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Abstract: This study was undertaken to compare the
efficacy of chlorous acid, sodium hypochorite, #antic
acid in eliminating total mesophilic microorganisns
Salmonella typhimurium, andListeria monocytogenes
during post-treatment refrigerated storage. Treatn]
with sodium hypochlorite for 10 min did not redute
total aerobic count. However, treatment with laetiéd
or chlorous acid for 10 min initially reduced theta
aerobic count by 0.7 and 0.9 log CFU/g respectiesly
maintained the same or lower level of the totabbir
count during storage time. Treatment with chloraaisl
reducedS. typhimurium from 5.0 log to undetectable
levels and remained undetectable during a 9 days
storage period. These data suggest that treatmiémt |w
chlorous acid may be useful in reducing total masgip
microorganismsS. typhimurium, andL. monocytogenes
in commercial mungbean sproufiémit to 300 words)
(10 font spacing)
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I ntroduction
(10 font spacing)

Increases in the consumption of fresh fruits and
vegetables in the United State has been parall®jedn
increase in the number of foodborne illnesseshaitteid to
fresh produce (Adrenne et al. 2001). Since 199%)uip
have been increasingly implicated in foodborne meks
(Bread 1997). Many microbiological surveys havevamo
the presence of a variety of foodborne pathogerspiauts
(Adrenne et al. 2001; Bread 1997). For instancbn&aella
spp. and Listeria monocytogenes have been isofated
sprouted seeds, including alfalfa, mungbean, ceesdean,
and mustard (Kim and Bredit 2006).

Seeds are generally recognized as the source of the
microbial menagerie present in the final producd @k et al.
2005). Foodborne pathogens includBagmonella spp. and
L. monocytogenes have been isolated from seeds. Most
research with sprouts dealt with disinfection pchoes to
eliminate pathogens while preserving germinabitifythe
seed. Treatment of seeds with 20,@80n! (ppm) calcium
hypochlorite has been recommended to reduce tleddiz
the population (Will and Grace 2003), although omsg
cases, this treatment was unable to completely eptev
regrowth ofE. coli O157:H7 during sprouting of inoculated
seeds (Will and Grace 2003). It is possible thag th
pathogens were protected from the disinfectanbimesway,
perhaps by their location in or on the sedissides, seed
sprouting provides an excellent environment fordhmwth
of many types of microorganisms. If foodborne pgtrs
are present on or in the seed, they are likely rawgto
significant population levels in the finished spr¢Bread
1997). Therefore, antimicrobial treatments afterogfing
offer the best promise for reducing several foodbor
pathogens in commercial mungbean sprouts in thal fin
products.

Chlorous acid (HCIg) is a newly developed disinfectant
(Alcide Co. Redmond, WA) and has been approvechby t
FDA for use on raw agricultural commodities. Howgue
date, no research studies have compared chlorddisvih
other widely used disinfectants on sprouts. Thhis, study
was undertaken to compare the efficacies of chboanid,



sodium hypochorite and lactic acid in eliminatingtat Pittsburgh, PA), or 268 ppm chlorous acid (pH 2«ubrking

mesophilic microorganisms,S.  typhimurium and L. strength “Sanova”; Alcide corporation, WA) for 10nrat
monocytogenes on commercial mungbean sprouts. room temperature (22°C). Sterile deionized wates wsed
(10 font double spacing) as a control. Following treatments, 500 g of inatedl and
treated sprouts were placed in UV sterile plastfc lack
Materials and M ethods bags (G. T. Bag company, Novato, CA) and stored®&t

(10 font spacing) for further experiments.

Cultures and cell suspension. Salmonella typhimurium (10 font spacing)

(ATCC 19585, ATCC 14028 and DT104 Killercow) and Bacterial enumeration. Inoculated and chemically treated
Listeria monocytogenes cultures (ATCC 19114, ATCC mungbean sprouts (25 g) were placed in a stomamudgr
19113 and ATCC 7644) were used to inoculate mungbea containing 50 ml buffered peptone water and homizgen
sprouts. Each strain & typhimurium or L. monocytogenes for 2 min using a model 400 circulator Seward stcimea
was cultured in Tryptic Soy Broth (TSB: Difco lakabory. (Seward, London, UK). After homogenization, the p&m
Detroit, MI) at 37°C for 24 h, harvested by cenigdition at  was serially 10-fold diluted with 9 ml sterile beféd
4.000¢g for 20 min at 4°C and washed three times with peptone water. Total mesophilic microorganisms were
buffered peptone water. enumerated after spread plating 10@nto duplicate plates
(10 font spacing) of Plate Count Agar (PCA: Difco), incubated at 326€48
Sample preparation. Commercial mungbean sprouts were h. Xylose Lysine Desoxycholate Agar (XLD: Difco) dan
purchased from local stores and inoculated wgh  Oxford Agar Base (OAB: Difo) were used as selective
typhimurium or L. monocytogenes as follows: Prepared media for enumeration ofS typhimurium and L.
culture cocktails ofS. typhimurium or L. monocytogenes monocytogenes, respectively, and incubated at 37°C for 24
were diluted in 5 L sterile deionized water to a h.

concentration of 1 CFU/ml. Two 500 g bunches of (10 font spacing)

mungbean sprouts were immersed in 5 L of aqueousStatistical analysis. All experiments were repeated three
suspension containing typhimurium or L. monocytogenes times with duplicate samples. Data were analyzed by
for 20 min at room temperature, and then dried lianginar analysis of variance using the ANOVA procedure 8fSS
flow biosafety hood for 30 min with the fan running (SAS Institute, Cary, NC) for a completely randoetz
(10 font spacing) design (treatment, storage time and treatwsatage).
Chemical treatments and storage. Each 500 g bunch of When the effect was significanP (< 0.05), means were
inoculated mungbean sprouts was submerged in 5200f separated using Duncan’s multiple range test.

ppm sodium hypochorite (Food Science of America,Inc (10 font double spacing)

Seattle, WA), 2% lactic acid (pH 2.0, FisherScitati

Table 1. Populations (LegCFU/mF) of total mesophilic microorganisms following chieal treatments on mungbean
sprouts stored at 4°C.

Storage days

Treatment Before treatment
0 3 6 9
Water 6.99+0.10R&° 6.97+0.10Aa 7.87+0.26Aa 8.03+0.90Aa 9.20+1.06Ba
Sodium hypochlorite 6.96+0.24Aa 6.97+0.45ABb 7.77+0.19BCa 8.18+0.57Ca 9.16+0.60Da
Lactic acid 6.89+0.14Aa 6.27+0.57Bb 5.07+0.59BCb 5.34+1.25BCa .36460.485AChb
Chlorous acid 6.92+0.12Aa 6.07+0.21Bb 5.01+0.95Bb 5.94+2.25Ba 260670Bb

#Data represent meansz+standard deviations of thessumements.
® Mean with the same letter within a row (followitige values) are not significantly differeft € 0.05).
¢ Mean with the same letter within a column (follogithe values) are not significantly differeRt< 0.05).



Results
(10 font spacing)

sprouting and comparing chlorous acid antimicrobial
ctivities with other disinfectants. Most previoutudies

Table 1 shows the populations of total mesophilic concerning sprouts have tested seeds before smgouti

microorganisms treated by water or disinfectantsli(sm
hypochlorite, lactic acid or chlorous acid). Comuoiair
mungbean sprouts had abouf CFU/g of total mesophilic

particularly alfalfa seeds, and investigated thiicafy of
calcium and sodium hypochlorite, hydrogen peroxide,
ethanol, and other disinfectants (Kim and BrediD&0

microorganisms which were not reduced by submergingTreatment with 2040 ppm active chlorine reducedSof

sprouts in distilled water for 10 min (control gg)uWhen
stored for 9 days at 4°C, total mesophilic micreamigms
increased by more than 2 log and reached more 1Ban
CFU/g. Treatment with sodium hypochlorite for 10hralid
not significantly reduce the population of total sophilic
microorganisms K > 0.05). However, when sprouts were
treated with lactic acid or chlorous acid for 10nmlevels
of total mesophilic microorganisms were statistical
minimal (P < 0.05).

The effect of sodium hypochlorite, lactic acid and
chlorous acid on the survival @&. typhimurium and L.
monocytogenes on sprouts is shown in Tables 2 and 3.
Initial levels of each pathogen were around 5 |dgu®
and were not changed by treatment with distilledewa
(Figure 1). Treatment with 200 ppm sodium hypodtdor
decreased both pathogens by 1-2 log and maintahied
level of reduction for 9 days (Table 2 and 3).

(10 font double spacing)

Discussion
(10 font spacing)
To date, there are no research
disinfectants on commercial mungbean sprouts aked
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Figure 1. The recovery of injured Listeria monoggnes
using Oxford Agar Base (OAB) both directly and witte

Overlay (OV) methodm: OAB, agar overlay (OV-OAB),
o: OAB, direct. Bars with different letters are sfgrantly

different P < 0.05).

stanley on alfalfa seed from ZDCFU/g to undetectable
levels (< 0.3 log CFU/g)In another study, solutions
containing calcium hypochlorite (1800 ppm), sodium
hypochorite (2000 ppm), 6% hydrogen peroxide, o0%80
ethanol reduce&@almonella on alfalfa seed 1000 fold after
10 min (Adrenne et al. 2001). Significant reducsioim
Salmonella populations were observed with most increases
in concentration of the test chemical (Adrennele@01).
Our results showed that lactic acid and chlorousl ac
strongly reduced or eliminateBalmonella and preserved
mungbean sprouts during storage. In particulagtiment
with chlorous acid showed a significant reductiohaut
changing the visual quality of sprouts comparedtiver
treatments (data not shown).

This study shows that chlorous acid is an outstend
food-grade disinfectant because it is highly effextat
reducing or eliminating total mesophilic microorgans,S.
typhimurium andL. monocytogenes in the finished product.
Moreover, the potential for pathogen growth duritg
sprouting process raises the importance of treasnan
eliminate pathogens after sprouting because thereoi

reports evaluatingnherent step in raw sprouts to reduce or eliminate

pathogens (Will and Grace 2003).
(10 font double spacing)
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