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ABSTRACT

Background: Thermal methods such as pasteurization and sterilization 
are currently used to eliminate microorganisms, but they may reduce 
nutrition value or disturb texture, flavor, taste and color. This study 
assessed the effect of direct and indirect ultrasonic methods on microbial 
load and chemical quality of raw wheat germ.
Methods: The wheat germ was prepared from Shiraz, southern Iran. It 
was treated with two direct and indirect ultrasonic methods. In direct 
method using the frequency of 20 kHz and maximum time of 10 minutes, 
immersion of the device probe was undertaken in a reservoir containing 
wheat germ and in indirect way, ultrasound was applied at frequencies 
of 50-60 kHz for 30 minutes to the wall of the container with samples of 
wheat germ. The microbial and chemical characteristics of both treated 
groups were compared.
Results: The direct method reduced the microbial load of the product by 
0.6 logarithms, while in the indirect method, the microbial load of the 
product was not significantly reduced.
Conclusion: It can be expected that the use of ultrasound waves in an 
appropriate manner for disinfecting the fresh edible plants, including 
sprouts, along with its remarkable benefits, in comparison with the 
traditional thermal methods such as pasteurization and sterilization as 
well as harmful environmental disinfectants, has a beneficial effect on 
reducing the microbial load of the germs and its effect on the micronutrients 
of this nutritious food is little or negligible.
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Introduction
Nowadays, the consumption of raw food materials, 
especially fruits and vegetables has a rising trend 
(1). Fresh vegetables play an important role in the 
diet for the health status of people, so in recent years, 
many people have been encouraged to consume 

fresh vegetables (2). An important category of 
vegetables is the sprouts of various plants which 
has multiple uses as herbal foods containing the 
necessary ingredients for the body (2). Wheat germ 
makes up the 2.5 to 3% of the grain weight (3) 
which is a rich source of phytosterols, polycosanols, 
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unsaturated fatty acids, proteins, vitamins B group, 
dietary fiber and minerals such as zinc, copper, 
iron, and magnesium, and the most widely-known 
source of vitamin E as herbal origin (4, 5).

The importance and popularity of wheat germ 
in many countries as a food supplement is not a 
secret to any person. But the main point is that the 
sprouts can also be a good source of pathogenic 
and corrosive microorganisms which are mainly 
originating from the soil (6). The diseases caused 
by bacterial contamination in fresh vegetables 
such as wheat germ can occur in different stages of 
agriculture or after harvest and despite the advances 
in technology and the appropriate conditions for 
agriculture, it seems that the prevalence of these 
infections are still increasing (7).

The growth of the sprouts, within 3 to 7 days, 
at a temperature of 24-30 °C, and the presence of 
suitable pH and sufficient moisture provide a good 
condition for the growth of pathogens (2). Also, the 
presence of unsaturated fats and lipase oxidizing 
and hydrolyzing enzymes and lipoxygenase in the 
wheat germ have made it to become a compound 
with short efficient life and storage capacity (8). A 
number of bacterial agents have been reported in 
assessments carried out on the sprouts of different 
plants including Salmonella, Listeria monocytogenes, 
Escherichia coli O157:H7, Staphylococcus aureus, 
Bacillus cereus and Aeromonas hydrophilate (9).

In this regard, few studies were conducted in 
Iran, which indicated the unfavorable condition of 
these food products. For instance, Bahonar et al. 
(2013) investigated the microbial contamination 
of clover, vetch and wheat germs in Tehran. It was 
determined that from a total of 27 samples of sprouts, 
one sample had a moderate status, 10 samples had 
poor quality, and the rest (16 samples) were spoilage 
(2).  It seems necessary to pay special attention to 
food safety. Nowadays, thermal methods such as 
pasteurization and sterilization are used to eliminate 
the microorganisms, but these traditional methods 
can cause loss of vitamins as well as changes in 
the flavor, taste and color (10). Therefore, modern 
technologies are recommended to achieve a 
synergistic effect on microbial inactivation of food 
products and nutrient preservation (11).

Ultrasonic method is a non-thermal process that 
inactivate microorganisms in foods and enhance the 
quality and sensory properties of them. (12).  One of 
the main advantages of this technique in comparison 
to thermal methods is the use of less energy, being 
economical and eco-friendly, and also minimizing the 
taste and flavor loss (13). Low frequencies of 20-100 
kHz have high power in reducing microorganisms 
(11). This technique has already been used to reduce 

the microbial loads of various fruits and vegetables 
such as plums, strawberries, lettuce, alfalfa seed, 
apple and red pepper (14). A major mechanism in 
reducing microorganisms is thinning of the cell 
membrane, local heating and the production of free 
radicals during the ultrasonic process (13). The 
purpose of this study was to investigate the effect of 
direct and indirect ultrasonic methods on microbial 
load and chemical quality of raw wheat germ.

Materials and Methods
In this study, all of the chemical materials were 
from Merck, Germany with high purity and all the 
used equipments had valid calibration. Sampling 
was taken from produced raw wheat germs (the first 
day of production) from a ready-to use vegetable 
production unit in Shiraz, southern Iran. Sample 
entry conditions were having the production date 
and expiration date on the product container and 
also having a healthy appearance. The transfer of 
specimens was carried out in a healthy condition 
and by a sample transfer bag.

In treatment of wheat germ samples by indirect 
method, an ultrasonic reservoir device (Elma 
Schmidbauer GmbH, Type: s60H, Germany) with 
a frequency of 50-60 kHz (ultrasound applied to 
the wall of the container containing samples of 
wheat germ) was used for 30 minutes. In the direct 
treatment method, the ultrasonic apparatus (Model 
BANDELIN -Typ: LS 8, UW 3200, Germany) with 
a frequency of 20 KHz with a 25% and 75% power 
in two times of 5 and 10 minutes (immersion of 
the probing rod of the ultrasound apparatus in a 
container containing samples) were used. Then, all 
the treated samples along with the control sample 
were assessed for microbial and chemical tests.

For evaluating of microbial quality of the control 
and treated samples, total count of microorganisms, 
Coliforms and Escherichia coli and mold and yeast 
were monitored. The total count of microorganisms 
were done based on National Iranian Standard No. 
5272 (15). The mold and yeast count were done based 
on the National Iranian Standard No. 10899 by Pour 
Plate method by applying YGC culture media (16). In 
the present study, for the counting of the coliforms 
and Escherichia coli, the ECC CHROM agar culture 
media was used. The blue and red colors in colonies 
indicated Escherichia coli and other coliforms, 
respectively. The method was the same as the total 
count of aerobic microorganisms, but the plates were 
incubated at 37°C for 24 hours and then colonies 
were counted (17). 

In order to evaluate the chemical characteristics 
of control and treatment samples, the antioxidant 
and fat oxidation properties were measured. The 
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antioxidant property was assessed by the FRAP 
method, and according to the process described by 
Biglari et al., and Silva et al. (18, 19). Measurement 
of fat oxidation by TBA was carried out according to 
Pokorny et al. (20). The research was conducted as a 
completely randomized design with three repetition. 
Statistical analysis of the data was performed using 
SPSS software (version 22, Chicago, IL, USA) by 
using univariate analysis of variance test, and One-
way ANOVA. In order to measure the significant 
difference between the means, P-value less than 0.05 
was considered statistically significant. 

Results
Figure 1 shows that the indirect method was 
effective in reducing the coliforms, total amount 
of microorganisms, and total amount of mold and 

yeast. It should be noted that the use of times more 
than 10 minutes, in spite of the use of a lot of ice 
around sample containers, the temperature of the 
sample increased and thus prevented to investigate 
the effect of the longer time. This fact is considered 
as limitations of the test. Figure 2 shows the mean 
reduction of the coliforms based on the power of 
ultrasonic treatment, and treatment time. The 
highest mean for reduction of coliforms was for 
ultrasonic treatment with a power of 75 kHz for 5 
minutes and the least for ultrasonic treatment with 
a power of 25 kHz for 10 minutes. In Figure 3, the 
mean reduction of the total count of microorganisms 
has been presented based on the power of ultrasonic 
treatment and treatment time. The highest mean in 
terms of total count of microorganisms was related 
to ultrasonic treatment with a power of 75 kHz for 

Figure 1: The results of microbial tests of indirect method treating wheat germ.

Figure 2: Mean reduction of coliforms (in terms of log cfu/g) based on the power of ultrasonic treatment and 
treatment time.
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5 minutes, and the least was ultrasonic treatment 
with a power of 25 kHz for 10 minutes. 

Figure 4 reveals the results related to the mean 
reduction of mold and yeast in terms of the power of 
the ultrasonic treatment and the treatment duration. 
As shown, ultrasonic treatment had a reversible 
effect on reducing the mold and yeast levels. The 
ultrasonic treatment led to an increase in the amount 
of mold and yeast levels. The highest mean in terms 
of mold and yeast increase was related to ultrasonic 
treatment, with a power of 25 kHz for 10 minutes, 
and the lowest was ultrasonic treatment, with a 

power of 75 kHz for 5 minutes. Figure 5 denotes to 
the results related to the mean of antioxidant activity 
reduction based on the ultrasonic treatment power 
and treatment time. The highest mean in terms of 
antioxidant property was attributed to ultrasonic 
treatment with a power of 25 kHz for 10 minutes, 
and the least was related to ultrasonic treatment with 
a power of 25 kHz for 5 minutes.

The amount of lipid of raw wheat germ was very 
low and about 0.02%, however, the lipid oxidation 
of the treated samples was monitored. In Figure 6, 
the results related to the mean of lipid oxidation 

Figure 3: Mean of total microbial count (in terms of log cfu/g) based on the power of ultrasonic treatment and  
treatment time.

Figure 4: Mean of mold and yeast increase (in terms of log cfu/g) based on the power of ultrasonic treatment and 
treatment time. 
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increase based on the ultrasonic treatment power 
and the treatment time were expressed. The highest 
mean with regard to the increase in the fat oxidation 
was related to ultrasonic treatment with a power of 
25 kHz for 5 minutes, and the least was attributed 
to the ultrasonic treatment with a power of 75 kHz 
for 10 minutes.

Discussion 
Our results showed that in the indirect method, 
despite the use of waves with frequency of 50-60 
kHz and even in 30 minutes, no reduction was 
observed in the count of coliforms and the total 
count of microorganisms in the wheat germ and 

just the amount of mold and yeasts decreased by 
0.02 log. However, in the direct method, i.e., the 
probe gauge was plunged in a reservoir containing 
a wheat germ sample at a frequency of 20 KHz 
and a maximum of 10 minutes, and a reduction 
in microbial load of up to 0.6 logarithms in the 
coliforms and total count was observed. While, in 
this method, the count of mold and yeast slightly 
increased. Therefore, an appropriate method should 
be combined with ultrasonic to cover this defect. 
There are several studies on combination methods 
with ultrasound for having a complementary effect 
on the inactivation of germs of food products (21, 
22). Since the main reason for the use of sprouts is 

Figure 5: Mean of antioxidant property reduction (in terms of mg/ml) based on the power of ultrasonic treatment and 
treatment time.

Figure 6: Mean of lipid oxidation increase (in terms of malondialdehyde) based on the power of ultrasonic treatment 
and treatment time.
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the presence of valuable nutrients in these products, 
it is essential that these processes be carried out in 
such a way that they have the least harmful effect 
on these compounds (11, 12).

As it was seen in the results, there was no 
significant difference in the effect of treatment on the 
increase of lipid oxidation level, as well as in microbial 
tests, between different types of treatments, based 
on the power of ultrasonic treatment and treatment 
time. However, among all microbial and chemical 
tests, according to one-way ANOVA test results, 
the difference in the mean of antioxidant properties 
reduction in different treatments was significant. 
So in order to determine the best treatment we 
have to focus on this section. As it is indicated in 
the figure 5 and considering the fact that there is a 
significant difference between the applied treatments 
at the times of 5 and 10 minutes, therefore, the ten-
minute treatments had no chance of selection and 
the best treatment should be introduced among the 
five-minute treatments.

Although there was no significant difference 
between different types of treatments in response 
to microbial tests for reduction of coliforms and total 
count of microorganisms, the status of ultrasonic 
treatment with the power of 75% and 5 minutes 
was more favorable. Therefore, between these two 
ultrasonic treatments; with the power of 75% in 5 
minutes and with the power of 25% in 5 minutes, the 
best ultrasonic treatment was treatment with power 
of 75% in time of 5 minutes.

In this study, there was no possibility of using 
more ultrasonic power and temperature setting. 
Considering the benefits of using ultrasonic 
technology, and the results obtained from this study, 
further studies are needed. Studies that measure 
the effectiveness of this technology in reducing the 
microbial load and increase the final quality of the 
fresh products; as well as research that determine the 
impact of the combined technology of this method 
with other disinfectant methods.

It can be expected that the use of ultrasound 
waves in an appropriate manner for disinfecting the 
fresh edible plants, including sprouts, along with 
its remarkable benefits, in comparison with the 
traditional thermal methods such as pasteurization 
and sterilization as well as harmful environmental 
disinfectants, has a beneficial effect on reducing 
the microbial load of the germs and its effect on 
the micronutrients of this nutritious food is little or 
negligible.
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