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Abstract. The sprouts of various seeds have garnered considerable regard amid consumers due to its verdure, 
crispiness, and germination potential, offering a cost-effective and straightforward process. The moist and warm 
conditions are very conducive to germination, fostering the growth of microorganisms and thereby raising food 
safety concerns. The aim of the study was to investigate the impact of ozone on Enterobacteriaceae counts by 
subjecting wheat (Triticum aestivum) grains, alfalfa (Medicago sativa), radish (Raphanus sativus) and broccoli 
(Brassica oleracea) seeds to ozone gas treatment. Additionally, the grain and seeds were rinsed with ozonated 
water during germination. Three different treatment methods were employed for seeds and grains. In the first 
method, samples were exposed to ozone gas at 20 ppm for 10 minutes, with subsequent rinsing every 12 hours 
during germination until the rinse water appeared visually clean, at a concentration of 2.0 mg L-1 of ozone. 
The second method involved rinsing with ozonated water at a concentration of 2.0 mg L-1 for durations of 20, 
40, and 60 minutes. The third method - treated with ozone gas at 50 ppm and the exposure time of 1, 2, 3, 4 
and 5 h. Untreated samples were used as controls. Evaluation of the samples revealed that Enterobacteriaceae 
was virtually undetectable in dry seeds. However, after 72 hours of germination in both the control and ozone-
treated sprouts and following 7 days of storage at 4±2 °C, Enterobacteriaceae were found at an average of 7 to 
8.1 log CFU g-1 in all samples, irrespective of the treatment method. Additionally, mould was observed only in 
wheat and radish sprouts during the assessment period. The study showed that there was no significant reduction 
in the number of mesophilic aerobic and facultative anaerobic microorganisms, moulds and Enterobacteriaceae 
then treated with ozone gas.
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Introduction
Sprouts from grains and vegetable seeds have 

been considered a healthy food for over 5000 years. 
Sprouts are usually produced from wheat grains, 
Chinese beans, alfalfa, broccoli and other Brassica 
spp., fenugreek, radishes, mustard, and hemp seeds. 
The rich nutritional value and low-calorie content of 
sprouts make them particularly appealing to modern 
consumers, especially those interested in healthy 
eating. However, the amount of nutrients in sprouts, 
coupled with the warm and humid conditions required 
for germination, also makes them an ideal environment 
for the growth of microorganisms, including 
pathogens, moulds, and yeasts (Tournas, 2005; Waje 
et al., 2009). Unfortunately, ready-to-eat sprouts have 
been implicated in major disease outbreaks, raising 
significant food safety concerns for the entire sprout 

industry. Contaminated dry seeds are often identified 
as the primary source of sprout-related outbreaks, 
although other contamination routes may occur 
during production due to inadequate manufacturing 
and hygiene practices (EFSA, 2011). Pathogenic 
and opportunistic bacteria can be transmitted by 
humans and animals, while seeds themselves may 
become contaminated from the environment, leading 
to potential contamination throughout the entire 
seed germination process. There are several risk 
factors associated with seed production, including 
cultivation, harvesting, storage, and distribution. 
Possible sources of contamination include manure, 
contaminated irrigation water, the presence of birds 
and rodents, soil particles, and storage (Thompson 
& Powell, 2000; Tournas, 2005; EFSA, 2011). The 
microorganism-friendly conditions during sprout 
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production, characterised by warmth and humidity 
(Bergspica et al., 2020), promote the growth and 
spread of microorganisms, including pathogens, 
representing a significant risk factor. Studies have 
demonstrated that cereals and seeds harbour a 
variety of moulds, such as Aspergillus, Penicillium 
spp., Fusarium and Alternaria species, which can 
lead to spoilage during storage when moisture 
levels exceed 12% (Tournas & Niazi, 2018). Some 
of these microorganisms are capable of producing 
toxic secondary metabolites known as mycotoxins 
(Tournas, 2005). Seeds can acquire microorganism 
contamination from the surrounding environment, 
and there are numerous available methods for both 
physical and chemical treatment. Chemical methods 
for improving seed germination have significant 
limitations. These are harmful to the environment. 
Currently, ozone is one of the most popular ways of 
treating fruits, vegetables, cereals and seeds (Augspole 
et al., 2014; Brandão et al., 2016; Pandiselvam et al., 
2020; Wang et al., 2022). Recently, the use of ozone 
in food production and processing has gained great 
importance. Ozone (O3) is a gaseous substance, which 
rapidly breaks down into oxygen without any traces 
(Pandiselvam, Thirupathi, & Anandakumar, 2015b), a 
highly reactive and powerful oxidiser that has been 
recognized by the Food and Drug Administration 
(FDA) as GRAS (Generally Recognised as Safe) and 
commonly used for treating bottled drinking water 
in accordance with good hygienic practices (FDA, 
1995). Ozone is environmentally friendly, and the 
company doesn`t necessitate significant investments 
(Pascual, Llorca, & Canut, 2007). Ozone is fairly 
soluble in water, so it can have both oxidising and 
purifying properties (Brodowska et al., 2014). 
Ozone has been shown to improve seeds germination 
and is utilised as a disinfectant in seed and sprout 
production, although comprehensive methods for 
decontaminating all types of seeds or germinated 
seeds are still under development (EFSA, 2011). The 
aim of the study was to investigate the impact of ozone 
on Enterobacteriaceae by subjecting wheat (Triticum 
aestivum) grains, alfalfa (Medicago sativa), radish 
(Raphanus sativus) and broccoli (Brassica oleracea) 
seeds to ozone gas treatment. Additionally, the grain 
and seeds were rinsed with ozonated water during 
germination. 

Materials and Methods
Materials

The seeds were purchased in the local market in 
Latvia, intended for foods and sprouting. Broccoli 
(Brassica oleracea) expiration date April 2022 
and radish (Raphanus sativus) August 2023 seeds 
originated in Italy. Wheat (Triticum aestivum) 

was grown in Latvia in 2021 and 2022, but alfalfa 
(Medicago sativa) seeds were grown in Latvia 
2021, but alfalfa seeds with expiration date 2023 
was originated in Italy.  The research was conducted 
from 2021 to 2023 at the scientific laboratories of the 
Faculty of Agriculture and Food Technology, Latvia 
University of Life Sciences and Technologies.
Treatment with gaseous ozone and with ozonated 
water

Dry seeds/grains were treated with gaseous ozone 
and ozonated water generated using the BNP OZ-
7G series water–air ozone generator (BNPOZONE, 
China). The ozone concentration was measured using 
a PSE – Priggen Special Electronic meter. Ozone 
was introduced into a 10.0 L plastic container with a 
lid containing 20±1 g of seeds/grains. The container 
had a lid equipped with connections for gas supply 
and release. The concentration of ozone in water (2.0 
mg L-1) was measured using a portable ozone meter 
DO3 (Eco Sensors Division of KWJ Engineering Inc., 
ASV). Untreated, edible seeds/grains were used as 
controls.

The seeds and grains were subjected to three 
different types of ozone treatment:

Type 1 – Considering ozone’s strong oxidising 
properties, the following ozone gas concentrations 
were selected: 20 ppm (Pandiselvam et al., 2020; 
Sharaf – Eldin et al., 2022) at an afflux rate of 
1.0 L min-1 (Rosa et al., 2022) for seed exposure of 
10 minutes (Singh et al., 2002). After treatment with 
gaseous ozone, the seeds were allowed to germinate, 
and they were rinsed every 12 hours by immersion 
in ozonated water. During immersion of ozone the 
maximum concentration in the water is 2.0 mg L-1, and 
rinsing continued until the water appeared visually 
clean. Germination and rinsing were conducted for  
72 hours.

Type 2 – Ozone gas concentration were chosen: 20 
ppm at a flow rate of 1.0 L min-1 for seed exposure of 
15 minutes (Singh et al., 2002). The maximum ozone 
concentration in water is 2.0 mg L-1, exposure time 20, 
40, 60 minutes. Timing was started when the ozone 
concentration reached 2.0 mg L-1. After the exposure 
time, excess ozonated water was drained from the test 
sample. Rinsing with ozonated water was performed 
every 12 h for the next 72 h.

Type 3 – Ozone gas concentration was chosen: 50 
ppm at a flow rate of 1 L min-1 for seed exposure for 
1, 2, 3, 4 and 5 hours. After treatment with ozone gas, 
seeds and grains were germinated for 72 hours.
Seeds germination

The washed seeds were germinated in a glass 
container in a climate chamber ICH110 (Memmert, 
Germany) at 23±2 °C in darkness with 80% humidity. 
After ozone treatment, the samples were washed in 
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potable water until the water used became visually 
clear, then soaked. Clean seeds/grains were soaked 
in potable water at a ratio of 2:1 (water:seed). Seed 
rinsing was performed every 12 hours using three 
different treatment methods as mentioned in the 
section – treatment with gaseous ozone and with 
ozonated water. Seed rinsing was carried out for  
72 h. Untreated wheat grains, broccoli, radish, and 
alfalfa seeds were used as controls.  
Samples storage

Sprouts were germinated for 3 days and then rinsed 
with potable water or ozonated water until the rinse 
water was visually clear. Subsequently, they were 
individually placed in sealed 300 mL polypropylene 
packaging. Wheat sprouts were packaged in 100 g 
portions, alfalfa sprouts in 50 g portions, and broccoli 
and radish sprouts in 75 g portions. The packaged 
sprouts were then stored for 7 days in a cold chamber 
at 4±2  ºC in darkness. For microbiological analysis, 
samples of 10 g and 25 g were taken from each type 
of sprout. 
Microbiological analyses

Microbiological analyses were conducted on three 
types of dry and soaked seeds and wheat grains, as 
well as on sprouts. Repeat analyses were performed 
on the sprouts after 7 days of storage. Total plate count 
(TPC) was determined in accordance with standard 
LVS EN ISO 4833:2003A, while mould plate count 
was determined following standard LVS ISO 21527 
– 2:2008. The mould colonies were transferred to a 
Nutrient agar (NA) plate and analysed by matrix-
assisted laser desorption and ionization time-of-
flight (MALDI-TOF) mass spectrometry using the 
MALDI Compass BioTyper ™ 3 database (Bruker 
Daltonics). Enterobacteriaceae determination was 
conducted according to the standard LVS EN ISO 
21528-1:2017 using Violet Red Bile Glucose and to 
the standard LVS EN ISO 6887-1 decimal dilutions 
were prepared for the samples. The minimum dilution 
used in the experiments was 10–1 for dry seeds, 10-4 
for sprouts and the maximum was 10-7 (Bernate & 
Sabovics, 2021). Untreated grains, seeds, and sprouts 
were tested as controls. Each sample was tested in 
triplicate, with 10±0.02 g of the sample per replicate 
placed in sterile filter bags and combined with 90 mL 
of physiological solution. The result was expressed as 
the decimal logarithm of colony-forming units (CFU) 
per gram of the product (log10CFU g-1). 
Mycotoxins analyses

Mycotoxins - aflatoxin, ochratoxin, and fumonisin 
were assessed in radish sprouts and wheat grain 
sprouts after 7 days of storage at the J.S. Hamilton 
Baltic laboratory. Aflatoxin was determined using the 
PN-EN ISO 16050:2011 method, ochratoxin- PB-456 
ed. I of 15.10.2021 and fumonisin using PB-43/HPLC 

ed. III of 28.02.2009 method. The results showed no 
detection of mycotoxins in any sample.  
Statistical analyses

The data were analysed using the Excel program, 
and the average and standard deviations (log10CFU 
per gram) were calculated for the listed bacterial 
populations. An analysis of variance (ANOVA) was 
employed to determine if there was a significant 
difference between the control and ozone-treated 
samples at a confidence level of 95% (P < 0.05). 
Correlation was determined between control and 
ozone-treated samples between seed types. 

Results and Discussion
Assessment of microbiological contamination

Bacteria thrive in environments with sufficient 
moisture and nutrients (Gan et al., 2017), making 
the sprouts and their germination conditions ideal for 
bacterial growth.  

However, the germination process cannot be 
considered as one of the main sources of sprout 
contamination. Sprouts can become contaminated at 
any stage of the food chain. Although washing and 
rinsing with clean water can remove dirt and some 
microorganisms from seeds and grains, a simple 
rinsing method is often insufficient to eliminate 
microorganisms, including pathogens.  The hazards 
associated with sprouts emphasize the need for regular 
surveillance to identify the most suitable treatment 
methods that ensure the destruction of pathogenic 
bacteria and to provide the safety of sprouts (Ding, 
Fu, & Smith, 2013). To mitigate these risks, various 
treatments using ozone, including gaseous and 
ozonated water treatments, have been implemented 
to reduce the microorganism population as much as 
possible.  

Processing of Type 1: The ozone concentration 
in the water reached 2.0 mg L-1, and the seeds were 
rinsed until the ozonated water appeared visually 
clean. Microbiological indicators were determined for 
both untreated and ozone-treated dry seeds, soaked 
after 12 hours, germinated after 72 h and storage after 
7 days. Based on the previous results, appropriate 
dilutions were made to determine Enterobacteriaceae 
(Bernate & Sabovics, 2021). Overall, there was no 
significant difference observed among the analysed 
sprout samples wheat, alfalfa and radish (P > 0.05). 
After mathematical data processing, insignificant 
differences between the analysed samples were 
found, P = 1.8. The average number of log10CFU g-1 
Enterobacteriaceae is summarized in Table 1.

Analysis of the samples revealed that no 
Enterobacteriaceae were found in dry broccoli 
and alfalfa seeds, as well as in soaked broccoli 
seeds.  This shows that the surface of broccoli seeds 
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is relatively free from microbial contamination 
with Enterobacteriaceae. However, during the 
germination process, under favourable conditions for 
microorganisms, the number of Enterobacteriaceae in 
untreated sprouts increased from 7.5 to 8.1 log10CFU g-1.  
From the results, it can be seen that rinsing with 
ozonated water has a 2 log10CFU g-1 reduction in the 
number of Enterobacteriaceae in broccoli sprouts 
from 7.5 to 5.5 log10CFU g-1. However, after storage, 
the reduction was only 1 log10CFU g-1, from 7.2 
to 6.2 log10CFU g-1. Although a small number of 
Enterobacteriaceae were already detected in dry 
wheat grains and radish seeds, the effect of treatment 
with ozonated water on wheat and radish sprouts 
between control and ozonated water treated samples 
was statistically insignificant (P=0.39). Both dry raw 
and treated radish seeds showed Enterobacteriaceae 
contamination of 2.0 – 2.5 log10CFU g-1, comparing 
to other seed types. Overall, Enterobacteriaceae 
increased dramatically in all seed samples during 
germination. Microorganism counts in sprouts were 
significantly higher than pre-germination and soaking 
rates, with P=0.003 between untreated dry seeds and 
sprouts and with P=0.01 between ozone-treated dry 
seeds and sprouts, increasing by 3 log10 CFU g-1 in 
wheat grain sprouts and by 4 log10CFU g-1 in alfalfa 
sprouts sample. The correlation coefficient between 
untreated and treated seeds and sprouts was determined 
(r = 0.90), indicating a close correlation. Separate 
observations for each seed type revealed Pearson’s 
correlation coefficients of r = 0.99 broccoli sprouts 
and wheat sprouts, r = 0.95 for alfalfa sprouts and r = 
0.93 for radish seed sprouts.  The findings suggest that 
decontamination of seeds and wheat grains infected 
during growing, harvesting, and storage with low doses 
of ozone and short exposure time may not be effective. 
High levels of Enterobacteriaceae populations in 
sprouts were also observed in other studies (Kim, 
Kim, & Rhee, 2013; Iversen, & Forsythe, 2004; 
Bergspica et al., 2020; Abadias et al., 2008; Jang et 
al., 2021). Enterobacteriaceae were most dominant in 

alfalfa, wheat sprouts and radish sprouts. Regardless 
of the plant culture, similar trends were observed, with 
high numbers of Enterobacteriaceae and coliforms in 
the sprouts, posing potential risks to sprout quality 
and safety (Jang et al., 2021). Other studies have 
shown similar results on microbial contamination 
in alfalfa sprouts, with initial counts ranging from 3 
to 4 log10CFU g-1, increasing to 7-8 log10CFU g-1 in 
finished sprouts. (Kim, Kim, & Rhee, 2013). Singh et 
al. (2002); Wade et al. (2003) and Mir et al. (2021) 
studies also indicated that treatment of micro lettuce 
with ozonated water (5.2 mg L-1) did not significantly 
reduce E. coli O157:H7 populations during 1, 5, 10 or 
15 minutes of washing. Augspole et al. (2014) carrots 
were treated with ozonated water to 2 ppm for 60 min ± 
1 min before packaging. Samples were analysed after 
3.5, 8 and 10 days, the study proved that when treated 
with ozonated water it was proven that microbiological 
safety of chopped carrots was possible. According to 
the results of this study, a reduction was achieved in the 
total number of microorganisms of shredded carrots to 
4.63 log10 CFU g-1 on the 10th day of storage, similar 
results for non-treated carrots were acquired on the 
5th day of storage. In addition to Enterobacteriaceae, 
the count of facultative anaerobic and mesophilic 
aerobic microorganisms was determined in these seed 
and grain samples (Table 2). Evaluation of the results 
indicates that there is no significant difference in the 
quantity of microorganisms between the treated and 
control samples (P > 0.05) when treated with ozone. 
Both the treated samples and untreated samples 
had very similar results, P = 0.93. After 72 hours of 
germination, the number of microorganisms increased 
in all samples to an average of 8.3 log10CFU g-1. 
Nevertheless, ozone treatment did not result in a 
reduction of facultative anaerobic and mesophilic 
aerobic microorganisms in the sprouts. After 7 days of 
storage, a similar number of Enterobacteriaceae was 
found for all types of germinated seeds, as observed 
after 72 h, with an average of 8.3 log10CFU g-1  
without significant changes P=0.62, regardless of the 

Table 1
Enterobacteriaceae log10CFU g-1 in dry seeds and sprouts both treated with ozone and untreated

Seeds 
type

Untreated 
dry seeds

Untreated 
soaked 
seeds

Untreated 
sprouts 

72 h

Untreated 
sprouts 

stored for 
7 days

Treated 
dry seeds

Treated 
soaked 
seeds

Treated 
sprouts 

72 h

Treated 
sprouts 

stored for 
7 days

Broccoli n.d.* n.d. 7.5±0.1 7.2±0.2 n.d. n.d. 5.5±0.3 6.2±0.3
 Wheat 0.8±0.2 4.8±0.2 7.8±0.1 7.8±0.1 0.2±0.1 5.2±0.2 7.8±0.2 7.6±0.2
Alfalfa n.d. 2.3±0.2 8.1±0.1 7.6±0.3 0.0±0.0 4.3±0.3 7.2±0.3 7.4±0.3
 Radish 0.2±0.1 5.4±0.2 6.8±0.1 7.2±0.2 2.5±0.2 4.9±0.4 7.9±0.3 7.1±0.1
*n.d. – not detected
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type of seeds. The obtained data demonstrate a close 
correlation between the ozone-treated samples and 
the control samples, where the Pearson’s correlation 
coefficient is r = 0.99. In this study, the presence 
of moulds in seeds, grains, and sprouts from the 
investigated samples was determined (refer to Figure 
1). Moulds were found in two samples: soaked 
wheat grains and sprouts, as well as in radish seeds 
and sprouts. Aspergillus, Fusarium, and Penicillium 
moulds were identified in wheat, but radish Fusarium 
proliferatum. Evaluating the results of mould reveals 
higher contamination levels in raw wheat and radish 
sprouts at 3.1 log10CFU g-1. However, treated wheat 
sprouts exhibited a 48% reduction in mould, and a 
37% reduction was observed after 7 days of storage. 
Despite these reductions, differences between samples 
were not statistically significant (P = 0.529).

In addition to mould detection, mycotoxin analysis 
was conducted on wheat grain sprouts and radish 
sprouts. Tournas (2005) indicated in his study that 
bean sprouts exhibited high mould contamination at 
8.4 log10CFU g-1, while alfalfa sprouts and broccoli 
sprouts respectively showed 6.3 log10CFU g-1 and 5.6 
log10CFU g-1. Penicillium spp. were predominant in 
most samples, while Fusarium spp. contamination 
remained low. The author suggests that these 
organisms may be contaminants carried over from the 
field, unable to thrive after harvest.

Processing of Type 2: The sprouts were treated 
with ozonated water, ensuring the flow of ozonated 
water with an ozone concentration in the water of 
2.0 mg L-1. The exposure times were 20, 40, and  
60 minutes. No significant changes were found (P>0.05), 
P values ranging from 0.17 to 0.99 between control seed 
samples and for treated seeds samples. Dry broccoli 
seeds showed no presence of Enterobacteriaceae, but 
in soaked seeds, it reached up to 4.1 log10CFU g-1. After 
24 hours, both the control and ozone-treated seeds 
exhibited Enterobacteriaceae levels ranging from 6.3 to 

6.6 log10CFU g-1. No Enterobacteriaceae contamination 
was detected in dry alfalfa and radish seeds.  
However, in soaked alfalfa seeds, Enterobacteriaceae 
reached 3.4 log10CFU g-1 in the control sample and  
5.5 log10CFU g-1 in the ozone-treated samples. 
Similarly, radish seeds exhibited 4.2 log10CFU g-1 in 
the control and 5.0 log10CFU g-1 in the ozone-treated 
samples.  As the germination process continued, 
Enterobacteriaceae levels increased in both the control 
and ozone-treated alfalfa samples, reaching from 8.0 to  
8.5 log10CFU g-1. Radish sprouts exhibited 
Enterobacteriaceae contamination levels ranging 
from 7.0 to 7.6 log10CFU g-1. Upon evaluating the 
samples, it was observed that after 7 days of storage 
Enterobacteriaceae decreased in wheat sprouts by 
an average of 1 log10CFU g-1 (Figure 2). The study 
indicates that the microorganisms remaining in seeds 
during cultivation, harvesting, and storage are present 
in small amounts.

Dry seed samples showed either no detection or 
very low levels of microorganisms, which do not pose 
a threat to consumer health. However, upon soaking 
and sprouting, bacterial contamination levels increase 
dramatically. Jang et al. (2021) also noted in their 
study that the number of Enterobacteriaceae increases 
from 3 to 7 and 8 log10CFU g-1 in alfalfa, rape and 
radish sprouts during germination. Wade et al. (2003) 
was report that ozone treatment does not significantly 
reduce the population of Listeria monocytogenes 
similar as to Enterobacteriaceae, regardless of 
treatment time (10 or 20 min) or seed type. On the 
contrary, seeds treatment with water for 20 minutes, 
where gaseous ozone was passed (0.34 m3 h-1)  
through the seed-water mixture, significantly 
increased the number of L. monocytogenes. The 
slight decrease (0.21 to 0.27 log10CFU g-1) in the 
first 10 minutes of treatment is due to the partial 
destruction of L. monocytogenes on the surface of 
the seeds. Wade et al. (2003) mention that the ozone 

Table 2
Number of mesophilic aerobic and facultatively anaerobic microorganisms (MAFAM) log10CFU g-1 in 

untreated, treated dry seeds and sprouts

Seeds 
type

Untreated 
dry seeds

Untreated 
soaked 
seeds

Untreated 
sprouts 

72 h

Untreated 
sprouts 

stored for 
7 days

Treated 
dry seeds

Treated 
soaked 
seeds

Treated 
sprouts 

72 h

Treated 
sprouts 

stored for 
7 days

Broccoli 2.4±0.20d 2.4±0.10d 8.3±0.20a 8.3±0.05a 2.4±0.05d 2.9±0.15d 8.3±0.10a 8.3±0.05a

Wheat 4.1±0.10b 5.2±0.15b 8.3±0.10a 8.4±0.20a 3.5±0.20d 5.3±0.15b 8.4±0.15a 8.6±0.05a

Alfalfa 1.2±0.15c 3.6±0.15d 8.3±0.10a 8.3±0.15a 1.3±0.10c 4.6±0.10b 8.3±0.05a 8.3±0.01a

Radish 3.5±0.05d 5.5±0.25b 8.2±0.10a 8.1±0.05a 4.2±0.20b 5.4±0.10b 8.2±0.10a 8.2±0.10a

Note. Data are shown as mean values (n = 3) ± standard error (SE). Different letters indicate significant differences at  
p < 0.05 one-way ANOVA
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Figure 1. Mould count log10CFU g-1 in untreated dry seeds and sprouts. 
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Figure 1. Mould count log10CFU g-1 in untreated dry seeds and sprouts.

 

 

Figure 2. Enterobacteriaceae log10CFU g-1 in untreated and ozone-treated dry seeds and sprouts, alfalfa (A), 
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concentration decreases to an ineffective level at some 
point during the 20-minute treatment. Subsequent 
rinsing, where water may become oxygenated due 
to ozone decomposition, along with the moist and 
warm germination conditions, seem to facilitate the 
release of viable L. monocytogenes from the surface, 
particularly from areas under the shell. This results 
in a significant increase in L. monocytogenes after 20 
minutes of treatment compared to 10 minutes (Wade 
et al., 2003). In their study, Kwack et al. (2014) also 
observed that treatment with ozonated water, where 
the maximum dissolved ozone concentration was 
3.5 ppm for 5 minutes, resulted in an insignificant 
reduction of total microbial population, E. coli 
and Salmonella spp. Similarly, Sharma et al., 2002 
reported that although alfalfa seed coat is smooth, 
when observed by microscopy, alfalfa seed surface 
had many cracks and gaps. These imperfections 
provide favourable environments for microorganisms, 
including pathogens. 

Consequently, the reduction in microorganism 
populations was attributed to the lower concentration 
of dissolved ozone, which was unable to penetrate 
damaged areas on or beneath the surface of the alfalfa 
seed. Consistent with the findings of Kwack et al. 
(2014) and Wade et al. (2003), this study shows that 
the reduction in Enterobacteriaceae is nonsignificant 
(P > 0.05), irrespective of seed type or duration of 
treatment with ozonated water.

Processing of Type 3: This type of processing 
exclusively utilised gaseous ozone at a concentration 
of 50 ppm, with a flow rate of 1.0 L min-1 for seed 
exposure ranging from 1 to 5 hours. Untreated edible 
seeds/grains served as the control. Upon evaluating 
the results, it is evident that the reduction in the number 

of microorganisms due to ozone gas treatment is 
generally insignificant P = 0.74. Enterobacteriaceae 
contamination remains high, and reduction was not 
achieved in alfalfa sprouts. Enterobacteriaceae was 
detected in all samples, ranging from an average 
of 6.3 log10CFU g-1 in broccoli and radish sprouts 
to 8.5 log10CFU g-1 in alfalfa sprouts (Table 3). In 
broccoli sprouts, Enterobacteriaceae decreased by 
1 log10CFU g-1 after one hour of treatment, while 
in wheat grain sprouts, reduction occurred after 4 
hours of treatment. Similarly, in radish seed sprouts, 
reduction was observed after 1, 4, and 5 hours of 
treatment collate to the control sample. After 7 days of 
storage in a cold chamber at a temperature of 4±2 ºC, 
a similar number of Enterobacteriaceae were found 
for all types of sprouts as observed after 72 hours. 
Despite the high number of microorganisms present, 
the sprouts showed no signs of spoilage after 7 days 
of storage, and there were no significant differences 
between seed types, as indicated by a P-value of 1.06. 
In fact, crops of various vegetable seeds and grains 
grown and harvested in a natural environment will 
not be free of microorganisms (Sagoo et al., 2003), 
and germination conditions further contribute to the 
proliferation of microorganisms. However, even 
with effective washing and treatment with ozone 
gas, decontamination cannot be achieved. Despite 
the high microbial counts, National Advisory 
Committee on Microbiological Criteria for Foods 
(1999) stated that high microbial levels in themselves 
do not necessarily pose a public health concern in 
sprouts; the presence and growth of pathogenic 
microorganisms is a concern, and opportunistic 
pathogens can cause health harm to at-risk groups 
of consumers.

Table 3

Enterobacteriaceae log10CFU g-1 in untreated and ozone-treated dry seeds and sprouts

Seeds type Untreated Ozonated 1h Ozonated 2h Ozonated 3h Ozonated 4h Ozonated 5h

Broccoli sprouts 7.4±0.15 6.4±0.15 6.7±0.20 7.2±0.06 7.2±0.10 8.0±0.10
Broccoli sprouts after 7 
days of storage

7.0±0.11 6.3±0.10 6.5±0.10 7.0±0.20 6.5±0.20 7.5±0.30

Wheat sprouts 7.3±0.05 7.6±0.05 7.7±0.06 7.3±0.10 6.4±0.20 7.0±0.10
Wheat sprouts after 7 
days of storage

7.0±0.10 7.0±0.06 7.1±0.10 7.2±0.11 6.8±0.10 7.2±0.06

Alfalfa sprouts 7.8±0.05 8.5±0.10 8.3±0.20 8.1±0.10 7.3±0.06 7.4±0.10
Alfalfa sprouts after 7 
days of storage

7.0±0.10 7.4±0.10 7.6±0.10 8.0±0.10 7.6±0.15 7.7±0.05

Radish sprouts 7.5±0.11 7.5±0.15 6.7±0.25 6.8±0.15 6.6±0.06 6.3±0.10
Radish sprouts after 7 
days of storage

6.3±0.10 6.5±0.10 7.2±0.21 7.2±0.11 7.2±0.11 6.6±0.06
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Conclusions
The study revealed that rinsing seeds and grains 

with ozonated water, regardless of the exposure time, 
or treating them with ozone gas at a concentration of 
50 ppm for 1-5 hours, did not result in a significant 
reduction in the number of facultative anaerobic and 
mesophilic aerobic microorganisms, moulds, and 
Enterobacteriaceae. While there was a reduction of 
Enterobacteriaceae by 2 log10CFU g-1 in the first type 
of processing, and a reduction of mould in radishes 
from 3 to 1.5 log10CFU g-1, these reductions were 
insufficient to ensure the production of a harmless 
final product. Despite the high microbiological 
contamination observed, no signs of sprout spoilage 
were detected. This study highlights that effective 
washing, rinsing with clean drinking water, and 
ozone treatment alone are not sufficient to completely 
decontaminate products to reduce microorganisms to 
levels that are safe for consumer health, especially for 
the at-risk groups. To achieve a significant reduction 
in the number of microorganisms, it will be necessary 
to implement combined processing methods.

References
Abadias, M., Usall, J., Anguera, M., Solsona, C., & 

Viñas, I. (2008). Microbiological quality of 
fresh, minimally-processed fruit and vegetables, 
and sprouts from retail establishments. 
International Journal of Food Microbiology, 
123(1–2), 121–129. https://doi.org/10.1016/j.
ijfoodmicro.2007.12.013

Augspole, I., Rakcejeva, T., Dukalska, L., & Skudra, 
L. (2014). Providing quality of shredded carrots 
during storage by treatment with ozonated water. 
Material Science and Applied Chemistry, 30, 10. 
https://doi.org/10.7250/msac.2014.002.

Bergspica, I., Ozola, A., Miltina, E., Alksne, L., 
Meistere, I., Cibrovska, A., & Grantiņa-Ievina, L. 
(2020). Occurrence of Pathogenic and Potentially 
Pathogenic Bacteria in Microgreens, Sprouts, and 
Sprouted Seeds on Retail Market in Riga, Latvia. 
Foodborne Pathogens and Disease, 17(7), 420–
428. https://doi.org/10.1089/fpd.2019.2733.

Bernate, I., Sabovics, M. (2021). Research on 
germinated wheat grain, broccoli, alfalfa, radish 
and hemp seeds microbiological Research 
for Rural Development 2021: annual 27th 
International scientific conference proceedings, 
Jelgava, Latvia, 12-13 May, 2021, 90-95. - ISSN 
2255-923X

Brandão, F. J. B., Biaggioni, M. A. M., Sperotto, F. 
C. S., Fujita, E., Santos, P. L., & da Silva, M. 
A. P. (2016). Ozonated water in the post-harvest 
treatment of coffee fruit. Revista Brasileira 
de Engenharia Agricola e Ambiental, 20(9), 

862–866. https://doi.org/10.1590/1807-1929/
agriambi.v20n9p862-866

Brodowska, A.J., Smigielski, K., Nowak, A., 
Brodowska, K., Catthoor, R., & Czyzowska, 
A. (2014). The Impact of Ozone Treatment on 
Changes in Biologically Active Substances of 
Cardamom Seeds. Journal of Food Science 79 
(9):1649–55. doi:10.1111/1750-3841.12591.

EFSA Panel on Biological Hazards (BIOHAZ). 
Scientific Opinion on the risk posed by Shiga 
toxin‐producing Escherichia coli (STEC) and 
other pathogenic bacteria in seeds and sprouted 
seeds. EFSA J 2011; 9:2424.

FDA, 1995. Beverages: bottled water; final rule, food 
and drug admin., Fed. Regul. 60, 5707557130.

Gan, R. Y., Lui, W. Y., Wu, K., Chan, C. L., Dai, S. 
H., Sui, Z. Q., & Corke, H. (2017). Bioactive 
compounds and bioactivities of germinated 
edible seeds and sprouts: An updated review. In 
Trends in Food Science and Technology (Vol. 59, 
pp. 1–14). Elsevier Ltd. https://doi.org/10.1016/j.
tifs.2016.11.010

Jang, M. J., Kim, S. Y., Ricke, S. C., Rhee, M. S., & 
Kim, S. A. (2021). Microbial ecology of alfalfa, 
radish, and rapeseed sprouts based on culture 
methods and 16S rRNA microbiome sequencing. 
Food Research International, 144. https://doi.
org/10.1016/j.foodres.2021.110316

Iversen, C., & Forsythe, S. (2004). Isolation 
of Enterobacter sakazakii and other 
Enterobacteriaceae from powdered infant 
formula milk and related products. Food 
Microbiology, 21(6), 771–777. https://doi.
org/10.1016/j.fm.2004.01.009

Kim, S. A., Kim, O. M., & Rhee, M. S. (2013). Changes 
in microbial contamination levels and prevalence 
of foodborne pathogens in alfalfa (Medicago 
sativa) and rapeseed (Brassica napus) during 
sprout production in manufacturing plants. 
Letters in Applied Microbiology, 56(1), 30–36. 
https://doi.org/10.1111/lam.12009

Kwack, Y., Kim, K. K., Hwang, H., & Chun, C. 
(2014). An ozone micro-bubble technique for 
seed sterilization in alfalfa sprouts. Korean 
Journal of Horticultural Science and Technology, 
32(6), 901–905. https://doi.org/10.7235/
hort.2014.14129

Mir, S. A., Farooq, S., Shah, M. A., Sofi, S. A., Dar, 
B. N., Hamdani, A. M., & Mousavi Khaneghah, 
A. (2021). An overview of sprouts nutritional 
properties, pathogens and decontamination 
technologies. LWT, 141. https://doi.org/10.1016/j.
lwt.2021.110900

National Advisory Committee on Microbiological 
Criteria for Foods (1999). Microbiological 

Effect of Ozone on Enterobacteriaceae  
Counts in Wheat Grain, Alfalfa, Radish,  

Broccoli Seeds and SproutsIlze Bernate, Martins Sabovics



37RURAL SUSTAINABILITY RESEARCH 2024, VOLUME 51 (346)

safety evaluations and recommendations on 
sprouted seeds. International Journal of Food 
Microbiology, 52, 123–153

Pandiselvam, R., Mayookha, V. P., Kothakota, A., 
Sharmila, L., Ramesh, S. v., Bharathi, C. P., 
Gomathy, K., & Srikanth, V. (2020). Impact 
of Ozone Treatment on Seed Germination–A 
Systematic Review. In Ozone: Science and 
Engineering (Vol. 42, Issue 4, pp. 331–346). 
Taylor and Francis Inc. https://doi.org/10.1080/
01919512.2019.1673697

Pandiselvam, R., V. Thirupathi, & S. Anandakumar. 
(2015b). Reaction Kinetics of Ozone Gas in Paddy 
Grains. Journal of Food Process Engineering 38: 
594–600. doi: 10.1111/jfpe.12189

Pascual, A., I. Llorca, & A. Canut. 2007. Use 
of Ozone in Food Industries for Reducing 
the Environmental Impact of Cleaning and 
Disinfection Activities. Trends in Food Science 
and Technology 18 (SUPPL. 1): 29–35. https://
doi.org/10.1016/j.tifs.2006.10.006

Rosa, C. C., de Alencar, E. R., Souza, N. O. S., 
Bastos, C. S., Suinaga, F. A., & Ferreira, W. F. D. 
S. (2022). Physiological Quality of Corn Seeds 
Treated with Gaseous Ozone. Ozone: Science 
and Engineering, 44(1), 117–126. https://doi.or
g/10.1080/01919512.2021.1940836

Sagoo, S.K., Little, C.L., Ward, L., Gillespie, I.A., 
& Mitchell, R.T. (2003). Microbiological study 
of ready-to-eat salad vegetables from retail 
establishments uncovers a national outbreak of 
salmonellosis. Journal of Food Protection 66, 
403–409. 

Sharaf-Eldin, M. A., Alshallash, K. S., Alharbi, K. 
R., Alqahtani, M. M., Etman, A. A., Yassin, A. 
M., Azab, E. S., & El-Okkiah, S. A. F. (2022). 
Influence of Seed Soaking and Foliar Application 
Using Ozonated Water on Two Sweet Pepper 
Hybrids under Cold Stress. Sustainability 
(Switzerland), 14(20). https://doi.org/10.3390/
su142013453

Sharma, R. R., Demirci, A., Beuchat, L. R., & Fett, W. F. 
(2002). Inactivation of Escherichia coli O157:H7 on 
Inoculated Alfalfa Seeds with Ozonated Water and 
Heat Treatment. Journal of Food Protection, 65, 3.

Singh, N., Singh, R. K., Bhunia, A. K., & Stroshine, 
R. L. (2002). Efficacy of chlorine dioxide, ozone, 
and thyme essential oil or a sequential washing in 
killing Escherichia coli O157:H7 on lettuce and 
baby carrots. LWT, 35(8), 720–729. https://doi.
org/10.1006/fstl.2002.0933

Thompson, S., & Powell, D. A. (2000). Risks 
Associated With The Consumption of Fresh 
Sprouts. http://www.foodsafetynetwork.ca/food/
sprouts-risk-sylvanus-jul00.htm

Tournas, V. H. (2005). Moulds and yeasts in fresh and 
minimally processed vegetables, and sprouts. 
International Journal of Food Microbiology, 
99(1), 71–77. https://doi.org/10.1016/j.
ijfoodmicro.2004.08.009

Tournas, V. H., & Niazi, N. S. (2018). Potentially 
toxigenic fungi from selected grains and grain 
products. Journal of Food Safety, 38(1). https://
doi.org/10.1111/jfs.12422

Wade, W. N., Scouten, A. J., McWatters, K. H., Wick, 
R. L., Demirci, A., Fett, W. F., & Beuchat, L. 
R. (2003). Efficacy of ozone in killing Listeria 
monocytogenes on alfalfa seeds and sprouts and 
effects on sensory quality of sprouts. Journal 
of Food Protection, 66(1), 44–51. https://doi.
org/10.4315/0362-028X-66.1.44

Waje, C. K., Jun, S. Y., Lee, Y. K., Kim, B. N., Han, D. 
H., Jo, C., & Kwon, J. H. (2009). Microbial quality 
assessment and pathogen inactivation by electron 
beam and gamma irradiation of commercial seed 
sprouts. Food Control, 20(3), 200–204. https://
doi.org/10.1016/j.foodcont.2008.04.005

Wang, Y., Li, Y., Yang, S., Wu, Z., & Shen, Y. (2022). 
Gaseous ozone treatment prolongs the shelf-life 
of fresh-cut kiwifruit by maintaining its ascorbic 
acid content. LWT, 172. https://doi.org/10.1016/j.
lwt.2022.114196

Acknowledgement
This research was supported by the Latvia University of Life Sciences and Technologies programme 
‘Strengthening Research Capacity in the Latvia University of Life Sciences and Technologies’ project No. 3.2-
10/121.

Effect of Ozone on Enterobacteriaceae  
Counts in Wheat Grain, Alfalfa, Radish,  

Broccoli Seeds and SproutsIlze Bernate, Martins Sabovics




