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ABSTRACT

Enterohaemorrhagic Escherichía coti O157:H7 has emerged as an important

foodbome pathogen which can cause haemorrhagic colitis, a potentially fatal illness.

This microorganism has been implicated in outb¡eaks from a variety of foods including

ground beef, dry fermented sausages and some types of vegetables. One of the most

dangerous characteristics of E. coti O157:H7 is its ability to adapt to acidic

environments. In addition to hambuger, dry fermented (uncooked) sausages can also be

contaminated with these organisms. The process used for fermented sausage

manufacture is not capable of eliminating E. coli O157:H7 if present. The present work

examined the effectiveness a natural antimicrobial compound ,,allyl isothiocyanate,,

(AIT) applied as a microencapsulated powder in chopped beef and dry fermented

sausage against E. coli O157:H7. Preliminary experiments were designed to test the

minimum inhibitory concent¡ations of AIT against the main starter cultwes used in the

manufacture of dry sausages and five different strains ofE coli OI57:H7. Results from

this experiment showed that E. coli Ol57:H7 was more susceptible to AIT than the

starter cultures tested; therefore the addition of AiT in dry fermented sausages might

eliminate E. coli Ol57:H7 without affecting starter cultue viability. In other

preliminary work the suitability of gum acacia and a mixture of maltodextrin-gum

acacia as wall materials for AIT microencapsulation was tested. Gum acacia

microcapsules showed better overall AIT retention than the maltodextrin-gum acacia

microcapsules when stored at li or 85 % RH and temperatures of 13, 26 ot 37 'C.

Therefore the former microcapsules were more appropriate for use in food systems with
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high relative humidity. Subsequent experiments involved the inoculation of lean

chopped beef with a cockfail of five different strains of non-pathogenic E coli 0157:H7

aÎ 4 or I log¡¡ cfi.r./g. Inoculated meat was treated with different concentrations of

microencapsulated AIT, packed under nitrogen, and stored at 4 oC for 18 d, AIT at the

highest concentration of 4980 ppm killed both levels of inoculated E. coli O157:H7

after 15-18 d storage. When 2828 ppm AIT was used E. coli O157:H7 was reduced <

2.7 logto cfrr/g at the end of storage. AIT levels < 1000 ppm did not show a signifrcant

reduction in E. coli O157:H7 numbers when compared to control treatments without

AIT addition, It was found that the natural microflora in chopped beef was largely

unaffected by the addition of AIT at 170 - 1480 ppm. However, when 4980 ppm of AIT

were used, the natural microflora was reduced by almost 3 logle cfi.r./g ín comparison

with the control treatrnent,

A final experiment was conducted to examine the inhibitory action of

microencapsulated AIT against the same five shain cocktail of E. coli O157:H7 and two

commercial starter cultwes (Pediococcus pentosaceus and Staphylococcus carnosus)

used in the manufacture of dry sausages. Bacteria were inoculated in four sausage

batters to yield,6-7 logls cfir/g of each type. Microencapsulated AIT was added (or not)

to the sausage batter to give 0, 500, 750 and 1000 ppm. Sausages were fermented at <

26' C and 88 % RH for 72 h. Sausages were then dried at 75 % RH and l3o C for at

least 25 d. Water activity, pH and the level of starter cultures, E. coli 0157:H7 and total

bacteria were monitored during fermentation and drying. The pH of all sausages

successfully dropped to levels of 4.7-4.8 after 48 h fermentation. The a," also dropped

from 0.96 to 0.89 by the end drying. Sausages containing microencapsulated AIT
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showed a slight reduction in starter culture numbe¡s compared to the control treatment

after 28 d of processing. However, E coli O157:H7 was eliminated from sausages

containing 500, 750 and 1000 ppm AIT after 40, 21 and 16d ofprocessing, respectively.

Sensory evaluation of the sausages treated with AIT showed that 500 ppm of AIT was

the most acceptable treatment and these sausages might be marketed as a specialty

product with a spicy flavour.
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Chapter I

Introducfion

Dry fermented sausage is the main representative of a class of long-established

products in which raw, ground meat is conserved by a process of fermentation and

drying (Lucke, 1994). The lowered pH resulting from the fermentation process and the

lowered water content following drying, when combined with the inhibitory activities

of curing salts and spices, generate an antagonistic environment for most pathogenic

bacteria (Roca and Incze, 1990). However, these conditions have not prevented such

products from being implicated in foodbome illness outbreaks associated with

Escherichia coli O157:H7 .

In December 1994, an outbreak of foodbome illness associated with E. coli

O157:H7 in the United States was linked to dry fermented sausages (CDC, 1995a).

After this incident, the USDA established the requirement for a 5 log reduction of E.

coli O157:H7 during manufacture of dry fermented sausages (Reed, 1995), During the

normal commercial processing of dry fermented sausages oily a2log reduction in E.

coli Ol57:H7 is achieved (Glass et al., 1992), requiring the use of a heat heatment to

guarantee product safety. The main problem associated with thermal processing is the

alteration of the traditional texture, colour and fat oxidation which make this step

inappropriate.

Several resea¡chers have unsuccessfully tried to achieve the required 5 log

reduction of E. coli Ol57:H7 in dry fermented sausages using antagonistic meat starter



cultures or by making other changes in the manufacturing process (Erkila et a1.,2000;

Lahti et a1.,2001). However, the use of the natural antimicrobials exhacted from plant

or spices appears to be a feasible altemative to eliminate E. coli O157:H7 without

Òhanging the physico-chemical characteristics of dry fermented sausages.

Allyl isothiocyanate, an essential oil found in plants belonging to the

Crucifereae family, has been shown to be effective against pathogenic and spoilage

bacteria when applied as a liquid or as the gaseous form (Delaquis and Mazza, 1995;

Lin et al., 2000a; Kyung and Fleming, 1997). Nadarajah er al. (2005) and

Muthukumarasamy et al. (2003) reported the successful inactivation of E. coli Ol57:H7

in ground beef when AIT was added into packages, flushed with nitrogen, heat sealed

and stored at refrigeration temperatures. This success suggested that AIT may have fhe

potential to eliminate E. coli 0157:H7 Íìom dry fermented sausages but study would be

required to ensure there were minimal effects on product sensory quality.

The objective of this research was three-fold. The first objective was to assess

whether there was significant inhibitory action of AIT against the main starter cultures

used in the manufacture ofdry sausages as well as E coli 0157:H7. The second part of

the research was designed to enable AIT application in the food plant environment by

reducing its volatilization using a microencapsulation technique, The third objective

was to demonstrate adequate lethality against E coli Ol57:H7 first in chopped ground

beef(as a "proof of concept") and then in dry fermented sausages through íncorporation

of microencapsulated AIT, Part of this last objective was to evaluate the sensory



acceptability of dry fermented sausages containing microencapsulated AiT at levels

sufficient to eliminate the .E coli 0157:H7 tþaeat.



Chapter 2

- Literature review

2,1, Escherichíø coli Ol57:H7

Escherichia coli belong to the large bacterial family, Enterobacteriaceae, which

are facultative anaerobic Gram-negative rods that live in the intestinal tracts of humans

and warm-blooded animals (Padhye and Doyle, 1992). In 1975, Escherichìa coli

O157:H7 was first isolated from a patient with seve¡e bloody diarrhea in the United

States, but this microorganism was not recognized as a human foodborne pathogen until

1982, when it was implicated in two outbreaks of hemorrhagic colitis (Riley et al.,

1983). Karmali et al. (1983) found that patients with hemolytic uremic syndrome (HUS)

had a substance (shiga toxin) in their stool that 'was toxic to Vero cells (African green

monkey kidney tissue culture cells).

Various strains of E. coli have been classif,red as enterohemonhagic,

enterotoxigenic, enteroinvasive, enteroaggregative, enteropathogenic and diffusely

adherent (Getty et al., 2000). Within this classification, E. coti OI57.H7 belongs to the

enterohemorrhagic group due to its ability to cause bloody diarrhea or hemorrhagic

colitis (HC) (Buchanan and Doyle, i997)

E. coli 0157:H7 (the "O" indicates the somatic antigen, while the ,,H,'denotes

the flagellar antigen, both of which are found at the bacterial cell surface) does not have

p-glucuronidase activity and it is unable to ferment sorbitol within 24 h, which make it

biochemically diffe¡ent from other types of E. coli (Gefty et a1.,2000; Padhye and



Doyle, 1992). E. coli O157:H7 produces two verotoxins, VT-l and VT-2 which a¡e

also known as shiga-like toxin-i (SLT1) and shiga-like toxin-2 (SLTII); respectively.

Most E coti Ol57:H7 strains produce VT-2 alone or in combination with VT-I,

however hardly any strain produces VT-1 as a single toxin (Rowe, 1995).

2.2, Pathogenicity

The infectious dose of E coti 0157:H7 is fairly low. It is estimated that between

2- 2000 cells are needed to produce human illness (Buchanan and Doyle, 1997).

Thrombotic thrombocytopenic purpura (TTP), HC or HUS are the three forms of illness

caused by E. coli OI57:H7 infections (Grifün et al., 1998). The symptoms of E. coli

Of 57:H7 infections can range from asymptomatic to non-bloody diarrhea, bloody

dianhea and death. Approximately 70% of the patients infected present abdominal

crrimps accompanied by bloody diarrhea. Vomiting occurs in 30 - 60 % of the cases,

and fever is rarely reported. The average time between E. coli O157:H7 exposure and

illness manifestation is approximately 3 d. The majority of patients with HC recover

spontaneously within 7 d (Fig 2.1), however bloody dianhea may occur over the next 1-

2 d as a consequence of bowel movements (Mead and Grifiìn, 1998).

The pathogenicity of E. coli 0157:H7 is not well understood. E. coli Ol57:Hj is

believed to colonize the mucosa cells of the large bowel. Then, this microorganism

disrupts the brush border and produces non-bloody diarrhea, Bloody diarrhea apparently

takes place when E. coli 015'1:H7 verocytotoxins damage the endothelial layer of small

blood vessels (Mead and Griffin, 1998).



E. coli O157:H7 ingestion

3-4 d

Abdominal cramps, non-bloody diarrhea

I-2 d

Bloody diarrhea

95% 5%

Resolution I )-/d [-

Figure 2.1. Natural history of human infection with E. coli O157:H7 (Adapted from

Mead and Grifün, i998)

2,3. Epidemiology

Infection with E. colí O157:H7 and other veroc)'totoxin-p roducing E. coli

(VTEC) has been reported all around the world, Rowe (1995) stated that Canada has the

highest rates of E. coli O157:H7 infections in the world. The arurual incidence of

infection in Canada was around 5.3 cases per 100,000 i¡Iabitants during 1990-1994

(Wilson eI al., 1997). The Centre for Infectious Disease Prevention and Control, public

Health Agency of Canada, reported the highest rate of cases (8.8/100,000) in the year

2000 (PFIAC, 2005). High infection rates have also been reported in South America,

panicularly in Argentina, where HUS cases in children have reached the highest levels

(12.2 cases per 100,000 children in the age group 0-5 years) in the world (Rivero et al.,

2004). Argentineans also have the highest level of bovine meat consumption per year in



the wo¡ld (60 kg meat/ person). Almost 80% of Argentinean children at 8 months of

age already eat meat more than 3.times per week (Lopez et al., i998).

Cattle are the main reservoir of E. coli O157:H7, however fhese bacteria have

been isolated from deer, hogs, goats, lambs and even from some companion animals

(Beutin et al., 1993). The relationship between the consumption of bovine products

(especially ground beef and raw milk) and the incidenc e of E. coli O157:H7 infections

have been broadly studied by several ¡esearchers (Acheson ef al., 1996: Rowe, 1995).

Meat probably is contamined with E. colí O157:H7 at slaughtering or during

evisceration. In addition, E. coli (l-157:H7 may also be introduced into the interior ofthe

meat during grinding. Once E, coli Ol57:H7 contaminates the interior of the meat, it is

more likely to survive cooking and freezing treatments (Mead and Griffin, i998).

Ten years ago, ground beef was the principal vehicle for E. coli Ol57:H7

transmission in the United States (Getty et al., 2000), However, in the last decade new

vehicles of transmission of E. coli O157:H7 have been reported, such as drinking water

(Akashi et al., 1994), radishes Qllational Institute of Health and Infectious Disease ,

1997), apple cider (CDC, 1997), salad dressing @aghubeer et al., 1994) and dry

fermented sausages (CDC, 1995a), The identification of these new ways of

transmission showed that E. coli O157:H7 is abte to suwive under conditions long

considered to be hostile toward enteric pathogens, such as low pH, low a," and high salt

concentrations.



2.4. Outbreaks of E. coli Ol57:H7 in fermented meats

Fror¡ November 16ú throught December 21"t, 1gg4, a total of 20 confirmed

cases of diarrhea caused by E. colí Ol57:H7 were linked to consumption of dry

fermented, presliced pork and beef (CDC, 1995a). In 1995, another outbreak of HUS in

Australia was linked to semi-dry fermented sausage. However in this outbreak a

different serotype that produces Shigalike toxin was found (E coll 011i:NM), which

involved 23 patients (age range, 4 months-l2 years; median age,4 years;23 with HUS)

(CDC i995b). Furthermore, on November 10th 1999 a Canadian sausage company

voluntarily recalled Hungarian salami as a result of potential E. coli O157:H7

contamination. This measure was taken as a precaution since a number of illnesses had

been reported in Westem Canada (CFIA, 1999). The presence of E coli Ot57:H7 in the

raw meat used for the manufactu¡e of dry fermented sausages, mis-handling at

processing facilities and the possibility of cross-contamination from other foods were

conside¡ed as possible sources of the organisms in this investigation.

2.5, Dry fermented sausages and E, coli O757:H7 survival

Dry fermented sausages are made with particles of meat þork or beef), fat,

spices, starter culture bacteria, sodium nitrate/nitrate, sugars and ascorbates, which are

stuffed, fermented, matured and dried under controlled temperatures and humidities

such that they can be conseryed without any heat treatment (Roca and Incze, 1990).

The hurdle concept, where combinations of ingredients are used to take

advantage of the synergistic activity among antimicrobial agents and processing



technologies, have been developed and used for controlling undesirable microbial

growth. Prevention of microbial growth by most pathogenic and spoilage

microorganism in dry fermented sausages is achieved by the action of low pH, low

water activity (a,") and curing agents present in product formulations (Leistner, 1995).

Salt and nitrite act as the first hurdles against the growth of undesirable

microorganisms by decreasing the initial a,n and inhibiting the action of bacterial

enzymes þreventing the growth of many bacteria) (Cook and Pierson, 1983). Starter

cultures ferment sugars present decreasing the pH ofthe meat batter close to values of5,

which disturbs the homeostasis of most Gram negative pathogens (Leistner, 1995).

Growth of pathogenic bacteria is further inhibited as a," is reduced during drying of the

sausages. However, these hurdles are not sufficient to prevent the survival of E. coli

O157:H7 in dry fermented sausages. The ability of this microorganism to survive the

manufactüing process and normal storage during distribution of this kind of product

has been validated by several groups (Glass eT al., 1992; Faith et al., 1998; Calicioglu et

aI.,2002),

2,5,1, E, coli Ol57 zH7 acid tolerance

Buchanan and Klawitter (1992) observed that a three strain mixture of E. coli

0157:H'l grew well in brain heart infusion (BHi) broth with a pH range of 5.5-7.5, but

the numbe¡ ofthese bacteria decreased to some extent as the pH of the growth medium

was lowered. GÌass et al. (1992) noted that t coli O157:H7 growth was inhibited when

they acidìfied TSB with lactic acid to a pH of 4.5.



However, Cormer and Kotrola (1995) observed that E. coli Ol57:H7 was able to grow

and reach > 2-4 log¡s cfti./ml at 25 oC in TSB broth acidified with lactic acid to a final

pH 4,7. When the pH went below 5.5-6.0, E. coli was reported to synthesize several

new proteins as part of their acid tolerance response. A proton-translocating ATPase

was responsible for this protective effect by making more ATP available and by

removing protons from the cell. Ifthe extemal pH declined to 4.5 or lower, chaperones

such as acid shock proteins were synthesized. It is believed that these proteins prevent

the acid denaturation of proteins and help in the refolding of denatured proteins

(Prescott et al., 2002).

E. coli O157:H7 is able to survive exposure to extlemely low pH levels ranging

from 1.5 to 3.0. These low pH values are very simila¡ to those found in gastric juice

(Amold and Kaspar, 1995; Benjamin and Datta, 1995). Gorden and Small (1993)

reported that because E. coli O157:H7 can withstand acidic environments, it can easily

resist the challenge of stomach acid, and reach target epithelial tissue in the intestine,

thereby decreasing the infectious dose.

2.5,2, E. coli Ol57:'H7 sâlt tolerance

Several studies have shown that E. coli Ol57:H7 also possess good tolerance to

salt. Conner (1992) reported ¡hat E. coli 0157:H7 was able to grow in tryptic soy broth

(TSB) containing > 8 % NaCl when it was incubated at37 "C. Similar growth of E. coli

0157:H7 was observed by Glass et al. (1992), when they inoculated the bacte¡ia in TSB

broth containing 56.5 % NaCl at 37 "C. Hinkens et al. (1996) reported thal. E. coli
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O157:H7 was able to survive in dry fermented sausages containing concentrations of

NaCl as high as 4.4 Yo. .

2,5,3, E. colí Ol57 zIJ7 nitrite tolerance

Buchanan and Bagi (1994) studied the inhibitory effect of sodium nitrite

QfaNO) at a concentration of 200 pglml BHI broth against E. coli O157:H7. They

found that the bactericidal effect of NaNO2 was strongly pH dependent. At pH > 6.5,

NaNOz showed a slight inhibitory activity against,E coli Q157:H7. However, when the

pH 
"r'as 

decreased to 4.5, NaNO2 significantly inhibited the growth of this bacterium.

Tomicka et al. (1997) reported that NaNO2 at 50 to 250 ppm in BHI broth (pH 6.5) did

not inlribit the growth of E coli 0157:H7 when broths we¡e incubated at 22 or 37 "C.

2,5,4, E, colí Ol57:H7 a.," tolerance

Microorganisms differ greatly in their ability to adapt to habitats with low a,". A

decrease in the a* influences bacterial growth by prolonging the lag phase and reducing

the growth rate (Getty et al., 2000). The optimum growth rate for the majority of

bacteria occurs at an aw range of 0.999 -0.995. Sperber (1983) reported thaf E. coli was

able to grow in environments with a* values as low as 0.95. However, Clavero and

Beuchant (i996) reported that numbers of E. coli O157:H7 inoculated in TSB broth

were decreased by 1,5 lo9¡6 cñr/g when the a.," was decreased from 0.99 to 0.90. A

similar reduction in E. coli O157:H7 numbers was reported by these ¡esearchers when

final a,n values of 0.90-0.95 were achieved in inoculated salami at the end of processing.



2.6. Preventative actions against ,E coli 0157 tIJ7 contamination

As a result of the outbreaks reported in dry fermented sausages,.{he United

States Depaïtment of Agriculture (USDA) Food Safety and Inspection Service (FSIS)

requested all processors of dry fermented sausages to validate a 5 logro cñ/g reduction

of E. coli O157:H7 numbers in dry fermented sausages (Reed, 1995). The FSIS

provided food processors several options for assuring the safety of dry fermented

sausages such as using a heat treatment (63 "C for 4 min) to achieve the 5 log reduction;

canying out a test and hold program for finished product; applying HACCP programs,

to ensure absence ofE coli 0157:H7 from raw materials and developing and validating

new manufacturing processes or post- process treatments which guarantee the required

5 log reduction of E. coli 0157:H7 (Getty et al., 2000).

Glass et al. (1992) reported that the normal manufacturing process used for dry

fermented sausages provides fo¡ reduction of approximately 2 lo916 cfu.E coli 0157:H7

/g dry sausage, Several unsuccessful attempts have been made to achieve the 5 log-unit

reduction of E. coli O157:H7 by changing times of fermentation, temperatures of

fermentation, times of drying and times of maturation used during the manufacture of

dry fermented sausages (Hinkens et al., 1996; Faith et al., 1998; Calicioglu et al., 2001).

The introduction of probiotic lactic acid bacteria has also been ineffective for E. coli

O157:H7 elimination ÍÌom dry sausages. A maximum reduction of E. coli O157:H7

cells ranging from 2 to 3 logls cñ.¡,/g was achieved by a variety of probiotic starter

cultures during dry sausage manufacture (Erkkila et a1.,2000; Lahti et al,, 2001).



Currently several research groups are investigating new procedures and

ingredients to eliminate E. coli Ol57:H7 from dry fermented sausages that do not

change the sensory or physical characteristics of these products. The use of nattual

antimicrobial compounds to eradicate this pathogenic microorganism from dry sausage

during manufacture is a promising altemative,

2,7, Allyl isothiocyanate

Allyl isothiocyanate (AIT) (the major component of musta¡d oil) is a natural

occurring flavour compound formed in plants that belong to the Cruciferae family

(Clydesdale, 1999). The most common vegetables found in this family are cabbage,

Brussels sprouts, broccoli, cauliflower, horseradish, black and brown musta¡d and

kohlrabi. Some of these plants contain significant quantities of AIT. For example,

horseradish roots and cabbage can contain AIT levels of 1300-1800 ønd 4-146 mgkg

product, respectively (Delaquis andMazza,1995; Whitmore and Naidu, 2000).

AIT was included by the FDA on its Generally Recognized as Safe (GRAS) list

and was regarded as a food additive permitted for direct addition to food for human

consumption (ClNk, 1992). The United States Environmental Protection Agency @PA)

has exempted AIT from the requirement for a residue tolerance in all agricultural

commodities when this compound is used as a food grade oil of mustard (EPA, 1996).

The use of AIT as a food preservative is permitted in Japan only if this compound is

obtained from natural sources (Isshiki et al., 1992). The National Cancer Institute (Clark,

1992) and Fahey and Stephenson (1999) reported that consumption of cruciferous
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vegetables with high content of AIT might prevent or reduce cancer incidence in human

and animals. It has been reported that AIT also has antimicrobial effects against

.pathogenic and spoilage bacteria in a number of food commodities (lVard et al., 1998;

Park et al., 2000; Ma¡i et a1.,2002;Delaquis andMazza,1995).

2,7,1. Formation and characteristics of ÀIT

Injury to cruciferous plants yields hydrolysis of endogenous glucosinolates

(sinigrin) by the naturally present enzyme myrosinase. Following hydrolysis of sinigrin,

AIT, allyl cyanide (AC), allyl thiocyanate (ATC) and I -cyano-2,3-epithiopropane

(CETP) are formed (Fig 2.2). The amount of these end-products is influenced by the

chemical, physical and environmental conditions prevalent at the time hydrolysis occurs

(Whitmore and Naidu, 2000). Of these, pH is a most important factor involved during

the production of AIT and optimum values close to neutrality seem to promote its

formation @ones and Rossiter, 1996). In contrast, alkaline conditions accelerate the

decomposition of AIT (Ina et al., i 981).

AIT has melting and boiling points of -80 and 150 oC, respectively, therefore,

this compound is highly volatile at room temperature (Clark, 1992). Kawakishi and

Namiki (1969) showed the instability and gradual decomposition of AIT when this

compound reacts with water at room temperature and at 37 "C. N,N-diallylthiourea,

diallyl sulfide, diallyl disulfide, allyl thiocyanate and 1,2,3-hithiin were the major

degradation products identified when AIT was heated and refluxed at 100 oC in an

aqueous solution (Chen and Ho, 1998),
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(Adapted from Bones and Rossiter, 1996).
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AIT is a fat-soluble compound which is stable in organic solvents such as

alcohols, ketones, esters and a¡omatic hydrocarbons (Sekiyama et al., 1994; Cejpek et

al., 2000). AIT has a density of 1.013 g/ml at room temperature and has a pale yellow

colour in its liquid form. This compound has a strong pungent odour which often causes

initation of the mucous memb¡anes (Clark, 1992).

2.7.2, Antibacterial activity of AIT

Several investigations have shown that AIT is extremely effective against some

food bome bacteria when it is applied as a liquid or vapour (Kanemaru and Miyamoto,

1990; Kyung and Fleming, 1997; Delaquis utd Mazza, 1995). Delaquis and Sholberg

(1997) stated that the antimicrobial activity of AIT against several bacteria and fungi

tested varied with the type of strain, time of exposure, AIT concentration and

temperature. It has been observed that fungi are more susceptible to the effects of AIT

than bacteria (Kyung and Fleming, 1997).

Some studies have shown that Gram-positive microorganism are more resistant

than Gram-negatives to inhibition by AIT (Isshiki et a1.,1992; Ward et al., 1998), Lin et

al. (2000a) reported fhat E. coli O157:H7 and Salmonella Montevideo ftorh Gram

negative) were more sensitive to AIT than Lísteria monocytogenes, a Gram-positive

bacterium. Nadarajah et al. (2005) reported that E. coli Ol57:H7 inoculated at 6 logro

cfir./g in nitrogen packed gound beef was reduced > 3 lo9¡6 cfr:/g after treatment with

i800 ppm of gaseous AIT during 18 d at 4 oC, However, at this concentration of AIT

the natural Gram-positive microflora was slightly inhibited,
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Kyung and Fleming (1997) showed that AiT is a potent antifungal agent

effective against both oxidative and fermenJative yeast with a minimum inhibitory

concentration (MiC) of < 4 ppm. Mari et al. (2002) also demonstrated the fungitoxic

activity of gaseous AIT against Penicillium expansum inoculated in pears. They found

that the mold was controlled in the fruits by applying AIT at 5 mg/l atmosphere for 24h.

Synthetic AIT or AIT produced by enzymatic hydrolysis of sinigrin, proved to be

equally effective in eliminating P. expansum from pears.

The mechanisms by which AIT inhibits microorganisms are still not well

understood. However, Zsolnai (1966) suggested that the antibacterial activity results

from the inactivation of intracellular enzymes through oxidative cleavage of disulfide

bonds. Kojima and Ogawa (1971) proposed that the inhibition of oxygen uptake, as

well as the inhibition of cytochrome c oxidase activity, occurs after addition of

isothiocyanates. A recent theory by Lin et al. (2000a) suggests that AIT damages the

bacterial cell membrane, producing leakage of essential cellular metabolites.

2.7,3. Applications of AIT in the food industry

The use of AIT as a food preservative goes back into history when the Romans

added mustard oil to fruit juices and wines for preservative purposes (Clark, 1992),

Kosher et al. (1952) reported that 20 ppm of AIT were needed to achieve a favorable

preservative effect on apple cider and just 10 ppm of AIT were sufficient to

significantly reduce the thermal resistance of Aspergillus niger, Saccharomyces

ellipsoides a¡d Bacillus thermoacídurønr in ÍÌuit juices,
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AIT is not widely used as a food preservative even though it has effective

antimicrobial properties. The food industry has mostly used AIT as a flavour fortifier in

some formulations where the pungent spice effect is needed to enhance mustard, radish,

onion or garlic profiles, The use of AIT in food preservation has been limited by its

st¡ong sensory effects, its hydrophobicity and high volatility (Delaquis and Mazza,

1995). However, recent studies have shown that gaseous AIT might be effectively used

as a food preservative with minimal negative sensory effects when added to food (meat)

where mustard flavour is acceptable (Nadarajah et al., 2005).

AIT is a natural altemative for elimination of E. coli Ol57:H7 ûom foods since

AIT is highly effective against this organism and since mustard oil has a long history of

use as flavouring or spice in foods. The addition of AIT to seasoned meat products such

as jerky, hamburgers or sausages, where mustard flavoru is compatible was considered

an opportunity to enïance the level of food safety. However, there has not been a

suitable way to deliver this compound into food matrices because of its volatility and

pungent odour. Microencapsulation of AIT appeared to be a viable alternative to reduce

AIT volatility and efüciently deliver the oil to foods without loss,
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2.8, Microencapsulation

-. Microencapsulation is.a coÍrmon technique used by the flavour industry to

package flàvours to protect them from heat, light and oxygen. Encapsulants must

protect the flavour compounds from escaping and from chemical changes which occur

during manufactu¡e and storage (Shahidi and Hær, 1993). In addition, with proper

formulation of microcapsules, flavour release can be carefully controlled even during

product consumption (Reneccius, 1995).

Microcapsules have a size between 0.2 ar,d 5000 pm, in contrast to

macrocapsules which are bigger than 5000 pm. Capsules smaller than 0.2 pm are

defrned as nanocapsules. A number of different terms are used to desc¡ibe the interior

contents of microcapsules including core, core material, ingredient, substrate, active

agent. The coating material, also termed wall (or shell, coat, carrier) material,

encapsulating matrix (or agent) can be selected from a wide variety of natural or

synthetic polymers, depending on the active agent to be coated and the characteristics

desired in the final microcapsules (Re, 1998).

Microcapsules are typically formulated with the expectation that core will either

be released relatively quickly in a burst fashion, or in a controlled and gradual manner.

In general, the release depends upon the type and geometïy of the capsule, and the

nature ofthe coating material used to form the microcapsules. These factors determine

the mechanisms of core release from the microcapsules, which may be based on solvent

effects, diffr¡sion, degradation or particle fractures (Shahidi and Han, 1993).



Microencapsulation in the food industry has been used to stabilize materials

such as volatile compounds, essential oils and oleoresins. Encapsulation of these

sensitive compounds makes it possible to incorporate them in a dry form so that they

are protected by the encapsulating wall materials against oxidation, evaporation and

undesirable chemical interactions. When aromatic compounds are microencapsulated,

the full organoleptic profile of the product can be protected until the product is

delivered or used (Rosenberg et al,, 1990).

The successful application of microencapsulation technology by the food

industry requires special considerations, and these relate to the need that both the

solvent and wall material must be GRAS approved. The number of wall materials

approved for use in food is fairly restricted and includes some proteins (whey and soy

proteins, caseins), lipids (lecithins), carbohydrates (modified starches) and natural

gums (gum acacia). In addition these wall materials must have a bland flavour, be

highly soluble and exhibit both good emulsification and drying properties (Young et al.,

19e3).

Gum acacia has been the standa¡d of excellence as a flavour encapsulating

material. It is a very good emulsifier, is bland in flavour, and provides very good

retention of volatiles during the microencapsulation process. Historically there have

been problems of supply and cost, however, the use of modem agricultural practices

(plantations) and plant genetics have resulted in greatly improved product uniformity

and quality and a stable supply at a reduced cost (Reneccius, 1995).
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2.8.L Methods for microencapsulation

Among several encapsulation techniques, spray drying is the most comrnon

method to generate flavoured powders quickly. This technology was first developed in

the flavour industry to microencapsulate volatile aromatic compounds with low

processing cost, good retention of volatiles and good stability of the finished powder

(Finney et a1.,2002). However, since it is relatively important to reduce losses due to

volatilization of compounds during drying, spray drying, which uses high temperatures,

is not always the best method, Nonetheless, many studies have been performed on the

influence of operational conditions during drying and the composition of wall material

on the retention of emulsified volatile flavours on the shelflife of encapsulated flavours

prepared in this way (Zakarian and King, 1982; Brenner, 1983; Rosenberg et al., 1990).

Bhandari ef al. (1992) reported that the composition of the car¡ier matrix and the

amount of the flavour in the feed liquid affects the retention of the flavour during spray

drying. A typical core to wall material ratio of 1:4 (flavour to microencapsulate) has

been used in most of the published work. This has also been the optimal ratio for

encapsulating wall material such as gum acacia and maltodextrin (Re, 1998).

Freeze drying has emerged as an altemative dehydration process for the

encapsulation of flavours. Minemoto et al. (1997) compared the rate of oxidation of

methyi linoleate encapsulated by using freeze and spray drying technologies. They

found that fieeze dried microcapsules were more resistant to oxidation in comparison

with the spray dried microcapsules, Similar results were reported by Buffo and
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Reineccius (2001) when they studied the shelflife of gum acacia and modified stæch

microcapsules. The shelflife of the prepared microcapsules was significantly improved

when a freeze drying step was used instead oftraditional spray drying.
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Chapter 3

Effect of allyl isothiocyanate on the performance and viability of starter cultures

and Lb. reuteri during fermentâtion of dry sausages

3,1. Abstract

Five starter culture strains þediococci, lactobacilli and staphylococci) isolated lrom

commercial meat starter cultures, a probiotic organism (Lactobacillus leuteri) and frve

strains of Escherichia coli O157:H7 were tested for their sensitivity to the natural

antimicrobial allyl isothiocyanate (Air). starter cultures and Lb. reuteri showed higher

resistance to AIT (ûom 400 to 700 ppm), while E. coli Ol57:H7 was inhibited at 200

ppm AIT. When AIT was added to a commercial sausage batter at I00, 300 or 500 ppm,

P. pentosaceus and Lb. plantarum were able to satisfactorily ferment the meat batter

(reaching pH 4.72-4.88) within 64 h of fermenration at 26" C, The growth of these

microorganisms was not affected by the AIT present in the sausage batter during

fermentation. S. carnosus and Lb. reuteri grovth was slightly reduced by the

concentrations of AIT in the meat batter; however, the final number of these

microorganisms was adequate (5.86- 8.79 log¡e cflr/g) at the end of the fermentation. It

was found that AIT from 100 to 500 ppm did not significantly affect the performance of

starter cultures or substantially affect the viability of Lb. reuteri during meat

fermentation.



3.2. Introduction

Lactic acid bacteria (LAB) are an important group of microorganisms which are

used as starter cultures for the manufactue of dry sausages. These bacteria generate

benefrcial organoleptic properties during production which characterize dry fermented

sausages (Papamaloni et a1.,2003). The biological activity ofLAB during fermentation

of dry sausages results in the production and accumulation of lactic acíd to such levels

that the viability of pathogenic bacteria in these products is generally reduced (can et

a1.,2002: Lucke 2000; Sameshima et al., 1998).

In some jurisdictions guidelines have been developed in an attempt to reduce the

occr¡rrence and growth of pathogens in dry fermented sausages. Agriculture and Agri-

Food Canada (AAFC) restricts the time during fermentation above 15" C until pH 5.3 is

reached, which has successfully eliminated staphylococcus aureus ar.d, salmonella spp.

as causal agents of foodbome illness fiom these products (AAFC, 1992), however,

compliance with this regulation in the manufacture of dry fermented sausages has not

achieved total confiol over pathogens. The survival of E. coli ol57:H7 in these ki¡ds of

products has been recently reported (Tomicka et al., 1997; Glass et al., 1992; Lahti et al.,

2001; uyttendaele et al., 2001) which illustrates the need for adoption of additional

steps or processing "hurdles" to control this group of organisms. E. coli Ol57:H7 has

caused several outbreaks of illness in canada and the united states. In the states of

califomia and washington 20 different laboratories confirmed cases of dianhea caused

by the consumption of d¡y fermented salami contaminated with E. coli O157:H7. As a

consequence of this outbreak >2000 kg of product was recalled and destroyed (CDC,



1995a). E. coli O111:NM, another verocytotoxigenic (VTEC) E coli strain, was

implicated as the cause of a simila¡ foodbome illness outbreak in Australia (Pidcock et

al.2002).

Naidu (2000) reported that there has been an increasingly larger number of

research studies dealing with the use of antagonistic microorganisms and natural

antimicrobials to prevent growth and survival of pathogenic organism in meat-based

products as a response to consumer interest in purchasing minimally processed products

without additives, It was this interest that served as the driving force to develop a

natural antimicrobial system that could be used in conjunction with AAFC guidelines to

eliminate E coli Ol57:H7 from dry fermented sausages during processing.

Allyl isothiocyanate (AIT) is a natural antimicrobial obtained from the

hydrolysis of glucosinolates by the myrosinase enzyme in cruciferous plants like

mustard and horseradish (Delaquis and Mazza, 1995). This compound has been shown

to be a highly effective inhibitor of pathogens including E coli, Salmonella and Listeria

(Park et a1.,2000; Shofran et al., 1998, and Lin et al., 2000a). Wañ et al. (1998)

successfully controlled the growth of E. coli, Listeria, Salmonella and S. aureus using

AIT in pre-cooked roast beef, and thus demonstrated its potential value as a natu¡al

antimicrobial in meat products.

It was thought that AIT might be used successfully as an adjunct in dry sausages

to control E. coli 0157:H7 fo¡ two reasons. Firstly, to be effective in these products, the
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normal fermentation by lactic acid bacteria (LAB) must not be disrupted. Kyung and

Fleming (1997) and Ward et al. (1998) showed that LAB strains were resistant to AIT at

levels that killed E coli, S. aureus and Salmonella spp. Secondly, AIT impafs a

musta¡d-like flavour when used in food which is compatible with flavour notes in spice

mixes used in dry sausage manufacture.

Lb. reuteri is a non-aciduric LAB that produces a broad spectrum antimic¡obial

compound called reuterin or B-hydroxy propionaldehyde which is non-peptide in nature

(Axelsson et al., 1989). Lb. reuteri was used by El-Ziney et al. (2000) and

Muthukumarasamy et al. (2003) against Z coli O157:H7 in vacuum packed ground beef

and they obtained < 5 logro cfu/g reductions in numbers of the organism during storage

< 18 d at 5 to 7 oC. Kuleasan and Cakmakci (2002) found that reuterin significantly

¡educed the number ofviable Zisteria monocytogezes on cooked sausage surfaces.

it is possible that the antimicrobial activities of AIT and reuterin could be used

to control undesirable microbial presence during production and storage of dry

fermented sausages, To date, the effects of AIT upon commercial starter cultures or Iå.

reuteri dtJting fermentation, drying and storage are not known. The objectives of this

work were to determine the minimum inhibitory concentration (MIC) of AIT against ð.

coli O157:H7, Lb. reuteri and variety of commercial meat starter cultures, and to test

the viability and performance of Lb. reuteri and the starter cultures during fermentation

ofdry sausages containing different levels of AIT,

26



3,3. Materials and Methods

3,3,1. Selection of cultures for MIC and sausage fermentation challenges

Five bacterial st¡ains isolated ffom lyophilized commercial meat starter cultures

(Holley and Blaszyk, 1998) including Pediococcus pentosaceus (Jlvfll 16P), isolated

from Trumark -l.T II M; Lactobacillus plantarum (JW 134 L), isolated from

Duploferment 66; Staphylococcus carnosus ({JN,f/l 10 M), isolated from Trumark LT II;

Lactobacillus curvatus (Ulvf/l33L), isolated from RM 53; Pediococcus acidilactici

QJM/129P), isolated ûom Rosellac A, and one strain of Lb. reuterí (ATCC 53608)

provided by the American Type Culture Collection (Manassas, Va.) were used for both

MIC and sausage fermentation challenges. Five E coli O157:H7 non- pathogenic

strains, 3581, 0304,0627,0628 and a non-motile strain 1840, we¡e tested against AIT

in the MIC experiments. E. coli O157:H7 strains were provided by Dr Rafig {fu¡e¿,

National Microbiology Laboratory, Health Canada, Centre for Human and A¡imal

Health, Winnipeg, MB.

3.3,2, Culture and growth conditions

Pediococcus md Lactobacill¿s shains were maintained in deMan Rogosa

Sharpe (MRS) broth (BBL, Becton Dickinson, Sparks, MD) containing 20Yo glycerol at

-70" C.,ç carnosus and E. colî Ol57:H7 were maintained in tryptic soy broth (TSA,

BBL, Becton Dickinson) containing 20/o glycercl at -70" C. F¡ozen stock cultures of

Pedíococcus and Lactobacillas were sub-cultu¡ed twice in MRS broth (TSB for S.

catnosus anð, E. coli O157:H7) incubated at 37o C before use in the experiments.

Ovemight cultures were centrifuged at 10,000 rpm for 10 min, washed in 0.1% peptone



lvater and suspended in 0.1% peptone water to achieve 8 lo9¡6 cflr./ml by standardization

at an optical density of 600 nm.

3.3,3. Minimum inhibitory concentration (MIC) determination

The antimicrobial activity of 94%o pure AIT (Sigma, St. Louis, MO) against the

different bacteria was tested either in MRS of in TSB broths containing 0.1 % (v/v) of

Tween 80 (Fisher Scientific, Whitby, Ol.I), using the MIC procedures of Brock and

Madigan (1991). AIT was dissolved in both broths forming stock solutions of 1000 ppm,

and aliquots from 1 to 10 ml were distributed into screw-cap test tubes (16x150 mm).

Concentrations of AIT in the tubes were adjusted between 10 to 100 ppm in increments

of 10 ppm and from 100 to 1000 ppm in increments of 100 ppm, Bacteria were

inoculated into their respective media (TSB for E, coli and S. carnosus;MRS for LAB)

to yield an initial cell population of approximately 6 logle cfi.¡./ml. Each bacterium was

also inoculated in control media which did not have any AIT added. All inoculated test

tubes were tightly closed and incubated at 37 "c for 72h. The lack ofvisual turbidity in

the medium after incubation was considered as an indication ofno bacterial growth.

3,3.4. Sausage batter preparation

A commercially prepared dry sausage meat batter containing beef fronts g5%

lean, sow meaf 90Yo lean, pork back fat, spices, salt, carbohydrates, cure salts (nitrate

and nitrite), was used in the meat fãrmentation trials. The meat batter was divided in 8

groups of 1.6 kg each and inoculated with a combination of starte¡ cultures to yield a

level of approximately 6-7 log¡s cfrr/g according to the experimental design (Table 3.1).



Subsequently, each batter group was sub-divided in 4 equals parts (400 g) and 94% of

pure AiT was added to yield 100, 300 or 500 ppm of AIT. No AIT was added to the

control batter treatment. Twenty-five grams of sausage batter from each treatment were

placed in 02 barrier plastic bags (Deli*1, Winpak, Winnipeg, MB, Canada) with 02

hansmission rates of 2.3 cm3/m2 per 24 h at 23 oC. Bags were flushed with 100% Nz

and sealed using a vacuum packaging machine (Model GM 2000, Bizerba,

Mississauga,ON, Canada). Batter samples were stored in an incubator aï 26.C for 64 h

and pH was monitored,

3.3.5. pH measurement

The pH of each sausage batter was measured after 0, 12,24, 48 and 64 h of

fermentation. The pH meter used was a model IQ240 (IQ Scientific Instruments lnc.,

San Diego, CA) equipped with an Isfet surface probe.

3.3.6. Microbial analysis of sausage batter

Each sausage batter was analyzed microbiologically after 0, 12,24, 48 and 64 h

of fermentation. For mic¡obial analysis, 11 g of sausage batter were placed in a sterile

stomacher bag (FiltÌa-bag, VWR Intemational, Edmonton, AB, Canada) and

homogenized in a stomacher (À4odel 400, A. J. Seward, London, UK) with 99 ml of

0.1% peptone water. P. pentosaceus, Lb. reuteri and Lb. plantarum cells we¡e

determined by serial dilution in 0.1% peptone \¡r'ater and plated on deMan Rogosa

Sharpe (MRS) agar (BBL, Becton Dickinson, Sparks, MD) , using a spiral plater

(Autoplate 4000, Spiral Biotech, Norwood, MA). S. carnos?s numbers were obtained



by spiral plating the diluted samples on Maruritol Salt agar (MSA). ¿å. plantarum and S.

carnosus plates were incubated anaerobically (using the BBL Gaspak system) or

aerobically, respectively, at 37 'C for 48 h. P. pentosaceus atd Lb. reuteri plates were

incubated anaerobically at 45 "C for 48 h.

3,3.7. Statistical analysis

Data were analyzed by the general linear model (GLM) procedure using

Statistical Analysis System (SAS) software program, version 8.1 (SAS Institute Inc,

Cary, NC, USA). Mean differences were compared using a Tukey test at the 95%

significance level þ <0.05).

3.4. Results and Discussion

3,4,1. MIC of AIT against the starter cultures, Lb, reuteri and E. coli Ol57 t l
The MIC's of AIT against the bacteria tested are shown in Table 3.2. P.

pentosaceus, Lb. plantarum and Lb. curvatus were the most resistant to AIT with a MIC

of 700 ppm, P. acidilactici, Lb. reuteri and S. carnosus showed MIC's between 400 and

500 ppm AIT. E. coli Ol57:H7 strains were the most sensitive to AlT, with consistent

MIC's of 200 ppm. These results are in agreement with previous work by Lin et al.

(2000) and Shofran et al. (1998) where AIT showed a higher inhibitory action against

Gram-negative E. coli 0157:Hi in comparison with Gram-positive microorganisms. So

far, there is not a clear explanation for the greater resistance of Gram-positive bacteria

to AIT.
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3.4.2. Effects of AIT on bacterial reduction of pH during fermentation

pH values of sausage batte¡s with o¡ without AlT-treatment during fermentation

are shown in Table 3.3. P. pentosaceus or Lb. plantarum inoculated either as a single

starter culture or combined (batter groups # 5, 6, and 8), decreased the pH of all batters

challenged from 6.i0-5.87 initially to 4.72-4.88 by the end of fermentation. AIT added

at 100 - 500 ppm in the batter had no effect (P>0.05) on the rate ofpH decline by these

two microorganisms. Iå. reuteri failed the guidelines for fermentation control,

decreasing the pH of the sausage in all treatments to 5,78-5.83 by 64 h of fermentation.

This bacterium would not be a good candidate for use as a stafer culture for dry

sausage manufacture due to its poor acidulation activity, but it could be added as a

probiotic culture in the meat batter. S. carnosus did not acidiff the meat batter as

expected. This starter culture is added to the meat batter for its nitrate-reducing and

catalase activities (Roca and Incze, i990).

3,4.3. Effects of AIT on bacterial growth during fermentation

Changes in populations of inoculated bacteria in the sausage batters treated with

or without AIT are shown in Table 3.4. Initial numbers of P. pentosaceus aná L.

plantarum increased by 1.3i-1.51 and 0.47- 1.49 logro cfu/g, respectively, in all batter

treatments after 64 h of fermentation. AIT at i00-500 ppm did not significantly affect

þ>0.05) the growth of these starter cultures by the end of the fermentation. The

resistance observed by P. pentosaceus and Lb. plantarum to the levels of AIT tested in

the sausage batte¡ was expected on the basis of the MIC experiments that showed a

MIC of 700 ppm AIT. S. carnosus increased by 0.10- 1.81 logro cñr/g in all control



treatments after 64 h of fermentation. Sausage batter treatments containing 100-300

ppm AIT restricted growth (p<0.05) of S. carnosr.rs by 0.18-0.83 log¡e cfi.r./g in

comparison with the control treatments at the end of fermentation. AIT at 500 ppm

decreased the growth (p<0.05) of this organism by 0.19-1.30 lo9¡6 cfir/g in comparison

with the control treatments at 64 h fermentation. Likewise, AIT at 100-300 ppm

decreased the numbers of Lb. reuteri in some treatments by 0.34- 0.84 lo9¡6 cfr/g in

comparison with the control at 64 h. The greatest inhibitio n of Lb. reuteri (1.13 logro

cfrr/g in comparison with control) also occurred in treatments containing 500 ppm AIT

at the end of fermentation. Even though there were some statistically significant

reductions in the growth of S. carnosus by some concentrations of AIT used, in those

treatments where reductions were < 1 lo9¡6 cfir/g the changes are not considered

microbiological significant (Jarvis, 1989).

Results from the AIT fermentation challenge study showed that the final

numbers of viable starter culture bacteria present (6.13- 8.79 log¡s cfù/g) would be

sufficient to ensure development of satisfactory sensory and colour quality in dry

sausage manufactured with AIT (Hugas and Monfort, 1997; Roca and Incze, 1990). Lb.

reuteri proved to be the organism most affected in all ffeatments during batter

fermentation; however, additional study has shown that tlese microorganisms can

remain viable in fermented sausages after maturation and drying for 25 d.
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Table 3.1. Experimental design used for challenge of commercial starter cultu¡es and
Lb. reuteri with 94 % pure AIT at 0, 100, 300 and 500 ppm in sausage batters
fermented at26oC for 64 h^

Batter group Bacteria inoculated Level" ( logl¡ cfi.r/g)

P. pentosaceus

Lb. plantarum

Lb. reuteri

S. carnosus

S. carnosus *
P. pentosaceus

S. carnosus +
Lb. plantarum

S. carnosus *
Lb. reuteri

Lb. plantarum +
Lb. reuterí

7.06 + 0.04

7.07 + 0.03

6.08 + 0.16

6,21 + 0.01

6.89 + 0.06
6,96 + 0.01

6.33 + 0.1 1

7.14 + 0.07

6.38 + 0.01
6.23+0.02

7.21 + 0.20
7.13 + 0.68

" Maximum time allowed to achieved a pH < 5.3 in the batter using a fermentation
temperatue of 26'C ( AIJC, 1992)
o Initial cell population achieved in the meat batter afrer inoculation with the test
bacteria
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Table 3.2. MiC" of AIT (ppm) against test bacteria incub ated at37 oC for 72h.

Bacterial strains Source Broth MIC

P. pentosaceus (UM/l 16P) Trumark LT II M" MRS

S. carnosus (UÀ,f/l l0M) Trumark LT IIb TSB

Lb. plantarum (UNfl134L) Duploferment 66" MRS

Lb. reuteri (ATCC 53608) Amer.Type Cult. Collect. MRS

Lb. curvatus (Ul,í133L) RM 53c MRS

P. acídilactici (JW129p) Rosellac Ad MRS

E. coli O157:H7 (3581) National Microbiology laboratory, TSB

700 ppm

400 ppm

700 ppm

400 ppm

700 ppm

500 ppm

200 ppm
Health Canada (Winnipeg, MB)

E. coli O157:H7 (0304) National Microbiology laborarory, TSB 200 ppm
Health Canada (tfiinrLipeg, MB)

E. coti O157:H7 (0627) National Microbiology laborarory, TSB 200 ppm
Health Canada (Winnipeg, MB)

E. coli O157:H7 (0628) National Microbiology laboratory, TSB 200 ppm
Health Canada (WinrLipeg, MB)

E. coli O1,57:H7 (01-1840) National Microbiology laboratory, TSB 200 ppm
Health Canada (Winnipeg, MB)

UMIC was determined as the lack of visual turbidity at 72h.
b Rector Foods, Mississauga, ON.
" Rudolf Muller Co., Pohlheim, Germany.
" Roselle Inst., Montreal, QC.
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Table 3,3. Changes in meat pH during fermentation of a commercial sausage batter
after treatment with different concentrations of AIT (C - control batter, T1 - batter with
100 ppm AIT,T2- batter with 300 ppm AIT, T3- batter with 500 ppm AIT).

Fermentation h at26 "C
Batter Bacteria inoculated Treâtments 64482412

P. pentosaceus

Lb. plantarum

Lb. reuteri

S. carnosus

S. carnosus +P. pentosaceus

S. carnosus + Lb. plantarum

S. carnosus + Lb. reuteri

Lb. plantarum + Lb. reuteri

5.92 5.84 s.78
5.97 5.79 5.77
5.86 s.86 5.83
5.87 5.89 s.80

s.86 5.75 5.73
5,84 5.75 s.76
5.84 5.83 5.74
5,85 5.84 s.73

5.1 I 4.86 4.79
5.12 4.83 4.81
5.12 4.82 4.75
s.l1 4;79 4.74

s.07 4.84 4.73
5.06 4.80 4.79
5.08 4.89 4.74
5.07 4.88 4.75

5.81 s.70 5.66
5.s8 s.80 5.60
5.79 s,80 5.71
s.83 5.85 5.s7

4.99 4.80 4.72
5.10 4.8s 4.84
4.95 4.73 4.72
4.93 4.73 4.73

TI
1¿

T3

c
T1
T2
T3

c
T1
T2
T3

c
TI
T2
T3

C
TI
T2
T3

C
TI
T2
T3

6.10 5.56
6.10 5.50
6.10 5.29
6.10 5.29

6.10 5.34
6,10 5.41
ó.10 5.35
6.10 s.26

ó.10 s.92
6.10 s.98
6.10 s.99
6,10 5.96

s.96 5.90
5.96 s.96
s.96 5.92
s.96 5.9s

s.96 5.24
5.96 s.24
5.96 5.29
5.96 5.3 1

5.87 5.31
s.87 5.36
5.87 5.28
5.87 s.32

5.87 s.83
5.87 5.75
5.87 s.89
5.87 5.88

5.91 5.26
5.91 5.26
5.91 5.27
5.91 5.36

4.97 4.87 4.88
4.85 4.82 4.84
4.83 4.83 4.81
4.83 4.84 4.82

4.83 4.86
4.99 4.82
5.00 4.8r
4,91 4.77

4.80
4,75
4.74
4.79

c
TI
T2
T3

C
TI
T2
T3
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Table 3.4. Changes in bacterial numbers (lo9¡6 CFU/g) in inoculated sausage batter
after treaÍnent with different concentrations of AIT (C - control batter, T1 - batter with
100 ppm of AIT, T2- batter with 300 ppm of AIT, T3- batter with 500 ppm of AIT),

Fermentation h at 26 oC

Batter Bacteria inoculated Treatments t2 24 48 b4
P. penlosaceus

Lb. plantarum

Lb. reuteri

S. carnosus

S. carnosus

P. pentosaceus

S. carnosus

Lb. plantarutn

c
TI
T2
T3

c
T1
T2
T3

c
T1
T2
T3

7.06a' 7.48a 8.14a 8.66a 8.47a
7.06a 7.45a 8.22a 8.68a L49a.
7 .06a 7 38a 8 .22a L62a L37 a
7.06a 7 .27 a 8.21a 8.59a 8.48a

6.08a 5.77b 4.29a 6.60a 7.54a
6.08a 6.00a 4.17a 6.27a 6.71b
6.08a 5.92ab 3.75a 6.59a 6.73b
6.08a 5.88ab 4.32a 6,60a 6.41c

6.21a 6.13a 7.40a 8.01a 8.07a
6.21a 6.13a 7.20ab 7.76b 7.80b
6.21a 6.25a 6.87b 7.81ab 7.84b
6.21a 6.19a 6.95b 7.80ab 7 .82b

7.07a 8.10a
7.07a 8.1 1a

7 .07 a 8.1 1a

7.07a 8.12a

6.33a 7.15a
6.33a 6.64ab
6.33a 6.03bc
6.33a 6.23c
7 .l4a 7 .62a
7 .14a 7 .63a
7.14a 7.63a
7 .14a 7 .55a

8.3 5a 8.62a 7.60a
8.31a 8,66a 7.62a
8.22a 8.62a 7.96a
8.26a 8.59a 7.54a

C

T1
T2
T3

C
TI
T2
T3
C

T1
T2
T3

C
T1
T2
T3
C

T1
T2
T3

6.89a 7.03a 6.91a 7.04a
6.894 '7.00a 6.'79a 6.81ab
6,89a 6.73b 6.77a 6.78ab
6.89a 6.71b 6.87a 6.71b
6.96a 8.1Ia 8.40a 8,56a
6.96a 8.10a 8.3 8a 8.48a
6.96a 8.07a 8.40a 8.52a
6,96a 8.12a 8.39a 8.57a

6.99a
6.85ab
6.78bc
6.7 0c
8.57a
8.48a
8.50a
8.49a

7.16a 7.41a 7.43a
6.73b 6.5sb 6.73b
6.34c 6.15c 6.72b
6.1lc 6.08c 6.13c
8.43ab 8.51ab 8.61a
8.44a 8,45b L57a
8.45a 8.49ab 8.59a
8.38b 8.53a 8.66a
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S. carnosus

Lb. reuteri

Lb. plantarum

Lb. reuteri

6.38a 6.7la
6.38a 7.16a
6.38a 6.61a
638a 6.61a
6.23a 7.56a
6.23a 7.53a
6.23a 6.54b
6.23a 6.45b

7.2la 8.25a
7.21a 8.09a
7 .2Ia 8.1 8a

7 .21a 8. I 7a
7.1.3^ 6.77a
7.l3a 6.78a
7.13a 6.72a
7.13a 6.66a

7.67b 8.64a 8.3 8a

1.60b 8.41a
7 .98a 8.5 I a
6.20c 7.88b
ó.i3b 7.14a
6.29a 6.79a
6.15b 7 .04a
6.14b 7.16a

C
TI
T2
T3
C

T1
T2
T3

c
T1
T2
T3
C

T1
T2
T3

8.20b
8.40a
8,l9b
7 .40a
7 .55a
'7 .56a
7 .52a

8.48a 8.65a 8,79a
8.49a 8.69a 8.79a
8.40a 8.73a 8.70a
8.51a 8.75a 8.76a
6.78a 6.79a 6.20a
6.75a 6.75a 5.88b
6.76a 6.76a 5.86b
6.71a 6.71a 5.91b

I Fo¡ each organism, means in the same colurrlrl with the same letters are not
significantly different (p>0.05) from the respective control value. Tabulated values are the
means of th.ree experiments.
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Chapter 4

Retention of allyl isothiocyanate (AIT) encapsulated within gum acacia and

maltodextrin following freeze-drying

4.1. Abstract

The suitability of gum acacia and a mixture of maltodextrin-gum acacia for use

as wall material encapsulants was investigated in this work by determining their ability

to retain the natural antimicrobial allyl isothiocyanate (AIT) under different relative

humidities (RlI) and temperatües of storage. Both wall materials presented similar

initial AIT ¡etention values (flom 3 3,02 to 36J6 mg of AIT/g microcapsules) at the end

of the microencapsulation process. The release of AIT from the microcapsules was

accelerated by increasing the RH's (from 11 fo 85 %) and temperatures (from 13 or 26

to 37 "C) of storage. At 85 % relative humidity storage, the microcapsule wall material

was easily disrupted as a consequence of higher water absorption. Gum acacia

microcapsules showed between 47.23 to 58.51 yo more retention of AIT than the

maltodextrin-gum acacia microcapsules when microcapsules were stored at 13 or26o C

with a RH of 1,1 % for 20 d. Gum acacia microcapsules also had a better overall

retention of AIT than the maitodextrin-gum acacia microcapsules during their storage

at the different RH levels and temperatures tested.

4.2, Introductio

Allyl isothiocyanate (AIT) is an aliphatic sulfiu containing compound, formed

from hydrolysis of glucosinolates (sinigrin) by the endogenous enzyme myrosinase in

cruciferous plants such as mustard, horseradish and cabbage @elaquis arrd Mazza,



1995; Whilmore a¡d Naidu,2000). Allyl isothiocyanate has been broadly consumed

throughout history in the form of gound of whole mustard seeds. In 1992 it was

estimated that world consumption was approximately 534,000 kg of AIT from both

natural sources and synthetic product per year. The National Institute's Diet Cancer

branch has regarded AIT as having some anticarcinogenic properties and it has also

been listed by the FÐA as Generally Recognized as Safe (GRAS) (Clark, 1992).

AIT has been demonstrated to have strong antimicrobial activity in foods, when

it is used as a liquid or in vapour form (Ward et al., 1998; Kim et a1., 2002; Mari et al.,

2002; Muthukumarasamy et al., 2003). Nonetheless, the use of this compound by the

food industry has been restricted as a consequence of its poor water solubility and high

volatility.

Microencapsulation has established value in the food flavouring industry as an

excellent way to transform sensitive and volatile compounds into stable and free

flowing powders which are easy to handle and incorporate in food matrices. The

process of microencapsulation consists of coating solid particles, droplets of liquids or

gas cells with a thin film described as the wall material (Young et al., 1993). The wall

material protects the core substance against deterioration and allows its release under

desired conditions. The choice of a good encapsulating wall material is critical given

that it will infÌuence volatile retention, "flowability" and shelf-life of the microcapsules.

The more popular encapsulating agents which facilitate microcapsule formation a¡e

gums, emulsifying starches and hydrolyzed starches (Re, 1998).
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The main purposes of this phase of the research were to microencapsulate AIT

using two different wall materials and to investigate the retention of this compound

under different conditions of relative humidity and temperature.

4.3. Materials and Methods

4.3.1. Gum acacia emulsion

A gum acacia emulsion was prepared following the methods outlined by Buffo

and Reineccius (2001). A 30% (ilw) solution of a commercial spray-dried gum acacia

powder (SD prehydrated, Nealanders Intemational Inc, Mississauga, ON, Canada) in

deionized water was homogenized in an Omni-mixer (Omni-mixer, Ivan Sorvall Inc.,

Norwalk, CT) for 25 min at 4,800 rpm. The solution was covered and held ovemight at

5 oC to allow complete hydration of the gum acacia for use as the wall material, The

emulsion was prepared by adding 94Yo pwe AIT (Sigma, St. Louis, MO) as the core

material to the gum acacia solution at a core/wall tatio of I :4. The mixture was

emulsified using the Omnimixer at 8,000 rpm for 2 min.

4.3,2, Maltodextrin- gum acacia emulsion

A combination of maltodextrin, (Maltrin M100; Grain Processing Corp.,

Muscatine, IA) and gum acacia was dissolved in distilled water by stining the solution

using the high-speed mixer for 25 min at 4800 rpm to obtain one solution of 45% (w/w)

solids (34 % maltodextri¡ arrd 11% gum acacia ). Then, an emulsion containing 94%

pure AIT as the core material, was prepared following the same procedure described for

the gum acacia emulsion.
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4.3.3, Freeze drying

Five hundred ml of each emulsion was spread over individual aluminium trays

(19.4 cm x 19.4 cm x 4.4 cm) covered with wax paper to form a layer approximately

1.6 cm thick. Emulsions were frozen by holding them at -40 oC for about I h. Frozen

emulsions were placed in a fteeze dryer (Model 10- 146 MP, Virtis Corp., Gardiner, NY,

USA) and held initially aI -70 "C and 0.5 mm Hg atmospheric presswe for about 70 h,

Dried emulsions were chopped using a food processor (Model FP 1000-04, Black and

Decker, Brockville, ON, Canada) for 30 s to provide two different microencapsulated

powders.

4.3,4, NT retention by microcapsules stored at different relative humidities and

temperatures

The relative humidity of thee glass desiccators 25.4 cm intemal diameter and

37.5 cm overall height (Jencons, Bridgeville, PA) was adjusted to 11% RH using a

satuated solution of lithium chloride (99% pttrity, Sigma). A similar procedure was

used with another series of thee desiccators 
"r'here 

a saturated solution of potassium

chlo¡ide (99% purity, Sigma) was used to reach a relative humidity of 85%.

Lyophilized powder (0.5 g) of each microcapsule type was placed in a screw-

cap test tube (16x100 mm) left uncapped inside each of 6 desiccators for further

analyses. Desiccators containing lyophilized microcapsules exposed to 11 and 85% RH

were placed in incubato¡s at 13,26 and 37 "C. Samples were withdrawn at 6 different



times ( 0, 2 d, and at 5 d intervals thereafter to 20 d for samples stored at 13 and 26 "C:

and at 0, 0.5,1,2,5 and 10 d for samples held at 37 oC) closed with the screw cap and

storcd at -40"C for analysis of AIT by gas chromatography.

4.3.5. AIT calibration

Six solutions containing 20, 50, 100, 300, 500 and 1000 ppm of 94% AIT in

hexane (HPLC grade, Fisher Scientific, Ottawa, ON) were used as standards for

preparing the AiT calibration curve. A 10 pl aliquot of each solution was taken with a

gas tight 10 pl syringe (Hamilton Co, Reno, NV) and injected into a gasJiquid

chromatograph (Varian Star 3400cx, Varian Chromatography Systems, Walnut Creek,

CA) operated using the following conditions: BD5MS column (30 m by 0.25 mm inside

diameter; 25 pm wall thickness; J&W Scientific Inc., Folsom, CA); helium carrier gas;

colurn:r temperature was increased from 60 to 95 oC at a rate of 12,5 "C/min and was

held at 95 oC for 45s. The inlet and flame ionization detector temperatwes were set at

250 'C. The area under curve obtained from the chromatograph software (Varian Star

chromatography software, Walnut Creek, CA) was plotted against the AIT

concentration to prepare the calibration curve.

4.3,6, Determination of AIT in microcapsules

Distilled water (2ml) was added to each powder sample and mixed at 2500 rpm

(Vortex mixer, Fisher Scientific) for one min. Samples were left at 5 oC for 6 h with

mixing at 2 h intervals in order to assure the complete dissolution of the wall material,

Then 6 ml of FIPLC grade hexane (Fisher Scientific) was added to the sample and



mixed for one min. The precipitated wall material was allowed to stand for 30 min,

mixed and held again for 30 min. A 10 pl aliquot of the hexane phase was taken with

the gas tight syringe and injected into the gas-liquid chromatograph operated using the

same conditions as for preparation of the AIT calibration curve. The amount of AIT in

the powder was obtained by calculating the a¡ea under the AIT response curve by

comparison with the calibration curve for AIT.

4,4. Results and Discussion

The initial content of AIT

powders was 36.76 arrd 33.02

microencapsulation process.

in the gum acacia and maltodexhin-gum acacia

mg AIT/g, respectively, at the end of the

The amount of AIT retained in both types of microcapsules during storage was

dependent on the relative humidity (RH) and temperature. As shown in Fig 4.1, gum

acacia microcapsules stored at 13 'C and 1I o/o RH contained 5 times more AIT than the

same type of microcapsules stored at the higher relative humidity (85 % RH) after 20 d

storage. The same tendency was observed in the maltodextrin-gum acacia

microcapsules, where AIT volatilization was accelerated in the presence of high

humidity. These results are consistent with previous work reported by Minemoto et al.

(1997) who found that the losses of volatiles il gum acacia microcapsules were

enhanced by higher relative humidities and storage temperatures. The greater

volatilization of AIT in high humidity environments may occur because the wall
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material loses its ability to retain the volatile compound as its structural integrity is

disrupted due to water absorption (Rosenberg et al, 1990).

The content of AIT was slightly affected by the increase in the storage

temperature from 13oC lo 26 oC in all the microcapsules maintained at 1 1 and 85 % RH

after 20 d of storage (Fig a.Ð. However, when both kinds of microcapsules where

stored at the highest temperature (37'C), the retention of AIT was substantially reduced

(Fig a.3). At this temperatu¡e and high humidity (85%) the lowest amounts of AIT were

found aÍìer 10 d storage (2.62 and 5.74 mg for maltodextrin-gum acacia and gum acacia

microcapsules, respectively). The effect of high temperatüe on AiT retention was to

some extent minimized when the microcapsules were stored at 11 yo RH due to the

better wall material integrity.

Gum acacia microcapsules showed between 47.23 to 58.51 % gfeater retention

of AIT than the maltodexhin-gum acacia microcapsules when these microcapsules were

stored at 13 or 26 o C with a RH of 11 % for 20 d. Similar amounts of AIT we¡e

retained (14.35-14.83 mg AIT/g microcapsules) in both kind of microcapsules, when

they were stored at 37 o C and 11 % RH after 10 d storage. When gum acacia

microcapsules were stored at the highest RH value (85 % RH) and storage temperatures

of 13 ot 26 oC, these microcapsules showed higher AIT retention than the maltodextrin-

gum acacia microcapsules during the first 5 d storage. However, the release of AIT was

accelerated dramatically during the foilowing days yielding similar amounts of AIT in

both kinds of microcapsules at the end of storage.
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' The present work showed that acceptable entrapment of AIT can be achieved

either using gum acacia or a mixture of maltodextrin-gum acacia as wall materials in the

microencapsulation process. However, the use of gum acacia as a wall material would

be the most suitable for AiT microencapsulation based on its better stability at low or

high RH. The controlled release of microencapsulated AIT in gum acacia at RH values

close to 85% and temperatures between 13-26 "C might allow its use in systems where

a slow release of AIT is desired following the flrrst few days of application.
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(13' C) on the AIT content (mglg microcapsules) of gum acacia (G) and maltodextrin-
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Chapter 5

Inhibitory effects of microencapsulated allyl isothiocyanate (AlT) against

Escherichiø colì Ol57:H7 in refrigerated, nitrogen packed, finely chopped beef

5.1. Abstract

Allyl isothiocyanate (AIT) is an effective inhibitor of various pathogens, but its

use in the food industry is limited by its volatility and pungency. The objective of this

study was to overcome the volatility of AIT by microencapsulation and evaluate its

antimicrobial effectiveness against Escherichia coli Ol57:H7 in chopped beef. Chopped

beef was aseptically prepared and inoculated with a five-strain cocktail of E. coli

0157:H7 to yield 4 or 8 log,o cfr:/g, AIT was microencapsulated in gum acacia to yield

3.7 lo 54.8 mg AIT/g at a ratio of 1:4 and freeze dried. Microcapsules at 5 or 10 %

(Ww) were then added to experimental samples that were packed under nitrogen, and

stored at 4 o C for 18 days. Samples were analyzed for numbers of E. coli O157:H7 and

the total aerobic count (TAC) at 3 day intervals. AIT at 4980 ppm eliminated both low

and high levels of inoculated E. coli O157:H7 after i5 and 18 days of storage,

respectively. AIT at 2828 ppm reduced E .coliby 2.7 logrc cflr/g by 18 days of storage.

AIT levels < 1000 ppm were not more effective in reducing .E'. coii survival than the

control heatment without AIT addition. AIT at 170 to 1480 ppm had negligible effects

on the TAC, and while 4980 ppm kept TAC levels < 3 log,o cfir/g during 18 days of

storage, the TAC reached 7.25 logrc cfrr/g in the conhol. It was found that AIT

microencapsulated in gum acacia could be used in chopped refrigerated beef to reduce

or eliminate large numbers of E. coli Ol57:H7 .
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5.2. Introduction

Escherichia. coli O157:H7 is an important pathogen responsible for causing

serious disease in humans including hemolytic uremic syndrome and hemonhagic

colitis. Consumption ofundercooked ground beef has been identified as one of the main

causes of E coli 0157:H7 outbreaks in North America (Griffin and Tauxe 1991; Waters

et al., 1994). In 7994, the U.S. Food Safety and Inspection Service (FSIS) began a

testing program for detection of E. coli O157:H7 in ground beef produced by meat

plants and on retail sale in the U.S. Since then > 260 samples of ground beefhave tested

positive for E. coli 0157:H7 (Food Safety and Inspection Service, 2005). The World

Health Organization has stated that more countries must implement better preventative

measures to control infections associated with E coli Ol57:H7 (World Health

Organization, 1997), Altemative means for eliminating E. coti Ol57:H7 in food

systems are being studied, and one of these is the addition to meat of the natural

antimicrobial allyl isothiocyanate (AIT).

The aliphatic compound AIT is a major product (as well as nitriles, epinitriles

and glucose) of the hydrol¡ic action of the endogenous enzyme myrosinase on the

glucosinolate sinigrin in cruciferous plants such as mustard, horseradish and cabbage

(Delaquis and, Mazza, 1995; Whitmore and Naidu, 2000), AIT is known as both a

shong, pungent flavouring agent and a potent inhibitor of a large number of pathogenic

microorganisms (Kanemaru and Miyamoto, 1990, Delaquis and Sholberg, 1997, Kyung

and Fleming, 1997, and Lin et al., 2000b).
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Several studies have shown the potential of AIT as a natural antimicrobial in

different food matrices, including neat products such as ground or roast beef (Ward et

al., 1998; Park et al., 2000; Mari ef aI., 2002; Muthukumarasamy et al,, 2003). The

mechanism of AIT antimicrobial action is not well understood, but some suggestions

have been made. Lin et al. (2000a) reported that AIT damages the bacterial cell

menrbrane, producing leakage of essential cellular metabolites. Delaquis and Mazza

(1995) thought that AIT might cause inactivation of essential intracellulal enzymes

tltough oxidative cleavage ofdisulfide bonds.

The application of AIT in the food industry has been limited due to its poor

water solubility and volatility. Both these obstacles can be overcome tlu.ough

microencapsulation. This technique has been used for a long time by the food

flavouling industry as a plactical way to transform sensitive and volatile compounds

into stable and free flowing powders which ale easy to handle and incorporate as food

ingredients. The process of mictoencapsulation consists of coating solid particles,

dloplets of liquid ol even gas cells with a thin plotective fih¡ termed the wall material

(Young et al.,1993).

Microencapsulation of liquid volatile cornpounds is genelally accomplished in

two steps. Filst, an ernulsion ofthe volatile cornpound is made in an aqueous dispetsion

of a wall matelial which also functions as the emulsifier.. Second, the

tnicloencapsulated emulsion must be dlied under controlled conditions so as to diminish

the loss ofthe encapsulated material by volatilization (Kim et al., 1996).
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The objective of this study was to overcome the volatility of AIT by

microencapsulation and to assess the antimiclobial potency of microencapsulated AIT

againsl Escherichia coli Ol57:H7 inoculated at two levels in refligelated, chopped beef

packed under nitrogen.

5.3. Materials and Methods

5.3.1. Microcapsule core material preparation

Ten and 60% (vlv) stock solutions of 94%o pure AIT (Sigrna, St. Louis, MO,

USA) wele prepared at 5 oC to minimize AIT volatilization during mixing. To prepare

the stock solutions, l0 and 60 ml of AIT were mixed with 90 and 40 rnl of commercial

corn oil (Mazola, ACH, Memphis, TN, USA) respectively, using a high speed mixer

(Ornni-mixer, Ivan Sorvall Inc., Nolwalk, CT, USA) set at 4,800 rpm for 2 min.

5,3,2, Gum acacia emulsion

The procedule of Buffo and Reineccius (2001) was modified and used to

prepale four gum acacia emulsions. A 30% (w/w) solutior.r of a commercial spray-dtied

gurn acacia powder (SD prehydlated, Nealanders International Inc, Mississauga, ON,

Canada) in deionized water was homogenized in the Ornni-mixer for 25 min at 4,800

rpm. The solution was divided into four parts, covered and held overnight at 5 oC to

allow complete hydlation ofthe gum acacia for use as the wall matetial. Four emulsions

were prepared by adding different core materials to the gum acacia solutions at a

core/wall ratio of I :4. The first and second emulsions wele prepared using, respectively,

10 and 60% solutions of AIT in corn oil as the core material. A third emulsion was
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nade using a solution of 94%o pure AIT as the core material. The fourth emulsion

contained corn oil without AIT as the core material. The mixtures wele emulsifred using

the Omni-mixer at 8,000 rprn for 2 min.

5.3.3. Freeze drying

Five hundled ml of each emulsion was spread ovel individual aluminium trays

(19.4 crn x 19.4 cm x 4.4 cm) covered with wax papel to form a layer approximately

1.6 cm thick. Emulsiolrs were frozen by holding then-r at -40'C fol about 8 h. Frozen

emulsions were placed in a fi'eeze dryer'(Model l0-146 MP, Virtis Corp., Gardiner, NY,

USA) and held initially af -70 oC and 0.5 mm Hg atmospheric plessure for about 70 h.

Dried emulsions were chopped using a food processor (Model FP 1000-04, Black and

Decker, Blockville, ON, Canada) for'30 s to provide foul different microencapsulated

powdefs.

5.3.4. AIT calibration

Six solutions coutainir.rg 20, 50, I00, 300, 500 and 1000 pprn of 94t'/o of AIT in

hexane (HPLC grade, Fishel Scientific, Ottawa, ON, Canada) were used as the AIT

standard solutions for pleparing the AIT calibration culve. A 10 pl aliquot of each

solution was taken with a gas tight 10 pl syringe (Hamilton Co, Reno, NV, USA) and

injected into a gas-liquid clu'omatoglaph (Varian Star 3400cx, Varian Chlomatography

Systems, Walnut Creek, CA, USA) opelated using the following conditions: BD5MS

column (30 m by 0.25 rnm inside diameter'; 25 pm wall thickness; J&W Scientific hrc.,

Folsorn, CA); helium calrier gas; colurnn tempelature was increased from 60 to 95 'C
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at a rcTe of 12.5 "C/min and was held at 95 oC for 45 s. The inlet and flame ionization

detectol temperatures were set at 250 oC. The area undel curve obtained from the

chromatograph software (Varian Stal chromatograpliy software, Walnut Creek, CA,

USA) was plotted against the AIT concentration to prepare the calibration curve.

5,3.5. Determination of AIT in microcapsules

Lyophilized powder (0.5 g) from each chopped emulsion was placed in a screw-

cap test tube (16x100 mm), closed and stored at -40"C for analysis of AIT by gas-liquid

cll'omatography. Distilled water (2ml) was added to 0.5 g of each powder sarnple and

rnixed at 2500 rprn (Vortex mixer, Fisher Scientific) fol one min. Samples wele left at

5 oC for 6 h with mixing at 2 h intervals in order to assure the complete dissolution of

the wall material. Then 6 ml ofHPLC grade hexane (Fisher Scientific) was added to the

sarnple and mixed for one rnin. The precipitated wall material was allowed to stand for'

30 min, mixed and held again for 30 niin. A l0 pl aliquot ofthe hexane phase was taken

with a gas tight l0 pl syringe (Hamilton Co) and injected into the gasJiquid

cltomatograph operated using the same conditions as fot pleparation of the AIT

calibration culve. The actual anlount of AIT in the powder (AIT.) was obtained by

calculating the area under the AIT calibration curve. The percentage of AIT retention

was calculated accolding to the explession:

Rt (%)= 100 x AIT'
AITt

Where Rt is the pelcent of AIT retained and AIT1 the theoretical quantity of AIT in the

powder assuming 100% retention (4 g of core material in 16 g of dry canier or wall

material).
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5,3.6. Scanning electron microscopy (SEM)

Microcapsule morphology and surface structufes were assessed using a cold

stage scanning electron microscope (FEI, Quanta 200, Hillsboro, OR, USA) at an

accelerating voltage of 5 to l5 kV. Microcapsules were mounted on stubs using double-

sided sticky carbon tape. Stubs were then coated with a gold-palladium layer (15 run

thick) using a SEM sputter coater (Hummer VII Sputter Coater, Anated Ltd, Alexandria,

VA, USA). Electron micrographs were taken at magnifications of 800 and 1600 X.

5.3.7. Chopped beef preparation

Flesh beef chuck roasts were bought from a local supelmarket. The outer

surfaces of roasts were slightly frozen by exposure at -18 oC for 2 h. Frozen surfaces

were trimmed away using a sterile knife to eliminate outer miclobial contamination.

Roasts were cut into 8 x 8 cm pieces and chopped in a sterile rotating bowl cutter

(Titane 40L, Dadaux SA, Le Bouchaud, France) to yield particles measuring < 9 mm,

typical of ground beef. Afterward, the chopped beef was held at 4 "C for 20 min and

used for bacterial inoculation and treatment with AIT microcapsules.

5.3.8. Bacterial strain preparation

Five human isolates of E coli OI57:H7 which had rnutated and become nou-

patlrogenic during storage (3581,0304, 0627,0628 and a non-motile stlain 1840) were

plovided by Rafig Ahmed, National Microbiology Laborator.y, Public Health Agency,

Canadian Science Centre for Human and Animal Health, Winnipeg, MB. These strains

wele maintained in trypticase soy bloth (TSB) (BBL, Becton Dickinson, Sparks, MD,
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USA) and subcultured twice at 37'C for 18 h before use in experiments. After the last

incubation, 40 ml of each E. coli 0157:H7 culture was centrifuged at 8,000 g for 10 min

at 10 oC (Sorvall RC-5, Du Pont, Newtown, CT, USA). E. coli O157:H7 cells were

washed in 40 ml of 0.1% (wlv) peptone water and collected by centrifugation. Cell

pellets were standardized at an optical density of 0.249 at 600 nm by dilution in peptone

water and nonitored with a spectrophotometer (Ultlospec 2000, Pharmacia Biotech,

Baie d'Urfe, QC, Canada). E, coli 0157:H7 dilutions were mixed to obtain an equal

number of cells of each strain in the inoculation cocktail.

5.3.9. Preparation of inoculated chopped beef rvith microcapsules

Apploximately 4.5 kg of chopped beef was inoculated with the five strain

cocktail of E. coli O157:H7 to yield either 4 or 8 logro cfu/g. Chopped beef was

tholoughly rnixed by hand while wearing sterile gloves, to facilitate even distribution of

E. coli OI57:H7 in the meat. Inoculated nreat was divided in 8 groups of 550 g each.

Guln acacia microcapsules were added to 7 of the 8 meat groups at each inoculation

level. Table 5.1 presents the corresponding treatments. AIT was added to 6 of the 8

chopped beef treatments to obtain final concentrations fi'om 174 fo 4980 ppm. Of the

othel treatments, one contained encapsulated coln oil without AIT and the othel had

chopped beef without any microcapsule addition. Twenty-five grams of chopped beef

frorn each treatment were placed in Oz balrier plastic bags (Delix1, Winpak, Winnipeg,

MB, Canada) with 02 transmission rates of 2.3 cm3/rn2 per 24 h af 23 oC. Bags wele

flushed with 100% Nz and sealed using a vacuum packaging machine (Model GM 2000,
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Bizerba, Mississauga,ON, Canada). Samples were stored at 4 oC for l8 days and wele

analyzed for E. coli 0157:H7 and total numbets ofbacteria at 3 day intervals.

5.3,10. Microbial analysis of chopped beef

Eleven glams of chopped beef from each sealed bag were placed in a sterile

stomachel bag (Filtra-bag, VWR International, Edrnonton, AB, Canada) and

homogenized in a stomacher (Model 400, A. J. Seward, London, UK) with 99 ml of

0.1% peptone water. The total number of bacteria was determined by serial dilution in

0.i% peptone water and plated on trypticase soy agar' (TSA, BBL, Fisher Scientiflrc)

using a spiral plater' (Autoplate 4000, Spiral Biotech, Norwood, MA, USA). E, coli

O157:H7 numbers were obtained by spiral plating the diluted samples on Sorbitol

MacConkey agar (BBL) modified with a cefixirne tellurite supplement (Oxoid,

Hanrpshire, England) to yield the medium CT-SMAC (Zadik et al,, 1993). TSA and

CT-SMAC plates were incubated for 48 and 24 h, respectively, at 37 oC. In order to

determine if E. coli O157:H7 cells were killed or injured in the chopped beef as a result

of AIT exposure, any cells in samples showing no growth wele removed frorn AIT

treatments using an immunomagnetic separation (lMS) technique (Dynabeads anti-E

coli O157:H7, Dynal, Oslo, Norway) performed according to the manufacturer's

instructions. Fifty rnicrolitles of the lMS-cornplex was spread onto CT-SMAC plates.

Then plates were incubated aT.37 oC for 24 h. Ptesumptive E. coli OI57:H7 coloriies

fronr CT-SMAC plates were confirmed as E. coli using API 20E biochemical test str.ips

(bioMerieux Vitek, Inc., Hazelwood, MO).
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5.3.11. AIT odour intensity in the chopped beef

The odour of AIT in the chopped beef was evaluated infolmally by two of the

persons performing miclobial analysis immediately as packages were opened,

5.3,12. Statistical analysis

Microbiological data were analyzed by the general linear rnodels (GLM)

procedule using the Statistical Analysis System (SAS) software program, version 8.1

(SAS Iustitute Inc, Cary, NC, USA). Mean differences wete compared using a Tukey

test at the 95% significance level (p <0.05).

5.4. Results and Discussion

5.4.1, AIT microencapsulation in gum acacia

AIT was successfully microencapsulated in gum acacia al a cole-wall rnaterial

ratio of 1:4 and freeze dlied. Miclocapsule content of AIT was affected by the

concentrations of AIT used in the core material solutions (Table 5.2). As expected, the

use of a highel AIT core concentration yielded more AIT in the microcapsules. The

lrighest concentlation of AIT was achieved when a solution of 94r,/o pure commercial

AIT was encapsulated yielding 54.78 mg of AIT/g of microcapsule material. Also, the

percentage of AIT retained in microcapsules after freeze dlying was highest (73%) with

the highest concentlation of AIT used (Table 5.2).

Dilution in com oil proved to be adequate fol adjusting the frnal levels of AIT

entlapped in the microcapsules. However, AIT retention was less in microcapsules
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containing AIT diluted in corn oil. Unsaturated fatty acids were believed by Nadarajah

(2003) to complex with the lipophilic AIT molecule and slow its release. This may also

explain the current observations regarding AiT retention by microcapsules. Additionally,

a slight increase in the rnixing temperature during the preparation of the AIT-corn oil

core solutions could have accelelated AIT losses initially and produced microcapsules

with lower AIT content.

AIT retention in the microcapsules duling the freeze drying process may occur

as a result of "microregion entrapment", which was explained by Flink (1975). Before

freeze drying, AIT is present in the emulsion as a molecular dispetsion in srnall droplets

due to its poor solubility. Flink's theoly states that at the begiruring of the freezing

process, water stafis lo freeze, forming ice crystals in the solution. Growing ice crystals

gradually push solutes (including AIT) between them, creating small regions

(microregions) of concentrated material. Low moisture content in these rnicrolegions, as

a consequence of freezing and subsequent drying, create associations of carbohydrate

molecules by hydrogen bonding. Carbohydrate-carbohydlate hydrogen bonds seal these

microlegions and enable entlapment of AIT.

5.4,2. Microcapsule characteristics

Scanning electlon micrographs did not show structural differerrces among the

powder particles obtained after chopping the freeze-dried emulsions. The shapes of the

microcapsules obtained wele in agleement with the repolt by Buffo and Reineccius

(2001), where microcapsules were described as irregular, rock-like particles. Fig 5.1
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shows microcapsule structures viewed at different magnifrcations. All niclocapsules

obtained exhibited good flow propefties and had a creamy-white appearance.

5.4,3, Effect of AIT microcapsules on E, coli Ol57 tH7 inoculated in chopped beef

and stored at 4oC

Tlre bactericidal effect of microencapsulated AIT against E. coli 0157:H7 was

apparent at the highest concerÌtration used. Micl oencapsulated AIT completely

eliminated 4 log,o cfi:/g E. coli 0157:H7 at 4980 ppur after 15 days of storage (Table

5.3), Microcapsules without AIT ol those containing 174 and 333 ppm did not have any

significant effect þ>0.05) on the viability of E. coli 0157:H7 in compalison with the

control at 1 8 days storage. At 1481 ppm, AIT showed a slight (0.6 log,o cñr/g) but

significant (p< 0.05) r'eduction, while AIT at 2608 and 2828 pprn reduced viable E coll

0157:H7 cells by >l log,o cfu./g at the end of storage, which was also significant,

A similar antimicrobial effect occurred when these concentrations of AIT were

used in chopped beef inoculated with 8 logro cfu E. coli 0157:H7lg (Table 5.4). AIT

concentrations lower than 333 ppm did not show significant (p>0.05) r'eductions of E

coli 0157:H7 nunbets after l8 days of storage. Initial levels of E. coli O157:H7 wele

reduced > 2,5 log,o cfur'g by 18 days of storage with AIT concentrations of 2608 and

2828 ppni. E. coli 0157:H7 was undetectable at day 18 when 4980 ppm AIT was used.

The leduction of E. coli 0157:H7 inoculated at both levels in chopped beef was

notable in treatments with > 1481 ppm AIT. The progressive bacterial teduction
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obseryed in these treatments was likely due to the continuous release of AIT from the

gum acacia microcapsules during storage at high relative humidity (RH). This assertion

is based on unpublished work in our laboratory where it was found that AIT release

occuned over a period ofdays and at 85 % RH was signifrcantly faster than at 11 % RH.

At highel RH, 12 % was released at day 5 and > 85% at 20 days. Since fresh chopped

beef contains 75 0á moisture (96 % RH), the gum acacia microcapsules would have

been less stable, facilitating AIT lelease. Rosenberg et al. (1990) found that the

retention of volatiles by gurn acacia microcapsules was significantly reduced by

increasing the RH from 75 fo 97 %. RH values close to 97 % completely destroyed the

microcapsule stl'ucture, causing total release of the volatiles within 35 days at 25 oC. It

is likely in the present tests that AIT was completely teleased from the microcapsules

into the meat during storage.

Table 5.5 shows differences in the antimicrobial activity of AIT when used as a

gas, or liquid or in microcapsules against E. coli O157:H7 in broth, agar and food

systems. The present tests with AIT showed that highel initial levels of AIT were

needed to achieve the same bactericidal effects against E. coli O157:H7 when delivered

from miclocapsules than when volatilized into the package headspace.

Muthukumalasarny et al. (2003) found that 1300 ppm AIT volatilized from a paper

insert elinrinated 3 log,o cfr.r/g E. coli O157 H7 from vacuum packed glound beef within

15 days at 4 oC, while Nadarajah, et al. (2005) found 1800 ppm AIT delivered in the

same way eliminated 3 log,o cfr/g of the same organisms in I 8 days under similar

conditions. These results are in agreement with several studies which showed that AIT
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vapoul' is more antimicrobially effective than the liquid fonn (lnouye et al., 1983;

Isshiki et al.,1992; Delaquis and Sholberg, 1997; Ward et al., 1998). Unfortunately, it

is difficult to generalize and accurately predict AIT concentrations sufficient to

eliminate E. coli 0157:H'7 given differences in substrates, temperatures and modes of

application used in other work.

The intelaction of AIT with meat constituents may decrease AiT antinticrobial

activity, For example, Kawakishi and Namiki (1969) and Pechacek et al. (1997)

reported that AIT is decomposed thr ough nucleophilic attack by water and hydroxide

ions in aqueous media. This interaction may be an impoftant reason for the lower

bactelicidal effect of AIT miclocapsules in comparison with AIT vapour'. In addition,

AIT is known to react with thiols, sulphydryls, and flee amino groups of proteins,

causing faster depletion of AIT in meat systems (Kawakishi and Kaneko, 1987; Ward et

al., 1998; Nadarajah et al., 2005). Another important factol that may affect the

antimicrobial activity of liquid AIT is its solubility in meat fatty acids. So far', there is

no clear explanation of the fate of AIT in meat lipids. Fat rnay provide a protective layer

around contaminating bacteria, or possibly absorb the lipophilic AIT and leduce its

effectiveness in the aqueous phase ofthe ploduct (Holley and Patel,2005). It should be

noted that the fat content ofthe chopped beefwas expected to be < 5 % (w/w) which is

sirnilar to the fat content of the beef used by Muthukumarasamy et al. (2003), While

tlris is lowel than the 7 - 30 % (w/w) fat content of ground beef commonly used for

hamburger preparation, less irrterference by fat with the antimicrobial action of AiT

might be expecfed.

62



Chopped beef treated with concentrations lower than 1480 ppm had a faint AIT

odour upon opening the packages after' 18 days of storage. However, treatments

containing between 2600 and 2800 ppm had a stronger smell and gave a spicy sensation

just after opening the packages. The odour dissipated a short time later. This odour was

not intolerable and might be pleasing for some individuals (Delaquis and Mazza, 1995).

Treatments containing - 5000 ppm AIT had a very strong odour uporl package opening

after 18 days of storage, and caused lackymation (eye watering) by some pelsons

exposed. Although highly effective lor E. coli OI57:H7 elimination, AIT application at

this level would be lirnited by its laclxymatory effects. Lin et al. (2000b) suggested that

the strong odour of AIT could be reduced if permeable packages were used during

storage; however, reduced antimicrobial potency would be anticipated.

5.4.4. Effect of AIT microcapsules on the natural flora of ground beef

The numbe¡ of mesophilic bacteria in the control group increased progressively

from 4.53 to 7.25 log,o cfrr/g at 18 days of storage (Table 5.6). A slight reduction in

the numbel of mesophilic bacteria was observed in all treatments with AIT during the

first 6 days of storage when compared with the control. No significant (p > 0.05)

differences in bactelial viability wele found among the control, the treatment with

nricrocapsules containing only corn oil and the group containing 174 ppm of AIT after

12 days of storage. Samples containing 333 pprn of AIT showed suppressed growth of

mesophilic bacteria during the first 15 days: however, at the end of storage no

significant differences were found between this treatment and the control. Inhibition of

glowth was more evident during the fìr'st 12 days when AIT levels ranging fi'om -1500
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to 2828 ppm were used, Again, rnesophilic bacterial populations were almost the same

in these treatments and the control by l8 days of storage. The growth of mesophilic

bacteria was significantly inhibited by the AIT level close to 5000 ppm. This treatment

reduced the number ofbacteria initially present by > 1 logro cfr./g at l8 days.

The delay in glowth observed in all AIT treatments after the first 6 days of

storage may have been due to a change in the flora, from Gram-negative organisms to

Glam-positive lactic acid bacteria (LAB). The latter forrn the dominant micloflora

duling anaerobic storage of fresh meat (l.Jadaraj ah et al., 2005). Gram-positive bactelia

have been teported to be more AIT tolerant than Glam-negative bacteria (Lin et al.,

2000b; Shofran et al., 1998; Ward et al., 1998). It is likely that LAB were still able to

grow and reach normal levels at AIT concentrations < 2828 ppm.
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Fig 5.1. Scanning electron micrographs showing the appearance of AIT-gum acacia
miclocapsules. Samples were examined on a cold stage at 800 X (A) and 1600 X (B)
rnagnification.
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Table 5.1. Tleatments used to challenge E. coli OI57:H7 at 4 or 8 log¡6 cfl;/g in ground
beef with allyl isothiocyanate (AIT).

Treatment
code

Microcapsule core material % (w/w) Microcapsule AIT'
additiontoinoculated concentrâtion

sround beef (onm)

T1

T2

T3

T4

T5

T6

T7

T8

(Control) No microcapsules

Corn oil only

AIT, l0 % (v/v) in corn oil

AIT, 10 % (v/v) in corn oil

AIT, 60 % (v/v) in corn oil

AIT, 60 % (v/v) in coln oil

94% AIT

94% ATT

No microcapsules

l0

5

10

5

t0

5

t0

0

0

t74

333

1481

2828

2608

4980

AIT concentlations reached in the meat treatments after the addition of
different percentages of microencapsulated AIT.
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Table 5, 2, Influence of input allyl isothiocyanate (AIT) concentrations on the retention
of AIT in gum acacia microcapsulesl after freeze drying

Core material solution mg AIT/g microcapsules AIT retention (%)

94 %;o pute AIT 54.8

56% pure AIT in corn oil 31.I

9.4 %o pute AIT in corn oil 3.7

Core (AIT), wall (gum acacia) ratio of I :4
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Table 5,3. Effect of micloencapsulated allyl isothiocyanate (AIT) on the viability of
E .coli 0157:H7 inoculated at 4 log,e cfir./g in chopped beef stored at 4oC

Storage time (days)

Treatment t2 1815

Control 4.38a

4.38a

4.38a

4.38a

4.38a

4.38a

4.38a

4.3 8a

3.97a

3.93a

3.95a

3..95a

3.94a

3.92a

3.94a

3.04b

3.91b

4.35a

4.37a

4.30a

4.l1ab

3.80bc

3.94b

3.50c

3.82bcð,

4.45a

4.19ab

4.25a

4.07abc

3.67d

3.7 5cd

2.18e

4.30a

4.44a

4.l2ab

4.2lab

3.91bc

2.97d

3.59c

1.80e

3.99bc

4.41a

4.04bc

4.20ab

3.90c

3.19d

3.32d

Nvae

3.99c

4.44a

4.0Obc

4.2lab

3.44d

101-

2.90e

Nvaf

No AIT2

174 ppm AIT

333 ppm AIT

1481 ppm AIT

2608 ppm AIT

2828 ppm AIT

4980 ppm AIT

I lnoculated chopped beef with E.coli O157:H7.2 Microcapsules with corn oil only.
3 Means in the same colurnn with the same letters ale not significantly differ.ent (p>0.05).
Tabulated values are the means ofthree experiments.
a Nv - No viable cells were detected. Immunomagnetic separation (IMS) was performed
for each plesumptive negative sarnple after 24 h of enrichment in TSB at 37" C.
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Table 5.4. Effect of microencapsulated allyl isothiocyanate (AIT) on the viability ofE
coli 0157:H7 inoculated at 8 log,o cfir/g in chopped beef stored at 4oC

Storage time (days)

Treatment t2 t815

Control

No AIT

174 ppm AIT

333 ppm AIT

1481 ppm AIT

2608 ppm AIT

2828 ppm AIT

4980 ppm AIT

Ll2a 7.92a

8.12a 7.92a

8.12a 8.04a

8.12a 8.06a

8.12a 8.09a

8.12a 7.91a

8.12a 7.86a

8.12a 7.16b

7.46a 7.31a

7.52a 7.5la

7.3lab 7.38a

t.t¿a /.5b4

7.30ab 7.2lab

6.97b 6.78c

6.87b 6.81bc

6.34c 5.35d

7.44ab 7.46ab 7.43ab

7.58a 7.56a 7,53a

7.54a 7.50a 7.33ab

7.42ab 1.50a 7.13b

7.17b 6.18c 5.81c

6.83c 6.2lbc 5.39d

6.81c 6.13c 5.53cd

4.44d 3.68d Nve

I Inoculated chopped beef with E. coli OI57:H7 .

2 Miclocapsules with corn oil only.
3 Means in the same column with the same letters are not significantly different (p>0.05).
Tabulated values are the means ofthree experiments.a Nv- No viable cells were detected. Immunomagnetic sepalation (IMS) was perfonned
for each plesumptive negative sample after 24 h of en'ichment in TSB at 37 "C.
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Table S.S.Antimicrobial activity of allyl isothiocyanate (AIT) applied as liquid, microencapsuiated liquid and gaseous forms against,E
coli 01,57:H] in different substrates
Model System A

Concentration E.coli 0-157:H'1 eC) (days)

Broth Liquid 2500 ppm 8/ml 37 0.04b Lin er al. (2000a)

Agar disk Gaseous 1500 ¡rgll 6lcr* 35 2 Delaquis and Sholberg (1997)

Lettuce Gaseous 400 ¡rl/l 4l e 4 z Lin et al. (2000b)

Roast beef Gaseous 20 ¡,]ll -0.8/ cm2 lz 7 ward er al. (199g)

Ground beef Gaseous 1300 ppm 3/g 4 <15 Muthukumarasamy et al. (2003)

Ground beef Gaseous 1300 ppm 5lg 4 25 Murhukumarasamy et al. (2003)

Ground beef Gaseous 1800 ppm 3lg 4 lg Nadarajah et al. (2005)

Ground beef Liquid 2828 ppm <31g" 4 lg present study

microencapsulated

Ground beef Liquid 4980 ppm B/e 4 18 present study

microencapsulated

AIT Reduction

reductions were 1.5 * 2.6 1og1¡ c

o 0.04 days : t hour

emp. Time Reference



Table 5.6, Effect of micloencapsulated allyl isothiocyanate (AIT) on the viability of
mesophilic bacteria in chopped beef stored at 4oC

Storage time (days)

Treatnent 912 l5 l8

Control'

No AIT2

174 ppm AIT

333 ppm AIT

i48l ppm AIT

2608 ppm AIT

2828 ppm AIT

4980 ppm AIT

4.53a' 4.91a 5.05a 6.39a

4.53a 4.31ab 4.72ab 6.91a

4.53a 4.l8bc 4.l9bc 5.77b

4.53a 3.54c 3.89c 4.75c

4.53a 4.15bc 4.l4bc 4.84c

4.53a 3.53c 3.83c 4.55c

4.53a 4.86a 4.37abc 4,55c

4.53a 4.28ab 3.97bc 3.71d,

7.06a 7.l6ab 7.26ab

6.97a 7.36a 7.33a

6.90a 7.03ab 7.26ab

5.92b 6.27c 7.29ab

5.49c 6.86b 7.20ab

5.45c 6.85b 7 ,05ab

5.31c 6.29c 6.99b

3.49d 3.1 1d 3.16c

I Ground beef inoculated with 4 log,o cfn E. coli Ol57 :H7 /g.
2 Microcapsules with corn oil only.
3 Means in the same column with the same letters are not signif,rcantly different (p>0.05).
Tabulated values ale the means ofth¡ee experiments.



Chapter 6

Elimination of Escherichia coli 0157:H7 from fermented dry sausages at an

organoleptically acceptable level of microencapsulated allyl isothiocyanate (AIT)

6.1. Abstract

Four sausage batters (17.59 o/o beef, 60.67 % polk, 17.59 % pork fat) were

inoculated with two commercial starter culture organisms (> 7 log,o cfol g Pediococcus

pentosaceus and 6 log¡e cful g Staphylococcus carnosus) and a five-strain cocktail of

non-pathogenic variants of Escherichia coli O157:H7 to yield 6-7 log,s cfuJ g.

Microencapsulated AIT was added to tllee batters at 500, 750 or 1000 pprn to

determine its antirnicrobial effects. For sensory analysis sepatate batches with starter

cultures and 0, 500 or 750 ppm microencapsulated AIT were produced. Sausages were

ferrnented af < 26" C and 88 % RH for' 72 h. Subsequently sausages were dried at 75 %

RH and 13'C for at least 25 d. Water activity, pH and the level of startel cultures, E

coli O15'Ì:H7 and total bacteria were monitored during fermentation and dr.ying. All

sausages showed changes in the initial pH fiom 5.57 ro 4.89 and a," from 0.96 to 0.89 by

the end of fermentation and dlying, respectively, Starter culture numbers were reduced

during sausage maturation but there was no effect of AIT on meat pH reduction. E coli

0157:H7 was reduced by 6.5 logl6 cfu,/g in sausages containing 750 and 1000 ppm AIT

after 2I and, 16 d of processing, respectively. E. coli 0157:H7 nurnbers were leduced by

4.75 log¡¿ cfir./g after 28 d of processing in treatments with 500 ppm AIT, and the

organism was not recovered from this treatment beyond 40 d. Dur.ing sensory
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evaluation sausages containing 500 ppm AIT wele considered acceptable although

slightly spicy by panelists.

6,2, Introduction

In 1982 Escherichia coli 0157:H7 was first recognized as a human pathogen

which caused haemonhagic colitis (Riley et al., i983). Since then, human infections

attributed to E. coli Ol57:H7 have been reported in over 30 countries, reaching

alarming annual incidence rates of 8 per 100,000 inhabitants in some areas of Canada,

the United States and Scotland (Mead and Griff,rn, 1998). Foods of animal origin are

considered the main soulce of E. coli Ol57:H7 illnesses in humans (Yu and Chou,

1998). Most outbreaks of E. coli 0157:H7 have been linked with the consumption of

undercooked meats, especially ground beef or harnburgel patties (CDC, 1993; Tarr et

al., 1997). Fermented meat products had long been thought to be relatively safe due to

their low pH, low watel activity (a*) and the presence of curing salts (nitrite, nitrate).

However, an impofiant wake-up call occuned in 1994 when 23 individuals in the states

of Washington and California were infected with E. coli 0157 H7 as a consequence of

dly cured salami consumption (CDC 1995a). After this outbreak, the United States

Department of Agriculture (USDA) Food Safety and Inspection Service (FSIS) required

meat plocessors to validate that processing dry and semidry fermented sausages resulted

in at least a 5 logro unit reduction in numbers of E. coli Ol57 H7 cells (Reed, 1995).

The ability of E. coli 0157:H7 to adapt to acid environments (Duffy, et al., 2000) has

caused this microorganism to be regarded as one of the most dangerous pathogens in

fermented meat ploducts. Several studies have shown tbaT E. coli O157:H7 is able to
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survive the processes of fermentation, drying and storage when this microorganism is

present at high nurnbers (Glass et al., 1992; Hinkens, Faith et al., 1996; Nissen and

Holck, 1998). The use of different starter cultures during fermentation has been

unsuccessful in achieving the required 5 log¡e reduction of E. coli 0157:H7 (Erkkila et

al.,2000; Lahti et a1.,2001). Heat treatments seem to be the best way to reduce the

numbers of this pathogen in serni-dry sausages, however, physical characteristics of dry

sausage change during heating and products no longel resemble uncooked fermented

sausages (Hinkens et al. 1996).

Alternative means for eliminating E. coli Ol57:H7 in food systems are being

studied, and one of these is the addition ofthe natulal antimicrobial allyl isothiocyanate

(AIT) to meat. AIT is one of several naturally occuning compounds formed when

glucosinolates present in cruciferous vegetables are hydrolyzed by the enzyme

myrosinase (Clydesdale, 1999). AIT is a potent inhibitor of a large number of

pathogenic microorganisms (Kanemaru and Miyamoto, 1990, Delaquis and Sholberg,

1997) and it has been successfully used for E. coli elimination from ground beef, roast

beef and hamburger patties (Ward, et al., 1998; Muthukumarasamy et al., 2003;

Nadarajah et al., 2005). In general the application of AIT in the food industry has been

limited due to its volatility, howevel, this obstacle was overcome by microencapsulation

(Chacon et al., 2005).

Microencapsulation of liquid volatile compounds can be succesfully

accomplished in two steps. First, an emulsion of the volatile compound is made in an
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aqueous dispersion ofa suitable "wall" material which also functions as the emulsif,rer.

Second, the microencapsulated emulsion must be dried under controlled conditions so

as to diminish the loss ofthe encapsulated material by volatilization (Kim et al., 1996).

The objectives of this study were to determine whether micloencapsulated AIT

was able to reduce the levels of E. coli Ol57:H7 by at least 5 logr0 units in dry

fermented sausages and evaluate the acceptability of uncontaminated AlT{reated

products by consumers.

6.3. Materials and Methods

6.3.1. Gum acacia emulsion

The procedule of Chacon et al. (2005) was used to plepare a gum acacia

emulsion. A 30% (w/w) solution of a commercial spray-dlied gum acacia powder (SD

prehydrated, Nealanders International Inc, Mississauga, ON) in deionized water was

homogenized using a high speed mixer (Omni-mixer, Ivan Sorvall Inc., Norwalk, CT)

set at 4,800 rpm for 25 min. The solution was covered and held overnight at 5'C to

allow complete hydration of the gum acacia for use as the wall material. The emulsion

was prepared by adding a solution of 94%o pure AIT (Sigma, St. Louis, MO) as the core

material to the gum acacia solution at a core/wall latio of 1:4. The mixture was

emulsified using the Omni-mixer at 8,000 rpm for 2 min.

6.3.2, Freeze drying

Five hundred ml of the gum acacialAlT emulsion was spread over individual

aluminiurn trays (19.4 cm x 19.4 cm x 4.4 crn) covered with wax paper to folm a layer
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approximately 1.6 cm thick. Emulsions were flozen by holding them at -40 oC for about

8 h. Frozen emulsions were placed in a fteeze dryer (Model 10-146 MP, Virtis Corp.,

Gardiner, NY) and held initially at -70 "C and 0.5 mm Hg atmospheric pressure for

about 70 h. Dried emulsions were chopped using a food processor (Model FP 1000-04,

Black and Decker, Blockville, ON) for 30s to provide the micloencapsulated powder.

6,3,3, AIT calibration

Six solutions containing 20, 50, 100, 300, 500 and 1000 ppm of 94% AIT in

hexane (HPLC grade, Fisher Scientific, Ottawa, ON) were used as standards for

preparing the AIT calibration curve. A l0 pl aliquot of each solution was taken with a

gas tight l0 ¡rl syringe (Hamilton Co, Reno, NV) and injected into a gas-liquid

chomatograph (Varian Star 3400cx, Valian Chlomatography Systems, Vy'alnut Creek,

CA) operated using the following conditions: BD5MS column (30 m by 0.25 mm inside

diameter; 25 pm wall thickness; J&W Scientifrc Inc., Folsom, CA); helium carrier gas;

column temperature was increased from 60 to 95 oC at a rate of 12.5 "C/min and was

held at 95 "C for 45s. The inlet and flame ionization detector tempelatures were set at

250 "C. The alea under curve obtained from the cll'omatograph software (Varian Star

clu'ornatography, Walnut Creek, CA) was plotted against the AIT concentration to

prepare the calibration curve,

6.3.4. Determination of AIT in microcapsules

Lyophilized powder (0.5 g) from the chopped emulsion was placed in a screw-

cap test tube (16x100 rnm), closed and stored at -40oC for analysis of AIT by gas-liquid
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clxomatography. Distilled water (2ml) was added to each powder sample and mixed at

2500 rpm (Vortex mixer, Fisher Scientific) for one min. Samples were left at 5 oC for 6

h with mixing at 2 h intervals in order to assure the complete dissolution of the wall

material. Then 6 ml of HPLC grade hexane (FisheL Scientifrc) was added to the sample

and mixed for one min. The precipitated wall material was allowed to stand for 30 min,

mixed and held again for 30 min. A 10 pl aliquot ofthe hexane phase was taken with a

gas tight 10 ¡rl syringe (Hamilton Co) and injected into the gas-liquid chromatoglaph

operated using the same conditions as for preparation ofthe AIT calibration curve. The

amount of AIT in the powder was obtained by calculating the area under the AiT

lesponse curve by comparison with the calibration curve for AIT.

6.3,5, Bacterial strain preparation

Dry cured sausages wele fermented using the strains Pediococcus

pentosqceus (UM I 16P) and S. carnosus (UM 1 lOM) which wele isolated from

lyophilized commercial meat statter cultules, Trumatk LTII M and LTII, respectively

(Rector Foods Ltd., Mississauga, ON). P. pentosaceus strains were maintained in

deMan Rogosa Sharye (MRS) broth (BBL, Becton Dickinson, Sparks, MD) containing

20% glycerol at -70' C. S. carnosus was maintained in trypticase soy broth (TSB, BBL,

Becton Dickinson) containing 20o/o glycerol at -70o C. P. pentosaceus was sub-cultured

twice in MRS (trypticase soy agar, TSB for S carnosus) broth incubated at 37" C before

use in the experiments. Ovelnight cultures (16 h, at the late logarithmic phase of

glowth) were centrifuged at 8,000 xg for'10 min, washed in 0.1% (w/v) peptone water

and suspended it't 0.1%o peptone water to achieve 9 log cfi.r,/rnl by standardization at an
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optical density of 600 run using a spectrophotometer (Ultrospec 2000, Pharmacia

Biotech, Baie d'Urfe, QC),

Five human isolates of E, coli 0157:H7 which had mutated and become non-

pathogenic (verotoxigenic negative) during storage (3581, 0304, 0627,0628 and a non-

motile strain 1840) were provided by Rafig Ahmed, National Microbiology Laboratoly,

Public Health Agency, Canadian Science Centre for Human and Animal Health,

Winnipeg, MB. These organisms were comparable in their resistance toward AIT with

pathogenic human clinical and hamburger isolates ofE coli 0157:H7 (6,24,26).These

strains were maintained in TSB (BBL) and subcultured twice at 37oC for' 18 h before

use in experiments. After the last incubation, 40 ml of each -E coli Ol57:H7 cultl;re

was centrifuged at 8,000 xg for 10 min at 10 oC (Sorvall RC-5, Du Pont, Newtown, CT).

E. coli 0157:H7 cells were washed in 40 rnl of 0.1% peptone water and collected by

centrifugation. Cell pellets were standardized at an optical density of 0.250 at 600 nm

by dilution in peptone water and monitored with the spectrophotometer. E. coli

O157:H7 suspensions were mixed to obtain an equal number of cells of each strain in

the inoculation cocktail.

6.3.6, Dry fermented sausage manufacture lor E, coli Ol57:H7 challenge

Four salami batches of approxirnately 10 kg each wele processed in the

Department of Food Science pilot plant. Batch composition is shown in Table l.

Sausage batters were prepared by chopping 1'C pork fat, pork and beef(purchased fiom

a local wholesaler) in a ple-cooled (1"C) Titane 40 r'otating bowl meat cutter (Dadaux,

Bersaillin, France). P. penlosaceus and S. carnosus wele added to reach a final
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inoculation level of 7 log,s cfu/g. All batters were also inoculated with the five strain

cocktail of non-virulent E coli O157:H7 to yield approxi mafely 7log,o cfu/g. To these

batters cervelat spice mix (Hermann Laue Spice Co. Inc, Uxbridge, ON), Rapidur (a

proprietary mixture of corn syrup solids and dextrose), pickle cure concentrate

containing 6.25 % NaNO2, which gave a final concentration of 193 ppm of nitrite, plus

l% NaHCO3 and,2.9 o/o (w/w) salt (Canada Compound Western Ltd., Winnipeg, MB)

were added and chopped (< 5 min) to achieve a granular (3mm) consistency of meat and

fat particles. AIT microcapsules (containing 44.14 mg of AIT/ g of microcapsules) were

added to the fir'st tluee sausage batters af 1 .13 %o, 1 ,69 %o and 2.26 % (w/w) to yield 500,

750 and 1000 ppm of AIT, respectively. These concentrations were used because

preliminary testing indicated that < 500 ppm AIT would not cause the extent of E. coli

O157:H7 lethality desi¡ed. No AIT was added to the control salami batter Fibrous

casings (55 mm diameter, Kalle GmbH & Co. Wiesbaden, Gelmany) wer.e pre-soaked

in lukewarm water (40o C for'30 min) befole use. Sausage batters at 4oC were stuffed

with a piston stuffer'(Mainca Model EM30, Equipamientos Carnicos, S. L. Barcelona,

Spain) into the casings to achieve a final weight of about 500 g, Sausages were

tlansfelred to a single cage smoke house (Alh'oundsystem Rondette with a Titan

ploglammable controller, Maurel AG, Reichenau, Germany) and processed by

fementation at 26o C and 88% RH for 24 h to reach a pH of < 5.3. Thereafter

fernentation tenperature and RH were decleased step-wise (6x12h intervals where

temperature and RH were leduced by 2o C and 2.2 % RIl) from 26 to 14o C and 88 % to

75% Rll over'/2 h with intermittent srnoking (from electric-fired hardwood chips) for

30 rnin at 48 and 60 and 72h. The degree-hour guidelines of Agriculture and Agr.i-Food
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Canada (AAFC, 1992) were followed when calculating the permitted time and

temperature combinations during fermentation. Fermentation was followed by drying at

13" C and 75%RH for 25 d.

6.3.7. Microbial analysis of dry fermented sausages

Each dry fermented sausage treatment was analyzed microbiologically after'

stuffing (0 d) and after 3,6,9,16,21 and 28 d of fermentation and ripening. For E. coli

OI57:H7, additional analyses were made after 35, 40 and 45 d of processing. For'

microbial analysis, 1l g of sausage batter were taken in tliplicate from each of two

sausages from each tleatment, placed in a sterile stomacher bag (Filtra-bag, VWR

International, Edmonton, AB) and homogenized in a stomacher (Model 400, A. J.

Seward, London, UK) with 99 ml of 0.1% peptone water. The total numbet of bacteria,

P. pentosaceus and S. carnosus cells wele determined by selial dilution in 0.1% peptone

watel and plated on trypticase soy agar (TSA), deMan Rogosa Sharpe (MRS) and

Mannitol salt agar (MSA) (BBL, Becton Dickinson, Spalks, MD) , respectively, using

a spiral plater (Autoplate 4000, Spiral Biotech, Norwood, MA). ¿ coli Ol57:H7

numbers were obtained by spiral plating the diluted samples on Sorbitol MacConkey

agar (BBL) modified with a cefixime tellurite supplement (Oxoid, Harnpshire, England)

to yield the rnedium CT-SMAC (Zadik, Chapman and Siddons, 1993). All plates were

irrcubated al37 "C for 24-48h aerobically except for P. pentosaceus plates which were

incubated at 45 oC anaerobically using the BBL Gaspak system. In or.der to determine

if E. coli 0157:H7 cells were killed or injured in the dry fermented sausage samples as

a result of AIT exposure, sarnples showing no growth after AIT treatment were



resample (25 g) and examined fol viable E. coli 0157:H7 cells after 24 h resuscitation

at 37 oC in TSB using an immunomagnetic separation (lMS) technique (Dynabeads

anti-Ð. coli Ol57:H7, Dynal, Oslo, Nolway) performed according to the manufacturer's

instructions. Fifty microlitres of the lMS-complex were spread onto CT-SMAC plates

and incubated at 37 oC for 24 h, Presumptive E. coli 0157:Hi colonies from CT-SMAC

plates were confirmed as E. coli using API 20E biochemical test strips (bioMerieux

Vitek, Inc., Hazelwood, MO).

6.3,8, Water activity (arv) and pH

The pH of triplicate samples was recorded using a pH meter (Sentron Titan pH

meter) equipped with a surface plobe.Water activity was analysed in triplicate

(Novasina AW Sprint TH 500 a,u measuring unit, Axair AG, PfÌiffikon, Switzerland).

6,3.9, Determination of percent fat in sausages

The soxhlet method described by the AOAC (1975) was used for crude fat

determination. Salami samples were placed in the freeze dryer for 72 h. Five grams of

freeze-dried salami were placed in triplicate into thimbles and covered with glass wool,

Thimbles were placed inside the extracting tubes. Two hundred frfty ml flat bottom

flasks containing boiling chips were treated at 125 'C for'30 min in a drying oven.

Subsequently, flasks were cooled inside a desiccator and then weighed on an analytical

balance. One hundred ml of hexane was added to each flask. The extracting tubes were

assembled with the flasks and the Soxhlex system was lefluxed for approximately 16 h.

Subsequently, flasks were evaporated to dryness in a heating mantle and then placed
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inside the oven for I h at 100 "C. Following heating, flasks were placed in a desiccator

for t h and then weighed. The fat content in the salami was calculated using the

following equation: oZ crude fat = (g crude fal g sample) x 100

6.3.10, Dry fermented sausage manufacture for sensory evaluation

Tluee separate 10kg batches of salami were prepared using the same

formulation and manufactuling conditions as used for the salami pathogen inoculation

experiment but no E coli Ol57:H7 was used. To two batches of salami either 1.1 I %

or 1.66 %:o (w/w) microcapsules (containing 45. i 6 mg of AIT/ g of microcapsules) were

added to yield 500 or 750 ppm AIT in the sausages. A third batch identified as control

salami did not have any microencapsulated AIT added.

6.3.11, Sensory evaluation

A consumer taste panel was used to compare the sensory quality of sausage

containing different levels of microencapsulated AIT with that of control salami. A

group of 5l untlained volunteers who consumed fennented sausages at least 4

times/year complised the sensory panel. The sensoly analysis facility in the Depaltment

of Food Science was used and panelists made their evaluations in private sensoly

booths. Panelists were given tluee slices of numerically identified, blind-coded sausage

samples frorn the different treatments (control, AIT at 500 pprn and AIT at 750 ppm)

and asked to evaluate them for overall acceptability, appearance, flavour and textule on

a 9 point Hedonic scale, with 9 being extremely good and I being extremely poor
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(Watts et al., 1989). On the questionnaire, panelists were asked whether they regularly

consumed spicy food and whether they would buy any of the tested sausage samples.

6,3.12, Statistical Analysis

Data were analyzed by the general linear models (GLM) procedure using the

Statistical Analysis System (SAS) softwale program, version 8.1 (SAS Institute Inc,

Cary, NC, USA). Mean differences were compared using a Tukey test at the 95%

significance level (p <0.05).

6,4, Results and Discussion

6.4.1. Effect of microencapsulated AIT on starter culture performance, pH and a,,,

changes of dry fermented sausages

AIT levels ranging from 500 ppm to 1000 ppm did not significantly affect þ>

0.05) the acidification pelformance of Pediococcus pentosaceus compared with the

control during salami fermentation, All salami tteatments achieved the guidelines for

fermentation safety (degree-hour factor) established by Agriculture and Agli-Food

Canada (AAFC, 1992). That is, tine above 15 "C required to reach pH 5.3 was < 65 h.

The pH of the diffelent sausage treatments dropped initially from 5.57 to less than 4.89

within 48 h of fermentation at 26-24 'C. pH values lemained steady until the later'

phases ofdrying at 16 d, whele a slight increase in the pH was observed (Fig 6.1). This

is regarded as a normal inclease in pH as a consequence of production of ammonia and

buffering peptides by bacterial metabolism (Demeyer et al., 1979).
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The level of P. pentosace¿rs decreased from 7.72 to 6.39 logro cfu/g in the

control salami by the end of dlying. Initial numbers of P. pentosaceu.r were

significantly reduced to levels close to 5.7 logro cÍìr/g in all treatments containing AIT

after 3 d of fermentation and theleaftel decreased slowly until levels reached from 5.7-

4.6 at lhe end of drying (Fig 6.2). This reduction in the number of these Gram positive

bacteria by AIT was expected on the basis ofprevious evaluations (Kyung and Fleming,

1997; Ahn el aL, 1999) which were confirmed by our preliminary results (data

unpublished). The numbers of S. carnosus numbers decreased by about <2Iogcfu/gat

the end of drying in all treatments (Fig 6.3). A reduction in the number of

Staphylococcus cells has been reported by several researchers (Hughes et a1.,2002;

Erkkila et al. 2000) and it is considered normal in the processing of dry fermented

sausage.

The a," of control sausage dropped from 0.960 + 0.010 at the begining of

fermentation to 0.885 + 0.050 by the end of28 d processing. No signifrcant differences

in the a,,, were found among the control salami and the three treatments containing 500,

750 or 1000 ppm ofAIT (Fig 6,1).

6.4.2. Antimicrobial effects of microencapsulated AIT on E, coli Ol57:H7

inoculated in dry fermented sausages

Tlre antimicrobial effects of microencapsulated AIT on E. coli O157:H7

inoculated at 6.45 log¡6 cfir/g in dry fermented sausage are shown in Fig.6.4. At these -E

coli 0157:H7 numbers, 1000 and 750 ppm of AIT in the salami bafler rcduceð, E. coli
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0157:Hi to undetectable levels after 16 and 21 d of processing, respectively. In dry

fermented sausages treated with 500 ppm of AIT, E. coli O157:H7 numbers were

reduced (p<0.05) by 4.75 logro cfu/g at the end of 28 d processing. An extension in

drying time slrowed that after'40 d, E. coli 0157:H7 was totally eliminated from the dly

sausage samples containing 500 ppm AIT. E. coli 0157:H7 was able to survive 45 d of

processing in the untreated salami with only a2.4 logro cñr/g reduction in its numbers.

E. coli O157:H7 not only showed its ability to have high acid tolerance but it also

survived exposure to an a," level of0.87,

The antimiclobial effect of gaseous AIT against E. coli Ol57:H7 has been

bloadly studied in meat systems; however, there is not much infolmation about the

antimicrobial potency of this compound used in its liquid or microencapsulated liquid

state. Chacon et al. (2005) successfully used microencapsulated AIT powder for E. coll

0157:H7 decontamination from ground beef. They found that 2828 ppm of

encapsulated AIT leduced E. coli 0157:H7 by 2.7 logls cfìr/g in inoculated ground beef

stoted at 4o C for l8 d. High concentrations of AIT close to 5000 ppm were needed to

completely eliminate initial E coli OI57:H7 levels of 8 lo9¡6 cfi:/g from the ground

meat. In the present experiments it was found that 1000 ppm of microencapsulated AIT

was able to eliminate 6.45 lo9¡6 cfri/g E. coli Ol57:H7 in 16 d fi'om sausages, It is

probable that factors including the presence of> 3%o NaCl, pH <5.3, lower au, < 200

pprn nitlite and higher storage temperature (13oC) may have contributed to the greater

effectiveness of AIT against E. coli O157:H7 in the sausages than in gr.ound beef. In

addition, the antirnicrobial activity of micloencapsulated AIT may be enhanced by the
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higher fat concentrations in the fermented sausages which were 33-35 % in comparison

with the < 5 o/o fat in the ground beef , Hasegawa et al. (1999) reported similar

augmentation of AIT antimicrobial activity when they challenged Vibrio

parahaeruolytic¿is in tuna containing 20.8 or' 0.04 %o of fat. They found that Z

parahaentolyticas was inhibited significantly better in fatty than in lean tissue

suspensions pelhaps as a consequence ofpartial AIT dissolution in the fatty acids ofthe

tuna meal, Nadarajah (2003) reported that the high levels of cis-oleic acid in beef fat

may complex with the AIT rnolecules producing a reduction in volatilization of AIT.

Additionally, the high fat (low moisture) content of sausages has been reported to

signifrcantly reduce survival of E. coli OI57:H7 in such products (Faith et al., 1998).

A lalge reduction of E. coli O157:H7 numbels occuned the first 3 d of

fetmentation in all tleatments as a consequence of the rapid drop in pH. However, the

reduction of E. coli 0157:H7 viability continued progressively in treatments containing

rnicloencapsulated AIT until the olganism was eliminated. This extended reduction was

explained by Chacon et al. (2005) as a result of the continued AIT release fiom

miclocapsules in the plesence of elevated relative humidity.

6,4.3. Effects of microencapsulated AIT on the total bacterial numbers in dry

fermented sausages

The effect of microencapsulated AIT on the total viable bacteria in dry

fermented sausages was minimal (Fig 6.6). Numbers of organisms recovered from

treatments showed the same profiles as recorded for P. pentosaceas in Fig. 6.2. In the
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untreated control, the total bacterial numbers decreased fi'om an initial level of 7.9 log¡e

cfrlg To 6.9 log¡6 cfi.r/g at 28 d of processing. This reduction in the total number could

be related in part to the reduction of E. coli Ol57:H7 in the control treatment, but is

more likely related to a gradual reduction of P. pentosacez;s viability during sausage

maturation, since the latter organism was the predominant component ofthe microflora.

In treatments containing micloencapsulated AIT, the total bacterial numbers decreased

to levels ranging from 5.2 to 6.0 lo9¡6 cfu/g at 28 d plocessing, and these levels we¡e

lower than in the contlol without AIT. It is notable that Glam-positive lactic acid

bacteria are the predominant component of the microflora lecovered on non-selective

rnedia from fermented sausages (Holley et al., 1988) and that Gram-positive bactelia,

including the lactic acid bactelia, ale more AIT tolelant than Glam-negative bacteria

(Shofran et al., 1998; Ward et al., 1998). In the present work, while AIT reduced the

viability of Íhe Pediococc?.r.r stalter culture to some extent, there was no significant

effect on the rate of meat acidulation (which is primarily due to lactic acid production

by this component of the stater culture mixture).

6.4.4. Sensory evaluation

Fermented sausages containing 1000 ppm AIT were pte-screened and found to

have a strong and somewhat bittel mustard flavor. To avoid introducing bias in tests,

sausages with 1000 ppm AIT were not presented to panelists. The addition of

microencapsulated AIT at 500 or 750 ppm signifrcantly affected the sensory attributes

(flavor, appearance, texture and ovelall implession) of dry fermented sausages

measuled (Fig. 6.6). The appearance of the control salami ¡eceived a significantly

87



(p<0,05) better score than those treated with 500 or 750 ppm of AIT, probably because

of slight yellow color development and more brittle texture in some AÌT+reated

samples. Texture differences apparent in 750 ppm AlT-treated samples (but absent frorn

500 ppm AIT-treated sausages) were probably due to the inclusion of 1.69 % (wlw)

gum acacia in the former samples. The appearance ofthe control salami was described

by the panelist as "like moderately", while the appearance of the AIT tleatments was

"like slightly". Significant differences were found in the flavor, texture and overall

impression of all sausages tested, where the scores fol control, 500 ppm AIT and 750

ppm AIT treatments were "like moderately", "like slightly" and "dislike slightly",

respectively. Ninety percent of the panelists ate spicy food at least 4 times pel year.

This pleference for spicy food had a positive impact on the acceptability of samples

containing microencapsulated AIT at the lowest concentration (which yielded a slightly

spicy sensation). Clark (1992) noted that allyl isothiocyanate has been used as a flavor

fortifier', when a sharp spice effect is needed to simulate the mustald or holseradish taste.

The spicy effect in treatments containing 500 ppm was acceptable to the panelists and

41 %o indicafed they would buy this product. However, just l3% ofthe panelists noted

they would buy dry salami containing 750 ppm AIT.
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Table 6. 1 . Formulation used for manufacture of dry fermented sausage

Ingredients Composition ("/o w hv'¡

Beef fronts (85% lean)

Pork (90%) lean

Pork fat

Spice mix

Salt

uDextrose + corn syrup solids (Rapidur)

"Pickle cure corlcentrate

17.59

60.67

17.59

0.44

2.90

0.69

0.31

o Canada Compound Corporation, Winnipeg, MB
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Fig 6.1. Changes in pH and a* during fermentation (first 3 d) and drying (next 25 d) of salami after treatment with different
concentrations of microencapsulated AIT (i - control salami pH, O - salami pH with 500 ppm of AIT Ä- salami pH with 750 ppm
of AIT, I- salami pH with 1000 ppm of AIT; X- aw averages fo¡ all treatments). Vertical bars represent standard deviation.
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Fig 6.2. Effect of different concentrations of microencapsulated AIT on the number of Pedi.ococcus pentosaceus during fermentation
(first 3 d) and drying (next 25 d) of saiami(l - control salami, O - salami with 500 ppm of AIT Ä- salami with 750 ppm of AIT, I-
salami with 1000 ppm of AIT). Organisms were recovered on MRS agar incubated anaerobically at 45 "C. Vertical-bars represent
standard deviation
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Fig 6.3. Effect of different concentrations of microencapsulated AIT on the number of Staplrylococcus carnosus during fermentation
(first 3 d) and drying (next 25 d) of salami(i - control salami, O - salami with 500 ppm of AIT Â- salami with 750 ppm of AIT, I-
salami with 1000 ppm of AIT). Organisms were recovered on MSA incubated at37 oC. Vertical bars represent standard deviation.
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Fig 6.4. Survival of Escherichia coli O157:H7 treated with different concenüations of microencapsulated AIT during fermentation
(frrst 3 d) and extended drying (next 42 d) of salami (l - control salami, O - salami with 500 ppmof AIT À- salami with 750 ppm
of AIT, l- salami with 1000 ppm of AIT). Organisms were recovered. on CT-SMAC agar iniubated at 37 oC.Immunomagnetic
separation (IMS) was performed for each presumptive negative sample after 24 h of enrichment in TSB at 37" C. Vertical ba¡s
represent standa¡d deviation.
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Fig 6.5. Effect of different concentrations of microencapsulated AIT on the total number of bacteria during fermentation (first 3 d)
and drying (next 25 d) of salami(l - control salami, O - salami with 500 ppm of AIT À- salami with 750 ppm of AIT, l- salami
with 1000 ppm of AIT). Organisms were recovered on TSA incubated at37 "C.
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Overall

Texture

Fig 6.6. Sensory analysis of dry fermented sausages at the end of ripening (nine point Hedonic scale where 9 and I represent
'"exkemely good" and "extremely poor," respectively. A score of 6 represents "like slightly"). (a - control salami, O - salami with
500 ppm of AIT 

^- 
salami with 750 ppm of AIT).
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Chapter 7

Conclusions

The minimum inhibitory concentration of AIT against the Gram-positive starter

cultures and Lb. reuteri were 2-3 fold higher than the MIC of AIT against each ofthe 5

strains of E coli Ol57:H7 tested. Zå. reuîet'i was adversely affected by 400 ppm AIT,

by low rneat pH and was unable to acidulate the sausage batter by itself in the absence

of AIT. The MIC experirnent indicated that use of AIT < 500 ppm in sausage batters

did not affect the rate of batter acidulation by the starter cultures and that this natural

antimicrobial might be used as an ingredient in batter fonnulations to reduce the

viability of E. coli 0157:H7.

Microencapsulation of AIT using gum acacia and maltodextlin-gum acacia

mixture as wall materials, generated, after lyophilization and chopping, a powder with

mild odour which could be conveniently added as an ingledient to ground meat or other

foods. AIT microencapsulated in gum acacia was more stable at 1l % RH or 85% RH

when stored a|.13,26 and37 o C for 10 - 20 d.

Study of the inhibitory effects of micloencapsulated AIT in refrigerated

clropped beef described in Chapter 5 indicated that E. coli Ol57:H7 inoculated at 4 oÍ I

log¡e cfi.r./g chopped beef was inhibited by > 1481 ppm AIT in rnicrocapsules and was

killed by 4980 ppm encapsulated AIT. Growth of the natural Gram positive LAB

microflola was unaltered by the application of AIT microcapsules containing < 2828

ppm AIT. While the use of microencapsulation facilitated handling of AIT duling
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product formulation, its overall effectiveness against E coli 0157:H7 was reduced in

comparison with AIT vaporized in the package headspace.

The results obtained in Chapter 6 showed that microencapsulated AiT did not affect

meat acidulation by the stafier cultures used in the manufactule of dry fermented

sausages. AIT at 1000 and 750 ppm eliminated > 6 logro cfr.r/g of E. coli 0157:H7 tn

sausages after 16 and 21 d of processing, respectively. The 5 logro unit reduction ofE

coli Ol57:H7 to validate the process ofdry ferrnented sausage production (Reed, 1995)

was neally achieved (4.75 log¡s cfr/g reduction) at 28 d plocessing using 500 ppm AIT

arrd was successful in eliminating > 6 logro cfu/g E. coli O157:H7 at day 40. It is

possible that microencapsulated AIT at < 500 ppm could eliminate 5logrc cfulg E. coli

O157:H7 if sausages were dried ì 40 d at 13 oC. The total bacteria enumerated wele

mainly lactic acid bacteria which wele slightly intiibited at the end of dr.ying by the

AIT-containing microcapsules.

Sausages containing 500 ppm AIT were the most acceptable AIT treatrnent as

assessed by the sensory panel, and these sausages could be marketed as a safe specialty

product, but would be considered spicy. Sausages treated with 750 ppm of AIT had a

strong þungent) flavour and odour which wele unacceptable to many of the panelists.
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