) of 1% m.f.
pasteurized milk stored at 4-7oC

CPP (% w/v)

Control 2'3 o.722,4 1.92'4

0

5

10

15

19

24

0

0

0

1.48

2.48
3.51

0

0

0

1.16
2.4
3.47

0

0

0

1.23

2.4
3.44

I Comtttercial phytosterol preparation

2 Values are mans of duplicate samples each perfomred in duplicate

3 Milk without CPP

o Milk \¡¡ith 0.016Yo (wlv) carïageenan,0.186yo (dv) maltodextrin and CPP
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Appendix 5. Effect of dispersible phytosterol mixtures ADP and BDP on the SPC and

psychrotropnic plate count (logro cfir/ml) of lYom.f. pasteurized mitk stored at4-7oC

Phytosterolmixture (%
wiv)

Control 1'2 ADP 1'3 BDP 1'4

sPc
Psychrotrophs

SPC
Psychrotrophs

SPC

Psychrotrophs

SPC
Psychrotrophs

SPC
Psychrotrophs

Psychrotrophs

18 SPC
Psychrotrophs

Psychrotrophs

21 SPC
PsychrotroPhs

1.57i0.08
0.7610

1.5210.05
0.41r0

1.6610.13
0.23x

1.91r0.39
0.81t

2.40t0.07
N.D.5

N.D.

N.D.

1.41r0.08
0.23r

1.3910.05
0.001

1.42l.O.17
N.D.

N.D.

N.D.

1.52Ì0.13
O.23x

1.23x0.15
0.00t

1.41r0.10
N.D.

N.D.

N.D.

0.00r

1.3710.07 1.45t0.08
0.7610 0.76t0

1.3610.1 1 1.47+0.08
0.0010 0.0010

12

15 sPc 3.9610.08 1.5710.05 1.6310.06
0.00r

19

1.11*.

N.D.

2.18x

0.00*

N.D. N.D.

0.00r 0.00*

sPc 4.7610.07 1.2910.19 1.41r'0.11

3.781 0.00t

22 sPc 6.04i:0.27 1.3710.10 1.48*0.05

t vulu",

' Milk without phytosterols

3 Milk and dispersible ph¡osterol mixhue A containin936% phytosterols added to a

final concentration of 0.72olo phytosterols

o Milk and dispersible phytosterol mixhre B containing 57%phytosterols added to a final

concentrati on of 0.72Yo phytosterols

5 Not determined
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Appendix 6. Effect of dispersible phytosterol mixtures ADP and BDP on the growth of
P. fluorescens (lo916 cfir/ml) n lyo m.f. pasteurized milk stored at 4-7oC

Phvtosterol mixture (% wlvl
Controll'2 ADP T'3 BDP 1'4

0

2

6
10

12

2.18t0.03
2.3610.09
3.40r0.04
4.0810.01
4.22t0.11

2.1810.03 2.1810.03
2.33t0.18 2.22':0.04
3.3710.08 3.30t0.06
4.0810.01 4.0610.02
4. 1 810.07 4.1 1 10.09

I Values are means of triplicate sarnples each performed in duplicate

2 Milk without phytosterols

3 Milk and dispersible phytosterol mixture A containing3î%phytosterols added to a

final concentration of 0.72%o phytosterols

o Milk and dispersible phytosterol mixnre B containing 57%phytosterols added to a final

concentrati on of 0.72Yo phytosterols
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Appendix 7. Effect of CPPr on the psychrotropls (logro cfir/ml) following dispersal by

homogenization in of l%om.f.homogenized skim milk stored at4-7oC

CPP (% w/v) a

Control 
2'3 0.262 0.722

0
4
7
12
17
21

31

33
35
40

0r0
010
0+0
0r0
0t0
0r0

3.81r0.01
3.8910.02
3.72t0.02
4.6510.01

Ot0
0t0
0*0
0t0
0r0
0r0

3.20t0.02
3.2810.01
3.28r:0.02
5.7510.00

0+0
0r0
0*0
0r0
0+0
0*0

3.19t0.00
3.2710.00
3.29t0.01

N.D.5

t Commercial phytosterol preparation

2 Values are means of duplicate samples performed in duplicate

3 Milk without cPP

a Milk with 0.016% (wlv)camageenan,0.l86yo(dv) maltodextrin and CPP

s Not determined
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Appendix 8. Effect of Cava¡naxl on P. fluorescens growth at22oC

Logro cfu/ml

Control 
2'3 cavamax 2'a

0
4
I
24

1.44+:0.04
1.51r0.14
2.56t0.04
6.20t0.11

1.44x0.07
1.8010.20
2.8310.10
6.61r0.05

I Dispersible form of CPP

'Values are means of duplicate samples each performed in duplicate

3 TSB only

o TSB and l.2l%o (w/Ð Cavamæ<, which is equivalentto 0-260/o CPP
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Appendix 9. Effect of Sodium stearoyl lactylate (SSL) and BDPr on the SPC (1og1¡

cfi:/nrl) of lYom.f. milk stored at4-7"C-

Control2'3 SSL4 BDPs

0

3

6

I
12

14

0.96t0.12
1.37x0.11
1.28x0.11
1.38t0.25
1.47t0.05
2.46+.0.20

0.7510.14
1.4010.07
1.3510.06
1.43*0.14
2.O1xO.U
2.16t0.25

0.7510.14
0.61t0.20
0.31f0.26
0.61r0.30
0.50t0.17
O.2510.12

I Dispersible phytosterol mixture B

'Milk alone

3 Values afe means of triplicate samples each performed in duplicate

o Milk containing 0.03% sodium stearoyl lactylate

s Milk and a phytosterol mixture containing 57%phytosterols added to a final

concentrati on of 0.72%o phytosterols
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Appendix 10. Effect of CPPI on pH and the growth of S. thermophilus, L. bulgarice,¿s and

S. cerevisiae during yoghurt production at 33oC

Loqrn cfu/ml
cPP (%
wiv) S. thermophilus L. bulgaricus2 S. cerevisiaez pH2

6

12

0

0.39

0

0.39

0

0.39

0

0.39

6.8210.05

6.88r0.04

7.12xO.05

7.9010.14

9.01*0.06
9.0610.09

9.2010.13
9.2210.07

6.4210.09

6.15*0.16

6.71r0.09
6.7810.08

6.9910.10
7.4110.10

8.11r0.13
8.47r0.08

8.4810.11

8.6710.03

1.85t0.04

1.82È0.06

1.8510.04
1.8410.04

1.9010.15
1.79*:0.'11

1.9010.28
1.9510.21

2.22l:0.O9
2.0910.07

6.53

6.53

6.43

6.5

5.19
5.13

4.74
4.81

4.64
4.51

0 9.21*0.03
0.39 9.2310.07

I Commercial ph¡osterol preparation

2 Values are means of triplicate samples each performed in duplicate
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Appendix 11' Effect of GPPI * ""'@d 

at 4oc

< cPP''o

""r 
-- 

?"-1t'1: 2.oeto.o7

; 2-22'0oe 
^,.orno.r,' 1'74È0'11c . t.83t0.21

11 2'o1to'11 
1.s2ro.1g

16 2-24r0'o1 g.4gro.4z
2.96È0.35

21

I Commercial phytosterol preparation

2 values are means of triplicate samples each perfonned in duplicate

3 Yogltufi only

a yoghurt with 0'39% w/v CPP


