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There have been several epidemiological studies linking alcohol 

consumption to a decreased risk of contracting illness from foodborne 

bacterial contamination. To study this phenomenon, we examined the 

survival of Escherichia coli 0157:H7 and Salmonella typhimurium in grape 

juice and wine and then designed a model stomach to investigate the effect 

of wine consumption with a meal on the survival of these bacteria. In 

addition, we looked at the role and relative effects of wine acid and alcohol 

content on bacterial survival. 

To test the relative role of acid and alcohol content on bacterial 

survival, 500 mL aliquots of Chardonnay and Pinot Noir wines were 

vacuum distilled to produce a non-volatile fraction containing only acids 

and a volatile fraction containing only alcohol. These fractions were 

subsequently brought back to the original 500 mL volume with distilled 

water. For the survival studies, approximately 1 x 107 CFU/mL of E. coli 

0157:H7 or Salmonella was added directly to 25 mL of sterile-filtered 

Chardonnay and Pinot Noir juice, wine, non-volatile, and volatile fractions. 

These treatments were then plated on tryptic soy agar (TSA) at appropriate 

time intervals to determine maximum survival times. We observed that 

both E. coli 0157:H7 and S. typhimurium were inactivated in wine within 60 



min. In grape juice, £. coli and S. typhimurium survived 3-12 d and 3 h-16 d, 

respectively. Survival in the volatile fractions was less than 48 h for both 

bacteria and in the non-volatile fractions E. coli and S. typhimurium both 

survived less than 24 h. 

To determine the antimicrobial effect of wine on the survival of food 

borne E. coli 0157:H7 and S. typhimurium we designed a model stomach 

system. In this system, varying amounts of jarred baby food, synthetic 

gastric fluid (SGF), and the test beverage were aseptically placed in a 

stomacher bag, inoculated with bacteria to a level of approximately 1 x 103 

CFU/mL, and then mixed in a stomacher blender prior to each sampling. 

The stomacher bags were sampled at 0, 30,60,120, and 180 min by the pour 

plate method using TSA. The beverages tested in this system were 

Chardonnay and Pinot Noir wines and their respective fractions; water 

served as a control. Escherichia coli 0157:H7 showed little change in cell 

population when in the presence of 150 g SGF, 150 g food, and 50 g of test 

beverage, regardless of the beverage. Salmonella typhimurium, under the 

same conditions, showed a marked difference between test beverages. In 

the presence of 50 g of wine, S. typhimurium had a 66-100% reduction at 60 

min and had attained 100% reduction after 120 min; without wine, a 33-94% 

reduction was attained at 60 min and a 60-99% reduction was attained at 

120 min. In general we found that that the E. coli 0157:H7 was much more 

resistant to inactivation than was S. typhimurium in the model stomach. 

Also, we found that Chardonnay was more effective in inhibiting bacteria 

than Pinot Noir and that the non-volatile wine fractions were more 

inhibitory than the volatile fractions. These observations suggest that the 

antibacterial power of wine is highly acid dependent and that the 

consumption of wine with a meal may afford protection against certain 

types of food contamination. 
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ANTIMICROBIAL EFFECTS OF WINE ON ENTERIC PATHOGENS IN 
A MODEL STOMACH SYSTEM 

ABSTRACT 

We examined the survival of Escherichia coli 0157:H7 and Salmonella 

spp. in grape juice and wine and designed a model stomach to investigate 

the effect of wine consumption with a meal on their survival. Escherichia coli 

and S. typhimurium were inactivated in wine within 60 minutes. However, 

in grape juice, £. coli and S. typhimurium survived 3 h-16 d. To evaluate acid 

and alcohol on bacterial survival, Chardonnay and Pinot Noir wines were 

vacuum distilled to produce a non-volatile fraction containing acids and a 

volatile fraction containing alcohol. Survival for both bacteria in the volatile 

fractions and non-volatile fractions was < 2 days and < 1 day, respectively. 

To test the consumption of wine with a meal on E. coli 0157:H7 and S. 

typhimurium survival, we designed a model stomach containing food and 

synthetic gastric fluid ( SGF). Wines, their acid and alcohol fractions, and 

water were tested. Wine had little effect on E. coli 0157:H7 survival when in 

the presence of SGF and food. Under the same conditions S. typhimurium 

had a 66-100% reduction at 60 min and had attained 100% reduction after 

120 min; without wine, a 33-94% reduction was attained at 60 min and a 60- 

99% reduction was attained at 120 min. We observed that E. coli Ol57:H7 

was significantly more resistant to inactivation than S. typhimurium in the 

model stomach. Furthermore, we observed that the non-volatile wine 

fractions were more effective in killing S. typhimurium than the volatile 

fractions, which suggests that the antibacterial activity of wine is highly 

acid dependent. 



INTRODUCTION 

Although it has been said that the United States has the safest food 

supply in the world, approximately 76 million illnesses, 325,000 

hospitalizations, and 5,000 deaths due to foodborne disease occur annually 

(Mead and others 1999). Escherichia coli 0157:H7 and non-typhoidal 

Salmonella together account for 10.2% of the illnesses, 28.6 % of the 

hospitalizations, and 33.5% of the deaths in cases where the pathogen is 

identified (Mead and others 1999). 

There are several factors that contribute to the compromised safety 

of our food supply including centralization of food processing operations, 

increased consumer demand for convenient products, and the emergence of 

more virulent foodborne pathogens (Tarr 1994; Collins 1997; Deliganis 

1998). One of the ways enteric bacteria such as E. coli 0157:H7 and 

Salmonella cause illness is through their ability to survive in low pH, high 

acid environments. The mechanism by which these bacteria survive acidic 

environments is termed acid resistance and is considered to be one of the 

emerging virulence properties of these pathogens. Acid resistance increases 

the likelihood that a microorganism will survive for long periods in acidic 

foods and increases the proportion of bacteria that may survive in the 

human gastric environment. The correlation of a low infective dose (ID) 

with an enhanced ability to persist in acidic environments has been 

proposed by several researchers (Peterson 1989; Gordon 1993; Benjamin 

1995; Buchanan 1996; Lin 1996; Waterman 1996; Bearson 1997). For 

example, the IDs of Vibrio cholerae (109 organisms). Salmonella typhimurium 

(107 organisms), and £. coli 0157:H7 (102 organisms) compares to their level 

of acid resistance, with V. cholerae being the least resistant and £. coli 

0157:H7 being the most resistant (Lin 1996). 

Recent food outbreaks linking acid resistant pathogens to 

consumption of unpasteurized fruit juices have challenged the long-held 

belief that foods with low pH and high organic acid content are safe from 



food poisoning. Numerous £. coli 0157:H7 and Salmonella outbreaks have 

been linked to apple juice and orange juice consumption (CDC 1996,1997, 

1999; Parish and others 1997) and due to the frequency of these outbreaks it 

has been recognized that consuming unpasteurized juice products poses a 

serious health risk (Parish 1997; FDA 1998). The appearance of these acid 

resistant pathogens in acid and acidified foods warrants a reexamination of 

the safety of other high-acid fruit juices. 

Grape juice and wines also have low pH and high acid content and 

could conceivably act as vectors for E. coli 0157:H7 and Salmonella 

contamination. However, wine is a unique beverage because it has a 

relatively high alcohol content in addition to high amounts of organic acids 

and low pH. All of these factors contribute to wine's antagonistic bacterial 

environment and several studies have shown that bacteria cannot persist in 

wine. Sheth and others (1988) studied large inocula of S. typhimurium, 

Shigella, and enterotoxigenic E. coli in commercial beverages including wine 

and found that all three organisms survived less that 4 h in wine. Weisse 

and others (1995) found that E. coli, S. typhimurium and Shigella sonnei all 

died within 20 minutes when exposed to red or white wines. 

Drinking white wine with raw oysters to protect against diarrhea is 

traditional wisdom that has contributed to wine's reputation for being a 

digestive aid and some epidemiological evidence linking alcohol 

consumption to reduced risk of disease exists. Desenclos and others (1992) 

studied an oyster-borne Hepatitis A outbreak and found that among those 

who consumed the implicated raw oysters the risk of illness was reduced 

when beverages with alcohol concentrations of >10% were consumed with 

the oysters. They found little effect for low alcohol beverages. Alcohol 

consumption was also linked to a reduced rate of illness in a food outbreak 

involving Salmonella enteritidis contaminated tuna sandwiches (Blasco and 

others 1996). 

The significance of gastric juice as a bactericidal barrier has been 

recognized for almost a century and is one of the first lines of defense 



against ingested pathogens. The gastric environment is a hostile one with 

typical pH values of 1.0-3.0 (Maltby and others 1991). The normal 

microflora of a healthy human stomach has very few microorganisms (<2.5 

x 103/mL) whereas patients with hypochlorhydria (stomach ph of >6.0) 

have bacterial populations on the order of 107/mL and significant numbers 

of coliforms (Giannella 1972 and others). Although there are several 

components in gastric fluid, it has been reported that the gastricidal activity 

of the stomach is pH-hydrochloric acid-dependent (Giannella and others 

1972,1973; Peterson 1989). However, Aim (1983) reported that human 

gastric fluid (pH 1.7 - 1.8) was more effective in inhibiting Salmonella and 

Shigella than physiological saline adjusted to the same pH suggesting that 

there are other bactericidal factors in gastric fluid. 

In this investigation we sought to determine if wine has significant 

antimicrobial effects on food borne enteric pathogens. The objectives of this 

research were to 1) determine the survival of £. coli 0157:H7 and Salmonella 

in red and white wine and grape juice and 2) determine the effect of wine 

on £. coli 0157:H7 and Salmonella survival in a model stomach system. 



MATERIALS AND METHODS 

Bacterial strains, culture maintenance, and inoculum preparation 

Escherichia coli 0157:H7 (ATCC 43895 and ATCC 43894), Salmonella 

typhimurium (ATCC 14028), and Salmonella hartford were used in these 

studies. Escherichia coli 43895 was isolated from raw hamburger meat 

implicated in a hemorrhagic colitis outbreak and produces Shiga-like toxins 

I and II. Escherichia coli 43894 was isolated from a patient with hemorrhagic 

colitis and also produces Shiga-like toxins I and II. Salmonella hartford was 

obtained from Dr. M.E. Parish (University of Florida, Lake Alfred, Fla.) and 

is a serovar isolated from a citrus processing facility implicated in a 

salmonellosis outbreak and is known to be acid resistant (Parish and others 

1997). All strains were stored on trypticase soy agar (TSA) (Difco 

Laboratories, Detroit, Mich.) slants at 40C prior to use. Strains were 

prepared by transferring a loop inoculum from TSA storage slants into 150 

mL of trypticase soy broth (TSB) (Difco Laboratories, Detroit, Mich.) and 

incubating at 340C for 16 h and then making a 10-fold dilution of the 16 h 

culture into TSB and incubating at 340C for 24 h. Cell density was 

determined by measuring absorbance at 650 nm in a spectrophotometer 

(Spectronic 20, Milton Roy Co., Rochester, N.Y.) and then correlating 

absorbance to viable cell counts using standard curves generated for each 

bacterial strain. 

Juice, wine, and fraction preparation 

Chardonnay and Pinot Noir grapes were obtained from Oregon 

State University vineyards. Grapes were crushed, treated with 50 ppm 

sulfur dioxide and frozen until use. Later, the thawed grapes were pressed 

off the skins to obtain juice. A portion of each juice, Chardonnay and Pinot 

Noir, was frozen and stored at -20oC until further use. The remaining 

Chardonnay and Pinot Noir juices were fermented to completion with the 

commercial wine yeast DV10 (Scott Laboratories, Petaluma, Calif.). 



Volatile and non-volatile wine fractions were prepared by distilling 

500 mL portions of either Chardonnay or Pinot Noir wine in a vacuum 

distillation apparatus (Rotovapor R-124, Biichi, Flawil, Switz.) at 80 rpm 

under 29 psi of vacuum and at 40oC. Midway through the distillation, 200 

mL of distilled water was added to the non-volatile portion to ensure 

complete carry-over of all volatiles. Both volatile and non-volatile wine 

fractions were then brought back up to the original 500 mL volume with 

distilled water. Several distillations were carried out with each wine in 

order to obtain enough material for all the experiments. To ensure 

uniformity between batches, 95% ethanol was added to the volatile 

fractions to maintain a constant alcohol content. No adjustments were 

needed for non-volatile fractions. 

All wine, juice, volatile fractions, and non-volatile fractions were 

filtered through a 0.45 ^im membrane (Nalgene, Rochester, N.Y.). Prior to 

use in survival studies, pH (Digital Ionalyzer/501, Orion Research, Boston, 

Mass.), titratable acidity (TA) (Zoecklein 1995), and total sulfur dioxide 

content (Zoecklein 1995) were determined for all media. Additionally, 

alcohol content was measured by ebulliometry (Zoecklein 1995) in the 

wines and volatile and non-volatile fractions. 

Bacterial survival in grape juice and wine 

Escherichia coli 0157:H7 43895, E. coli 0157:H7 43894, S. typhimurium 

14028, and S. hartford were directly added to 25 mL aliquots of Pinot Noir 

wine and juice and Chardonnay wine and juice at an approximate initial 

concentration of 1 x 107 CFU/mL and held at room temperature. 

Treatments were sampled at appropriate time intervals, serially diluted as 

necessary, and enumerated using the standard spread plate technique. All 

trials were performed in duplicate. 



Bacterial survival in model stomach 

We developed a model stomach system based upon human 

physiological conditions of pH, gastric fluid volume, and transit time 

(Malagelada and others 1976; Malagelada 1977; Scarr and others 1989). This 

model utilizes a stomacher blender (Stomacher 400 Circulator, Seward, 

London, UK) to mix the contents of a sterile stomacher bag (Seward 

Medical, London, UK) containing synthetic gastric fluid (SGF), sterile 

homogeneous food (Vegetable Turkey Dinner for infants, 6 oz jars, Gerber, 

Fremont, Mich.), and the test beverage. The SGF was prepared as described 

by Beumer and others (1992) except that bovine bile (Sigma Chemical Co., 

St. Louis, Mo.) was used instead of porcine bile. Synthetic gastric fluid was 

made fresh daily by dissolving 2.05 g NaCl, 0.6 g KH2P04,0.1 g CaCl2, 0.3 g 

KCl, 0.1 g lysozyme (Fordras Sa., Lugano, Switz.), 0.05 g bovine bile (Sigma 

Chemical Co., St. Louis, Mo.), and 13.3 mg pepsin (Sigma Chemical Co., St. 

Louis, Mo.) in 1 L distilled water, adjusting to pH 1.5 with 6 N HC1, sterile 

filtering with a 0.45 nm membrane (Nalgene, Rochester, N.Y.), and pre- 

warming to 370C prior to use. The baby food (commercially sterile in 6 oz. 

jars) was kept at room temperature and the test beverages (wine, volatile 

fractions, and non-volatile fractions of both Pinot Noir and Chardonnay) 

were kept at 40C prior to use. 

For each trial, 8 stomacher bags representing 4 experimental bags 

(containing SGF) and 4 bags as controls (not containing SGF) were 

prepared. The 4 experimental bags consisted of 150 g baby food, 150 g SGF, 

and 50 g of either water, wine, volatile fraction, or non-volatile fraction. The 

control bags were prepared the same as the experimental bags except that 

150 g of pre-warmed sterile distilled water was used in place of SGF. All 

trials were performed in duplicate. 

Escherichia coli 0157:H7 43895 and S. typhimurium 14028 were 

inoculated into the stomacher bags at an approximate initial concentration 

of 1 x 103 CFU/mL and incubated at 370C. Immediately after inoculation, 

and before each sampling, the stomacher bags were mixed in a stomacher 



blender at 150 rpm for 10 s. Bags were sampled at 0,30,60,120, and 180 

min by removing duplicate 100 |J.l and 1 mL aliquots from each bag and 

enumerating cell counts by the pour plate method using molten TSA 

supplemented with 0.5% triphenyl tetrazolium chloride (TTC) (Difco 

Laboratories, Detroit, Mich.) to facilitate colony counting. 



RESULTS AND DISCUSSION 

Bacterial survival in grape juice, wine, volatile and non-volatile wine 
fractions 

In order to make meaningful comparisons between bacterial survival 

in wine and bacterial survival in grape juice, wine was made from the 

grape juice used in these studies. Titratable acidity, pH, and percent alcohol 

(v/v) for all Pinot Noir and Chardonnay juices, wines, volatile fractions, 

and non-volatile fractions are presented in Table 1. Table 2 summarizes the 

survival of E. coli 0157:H7 43894, E. coli 0157:H7 43895, S. typhimurium 

14028, and S. hartford when directly added to Pinot Noir and Chardonnay 

juice and wine. 

Table 1 - Characteristics of grape juice, wine, and wine fractions" 

pH Titratable Acidity 
(g tartaric acid/L) 

% Alcohol 
(v/v) 

Pinot Noir juice 3.53 5.8 - 

Pinot Noir wine 3.61 6.8 15.3 

Pinot Noir volatile fraction 3.76 <0.1 14.2 

Pinot Noir non-volatile fraction 3.37 6.3 0.3 

Chardonnay juice 2.90 7.6 - 

Chardonnay wine 3.09 9.6 13.6 

Chardonnay volatile fraction 3.61 <0.1 12.3 

Chardonnay non-volatile fraction 2.91 9.4 0.7 
aAll juices, wine, volatile and non-volatile fractions contained <25 ppm SO^ 
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We found that E. coli 0157:H7 and Salmonella survived 3-12 d and 3 

h-16 d, respectively, in grape juice. Our results are consistent with work 

done in similar fruit juices where £. coli 0157:H7 was found to survive up 

to 42 d in apple cider or orange juice (Ryu and Beuchat 1998) and Salmonella 

survived for up to 15 d in apple cider (Parish and others 1997) and 21 d in 

orange juice (Roering and others 1999). Overall, bacterial strains survived 

better in Pinot Noir juice than in Chardonnay juice. The reason for this 

difference is most likely due to the higher acid content and lower pH of the 

Chardonnay (Table 1). To our knowledge, this is the first study to examine 

the survival of E. coli 0157:H7 and Salmonella strains in grape juice. The 

lengthy survival of these bacteria in grape juice supports the idea that fresh 

pressed grape juice could act as a vector for enteric pathogens. 

Table 2 - Maximum survival times of E. coli 0157:H7 and Salmonella in 
wine and grape juice3 

E. coli E. coli        c .    , . 
0157:H7 0157:H7      S.typ^mmum    Shartford 

43895 43894 14028 

Pinot Noir 
Juice 

Pinot Noir 
Wine 

12 d 8d 16 d 10 d 

60 min 60 min 10 min 30 min 

3d 12 d 3h 8d 

44 min 57 min 10 min 14 min 

Chardonnay 
Juice 

Chardonnay 
Wine 

aInitial cell concentrations ranged from 2 x lO" - 8 x 10b CFU/mL 

Perhaps the least surprising yet most striking observation is the 

rapid inactivation of E. coli 0157:H7 and Salmonella in wine as compared to 

juice. Escherichia coli 0157:H7 strains survived 44-60 min in wine and 

Salmonella strains survived 10-30 min in wine. This result is in keeping with 
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other work where Salmonella and enterotoxigenic £. coli surivived less than 

20 min in red and white wine (Weisse and others 1995) and where £. coli 

0157:H7 was reduced to undetectable levels in fermenting cider after 3 

days (Semanchek and Golden 1996). Ingram and others (1984) reported that 

most vegetative microorganisms are immediately inactivated in ethanol 

concentrations greater that 15%. Obviously alcohol plays a significant role 

in bacterial survival as demonstrated by the reduced viability of bacteria in 

wine as compared to juice. However, most of the bacteria survived longer 

in the Pinot Noir wine (15.3% alcohol) than in the Chardonnay wine (13.6% 

alcohol). This suggests that the role of acid in inhibiting bacteria is still 

significant even in the presence of alcohol. 

To determine the relative effects of acid and alcohol on bacterial 

survival, £. coli 0157:H7 43895 and S. typhimurium 14028 were tested for 

their ability to survive in Pinot Noir and Chardonnay volatile and non- 

volatile wine fractions (Table 3). The distillation of wine into volatile and 

non-volatile fractions provided a convenient way to separate the effects of 

alcohol (volatile fraction) from the effects of acid (non-volatile fraction). In 

general, we found that bacteria survived better in the volatile fractions as 

compared to non-volatile fractions. In addition, the survival of S. 

typhimurium in the Chardonnay non-volatile fraction was lower than in the 

Pinot Noir non-volatile fraction. Again, this supports the idea that acid is at 

least or more significant than alcohol in determining bacterial survival. 
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Table 3 - Maximum survival times of E. coli 0157:H7 43895 and S. 
typhimuriutn 14028 in volatile and non-volatile wine fractions3 

E. coli 0157:H7        S. typhimuriutn 
 43895 14028 

Pinot Noir volatile fraction 48 h 24 h 

Pinot Noir non-volatile fraction 24 h 24 h 

Chardonnay volatile fraction 48 h 48 h 

Chardonnay non-volatile ry. , o i 
fraction 

aInitial cell concentrations ranged from 5xlOb-8xlOb CFU/mL 

Strain to strain differences in bacterial survival were also observed. 

Escherichia coli 0157:H7 was consistently more tolerant to wine (Table 2), 

volatile and non-volatile fractions (Table 3) than the Salmonella strains. This 

difference is likely due to differing stress tolerances of E. coli and Salmonella. 

The greater persistence of E. coli 0157:H7 as compared to Salmonella spp. is 

well known and has been observed in other food systems such as apple 

cider (Uljas and Ingham 1999) and certain traditional fermented foods 

(Simango and Rukure 1992). 

Bacterial survival in model stomach 

Escherichia coli 0157:H7 43895 and S. typhimurium 14028 were chosen 

for use in the model stomach experiments based on the large amount of 

work that has been published on these two organisms. Figure 1 shows the 

effect of Pinot Noir wine, volatile, and non-volatile fractions on E. coli 

0157:H7 43895 survival in the model stomach system during two different 

trials. We found that while the growth of E. coli 43895 is inhibited in the 

presence of SGF, none of the treatments considerably decreased E. coli 
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43895 cell populations over the 3 h test period. It is interesting to note that 

without gastric fluid, the presence of Pinot Noir wine or Pinot Noir non- 

volatile fraction was enough to inhibit the growth of E. coli 43895. This 

observation is consistent with the prior survival study (Table 3) where the 

Pinot Noir non-volatile fraction was more effective in inhibiting E. coli 

43895 than the volatile fraction. 

The effect of Chardonnay wine, volatile, and non-volatile fractions 

on E. coli 0157:H7 43895 survival is depicted in Fig 2. Similar to the results 

from Fig 1, we observed that the presence of SGF inhibits the growth of E. 

coli 43895 but fails to appreciably change viable cell populations. In the 

absence of SGF, Chardonnay wine and non-volatile fraction appear to have 

a bacteriostatic effect whereas the control and Chardonnay volatile fraction 

did little to prevent growth. 
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Figure 1 - The effect of Pinot Noir wine, volatile, and non-volatile 
fractions on the survival of E. coli  0157:H7 43895 in a model 
stomach system. Each model stomach contains 150 g food, 150 g 
synthetic gastric fluid or water, and one of the following: (□) 50 g 
Pinot Noir wine; (A) 50 g Pinot Noir volatile fraction; (O) 50 g Pinot 
Noir non-volatile fraction; or (O) 50 g water (control). 
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Figure 2 - The effect of Chardonnay wine, volatile, and non-volatile 
fractions on the survival of £. coli  0157:H7 43895 in a model 
stomach system. Each model stomach contains 150 g food, 150 g 
synthetic gastric fluid or water, and one of the following: (□) 50 g 
Chardonnay wine; (A) 50 g Chardonnay volatile fraction; (O) 50 g 
Chardonnay non-volatile fraction; or (O) 50 g water (control). 
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Figure 3 demonstrates the effect of Pinot Noir wine, volatile, and 

non-volatile fractions on the survival of S. typhimurium 14028 in the model 

stomach system during 2 trials. We found that the presence of SGF actively 

killed S. typhimurium in all treatments. However, with the addition of Pinot 

Noir wine, S. typhimurium survival was 1-33% at 60 min and undetectable 

after 120 min, compared to the control which had a 54-67% survival rate at 

60 min and a 32-40% survival rate at 120 min. Pinot Noir volatile and non- 

volatile fractions had intermediate effects on S. typhimurium survival with 

0-2% and 0% survivors at 180 min respectively, compared to the control 

which had 9-16% survivors. In the trials without SGF, none of the 

treatments killed S. typhimurium, but like the trend seen for E. coli 43895 in 

Fig 1, the addition of Pinot Noir wine or the non-volatile fraction prevented 

growth. 

Similar results were obtained when Chardonnay wine, volatile, and 

non-volatile fractions were tested on the survival of S. typhimurium 14028 in 

the model stomach (Figure 4). Again, SGF was observed to actively kill S. 

typhimurium in all treatments and without SGF the addition of Chardonnay 

wine or non-volatile fraction inhibited growth but did not appear to 

decrease cell population. We found that the addition of Chardonnay wine 

in the presence of SGF resulted in a 0-2% survival rate at 60 min with no 

detectable cells at 120 min, compared to the control which had a 6-26% 

survival rate at 60 min, 1-10% survival rate at 120 min, and 0-6% survival 

rate at 180 min. Chardonnay non-volatile fraction produced a similar rate of 

survival to that of wine with 1% survival at 60 min and complete cell 

inactivation at 120 min. The Chardonnay volatile fraction produced an 

intermediate survival rate of 9-21% at 60 min, 0-3% at 120 min, and 

complete inactivation at 180 min. 
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Figure 3 - The effect of Pinot Noir wine, volatile, and non-volatile 
fractions on the survival of S. typhimuriutn  14028 in a model 
stomach system. Each model stomach contains 150 g food, 150 g 
synthetic gastric fluid or water, and one of the following: (□) 50 g 
Pinot Noir wine; (A) 50 g Pinot Noir volatile fraction; (O) 50 g Pinot 
Noir non-volatile fraction; or (O) 50 g water (control). 
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Figure 4 - The effect of Chardonnay wine, volatile, and non-volatile 
fractions on the survival of S. typhimurium  14028 in a model 
stomach system. Each model stomach contains 150 g food, 150 g 
synthetic gastric fluid or water, and one of the following: (□) 50 g 
Chardonnay wine; (A) 50 g Chardonnay volatile fraction; (O) 50 g 
Chardonnay non-volatile fraction; or (O) 50 g water (control). 
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In general it appears that in the presence of SGF, the addition of 

Chardonnay wine and its non-volatile fraction are more lethal than the 

addition of Pinot Noir wine and its non-volatile fraction. This observation is 

most likely due to the increased acid content of Chardonnay compared to 

Pinot Noir and continues the trend already seen in this work. Moreover, the 

addition of Chardonnay non-volatile fraction was apparently as effective in 

inactivating S. typhimurium as Chardonnay wine which strongly suggests 

that the bactericidal activity of wine is highly acid dependent. 

Several in vitro methodologies have been developed which attempt 

to mimic the in vivo human gastric environment. A dynamic 

gastrointestinal model has previously been described (Minekus and others 

1995, Marteau and others 1997, Ganzle and others 1999) wherein four serial 

compartments simulating the stomach, duodenum, jejunum and ileum are 

controlled by computers that regulate pH, bile salt concentration, and the 

transit of chyme. This system, however, is complicated and cost- 

prohibitive. Other in vitro gastric models merely mix bacterial suspensions 

with synthetic gastric fluid (SGF) in varying ratios and then monitor 

bacterial survival (Aim 1983; Charteris and others 1998; Roering and others 

1999; Koo and others 2000). While these systems may be simple and easy to 

perform, they do not accurately model what occurs in the human stomach 

during ingestion of a meal and very often produce conflicting results. In 

one study, E. coli 0157:H7 was reported to have a 61% survival rate after 3 

hrs when inoculated into pH 1.5 SGF at a rate of 10" CFU/mL (Arnold and 

Kaspar 1995). Yet, in another report, E. coli 0157:H7 was found to have a 

0% survival rate after 4 hrs when 150 mL of inoculated apple juice was 

mixed with 300 mL of SGF and adjusted to pH 2.5 (Uljas and Ingham 1998). 

In our own laboratory we've found that both E. coli 0157:H7 43895 and S. 

typhimurium 14028 were unable to survive longer than 30 min in a 1:1 

dilution of water to pH 1.5 SGF (data not shown). We believe one of the 

reasons for the variation in survival rates is due to the preparation of SGF. 

We have found that the bactericidal activity of SGF decreases with storage 
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time (data not shown) which led us to make the SGF fresh daily. Another 

challenge in designing our model stomach was selecting an appropriate 

model food. Commercially processed infant food was used as a model meal 

because the nutritional information is known, it can be purchased in large 

lots that prevent jar to jar variation, and the food is sterile and homogenous. 

Few studies have attempted to determine the effect of gastric fluid 

and meal on bacterial survival. However, one ambitious study investigated 

the interplay of gastric juice, food, and alcoholic beverages on the survival 

of enteric pathogens in vivo (Peterson and others 1989). The researchers 

obtained gastric samples from human volunteers before and after meal 

consumption and then tested these gastric samples for antibacterial effect. 

Their data confirmed the pH-dependence of bacterial survival in gastric 

fluid and they were the first to demonstrate enhanced bacterial survival in 

the presence of food. They discovered that bacterial survival was reduced 

when alcoholic beverages, including wine, were consumed without food, 

an observation that our findings also support. However, they were unable 

to show reduced bacterial survival after food was added to the stomach, 

even with wine consumption. We suggest this was because they incubated 

bacterial suspensions with human gastric fluid for only 5 min. It is obvious 

from our results that longer exposure times are needed to produce a 

bacteriocidal or bacteriostatic effect. Furthermore, a longer exposure to 

gastric fluid is in line with physiologic conditions where transit time of 

stomach contents may be as long as 3 h (Malagelada 1977). 

Many factors influence human digestion and it is important to note 

some of the differences between the model stomach described here and the 

human gastric environment. For instance, we can not account for peristaltic 

movement, specific immune response, production of mucus, or the effect of 

competitive microflora. The human stomach is not a predictable digestion 

vehicle either. It has been reported that human digestion can be affected by 

factors such as the sight, smell, and taste of food, by the volume and 

composition of the meal (Dubois 1895), and by prolonged physical stress 
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(0ktedalen and others 1988). In addition, several reports have shown that 

both red and white wine can stimulate the release of gastric fluid into the 

stomach (Lenz and others 1983; Singer and others 1983; Peterson and others 

1986) which raises the possibility that wine's in vivo antibacterial effect may 

be even more significant than we have demonstrated here. 
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CONCLUSIONS 

The results of the present study suggest that consuming wine with a 

meal may protect against some food poisoning organisms such as S. 

typhimurium, but not against others such as E. coli 0157:H7. We found that 

both Salmonella and £. coli 0157:H7 are rapidly inactivated in wine and that 

this effect may be enhanced with an increased acid content. Salmonella and 

E. coli 0157:H7 were found to survive up to 16 d in grape juice lending 

credibility to the idea that grape juice could act as a potential vector for 

enteric pathogens. To our knowledge this is the first study to clearly show 

the antibacterial effect of wine in a model stomach system. 
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