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b a c k g r o u n d

1J>creE
Although the U.S. food supply is generally considered to be safest in the world, a recent outbreak < .0157: H7 andan

^  easing incidence of salmonellosis are signals for concern (Doyle, 1993). Achieving a product of zero tolerance of food products for food- 
v R Pathogens even under good manufacturing practices is not possible. The development of effective chemical methods of food preservation 
eff ”ecome critically important. The number of antimicrobial chemical preservatives approved for use is limited. Studies were reported on the 
l9qCt’Veness ° f  various organic acids or chemical additives to reduce microbial surface counts (Netten and Veld, 1994; Dickson and Siragusa, 
Uni ̂  Amon8 the chemicals used in long-term preservation of food, fumaric acid possesses certain characteristics that provide distinct and 
p ^Ue advantages. Fumaric acid is one of the most widely distributed acids in nature and very cost effective compared to other acidulants. 
p ^  acid does not absorb moisture, which degrades flavor ingredients in many dry-mix products, and does not contribute to flavor defects. 
n aric acid occurs in many foods through fermentation of glucose or molasses. For this reason, it is considered nontoxic. Fumaric acid was 
IJs Ura'ly present in fresh meat at concentrations of 0.14-0.20%. The low solubility of fumaric acid makes it less appropriate for certain food 
AdS • overcome this problem, fumaric acid is mixed with 0.1-0.2% diocetylo-sodium-sulfosuccinate (DOSS). The Food and Drug
tq frustration (FDA) has approved the use of fumaric acid and its salts for human consumption at a level not to exceed the amount required 
InflCCOlnPlish t*lc intended effects (21 CFR 172.350). Fumaric acid is designated as Generally Recognized As Safe (GRAS) by the FDA.

at>on related to the effect of fumaric acid on the storage stability, shelf life, and safety of meat and meat products is very limited.
0] 27 OBJECTIVES of this study were: 1) to assess the efficacy of fumaric acid in reducing populations of Listeria monocytogenes. E. soli 
eff ' ,fi7’ and Salmonella typhimurium on lean beef evaluated before (0 day) and after 5, 7, and 14 days of vacuum storage; 2) to compare the 
% Ct'Veness fumaric, lactic, and acetic acids in eliminating spoilage bacteria from vacuum-packaged beef; and 3) to evaluate effects of 
H * «  sanitizing times on numbers of selected types of bacteria, remaining on meat surfaces after acid treatments.

T r ia l s  a n d  m e t h o d s

£ _ A model meat system was used to assess the effect of fumaric, acetic and lactic acid treatments on reductions of U monocytogenes.
°>57:H7 and 5- tvphimurium as compared to a control water treatments at 55°C at 0, 3, 7 and 14 days of storage at 4°C. Bacterial 

were maintained in tryptic soy broth (TSB) at 4°C and propagated in TSB to provide approximately 109 CFU/mL. Organic acids. 
Wate 10ns ° f  fumaric acid at concentrations of 0.5, 1.0, 1.5, 2.0, 2.5%; acetic acid at 1.0%; and lactic acid at 1.0% were prepared in distilled 
of j r' Ap solutions of acids were stored at ambient temperature until used. Inoculation and acid treatment of meat core samples. Samples 
o C  beef were obtained from semitendinosus muscles. Beef core samples (4.3 cm dia. x 0.6 cm height, surface area of 37.5 cm2) were 
f0r aed aseptically. Meat cores were dipped in the inoculum of E. call 0157:H7, L. monocytogenes or S. tvphimurium for 10 min and air dried 
itit0 , min- ^ eat cores were (ben sanitized by dipping in the appropriate acid solutions at 55° C for 15 or 30 sec. Control samples were dipped 
dtys Istl"ed water at 55°C. Samples then were vacuum packaged and stored at 4°C for up to 14 days. Bacterial enumeration. At 3, 7, and 14 
5(j of storage, cores of meat from all treatments were removed aseptically from the bags. Each sample was placed in a stomacher bag with 
Were of 01% peptone water and stomached for 2 min before plating of the appropriate dilutions using the spiral system. The plating media 
§mjjt 'Ster'a selective agar base (MOX) for L- monocytogenes. MacConkey Sorbitol Agar for enumeration of E. coli 0157: H7; and Bismuth 
by A8ar for enumeration of £. typhimurium. Plates were incubated at 37°C for 24 hr, then counted. Statistical analysis. Data were analyzed 
Aim a completely randomized design. Differences between untreated and treated samples were calculated as log reduction (log10 CFU/cm2). 
^  ° f variance (ANOVA) was performed to obtain least significant differences (LSD). Experiments were replicated three times.

ULTS AND DISCUSSION
2) jntr The antimicrobial effects of organic acids have been related to: 1) undissociated acid molecules that interfere with cellular metabolism; 
§lyc .acellular pH changes causing a decrease in biological activity, and 3) the inhibitory effect of low molecular weight carboxylic acids on 
1.0. • Sls ° f cells. The average reductions in counts of L- monocytogenes on lean beef dipped for 15 sec in fumaric acid at concentrations of 
tiw 1-5%, 1.0% acetic acid, and 1.0% lactic acid at 0, 3, 7, and 14 days of storage are presented in Fig.l. Fumaric acid treatment at 
'tQra Nations of 1.0 and 1.5%, generally resulted in a significantly greater (P<0.05) reductions in counts of L. monocytogenes throughout the 
1.0 Period when compared to acetic or lactic acid treatments. At 3 and 7 days of storage, significant differences were observed between
0fthe ’ “the  ̂  ̂'a% fumaric acid and the rest of the tested acids. Fumaric acid at a concentration of 1.5% was the most effective in reducing the growth 

a 2 Palb°gen. After 7 days of storage, fumaric acid at a concentration of 1.5% completely inhibited the growth of L. monocytogenes, resulting 
^ l°gio reduction.

UlS). ^amples of lean beef treated with 1.0 and 1.5% fumaric acid for 15 sec exhibited significantly greater (P<0.05) reductions of E. coli 
Vj»/. 7 than those treated with acetic and lactic acids (Fig.2). No significant differences (P>0.05) were observed between 1.0% acetic and 
H o aCt'C acid treatments- Fumaric acid at a concentrations of 1.0 and 1.5% was the most effective treatment in reducing the growth of the 
V c tg 1 effect ° f  this treatment was maximal at 3 days and approached a 1.96 log10 reduction. Reductions of E. coli populations were 

is. 311 those of L. monocytogenes or S. typhimurium. Other researchers have documented that various strains ofE. coli 0157:H7 are more
X t to organic acids than the pathogens, £. tvphimurium and L- monocytogenes ( Greer and Dilts, 1992).
S ^ J ^ u c t io n s  of £. tvphimurium population of samples treated with tested acids for 15 sec are presented in Fig.3. At 0 day of storage, 1.5% 
V c ac'd promoted a significant reduction (P<0.05) of 1.51 loglounits. After 14 days of storage, reductions of S. tvphimurium populations 
1.0 . reater with 1.0% fumaric and 1.0% acetic acid treatments than those after 7 days. Significant differences (P<0.05) were observed between 
Aiu H " “m -5% fumaric acid, except after 14 days of storage. Treatment with 1.0% lactic acid reduced the populations by 0.2 to 0.8 log10 units. 

°n and Marshall (1990) reported a similar reduction in the population of £. typhimurium on lean beef muscle dipped for 15 sec in 1.0% 
acidat55°c.

Average reductions in counts of L- monocytogenes on lean beef dipped for 30 sec in fumaric, lactic, and acetic acids are presented in
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Fig. 4. Fumaric acid at concentrations of 1.5 and 1.0% completely inactivated the growth of L- monocytogenes after 7 and 14 days of storage' 
respectively. This effect resulted in a 3.02 log10 unit reduction in the pathogen. No significant differences (P>0.05) were observed between 
treatments with lactic and acetic acids after 3, 7, and 14 days of storage.

Samples of lean beef treated with 1.0 or 1.5% fumaric acid for 30 sec exhibited significantly greater (P<0.05) reduction of E. coll 0 ^ 7' 
H7 than those treated with acetic or lactic acids (Fig. 5). This effect may have been related to a higher proportion of fumaric acid molecules 
that were undissociated and, thus, increased its effectiveness as an antimicrobial agent. Also, glycolysis is much more sensitive to dicarboxyl10 
acids, such as fumaric acid, than monocarboxylic acids like acetic and lactic acids. Fumaric acid at 1.5% was the most effective in reducing 
the growth of population of E. coli 0157:H7 throughout the entire storage periods, but reached a maximum of a 1.98 log,0 reduction before 
vacuum storage (0 day).

Reductions in S. tvphimurium on beef samples dipped for 30 sec in fumaric, lactic, and acetic acids are shown in Fig. 6. Reduction 
in counts of S- tvphimurium were significantly (PO.05) greater with 1.5% than 1.0% fumaric acid. At 0 and 3 days of storage, the 1.5% fumafl0 
acid treatment reduced the pathogen to levels 2.54 and 2.33 log,0 units lower, respectively, than those of the controls. Comparisons of sing e 
acids showed that lactic and acetic acids gave much less inhibitory effect than fumaric acid. The inhibitory effect of 1.5% fumaric acid treatmen 
was at least 5 times higher than that of acetic or lactic acid treatment.
CONCLUSIONS

Experimental data showed that bacteria were increasingly inactivated by tested acids as time of sample sanitizing was increased fro 
15 to 30 sec, except for E. m il 0157:H7. That pathogen was comparatively resistant to increase time of dipping samples in acid solutions. Thus. 
E. sail 0157: H7 should be a good test organism for future sanitizing studies. Inhibition of the pathogens was affected by the type an 
concentration of organic acids. A concentration of 1.5% fumaric acid applied for 15 sec caused complete inhibition of L- monocytogenes afte 
7 days of storage. Samples treated with 1.0% and 1.5% fumaric acid solutions for 30 sec showed 2.54 and 1.51 log10 reduction in > 
tvphimurium population compared to nontreated samples at 0 days. In reduction of E-coli 0157:H7, 1.5% fumaric acid treatment for 30 se° 
exerted the maximum inhibitory effect. Although all acids exhibited antimicrobial activity, fumaric acid was most effective and had the longe
residual effect.
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Time o f storage, days

Fig. 1- R eductions in counts o f E. co li 0157:H 7 on lean 
bee f m uscle d ipped fo r 15 sec in acid so lu tions before (0 
day) and after 3, 7, and 14 days o f vacuum-storage at 4 °C. 

Bars in Figs 1 to  6 w ith  d iffe ren t le tte rs  (w ith in day) are 
significantly different (P<0.05)

FA-fumaric acid LA-acetic acid AA-acetlc acid

Fig. 2- Reductions in counts o f £ . £2 |i 0157:H7 on lean beef 
m uscle dipped fo r 15 sec  in acid so lu tions before (0 day) 
and after 3, 7. and 14 days o f vacuum-storage at 4 °C.

Time o f storage, days ^

Fig. 3- Reductions in counts o f 3  typh»murjUtD ° "  and 
muscle dipped for 15 sec in acid solutions before (0 i  
after 3, 7, and 14 days of vacuum-storage at 4 °C.

Fig. 4- R eductions in counts o f g. ce ll 0157:H7 on lean 
beef m uscle dipped for 30 sec in acid solu tions before (0 
day) and after 3. 7. and 14 days o f vacuum-storage at 4 #C.

Fig. 5- R eductions in counts o f £  co li 01 57:H7 on lean 
beef m uscle dipped for 30 sec in acid so lutions before (0 
day) and after 3, 7, and 14 days o f vacuum-storage at 4 °C.

Fig. 6- R eductions in counts o f 3  lyEhlilU iiiU ®  °, re (0 
beef muscle dipped for 30 sec In acid solutions be ^  ^  
day) and after 3, 7. and 14 days o f vacuum-storage
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