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Abstract

Introduction: These days, most of the disinfectants used in the food industry such as chlorinated
compounds are dangerous and harmful. Common methods of removing all types of water
pollution have many disadvantages for human health and the environment. It is possible to
preserve the environment and human health by replacing these methods with new ones such as
ultrasound technology. Ultrasonic waves are non-thermal technology that helps increase microbial
safety and prolong the shelf life of heat-sensitive foods with nutritional value and functional
characteristics. Ultrasonic waves are known as one of the most effective disinfection methods for
all forms of microbial and fungal contamination. These waves reduce the resistance of
microorganisms by physically damaging them. Therefore, this study deals with the effect of high-
power ultrasonic waves on the population of two types of pathogenic microorganisms in the
washing effluent of tomatoes. The selected bacteria included one type of gram-positive bacteria
(Staphylococcus aureus) and one type of gram-negative bacteria (Escherichia coli) to compare the
effect of ultrasonic waves on the two different types of bacteria with different cell walls.
Materials and Methods: In this research, irradiation of high-power ultrasonic waves was
applied to the water after washing the tomatoes. In this washing effluent, the impacts of
ultrasonic power (100, 300, 500 W), radiation time (300, 750, 1200 s), and water temperature (0,
30, 60 °C) were examined on the survival of the S. aureus and E.coli. The data analysis was done
for each experimental runs, using the response surface methodology (RSM), to find the best
model for estimating the difference in bacterial population (CFU) before and after irradiation.
Results and Discussion The lack of fit was not significant in the analysis of variance and also
the value of the explanation coefficient in the model for S. aureus and E.coli were 0.9721% and
0.9206%, respectively. This indicated the appropriate accuracy of the quadratic model in
estimating the number of S. aureus and E.coli remaining in the water after washing tomatoes (for
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the mentioned independent variables). Gram-negative bacteria (E. coli), are composed of an inner
thin peptidoglycan cell wall, surrounded by an outer lipopolysaccharide membrane. Gram-
positive bacteria (S. aureus), lack an outer membrane but are made up of a multi-layered and very
complex structure layers of peptidoglycan many times thicker than is found in the Gram-
negatives. In general, the application of ultrasonic waves causes to destruction of the mentioned
bacteria. The main disinfection effect of ultrasonic waves on the population of S. aureus was
power, while the main variable for E.coli was temperature (based on the highest coefficient of
guadratic equations/ 99% confidence level). Through physical, chemical and mechanical effects
caused by acoustic cavitation, ultrasound is able to affect the bacterial suspension without
producing a side product. The antimicrobial effect of ultrasound is achieved by a combination of
chemical effects such as the production of active free radicals and thermal effects such as the
production of local hot spots. The observations showed that increasing the temperature first
increased and then decreased the effectiveness of ultrasonic waves in the inactivation of bacteria.
The negative effect of increasing temperature could be related to the decrease in the intensity of
bubble explosion.

Conclusion: According to the results the destruction effect of ultrasonic waves on S. aureus and

E.coli increased at the average time of 750 s, with the simultaneous decrease in temperature
(from 60 to 0 °C) and increase in power (from 100 to 500 W),. In the perturbation curves, the
simultaneous effect of all parameters (temperature, time and power), were investigated at the
middle points (30 °C, 750 s and 300 W). At these points, power changes were more effective in
reducing the population of S. aureus, while temperature changes were more effective on the
population reduction of E coli. The population of S. aureus and E. coli decreased by increasing
power of ultrasonic waves. Temperature and power had a synergistic effect, that is, the increase
of both parameters led to the decrease of bacterial population. Finally, the tested variables were
optimized by desirability in the RSM to minimize the population of microorganisms (S. aureus
and E. coli simultaneously), and parameters (in the range) obtained for the ultrasonic power,
time, and temperature were 300 W, 1200 s, and 0 °C respectively.

Keywords: Ultrasonic waves, tomato, water disinfection, S.aureus, E.coli.
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1- CP: Critical Point

2- CCP: Critical Control Point
3- Staphylococcus aureus

4- B.Subtilis

5- E.Coli
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7- Persian Type Culture Collection (PTCC)
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Table (1) Levels of independent variables in the response surface method
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Table (2) Results of the ANOVA analysis for output parameters
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A 338 540 Oluab! Cla,.., 03 5 Al fme e g3 (Gl e e NS

A3 oS5 s 4 Dol el 2SS
S Jle ST gl JKsl, Wy ol gled
S osb L Sl (e s BB g il Sl
L;L:@omsjutpwuw@)b;fo;ﬂw;t

LIl W 5 Oyl tle 5 ez (Il

L;Lac‘,,a sl el AS 0 3,5 GL“‘{Q%‘}

Dlps &K 5 SSLas e 0 5 S

S Sl ods S5 Jotls O sy ST3L I ke
ol bl S0 b, o glis ¢S bu g
Slad Wb (oSS bl St p 8 (slags ST Il
Dl g aY d> ghlle sl 4 I bl s o5
3 fptet o Wlodd el OIS sty 5l ooy

0 cl i p 5 Gla ST s alie 4



VoY

oD gl p by el ol 5 andls 01,8 5 555

s IS s 8 6 Kl () Wil Ll 2
@S BT @l 4 e gl el jaseia (0
4?5 b Olejen (2l L il VO Sle Ol s
Ore s Ve 1) Ols R34y
S S 5 Spelp sl (Saus (S
a8l I LTS g sl s eSS skl
a3 70 3 9d gles y3 ()Y Jg.i 3 oJle Ol ge
gL sl Sl Fre B ¥ oy 015 5 o gedes
Oy 31 63k Sladms bl ol y3uwl €ily il
Wlos S 5 s 15 Sn 228 115 &yl
OAg))

L osls ol s rl’u‘ J&, O Gy S slantlas
b bl Sn Comar 1l 3 015 2l
() 3l Sl (s iy ok

S.aureus (CFU)
@ Design Poir+
25 I s
o E
X1 = A Temp ,3 “‘;_’
%2 = C: Power —5‘ S
-~ O
Actual Factor
B: Time = 750

A: Temp (°C)
(°C) L>

o5l Sl

Sanrenc (CFLN

3 glaane) sl Corse 5 S 550 S5k
Lldl e o Jpb s Lol ol s dals Lis
58 Sl mlsl e S Ll 655 chis b
b 4 Lol & Gl osd e e Lol ann s
Oy sl 0k sloml Sgeol 2 (6551 iy (Sl
o a5 5 e B Ol s ke B g
5 S o 3555 S Lo Gadie slad S
Slags ol A o slml Al S5 Slag s
DL 5 YL Sl slos b (bl sbml Zely HlaeS 55
a3 OO0 4 OT les u.alf S Leh oo 3L
Gl Ll cpl iy o Sb B LIS 5 e e
@b S LS SE S el Ol Dl ek 5 ad e
S el (W) Cwl Ggel b dlsl s

o 31 ol Sl Dl it (Dpl b3 b ST

C: Power (W)
(Sl Ol g

(486 Y0+ ) Cull Olo) 33 (19) U9 § d(wgumbe 4 38) Lod (G105 F1 (Suw 4w 9 (Sr19d (S 510905 (A=) ) KO
(Sl 510905 38 §8 g GBSy Jolao CFU Jals) waisgf el oS aldlio! oot
Figure (1-a) 2D and 3D graphs of the effect of temperature (°C) and power (W) at constant time (750 s)
on the survival of S. aureus (CFU reduction in the graph is equivalent with colder colors)
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Figure (1-b) 2D and 3D graphs of the effect of temperature (°C) and power (W) at constant time (750 s)
on the survival of Escherichia coli (CFU reduction in the graph is equivalent with colder colors)
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Figure (2-a) 2D and 3D graphs of the effect of time and power at the constant temperature (30 °C) on
the reduction of S. aureus (reduction in the CFU is equivalent with colder colors in the graph)
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