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ABSTRACT

K.A. STEVENS AND L. -A . JAYKUS. 2004.

Aims: To develop a simple, rapid method to concentrate and purify bacteria and their nucleic acids from

complex dairy food matrices in preparation for direct pathogen detection using polymerase chain reaction

(PCR).

Methods and Results: Plain non-fat yogurt and cheddar cheese were each seeded with Listeria monocytogenes or

Salmonella enterica serovar. Enteritidis in the range of 101–106 CFU per 11-g sample. Samples were then processed

for bacterial concentration using high-speed centrifugation (9700 g) followed by DNA extraction, PCR

amplification, and amplicon confirmation by hybridization. Bacterial recoveries after centrifugation ranged from 53

to >100% and 71 to >100% for serovar. Enteritidis and L. monocytogenes, respectively, in the non-fat yogurt

samples; and from 77 to >100% and 69 to >100% for serovar. Enteritidis and L. monocytogenes, respectively, in the

cheddar cheese samples. There were no significant differences in recovery efficiency at different inocula levels, and

losses to discarded supernatants were always <5%, regardless of dairy product or pathogen.

Conclusions: When followed by pathogen detection using PCR and confirmation by amplicon hybridization,

detection limits of 103 and 101 CFU per 11-g sample were achieved for L. monocytogenes and serovar. Enteritidis,

respectively, in both product types and without prior cultural enrichment.

Significance and Impact of the Study: This study represents progress toward the rapid and efficient direct

detection of pathogens from complex food matrices at detection limits approaching those that might be anticipated

in naturally contaminated products.

Keywords: PCR, bacterial concentration, pathogen detection Listeria, Salmonella.

INTRODUCTION

Enzymatic nucleic acid amplification methods such as the

polymerase chain reaction (PCR) and nucleic acid sequence-

based amplification (NASBA) offer several advantages for

the rapid and reliable detection of microbial pathogens in

foods. A primary advantage of these technologies is the

potential to replace cultural enrichment with specific nucleic

acid sequence enrichment, thereby decreasing detection

time. Unfortunately, large sample volumes (‡25 ml or g)

compared to small amplification volumes (10–50 ll), resid-

ual food components that inhibit enzymatic reactions, low

levels of contaminating pathogens, and the presence of

competitive microflora which may interfere with amplifica-

tion and detection reactions have been consistent stumbling

blocks to the widespread use of nucleic acid amplification for

pathogen detection in foods (Bej and Mahbubani 1994).

Because these issues together result in reduced test specifi-

city and sensitivity, researchers working in the field

are rarely able to achieve detection limits less than
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102–103 CFU of the target pathogen per gram of food

product, levels that are only slightly better than ELISA and

DNA hybridization (Lantz et al. 1994). By and large,

cultural enrichments are still necessary to provide sufficient

target amplification even before the application of nucleic

acid amplification.

It has been suggested that the adoption of many rapid

detection technologies could be expanded if the bacteria

were separated, concentrated, and purified from the sample

matrix before detection (Swaminathan and Feng 1994;

Wilson 1997; de Boer and Beumer 1999). This approach

commonly precedes the detection of viral and parasitic

agents in food and environmental samples (Jaykus 2001)

and would offer such advantages as facilitating the

detection of multiple pathogens; removal of matrix-associ-

ated reaction inhibitors; and provision of adequate sample

size reductions to allow for the use of representative food

sample sizes and/or smaller media volumes. Furthermore,

prior bacterial concentration could facilitate the detection

of low levels of pathogens or sporadic contamination, and

perhaps reduce or even eliminate the need for cultural

enrichment prior to detection. Although methods such as

centrifugation, filtration, and immunomagnetic separation

have been reported for bacterial concentration in food

systems, none of these is ideal and in many cases a

technique optimized for one food matrix or microorganism

is not readily adaptable to others (Payne and Kroll 1991;

Lantz et al. 1994).

In the development of rapid detection methods, fer-

mented dairy products have been particularly challenging

because they are compositionally complex, and contain

food-associated components and high levels of background

microflora that often interfere with detection assays,

resulting in less than optimal detection limits. In general,

authors have found differences of 10-fold or more in

detection limits when results from seeded dairy matrices

are compared to results from pure culture, even after the

incorporation of procedural modifications such as immu-

nomagnetic separation, increased magnesium concentration

to improve amplification efficiency, and prior DNA

purification (Wernars et al. 1991; Fluit et al. 1993; Herman

and DeRidder 1993; Bickley et al. 1996; Wilson 1997). For

instance, Wernars et al. (1991) found that, depending on

the type of cheese analyzed, Listeria monocytogenes PCR-

detection limits could be as low as 103 CFU per 0Æ5 g to as

high as 108 CFU per 0Æ5 g cheese, even though pure

culture detection limits ranged from 1 to 10 CFU. The

purpose of this study was to develop a simple method to

non-selectively concentrate bacteria and remove inhibitors

from complex fermented dairy food matrices in preparation

for direct (without prior cultural enrichment) detection of

target bacterial pathogens using nucleic acid amplification

methods.

MATERIALS AND METHODS

Bacterial cultures and recovery media

Stock cultures of Salmonella enterica serovar. Enteritidis

(ATCC 13076) and L. monocytogenes (ATCC 19115) were

obtained courtesy of Dr Brian Sheldon, Department of

Poultry Science, North Carolina State University, NC,

USA. Stock cultures were propagated aerobically overnight

at 37�C in Brain Heart Infusion (BHI) broth (Difco

Laboratories, Sparks, MD, USA) before experiments. In

seeding experiments, serial 10-fold dilutions were done in

0Æ1% peptone (Difco) and plating for recovery performed

using the spread plate technique. Oxford medium base

(Difco) supplemented with Oxford medium supplement

(Difco) was used for the enumeration of L. monocytogenes
and XLD agar (Difco) media was used for the enumeration

of serovar. Enteritidis. Oxford medium and XLD plates

were incubated for 24–48 h at 37�C prior to counting

colonies. Recovery of endogenous bacterial populations in

cheddar cheese was done using Elliker’s agar (Difco).

Endogenous bacteria associated with yogurt were enumer-

ated on yogurt lactic acid (YLA) agar (Matalon and Sandine

1986), produced by the addition of 0Æ1% Tween 80 (v/v)

(Sigma Chemical Co., St Louis, MO, USA) to Elliker’s

agar.

Bacterial concentration applied to plain non-fat
yogurt and cheddar cheese

The bacterial concentration scheme is outlined in Fig. 1.

Eleven-gram samples of plain, non-fat yogurt or mild

cheddar cheese were mixed with 25 ml sterile saline and

8 ml 25% w/v sodium citrate (Fisher Scientific, Fair Lawn,

NJ, USA) as previously described (Lucore et al. 2000). Each

sample was supplemented with polyethylene glycol (PEG)

8000 (Fisher Scientific) to reach a final concentration of 4%

and stomached for 2 min at room temperature. In order to

remove large matrix-associated particulates, a filter stoma-

cher bag (Nasco, Ft. Atkinson, WI, USA) was used for mild

cheddar cheese samples, whereas non-fat yogurt samples

were strained through sterile cheesecloth after stomaching.

The samples were centrifuged at 9700 g (Sorvall RC-5B,

Dupont Company, Wilmington, DE, USA) for 15 min at

4�C. The resulting supernatant (�28–32 ml) was decanted

and the remaining pellet (�1–5 g) was resuspended in 5 ml

0Æ9% saline with thorough mixing by vortex. Both the

discarded supernatant and the bacteria-containing pellet

were plated for recovery. Percent recovery or loss after

centrifugation was evaluated using two separate formulae

and as previously described (Lucore et al. 2000). In the first,

recovery was based on direct plating of the precipitated

pellet and was calculated as follows: % recovery ¼ (total

population in pellet after centrifugation) · 100/(total
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population in sample before centrifugation). In the second,

percent loss to supernatant was calculated based on direct

plating of the supernatant as follows: % loss to superna-

tant ¼ total population in supernatant after centrifuga-

tion) · 100/(total population in sample before

centrifugation). This was transformed an estimate of overall

% recovery using the following formula: % recov-

ery ¼ (100 ) % loss to supernatant). All experiments were

done in triplicate. When statistical comparisons were

necessary, analysis of variance and the Tukey–Kramer

multiple comparisons test were done on % recovery data

using the INSTATINSTAT 2 Statistical Analysis Package (GraphPad

Software, San Diego, CA, USA).

DNA extraction

Centrifugal pellets (1–5 g) were resuspended in DNAzol�
BD Reagent (Invitrogen, Carlsbad, CA, USA) in a volume

ratio of 1 : 2 (pellet : DNA) and the DNA extracted as per

manufacturer’s instructions. Briefly, 400 ll of isopropanol

was added to 1Æ5 ml of the resuspended pellet, mixed and

centrifuged at 6000 g. The resulting pellet was washed with

1 ml of DNAzol� BD and 1 ml of 75% ethanol. The final

pellet was resuspended in 200 ll sterile deionized water.

Additional purification of the DNA extract was achieved by

centrifugation through a QIAshredder� (QIAGEN Inc.,

Valencia, CA, USA) column for 2 min at 11 750 g (Sair

et al. 2003). The resulting filtrate was retained for nucleic

acid amplification.

PCR amplification

PCR reactions were performed using the GeneAmp� PCR

kit (Applied Biosystems, Foster City, CA, USA) according

to manufacturer’s instructions. Each 100 ll reaction con-

tained 1· PCR buffer, 200 lMM each dATP, dCTP, dTTP,

and dGTP, 0Æ5 mMM dithiothreitol, and 2 ll of DNA extract.

For serovar. Enteritidis, 0Æ1 lMM of each primer (Table 1),

2Æ5 units AmpliTaq Gold DNA Polymerase (Applied

Biosystems), and 1Æ5 mMM magnesium chloride was used.

For L. monocytogenes, 0Æ2 lMM of each primer (Table 1), 2Æ5
units AmpliTaq DNA polymerase, and 3 mMM magnesium

chloride was used. The amplification mixtures were overlaid

with 50 ll of mineral oil. PCR amplification for

L. monocytogenes consisted of one cycle at 94�C for 2 min,

followed by 40 cycles of 95�C for 40 s, 60�for 30 s, 72�C for

1 min, and a final extension of 72�C for 10 min. PCR

amplification for serovar. Enteritidis consisted of one cycle

at 95�C for 5 min, followed by 35 cycles of 95�C for 90 s,

58�C for 80 s, 72�C for 2 min, and a final extension of 72�C
for 7 min. Temperature cycling was done in a Perkin–Elmer

DNA Thermal Cycler (Perkin Elmer, Norwalk, CT, USA).

The 858 bp fragment PCR product from L. monocytogenes
and the 389 bp PCR product from serovar. Enteritidis were

11-g sample
25 ml 0.9%NaCl

8 ml 25% sodium citrate
4% PEG 8000    

↓
Homogenize
stomach / 2 min   

↓
Centrifugation

9700 g / 15 min / 4C
4–5 g pellet (two fold concentration)  

↓
Pellet reconstitution

1:2 ratio of pellet to DNAzol® BD
DNA Extraction

(500 ml, 10-fold concentration)    

↓
PCR

Fig. 1 Sample concentration, purification and detection flow diagram

Table 1 Primers and probes

Organism Primer Sequence (5¢–3¢) Location (bp) Reference

Listeria monocytogenes

858 bp hlyA

a-1 CCT AAG ACG CCA ATC GAA AAG AAA 196–219 Norton et al. (2000)

b-1 TAG TTC TAC ATC ACC TGA GAC AGA 1053–1030 Norton et al. (2000)

a–1 (probe) GAA AAA TAT GCT CAA GCT TAT

CCA AAT GTA

622–651 Bsat and Batt (1993)

Salmonella enterica Enteritidis

389 bp inv A

Salm 3 GCT GCG CGC GAA CGG CGA AG 586–605 Manzano et al. (1998)

Salm 4 TCC CGG CAG AGT TCC CAT T 954–972 Manzano et al. (1998)

Salm (probe) TTT GTG AAC TTT ATT GGC GG 697–716 Manzano et al. (1998)

DIRECT DETECTION OF FOODBORNE PATHOGENS 1117

ª 2004 The Society for Applied Microbiology, Journal of Applied Microbiology, 97, 1115–1122, doi:10.1111/j.1365-2672.2004.02393.x



separated and visualized under ultraviolet light after agarose

(1%) gel electrophoresis and ethidium bromide staining.

PCR enhancement agents

The inhibitory effect of the sample matrices on PCR

amplification was initially evaluated by serial dilution PCR

on DNA extracted from yogurt or cheese samples seeded

with L. monocytogenes and serovar. Enteritidis as previously

described (Jaykus et al. 1996). Various chemical additives

were tested in an effort to overcome this matrix-associated

PCR inhibition. Specifically, dimethyl sulfoxide (DMSO)

(3% per reaction) (Sigma), PEG 8000 (2Æ5% per reaction)

(Sigma), dithiothreitol (DTT) (0Æ5 mMM per reaction) (Sig-

ma), and glycerol (8% per reaction) (Sigma) were all

evaluated. An alternative second generation Taq DNA

polymerase, AmpliTaq Gold, was also evaluated.

Southern blot hybridization

To confirm the identity of PCR amplicons, agarose gels

were transferred to positively charged nylon membranes

(Roche, Indianapolis, IN, USA) using the method of

Southern and hybridized with a digoxigenin (DIG)-

labelled DNA probe (DIG Oligonucleotide Tailing Kit,

Roche) according to manufacturer’s instructions. The

membranes were prehybridized at 55�C with ExpressHyb

Hybridization Solution (BD Biosciences Clontech, Palo

Alto, CA, USA) followed by hybridization at 55�C using

the same solution supplemented with 50 pmol of DIG-

labelled probe. The membranes were washed in series at

room temperature and detection was achieved using the

DIG Nucleic Acid Detection Kit (Roche), which is based

on an enzyme-catalyzed colorimetric reaction using 5-

bromo-4-chloro-3-indoyl phosphate and nitroblue tetrazo-

lium salt as reagents to produce an insoluble blue

precipitate.

RESULTS

Initial studies focused on the ability to concentrate endog-

enous bacteria from unseeded 11 g samples of plain non-fat

yogurt or mild cheddar cheese using centrifugation. Various

centrifugation speeds ranging from 750 to 9700 g were

evaluated and in general, the higher the centrifugation

speed, the more effective the concentration, as evidenced by

a decrease in the percent of bacteria lost to discarded

supernatants. At the optimal centrifugation speed of 9700 g,

recoveries of endogenous bacteria based on direct plating of

the centrifugal pellet ranged from 52 to 81% for unseeded

non-fat yogurt and from 87 to 124% for mild cheddar

cheese; loss to discarded supernatants were always <1%

(data not shown). Final pellet volumes were ca 4–5 g in size,

representing a twofold sample volume reduction after

completion of the centrifugation step.

To ascertain the efficiency of the concentration step in the

recovery of L. monocytogenes and serovar. Enteritidis seeded

into non-fat yogurt and mild cheddar cheese, seeding

experiments were conducted at levels of 102–106 CFU

pathogen in an 11 g food sample. Bacterial recoveries based

on direct plating of the centrifugal pellet ranged from 53 to

145% and 71 to 128% for serovar. Enteritidis and

L. monocytogenes, respectively, in the non-fat yogurt sam-

ples; and from 77 to 135% and 69 to 122% for serovar.

Enteritidis and L. monocytogenes, respectively, in the ched-

dar cheese samples (Table 2). Consistent with other inves-

tigators (Boulanger and Edelstein 1995; Lucore et al. 2000;

Uyttendaele et al. 2000; Cullison and Jaykus 2002), differ-

ences in recoveries based on direct plating of the pellet were

more variable and statistically different than if recoveries

were calculated based on the percent loss to supernatant.

When recovery results based on direct plating of the pellet

were transformed to log format, the counts never varied by

more than 0Æ5 log10, an acceptable within-method degree of

variability (Kramer and Gilbert 1978; Alonso-Calleja et al.
2002). Bacterial loss to discarded supernatants was always

<5%, regardless of pathogen or dairy product tested.

PCR optimization was done initially on pure cultures of

serovar. Enteritidis and L. monocytogenes, and detection

limits of 10 CFU reaction)1 were consistently achieved for

both pathogens (data not shown). However, when PCR

conditions used for pure cultures were applied to DNA

extracted from the food matrix, detection limits dropped

dramatically. In an effort to overcome matrix-associated

inhibition, PCR enhancement agents, including PEG,

DMSO, DTT, and glycerol were evaluated using dilution

series PCR (Jaykus et al. 1996). Glycerol and DMSO had

either no effect or a negative effect on both the intensity of

the amplicon signals and the detection limits of the PCR.

Addition of PEG resulted in more intense bands for

L. monocytogenes. However, supplementing amplification

reactions with DTT resulted in either more intense bands or

improved detection sensitivity for both L. monocytogenes and

serovar. Enteritidis extracted from the cheese matrix

(Fig. 2). Although the use of second-generation Taq DNA

polymerase was found to improve detection sensitivity for

food samples seeded with serovar. Enteritidis, no appreci-

able improvement in amplification efficiency was observed

for samples seeded with L. monocytogenes. Similar data was

observed for the yogurt matrix (data not shown).

In an effort to ascertain the overall PCR detection limits of

the combined concentration-detection method, plain non-

fat yogurt and cheddar cheese were each seeded with

L. monocytogenes at levels of 102–106 CFU per 11-g sample

or serovar. Enteritidis at levels of 101–106 CFU per 11-g

sample, processed for bacterial concentration using centrif-
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ugation, followed by DNA extraction, PCR amplification,

and Southern hybridization. The centrifugation step resul-

ted in a twofold sample volume concentration, while the

DNA extraction step resulted in an additional 10-fold

sample volume reduction; in all, an 11-g sample was

concentrated 20-fold to a final volume of 500 ll. PCR

detection limits of 103 and 101 CFU per 11-g sample were

achieved for L. monocytogenes and serovar. Enteritidis,

respectively, in both product types and without prior

cultural enrichment (Figs 3 and 4). When detection limits

were interpreted on the basis of individual amplification

reactives, 10)1 and 101 CFU per amplification reaction

could be achieved for these pathogens, respectively.

DISCUSSION

Fermented dairy food products are compositionally complex

and represent one of the more challenging matrices for

which molecular-based pathogen detection strategies have to

be developed. For instance, there are numerous reports of

Table 2 Recovery efficiency of Listeria monocytogenes and Salmonella enterica Enteritidis after concentration by centrifugation

Listeria monocytogenes Salmonella enterica serovar. Enteritidis

% Recovery (based on

loss to supernatant)*

% Recovery-pellet (based on

direct plating of pellet)�
% Recovery (based on

loss to supernatant)*

% Recovery (based on

direct plating of pellet)�

Mild cheddar cheese

106 (11 g))1 96 ± 1ab 122 ± 82a 98 ± 2a 93 ± 45a

104 (11 g))1 98 ± 1b 75 ± 16a 98 ± 3a 77 ± 53a

102 (11 g))1 96 ± 1a 69 ± 15a 100 ± 1a 135 ± 33a

Non-fat Yogurt

106 (11 g))1 99 ± 1a 75 ± 14a 99 ± 1a 100 ± 23ab

104 (11 g))1 99 ± 1a 71 ± 13a 98 ± 1a 53 ± 19b

102 (11 g))1 98 ± 2a 128 ± 52a 100 ± 1a 145 ± 25a

Different superscript letters (a and b) identify statistically significant differences (P £ 0Æ05) in percent recovery at different input levels of each

organism. Statistically significant differences (P £ 0Æ05) were observed in all comparisons between percent recovery values when calculations based on

loss to the supernatant versus direct plating of the pellet were compared.

*% Recovery (based on loss to supernatant) ¼ 100 ) [(total population in supernatant after centrifugation) · 100/(total population in sample before

centrifugation)].

�% Recovery (based on direct plating of pellet) ¼ [(total population in pellet after centrifugation) · 100/(total population in sample before

centrifugation)].

8%
Glycerol 

Ampli Taq GoldControl 2·5% PEG 0·5 mM DTT 3% DMSO

0  –1  –2 – + 

0  –1  –2  –  + 

0  –1  –2 – + 

0  –1  –2  –  + 

0  –1  –2 – + 

0  –1  –2  –  + 

0  –1  –2 – + 

0  –1  –2  –  + 

0  –1  –2  –   + 

0  –1  –2  –  + 

0  –1  –2  –   + 

0  –1  –2  –  + 

8%
Glycerol 

Ampli Taq Gold

M

M

(a)

(b)

Control 2·5% PEG 0·5 mM DTT 3% DMSO

Fig. 2 Effect of PCR enhancement agents (2Æ5% PEG, 0Æ5 mMM DTT, 8% glycerol, 3% DMSO and AmpliTaq Gold) on the detection of serovar.

Enteritidis (a) and Listeria monocytogenes (b) in artificially contaminated mild cheddar cheese after centrifugation, DNA extraction, and PCR

amplification. Eleven-gram samples of mild cheddar cheese were inoculated with 106 CFU of servoar. Enteritids or L. monocytogenes and processed for

bacterial concentration followed by DNA isolation. Prior to PCR, DNA extracts were diluted up to 100-fold. Undiluted, 10-fold ()1) and

100-fold ()2) diluted extracts were then amplified and detected by agarose gel electrophoresis. The corresponding dilution is given below each

gel lane. Lanes: M, marker; ), complete PCR cocktail without sample (i.e. water); +, positive control reaction for amplification (i.e. DNA

extracted from ca 108 CFU of serovar. Enteritidis or L. monocytogenes in pure culture)
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dairy matrix-associated PCR inhibition (Niederhauser et al.
1992; Rossen et al. 1992; Herman and DeRidder 1993;

Makino et al. 1995). Decreased sensitivity of the PCR

reactions may also be the result of inefficient DNA

extraction and/or high levels of background and competing

microflora, both of which can be problematic for compos-

itionally complex dairy products (Wegmüller et al. 1993;

Wilson 1997). Regardless of these difficulties, there have

been numerous reports on the development and application

of nucleic acid amplification-based assays to detect

foodborne pathogens in a variety of foods, including dairy

products (Rossen et al. 1992; Wilson 1997).

Centrifugation has been used, with limited success, to

concentrate bacteria from both cultural enrichments and

directly from the dairy food matrix prior to PCR detection.

Typically, researchers attempting direct detection, (without

cultural enrichment), of pathogens from food matrices

report poorer detection limits in comparison to methods that

are preceded by cultural enrichment. For example, when

centrifugation was used in combination with enzymatic

M    U     UDetection limit
CFU/11g sample

M    U    104 103 104

106106 105105 104104 103103 102102 101101

103102 102101 101100 10010–1 10–1Detection limit 
CFU/PCR reaction

Mild cheddar cheese Non fat yogurt

Hybridization –
confirmed detection U    3/3 3/3 3/3  3/3 1/3 1/3  U 3/3 3/3 3/3 3/3 3/3 1/3          

Gel electrophoresis

Southern hybridization

+–

+

+

–

–

U

Fig. 3 Detection of Salmonella enterica serovar. Enteritidis in artificially contaminated mild cheddar cheese and non-fat yogurt. Eleven-gram

samples were inoculated with 101 to 106 CFU of servoar enteritidis and processed for bacterial concentration followed by DNA isolation, PCR

amplification, and Southern hybridization. The corresponding initial inoculum level (CFU/11 g of mild cheddar cheese or non-fat yogurt and CFU/

PCR reaction) is given below each gel lane. Each inoculum level was run in triplicate and the number of hybridization confirmed positive results per

triplicate run is indicated on the bottom row below the corresponding inoculum level. Lanes: M, marker; U, uninoculated 11-g sample of mild

cheddar cheese or non-fat yogurt processed for bacterial concentration; ), complete PCR cocktail without sample (i.e. water); +, positive control

reaction for amplification (i.e. DNA extracted from ca 108 CFU of serovar. Enteritidis in pure culture)

Detection limit
CFU/11g sample

Detection limit 
CFU/PCR reaction

Gel electrophoresis

Southern hybridization

Hybridization –
confirmed detection

105 104

104

103

103 102 101

106 106

104

105

103 102 101

104 103 –

–

–

+

+

+

UUM

UM U

U 3/3 3/3 3/3 1/3U 3/3 3/3 3/3 1/3

Mild cheddar cheese Non fat yogurt

Fig. 4 Detection of Listeria monocytogenes in artificially contaminated mild cheddar cheese and non-fat yogurt. Eleven g samples were inoculated with

103 to 106 CFU of L. monocytogenes and processed for bacterial concentration followed by DNA isolation, PCR amplification, and Southern

hybridization. The corresponding initial inoculum level (CFU/11 g of mild cheddar cheese or non-fat yogurt and CFU/PCR reaction) is given below

each gel lane. Each inoculum level was run in triplicate and the number of hybridization confirmed positive results per triplicate run is indicated

on the bottom row below the corresponding inoculum level. Lanes: M, marker; U, uninoculated 11-g sample of mild cheddar cheese or non-fat yogurt

processed for bacterial concentration; ), complete PCR cocktail without sample (i.e. water); +, positive control reaction for amplification (i.e.

DNA extracted from ca 108 CFU of L. monocytogenes in pure culture)
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digestion, investigators reported PCR detection limits for

Escherichia coli O157:H7 and Campylobacter species from

dairy products ranging from 103–104 CFU g)1 (Meyer et al.
1991; Wegmüller et al. 1993). Makino et al. (1995) reported

a PCR detection limit of 103 CFU g)1 for the direct

detection of L. monocytogenes from cheese after using several

sample preparation steps, including centrifugation and

enzyme digestion. Uyttendaele et al. (2000) evaluated

immunomagnetic separation (IMS) for the recovery of

L. monocytogenes from cheese, noting that the cheese matrix

interfered with both the efficiency of antibody–antigen

binding and the recovery of the beads. These authors

reported that IMS resulted in losses of 1Æ1–1Æ4 log10 of the

target organism and were only able to achieve detection

limits of 102–103 CFU ml)1 when attempting direct detec-

tion of L. monocytogenes from a mixed population. Herman

and DeRidder (1993) reported PCR detection limits ranging

from 10 to 106 CFU g)1 for L. monocytogenes seeded into

various diluted cheeses, depending on the type of cheese

evaluated. In our study, we report detection limits of

10 CFU per 11-g sample for serovar. Enteritidis and

103 CFU per 11-g sample for L. monocytogenes from both

cheese and yogurt matrices, without prior cultural enrich-

ment. These detection limits are comparable if not better

than those reported in the literature for the direct detection

of pathogens from cheese, and only slightly less sensitive

than detection limits for traditional methods that rely on

cultural enrichment. Further research in the areas of nucleic

acid extraction efficiency and nucleic acid purification may

result in continued improvements in the direct detection of

target pathogens from food matrices with goal of attaining

detection limits comparable to cultural based methods

without the need for enrichment. These methods will,

however, need to be carefully validated, as detection limits

have been shown to vary considerably with product type and

brand, among other factors (Wernars et al. 1991).

There were several optimizations that, when applied

together, allowed us to achieve improved detection limits

using our combined sample preparation-PCR detection

approach. For instance, in the initial sample preparation

phase, we were able to incorporate filtration and improved

precipitation efficiency to facilitate the separation of bacteria

from the food matrix. A simple filtration step using either

sterile cheesecloth or a filter stomacher bag allowed for the

removal of large food particulates that would otherwise

co-sediment with the bacteria during the centrifugation step.

Polyethylene glycol (PEG) was added to the yogurt and

cheese samples during the homogenization step to facilitate

precipitation. We speculate that PEG promoted protein

precipitation, with the bacteria in the food suspensions

co-precipitating in a manner similar to organic flocculation

(Sobsey et al. 1975). The combination of simple filtration of

gross particulates and the addition of PEG allowed efficient

bacterial sedimentation to occur at lower centrifugal forces,

leaving unprecipitated food components to be discarded in

the filter or the supernatant. The net result was a smaller

bacteria-containing pellet and removal of unwanted food-

related materials by filtration and subsequent centrifugation,

all with recovery of close to 100% of the bacterial population.

Likewise, the optimization of DNA extraction and PCR

amplification conditions was necessary in order to achieve

improved detection limits of L. monocytogenes and serovar.

Enteritidis in the complex dairy matrix. For instance, the

incorporation of an additional DNA purification step, in the

form of the QiaShredder column, produced DNA that could

be enzymatically amplified without significant inhibition. The

addition of DTT and in some cases, a second-generation Taq
DNA polymerase, also improved PCR detection limits by as

much as 100-fold. It has been hypothesized that PCR

enhancement agents work on two levels, e.g. they help to

reduce nucleic acid secondary structure, making the DNA

more accessible to the polymerase, and they serve as

scavengers of inhibitory compounds, preventing their binding

to and subsequent inactivation of Taq DNA polymerase

(Wilson 1997). All told, these additions to the protocol further

facilitated detection of these two pathogens in yogurt and

cheese samples.

We can conclude that, with careful attention to sample

preparation and nucleic acid amplification optimization, the

direct detection of pathogens from foods is possible and that

the sensitivity of this detection is slowly approaching that of

other rapid methods. With that said, there is no �silver

bullet� with respect to matrix preparation, and it is likely that

future methods will be both matrix- and perhaps organism-

specific. For instance, the fact that our detection limits were

so much better for Salmonella than for L. monocytogenes,
despite the fact that bacterial recoveries after concentration

were virtually identical, suggests that additional refinements

to the amplification protocols will be necessary. In fact, we

have anecdotal evidence that different gene targets and

amplification primers vary widely in their amplification

efficiency when applied to compositionally complex sample

matrices (data not shown). It is our hope that the method

reported here represents as step towards developing effective

combinations of sample concentration, purification, and

nucleic acid amplification, which may eventually be used to

reduce or eliminate lengthy cultural enrichments.
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