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ABSTRACT
Consumption of raw sprouts has caused many foodborne illness outbreaks in the last decade, and most outbreaks have
been linked to contaminated seeds. Many seed sanitization treatments have been studied as a means to reduce the risk of
illness associated with sprouts. Published data on seed sanitization were analyzed collectively to identify factors that in!uenced
the ef"cacy of seed sanitization and to determine the variability associated with various sanitization processes. Temperature
and duration of the sanitization treatment were found to produce a negligible effect on log microbial reductions. Salmonella,
Escherichia coli O157:H7, and total aerobic microorganisms were all inactivated at similar rates. Data were "t to triangular
or uniform distributions for 16 different chemical treatments. Among the most effective treatments were 8% hydrogen peroxide
(uniform distribution [2.5, 4.5]), 20,000 ppm of chlorine (triangular distribution [1, 2.5, 6.5]), and 1% Ca(OH)2 (triangular
distribution [0.5, 4, 5]). Chemical treatments where more published data were available showed more variability.

The consumption of raw sprouts has become the focus
of increasing concern during the past decade. Despite increased awareness and guidelines set forth by the Food and
Drug Administration (FDA) (17), foodborne disease outbreaks linked to sprouts have continued (8, 27, 50). Sprouts
pose a unique challenge to the food industry, because the
conditions required to produce the sprouts provide a nearoptimal environment for pathogen growth (20).
Contamination of sprouts is generally thought to arise
from contaminated seeds (7, 8, 11, 28, 50). Seed quality is
dif"cult to control, because it is not until late in the production process that it is determined whether seed will be
used for agriculture or food production (29). The FDA has
recommended soaking seeds in 20,000 ppm of chlorine solution before sprouting to eliminate pathogens (17). Alternatively, sprouters may use another sanitization method
demonstrated to cause a 5-log CFU reduction (29).
Several outbreaks bring into question the effectiveness
of 20,000 ppm of chlorine as a seed treatment. An outbreak
of Salmonella Kottbus in alfalfa sprouts was linked to seed
that underwent a chlorine sanitization step, although records indicate the concentration of chlorine was probably
lower than the recommended 20,000 ppm (50). An outbreak
of Salmonella Typhimurium in clover sprouts was also
linked to sanitized seeds. A trace-back investigation indicated that sprouters who had soaked the seeds in 20,000
ppm of chlorine had fewer cases attributed to their sprouts
compared with those who did not; however, the sanitization
step did not eliminate any incidence of illness (8). An outbreak of Salmonella Muenchen in Wisconsin was also attributed to seeds pretreated with calcium hypochlorite (32).
Most research on sprout safety has focused on elimi* Author for correspondence. Tel: 732-932-9611, Ext 214; Fax: 732-9326776; E-mail: Schaffner@aesop.rutgers.edu.

nating pathogens from seed due at least in part to the FDA’s
recommendation. Yet, there is still no consensus on the
comparative ef"cacy of soaking seeds in various sanitizing
solutions. As part of a larger project simulating risks associated with the sprouting process, a survey and analysis
of published literature on seed sanitization were completed.
The primary objectives of the research presented here are
(i) to identify factors that in!uence the ef"cacy of seed
sanitization and (ii) to determine the variability associated
with the seed sanitization processes based on a comprehensive analysis of the scienti"c literature.
MATERIALS AND METHODS
Scienti"c and medical indexes were used to locate all relevant literature on methods of seed sanitization (3, 5, 6, 9, 10, 12,
14, 15, 18, 19, 22–24, 30, 31, 38, 40, 42, 44, 47–49). Epidemiological literature was reviewed to assemble a comprehensive understanding of primary risk factors in the sprouting process (7, 8,
11, 25, 27, 28, 32, 33, 45, 46, 50). Processes described by only
a single research publication, fewer than "ve observations of
which would not be practical for small or medium sprouting operations, were not included in our analysis (12, 13, 16, 18, 26,
30, 34–39, 47, 49). The excluded studies included treatments using irradiation, 10% ethanol, 1 to 2% Na3PO4, lactic acid, acetic
acid, citric acid, Fit, ozonated water, sodium chlorite, calcinated
calcium, ozone, gaseous acetic acid, allyl isothiocyanate, thymol,
and cinnamic aldehyde.
Graphic data were converted to numerical data using
SigmaScan Pro (SPSS, Chicago, Ill.) where necessary. Data were
combined where appropriate, and histograms were created using
Excel (Microsoft, Redmond, Wash.). If an initial inoculum level
was not provided, the log microbial reduction was calculated by
substituting the amount recovered by a control water wash for
initial inoculum. The one reference that provides both initial inoculum level and a control treatment veri"es that these values are
similar (22). Where seeds were soaked before sanitization and
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TABLE 1. Results of ANOVA analysis to determine signi!cance of factors involved in seed sanitization
Signi"cance of factorsa

Concentration
Chemical
treatment

Water alone
Chlorine compounds
Ca(OCl)2
Ca(OCl)2
NaOCl
NaOCl
Acidi"ed NaOCl2/ClO2
Other
Ca(OH)2
EtOH (30%)
EtOH (70%)
H2 O2
H2 O2
H2 O2
Na3PO4
Tsunami at 238C
Tsunami at 558C
Tween at 238C
Vegi-clean

Minimum

—
900
9,500
100
1,000
200

ppm
ppm
ppm
ppm
ppm

0.5%
30%
70%
0.1%
1%
6%
4%
40 ppm
40 ppm
0.01%
10,000 ppm

Concentration

Soak time

Organism

Temperature

Seed type

Inoculum
sizeb

—

0.0226

0.0887

0.1022

0.0004

,0.001

ppm
ppm
ppm
ppm
ppm

0.0060
0.1907
0.6195
0.1353
0.7689

0.0413
0.0050
0.0044
0.0005
0.0057

0.0302
0.0804
0.0139
0.0013
0.2577

0.6366
0.0232
0.1278
0.0535
0.7080

0.0017
0.0104
0.1278
0.0535
0.9930

1%
30%
80%
0.2%
4%
10%
15%
1,060 ppm
160 ppm
2%
20,000 ppm

0.2296
—
0.7930
0.4500
0.5633
0.1243
0.6313
0.5855

0.0031
0.1098
0.8748
0.1407
0.2830
0.1101
,0.0001
0.0155
0.0106
0.5801
0.0503

0.3939
0.0443
0.3462
0.0489
0.2138
0.0016
0.6452
0.2841
0.1120
0.1180
—

0.2192
0.0443
0.1430
—
—
—
0.0021
0.1031
0.3154
0.4295
—

—
0.0443
0.1430
—
0.9355
—
—
—
—
0.7112
—

Maximum

—
2,000
20,000
500
2,040
1,200

0.7112
0.7036

,0.0001

0.0021
,0.0001

0.3070

,0.0001

a

The signi"cance is represented by ANOVA P value. P values judged to be signi"cant (i.e., close to or less than 0.05) are shown in
bold.
b The effect of inoculum size was determined only for treatments with more than 25 observations. The inoculum was rounded to the
nearest 0.5 log CFU before analysis.
results showed the effect to be negligible, the soaked and unsoaked data were pooled. Signi"cance of all factors was determined using single-factor analysis of variance (ANOVA) and
Duncan’s multiple range test using SAS statistical software version 8.0 (SAS Institute Inc, Cary, N.C.). Data were "t to distributions with the aid of BestFit (Palisades Corporation, New"eld,
N.Y.).

RESULTS
Data on the ef"cacy of seed sanitization included many
different chemical agents tested at varying concentrations
and temperatures (generally 21 or 558C), for different durations (0.5 to 60 min), on different types of seed (alfalfa,
mung bean, and rice), and using different test organisms
(most frequently Escherichia coli O157:H7 and various
Salmonella serovars).
Commercial produce washes Tsunami and Vortexx
(both with active ingredient peroxyacetic acid) were combined, because their ef"cacy was not signi"cantly different
(P 5 0.0696). Acidi"ed NaOCl2 and acidi"ed ClO2 were
also not signi"cantly different (P 5 0.7434) and were combined. The lower and upper limits for concentration to be
included in each sanitizing agent category are shown in
Table 1. Data using 100 ppm of acidi"ed chlorite (three
observations) were excluded because they were statistically
different from all other data (data not shown). The only
grouping that showed a signi"cant effect of concentration
on ef"cacy was 2,000 ppm of Ca(OCl)2 . Duncan’s multiple
range test showed 1,000 and 1,900 ppm to have signi"cantly lower ef"cacy than 900, 1,800, and 2,000 ppm (data

not shown), an indicator that the differences in microbial
reductions are likely due to a methodological difference not
concentration.
The duration of sanitization had a varying effect on
log microbial reductions (Table 1). Although the effect of
soaking time on effectiveness of 20,000 ppm of Ca(OCl)2
was statistically signi"cant (P 5 0.005), no clear linear
trend with soak time is apparent (Fig. 1). Analysis showed
that soaking 3 min in 20,000 ppm of Ca(OCl)2 was statistically different from 5 and 15 min but not from 10 and 30
min.
The effect of soaking time was similarly ambiguous
across a variety of treatments. Analysis of water-only wash
duration (Table 1) showed 60 min and 5 min to be similar
but 4 min and 5 min to be different (details not shown).
For the 2,000-ppm Ca(OCl)2 treatment, a 20-min soak was
similar to 3- and 10-min soaks but not similar to a 15-min
soak. Analysis of 200 ppm of NaOCl revealed that soaking
for 30 s was similar to 60, 45, and 30 min but dissimilar
to 3 min. When seeds were treated with 2,000 ppm of
NaOCl, similar results were achieved at 30 s and 60 min
but not 5 min. The only sanitizer that showed a clear linear
trend with soak time was acidi"ed chlorite, which showed
steadily decreasing log reductions with increasing soak
times. Despite apparent statistical signi"cance (i.e., low P
values) in some cases, almost all of the data show nonsensical trends. This apparent statistical signi"cance is most
likely due to methodological differences among publications and not any real in!uence of soak time on treatment
effectiveness.

a

Salmonella cocktail (Montevideo, Infantis,
Anatum, Cubana, Stanley) and E. coli
O157:H7 5-strain cocktail

Salmonella cocktail (Montevideo, Infantis,
Anatum, Cubana, Stanley) and E. coli
O157:H7 5-strain cocktail

Salmonella cocktail (Anatum, Infantis, Newport, and Stanley) and E. coli O157:H7
cocktail

Salmonella cocktail (Agona, Enteritidis, Gaminara, Michigan, Montevideo, Typhimurium) and E. coli O157:H7 5-strain cocktail

Salmonella cocktail (Anatum, Infantis, Newport, Stanley) and E. coli O157:H7 3-strain
cocktail

Salmonella cocktail (Montevideo, Infantis,
Anatum, Cubana, Stanley) and E. coli
O157:H7 5-strain cocktail

5

37

15

6

14

19

Salmonella (37), E.
coli (15)

E. coli (1)

Salmonella (8), E.
coli (4)

Salmonella (15)

Salmonella (15), E.
coli (3)

Salmonella (24)

0.32 log CFU of Salmonella

0.6 log CFU of E. coli

0.32 log CFU of E.
coli

1 log CFU of Salmonella

1.29 log CFU of Salmonella

1.24 log CFU of Salmonella

Mean greater
reductiona

E. coli: 4 log CFU,
Salmonella: 4.2 log CFU

E. coli: 6.5 log CFU,
Salmonella: 8 log CFU

E. coli: 5.12 log CFU,
Salmonella: 6.54 log CFU

E. coli: 4.1 log CFU,
Salmonella: 6.8 log CFU

E. coli: 3.31 log CFU,
Salmonella: 4.25 log CFU

E. coli: 3.2 log CFU,
Salmonella: 4.8 log CFU

Initial inocula

Water, Ca(OCl)2, H2O2,
Ca(OH)2

Buffered chlorine

Water, DE broth, Ca(OCl)2,
Fit

Water, buffer, Ca(OCl)2

Water, Ca(OH)2, Tsunami
200 (with heat and ultrasound)

Water, Ca(OH)2, Tsunami
200

Treatments

Mean greater reduction was calculated by determining the difference between log microbial reductions for Salmonella and E. coli for each treatment, then taking the average of the differences.

Organisms

Reference

Greater
reduction
(no. of conditions)

TABLE 2. Summary of published data where inactivation of Salmonella and Escherichia coli O157:H7 on seeds was compared in the same study
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TABLE 3. Mean log CFU reduction of various organisms by different sanitizers
Mean log CFU reductiona

FIGURE 1. The effect of soak time on pathogen reduction for
20,000 ppm of chlorine on alfalfa seeds. A total of 58 observations
from six publications are included.

Despite some research that shows differences in their
attachment to sprouts (2), E. coli and Salmonella were removed from seed at similar rates for all chemical treatments. A summary of the literature that directly compares
removal of the two pathogens from seed is given in Table
2. In three of six studies, the average difference of removal
was greater for Salmonella by approximately 1 log CFU.
However, the inoculum size for Salmonella was greater than
for E. coli in all studies, making it dif"cult to determine
which effects were due to the organism and which were
due to the inoculum size. Comparison of treatment effectiveness on Salmonella and E. coli over all the conditions
shown in Table 2 indicates no clear trend. ANOVA analysis
found effectiveness of sanitizers against different pathogens
to signi"cantly differ for 2,000 ppm of Ca(OCl)2 , 200 and
2,000 ppm of NaOCl, 0.1% H2 O2 , 8% H2O2 , and 30%
EtOH.
The mean reductions and statistically signi"cant differences (Duncan’s multiple range) for the effectiveness of
different treatments on E. coli O157:H7, Salmonella, and
total plate counts across all relevant studies are presented
in Table 3. As with the within-study analysis shown in Table 2, there is no consistent trend indicating which organism
was inactivated most easily or which organisms were statistically similar and different. For example, 2,000 ppm of
CaOCl2 showed a 1-log CFU greater reduction for Salmonella than E. coli, but acidi"ed chlorite showed almost a
1-log CFU greater reduction for E. coli. NaOCl at a concentration of 200 ppm showed E. coli signi"cantly different
from Salmonella and total plate count, but at 2,000 ppm of
E. coli and Salmonella were similar but signi"cantly different from total plate count.
Temperature was determined to be an insigni"cant variable for almost all treatments (Table 1). For most treatments, most data were collected at 218C. For example, information on the ef"cacy of a 20,000-ppm Ca(OCl)2 soak
included 76 observations between 21 and 238C and only 2
at 558C. Despite an apparently statistically signi"cant difference (P 5 0.0232), Duncan’s multiple range test showed

Sanitizer type

E. coli

Salmonella
spp.

Water
Ca(OCl)2 (2,000 ppm)
Ca(OCl)2 (20,000 ppm)
NaOCl (200 ppm)
NaOCl (2,000 ppm)
Acidi"ed chlorite
H2O2 (0.2%)
H2O2 (1%)
H2O2 (8%)
EtOH (30%)
EtOH (70%)
Ca(OH)2
Na3PO4
Tsunami at 238C
Tsunami at 558C
Tween

0.99 A
2.01 A
2.81 A
0.23 A
0.70 A
2.03 A
1.14 A
2.33 A
2.89 A
2.07 A
2.64 A
2.97 A
2.10 A
1.20 A
1.97 A
0.84 A

1.58 A
3.03 A
3.21 A
0.88 B
1.08 A
1.35 A
0.41 B
1.52 A
3.49 AB
—
3.28 A
3.22 A
1.99 A
1.42 A
2.52 A
0.36 A

Total
aerobes

0.69 A
3.42 A
—b
1.10 B
2.71 B
1.97 A
0.68 AB
2.01 A
4.04 B
2.98 B
3.11 A
—
—
—
—
0.49 A

a

Mean log reductions within the same row followed by the same
letter are not statistically different.
b No data were available for analysis.

no difference between the conditions, and the mean reduction at 558C was lower (2.03 log CFU) than the reduction
at 218C (3.11 log CFU).
The treatment with the most varied temperatures was
water washing, where data were available at 21, 22, 30, 54,
55, 57, and 588C. Both visual inspection and correlation
analysis showed little effect of temperature on reduction (P
5 0.1022). Sanitization at 21 and 308C was signi"cantly
different for 2,000 ppm of NaOCl but not for 200 ppm of
NaOCl. The effect of temperature on Na3 PO4 was also
found to be signi"cant (P 5 0.0021); however, the mean
for 558C (1.73 log CFU) was again lower than for 218C
(2.15 log CFU). Two treatments showed a highly signi"cant
temperature effect, Tween (P 5 0.0017) and Tsunami and
Vortexx (P , 0.0001), but when limited data (three observations) on ef"cacy of Tween at 558C were excluded from
this analysis, the temperature dependency effect was eliminated (P 5 0.4295). Data on ef"cacy of Tsunami and Vortexx at 558C were considered separately from data at lower
temperatures.
Most data available were on the ef"cacy of sanitizing
alfalfa seeds. However, some data were available on sanitizing mung beans and rice seeds. For the only treatment
where data were available for all three seed types (water
wash), the effect of seed type was signi"cant (P 5 0.0004).
The ability of water to remove bacteria from mung beans
was statistically signi"cantly different than its ability to remove bacteria from rice or alfalfa seed. The sanitizers that
were signi"cantly affected by seed type were 2,000 and
20,000 ppm of Ca(OCl)2 . In both cases, an approximately
1-log CFU higher reduction was observed on mung beans
versus alfalfa seeds. However, the inoculum level on mung

762

MONTVILLE AND SCHAFFNER

J. Food Prot., Vol. 67, No. 4

FIGURE 2. The effect of inoculum size on log microbial reductions on alfalfa seeds. Data shown are inoculum sizes rounded to
the nearest 0.5 log CFU and the corresponding mean log reductions for 20,000 ppm of Ca(OCl)2.

beans was much higher than on alfalfa seeds, so differences
may not be due to seed type.
Inoculum size effect was examined only for conditions
with more than 25 observations (water wash, 20,000 ppm
of Ca[OCl]2, acidi"ed chlorite, Tsunami and Vortexx at
238C, 8% H2 O2 , and 1% Ca[OH]2 ). A signi"cant effect was
observed for all except 8% H2 O2. The effect of inoculum
size on mean log reduction for 20,000 ppm of Ca(OCl)2 is
shown in Figure 2, and a similar linear trend was observed
for the other sanitizing agents.
After initial analysis, data were "t to triangular and
uniform distributions (Table 4). The triangular distribution
is a three-parameter distribution with a minimum value,

FIGURE 3. Triangular distribution (1.0, 2.5, 6.0) !t to literature
data for log CFU reduction caused by 20,000 ppm of chlorine. A
total of 78 observations taken from seven publications are included. Data from each publication are represented by a different
shade.

most likely value, and maximum value. The uniform distribution is a two-parameter distribution with a minimum
value and a maximum value that assumes equal probability
of all values within the range. Although both of these distributions are simplistic, the data were generally crude and
sparse; describing them with greater complexity may be
misleading. An example of a triangular distribution with
parameters 1, 2.5, and 6.5 "t to literature data for a 20,000ppm Ca(OCl)2 seed soak is given in Figure 3.
Not surprisingly, there is a shift in range and modal
values as the concentration of chlorine increases (Fig. 4).
For 200 ppm of NaOCl and 2,000 ppm of chlorine (regardless of source), the minimum ‘‘reduction’’ was actually
a slight increase of 0.5 log CFU. A 200-ppm soak was

TABLE 4. Statistical distributions selected to describe ef!cacy of pathogen removal from seed
Parameters
Distribution

Minimum

Mode

Maximum

No. of
observations

Water alone

Triangular

21.0

1.0

4.5

45

5, 15, 22, 31, 38, 43

Chlorine compounds
Ca(OCl)2 (2,000 ppm)
Ca(OCl)2 (20,000 ppm)
NaOCl (200 ppm)
NaOCl (2,000 ppm)
Acidi"ed chlorite

Triangular
Triangular
Triangular
Triangular
Triangular

20.5
1.0
20.5
20.5
0.5

3.5
2.5
0.5
0.5
2.0

5.0
6.5
2.5
5.0
3.5

17
78
21
17
32

3, 14, 15, 43, 44, 48
6, 14, 15, 19, 23, 44, 48
3, 22, 31, 43, 44, 48
3, 22, 31, 43, 44, 48
31, 43, 44, 48

Triangular
Triangular
Triangular
Triangular
Triangular
Uniform
Uniform
Triangular

0.5
1.0
2.0
0.0
0.0
2.5
2.0
20.5
0.5
20.5
0.5

4.0
3.0
3.5
1.0
2.0
—
—
2.0
2.0
1.0
2.0

5.0
4.0
4.5
2.0
4.0
4.5
2.5
3.0
4.0
1.5
3.0

35
7
9
6
22
27
13
30
18
9
5

5, 19, 48
31, 44
3, 31, 44
3, 44, 48
3, 31, 43, 44, 48
3, 19, 44, 48
44, 48
5, 43, 44, 48
5
5, 31, 44, 48
43, 44

Treatment

Other
Ca(OH)2
EtOH (30%)
EtOH (70%)
Hydrogen peroxide (0.2%)
Hydrogen peroxide (2%)
Hydrogen peroxide (8%)
Na3PO4 (.4)
Tsunami and Vortexx at 238C
Tsunami and Vortexx at 558C
Tween at 238C
Vegi-clean

Triangular
Triangular

Reference(s)
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FIGURE 4. Comparison of triangular distributions !t to literature
data for effectiveness of 200 ppm of NaOCl, 2,000 ppm of NaOCl
and Ca(OCl)2, and 20,000 ppm of Ca(OCl)2 in reducing bacterial
concentration on sprout seeds.

shown to provide a maximum of a 2.5-log CFU reduction,
whereas 2,000 ppm was shown to reduce bacteria up to 5
log CFU. The corresponding range for a 20,000-ppm
Ca(OCl)2 soak was 1 to 6.5 log CFU. The modal reduction
for Ca(OCl)2 was 3.5 log CFU. The only other treatment
shown to have a mode higher than 2.5 log CFU was 70%
EtOH (Fig. 5). However, EtOH has been researched much
less thoroughly than chlorine, and it is possible that further
experimentation would not show such favorable results.
The effect of a water soak on bacterial populations was
highly variable. Some publications reported an almost 1log CFU increase (43), whereas others reported a more than
4-log decrease (15). The effectiveness of Tsunami and Vortexx at 558C had a similarly large range (0.5 to 4 log CFU)
with a mode of 2 log CFU. Acidi"ed chlorite was similarly
peaked but with a considerably smaller range.
DISCUSSION
Our analysis showed that temperature and duration of
soaking did not affect the ability of various chemicals to
reduce bacteria from seeds. Taormina and Beuchat (44)
found that increased temperature affected only control treatments in reducing E. coli O157:H7 and that Ca(OCl)2, acidi"ed NaClO2 and ClO2 , hydrogen peroxide, and trisodium
phosphate were similarly effective at 21 and 558C. Beuchat
and Scouten (5), however, found that chemical treatments
were more effective in reducing Salmonella from seed at
55 than at 218C. There were similar "ndings when the use
of heat and ultrasound were combined (37). Jaquette et al.
(22) showed that a water soak at 548C is signi"cantly more
effective than a water soak at 218C.
Duration of soaking has been suspected to be a significant factor, because seeds imbibe more water as they are
soaked longer, thereby releasing bacteria. Taormina and
Beuchat (44) showed the effect of soak duration to be highly variable. For many treatments, a 10-min soak had no
advantage over a 3-min soak. However, inoculum sizes
were relatively low and, in many cases, population levels
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FIGURE 5. Comparison of triangular distributions for effectiveness of a wash with water alone, 70% EtOH, Tsunami and Vortexx at 558C, and acidi!ed chlorite.

were reduced below the level of detection. It has been demonstrated that the activity of chlorine steadily decreases
over time (most signi"cantly at lower initial concentrations)
(14). Scouten and Beuchat (5, 37) also found variable results on the effect of soaking time; in some cases, longer
soaking times decreased ef"cacy; in other cases, ef"cacy
increased. Jaquette et al. (22) also showed differences between 5- and 10-min soaks to be insigni"cant in reducing
Salmonella Stanley.
The difference in the removal of various pathogens at
varying concentrations was dif"cult to determine. Our analysis showed that Salmonella, E. coli, and aerobic mesophiles were removed at similar rates. Barak et al. (2) examined the differences in attachment between E. coli O157:
H7 and Salmonella enterica serovars on sprouts and found
that Salmonella had better attachment; however, this study
used full-grown sprouts inoculated by a 4-h adhesion assay.
Studies directly comparing removal of the two organisms
from seed have shown no consistent trend (5, 6, 14, 15, 19,
37).
Our analysis showed a linear effect between inoculum
size and log microbial reduction. Wrinkled alfalfa seeds
have been shown to have larger populations of aerobic bacteria then smooth seeds; there is evidence that these bacteria
are harder to remove (10). Holliday et al. (19) found removal of bacteria from nonscari"ed and scari"ed seed to
be variable, however. In one seed lot, bacteria were removed less effectively from the scari"ed seed, and in the
other lot, log microbial reductions were not signi"cantly
different from controls.
Overall, there was a larger range for treatments where
more data were available. This is further evidence that seed
sanitization is a highly variable process. No sanitization
technique reviewed here was able to completely eliminate
pathogens from seed. In fact, our analysis shows the scienti"c literature indicates that the recommended 20,000ppm CaOCl2 treatment most often produces a 2.5-log reduction and produces equal to or greater than a 5-log reduction only approximately 9% of the time (Fig. 3). In
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some cases, pathogens were reduced to below the level of
detection, but when enrichment steps were performed, bacteria were recovered. Studies using naturally contaminated
seeds and 20,000-ppm CaOCl2 , however, showed complete
removal of Salmonella Mbandaka and Muenchen from seed
(14, 42). All studies, even studies using naturally contaminated seed, performed sanitization of seeds on a relatively
small scale (100 g or less). There is no evidence indicating
how seeds would fare on a commercial scale, although data
with apples indicate that treatments that are effective in the
laboratory are not as effective on a commercial scale (1).
The results of this analysis are dependent on the quantity and quality of the data currently available in the published literature and, in many cases, the number of replicates was low. Inoculation procedure, inoculum size, and
sanitization technique are also all likely to in!uence the
ef"cacy of sanitization (4). No published research to date
has been able to remove pathogens from seed effectively
enough to ensure complete removal in a commercial production facility. Even if pathogens on seed are reduced to
low levels, the sprouting process allows multiplication to
occur up to dangerous levels. In fact, seeds implicated in
Salmonella outbreaks have been found to have microbial
loads of less than 1 CFU/g (21, 41). Sprout safety might
be best improved by methods other than seed sanitization,
which appears to be of limited and highly variable effectiveness.
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