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ABSTRACT 

A  small-scale  rice  parboiling  system,  developed  in  the  National  Cereals 

Research Institute (NCRI), was modified by a combined team of engineers of NCRI, 

Japan International Cooperation Agency (JICA), DESFABENG Co. Ltd and the 

Federal Ministry of Agriculture and Natural Resources, Nigeria. The system has a 

capacity to parboil 1000 kg  of  rice  per  batch  of  over  8hours  process  time. 

This process duration is a combination of 6 hours soaking, 1 hour 45 minutes 

steaming and 30 minutes packing. The equipment is comprised of a boiler and 

steaming sections, which are interconnected by a network of pipes to allow hot water 

and steam to soak and steam the paddy. The original design of the system had 

problems of uneven steaming and over-steaming, which usually results in variations 

in the coloration of processed rice, thereby making it unattractive to buyers. Also, 

longer cooking durations with attendant loss in flavor of the rice were observed. In 

order to solve this problem, the parboiling system was modified by incorporating 

additional steaming pipes at half of the height of the original design to reduce the 

distance travelled by the steam to get to the top of the system. The modified model 

drastically reduced the steaming duration of paddy from 1 hour 45 minutes to 45 

minutes, thereby eliminating the problems of variations in coloration and longer 

cooking duration. 

мodified; rice parboiler; develop; soaking and steaming. 
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Abstract: There was investigated the combined influence of low-intensity ul-

trasound and antimicrobials on biofilms of clinical strains of E. coli and S. aureus to 

assess the degree of disruption of daily biofilms, and to study their ability to produce 

plankton cells as a factor of dissemination of the pathogen. The breach of the integri-

ty of daily biofilms of clinical strains of E. coli and S. aureus and decreased ability of 

the plankton cells production after the action of low-intensity ultrasound within 10-min 

processing combined with application of antimicrobial agents were determined. It was 

shown that only the action of low-intensity ultrasound during 10 min with subsequent 

use of antimicrobials led to the complete inactivation of plankton cells and disorgani-

zation of the biofilm of E. coli and S. aureus isolates. 

Keywords: biofilm, E. coli, S. aureus, ultrasound, antimicrobials. 

 

Relevance. The complex of curative measures aimed at the suppression of 

pathogens, stimulation of reparative processes, improvement of blood circulation etc. 

is used for the treatment of pyo-inflammatory diseases in modern pediatric surgery. 

At the same time, antibacterial agents that are widely used, greatly suppress the im-

mune protecting mechanisms of a macroorganism and contribute to the activation of 

microflora mechanisms of adaptation, resulting in an emergence of poly-resistant 

pathogens. An acquired drug resistance of clinical strains of microorganisms occurs, 

on the one hand, due to acquisition of new genetic information or altering in the level 

of expression of own genes, and, on the other hand, is associated with the formation 

of biofilms [1, 2]. At present, it is proved that the basic condition of existence for bac-

teria is the biofilm form and the plankton form is considered to be a way to transfer 

microbial cells from the primary site of localization of the biofilm to another surface on 

which a new (secondary) biofilm is formed. Despite active scientific efforts to elabo-

rate optimal schemes of antimicrobial therapy of pyo-inflammatory diseases, the 

problem of effective combating bacterial biofilms still remains relevant. Many scien-

tists around the world are conducting studies concerning the mechanisms of for-

mation of biofilms and means that will be able to block the formation of biofilms and 

suppress the production of plankton cells [3,4]. 

In clinical and experimental practice, the perspectives of the use of ultrasonic 

cavitation for the prevention and treatment of many different diseases, in particular 

inflammatory, have been determined. It is of particular interest to determine the as-

sociated effect of continuous low-intensity ultrasound and antimicrobials on the daily 
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biofilms disruption and the inhibition of the production of plankton cells of pathogenic 

microorganisms. 

Despite the development of various schemes of antimicrobial therapy and im-

plementation of new technologies to suppress pathogenic microorganisms, the prob-

lem of effective therapy of pyo-inflammatory processes remains urgent. 

The objective of the study was to assess the degree of disruption of daily bio-

films and ability to produce plankton cells of E. coli and S. aureus, which is as a fac-

tor of dissemination of the pathogen. 

Materials and methods. Preparations of suspensions of E. coli and S. aureus 

with a certain concentration of microbial cells were carried out using an electronic 

appliance Densi-La-Meter (PLIVA-Lachema, Czech Republic) by a scale of McFar-

land in compliance with the instructions for the device. Suspension cultures of iso-

lates were inoculated in 96-well polystyrene plates and thermostated over 1 day in 

order to receive biofilms, which then were disposed in the zone of action of ultra-

sound (ultrasonic waves of low intensity from 2 to 3 W/cm2; operating frequency – 

26,5 kHz; oscillation amplitude - from 50 to 80 μm) during 10 minutes [5] followed by 

the addition of antimicrobials, and then a conclusion about the degree of disorganiza-

tion of biofilms and ability to produce plankton cells was made grounded on compari-

son of optical density of experimental and control series of biofilms formed, evaluated 

on the spectrophotometer "Multiskan EX 355" with 540 nm wave-length [6]. The re-

sult was expressed in standard units of optical density (absorbance units - AU). Sta-

tistical processing of the results was performed using the Excel program and Biostat 

[7]. 

Results of the research. Where was determined that after an exposure of  

E. coli daily biofilms to 10-min ultrasound handling the decrease of the optical density 

of the daily biofilm of 8 times in comparison with the optical density of the biofilm be-

fore the influence (0,185±0,04 and 1,473±0,18 AU, respectively) was found (see  

Fig. 1). Similar results were obtained after the manipulation over daily biofilms of  

S. aureus: 9-fold reduction of optical density in comparison with values before the 

exposure (0,252±0,04 against 2,26±0,62 AU, respectively) was noted. 

Analyzing the results concerning the susceptibility of formed daily biofilms of 

poly-resistant S. aureus and E. coli to disruption after combined exposure to 10 min 

ultrasound handling and further antimicrobials application, it was found that the ad- 
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Fig. 1. Disruption of daily biofilms of E. coli after ultrasound processing  

during 10 min (B) in comparison with control biofilms without treatment (A) 

 

ding of β-lactam antimicrobial agents after exposure the daily biofilms of S. aureus 

and E. coli to ultrasound caused a significant decrease in the optical density of the 

biofilms, both S. aureus (Amoxiclav - 0,088±0,002 and 2,35±1,91 AU in control; 

Ceftriaxone – 0,051±0,0037 and 2.24±0,29 AU respectively), and E.coli strains 

(Amoxiclav - 0,082±0,004 and 1,469±0,16 AU; Ceftriaxone – 0,079±0,004 and 

1,475±0,12 AU as compared with the control). 

In case of the complex application of levofloxacin and 10-min ultrasound there 

was determined the reduction of the optical density of the formed biofilms: S.aureus 

30,4 times (0.076±0,008 AU), and E. coli 25,4 times (0,058±0,006 AU) less than in 

the control series. 

Integrated bacteriophage and ultrasound use significantly inhibited the optical 

density of S. aureus biofilms - 44.4 times (0,033±0,002 AU), E. coli -68,5 times 

(0,039±0,002 AU) as compared with the control, which led to the complete disorgani-

zation of biofilms examined. 

The determination of the ability of daily biofilms of poly-resistant strains of S. 

aureus and E. coli to form planktonic cells revealed that after their exposure to ultra-

sound and β – lactam antimicrobials there was observed an inhibition of production of 

plankton cells by daily poly-resistant clinical strains of S. aureus - 4,3 times less than 

in the control series (for Amoksiklav application – 0,167±0,02 as compared with 

0,824±0,08 AU in the control). With the use of Ceftriaxone the production decreased 

5,1 times - (0,162±0,08 and 0,832±0,09 AU respectively). The rate of formation of 

plankton cells by poly-resistant  strains of E. coli was also suppressed as after the ap 
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Table 1. The effect of antimicrobials and ultrasound application on the daily 

biofilms of microorganisms and subsequent production of plankton cells  

 

Isolates 

lif
e
-f

o
rm

 

Control se-
ries 

Antimicrobials 

Amoxiclav Levofloxacin Ceftriaxone 
Bacterio-

phage 

E. coli 
 

 b
io

fi
lm

s
 

No US 
1,473±0,18 

1,469±0,16 1,472±0,18 1,475±0,12 0,234±0,021 

US 
0,185±0,04 

0,082±0,004 0,058±0,006 0,079±0,004 0,039±0,002 

 P
la

n
k
to

n
 c

e
lls

 

No US 
 0,707±0,05 

0,702±0,08 0,706±0,04 0,705±0,09 0,258±0,04 

US 
0,259±0,08 

0,139±0,03 0,118±0,07 0,126±0,06 0,034±0,002 

S. aureus 

 b
io

fi
lm

s
 

No US 
 2,26±0,62 

2,35±1,91 2,31±0,26 2,24±0,29 0,316±0,028 

US 
0,252±0,04 

0,088±0,002 0,076±0,008 0,051±0,0037 0,033±0,002 

 P
la

n
k
to

n
 c

e
lls

 

No US 
0,827±0,06 

0,824±0,08 0,819±0,06 0,832±0,09 0,315±0,03 

US 
0,485±0,07 

0,167±0,02 0,159±0,06 0,162±0,08 0,033±0,004 

 

plication of US and Amoksiklav it was 5.1 times less than in the control (0,139±0,03 

and 0,702±0,08 AU respectively), when using Ceftriaxone – 5,6 times (0,126±0,06 

against 0,705±0,09 AU). In series with the complex use of fluoroquinolones (levoflox-

acin) and ultrasound there was noted the inhibition of the formation of planktonic cells 

of S. aureus 5.2 times (0,159±0,06 and 0,819±0,06 AU), and in case of E. coli –  

6 times (0.118±0,07 against 0,706±0,04 AU respectively). 

The study showed that the use of ultrasound combined with bacteriophage 

suppressed production of plankton cells by daily E. coli biofilms 20,8 times 
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(0,034±0,002 and 0,707±0,05 AU respectively) and by S. aureus - 25,1 times 

(0,033±0,002 and 0,827±0,06 AU) as compared to the control group. 

The microscopy of E. coli biofilms after 10 min ultrasound exposition followed 

by the addition of the bacteriophage discovered that in place of formed and then de-

stroyed by ultrasonic cavitation biofilms spheroplasts and shadows, that had the 

shape of the control biofilm, were subsequently formed. 

This can be explained by the fact that the influence of ultrasound followed by 

specific action of the bacteriophage lead to significant changes in the mechanical 

properties of the cell membranes of E. coli, as well as to disruption of the internal 

structure of cells and varying concentrations of the substances dissolved in the cyto-

plasm. The low-intensity ultrasound changes mechanically the structure of the walls 

of plankton cells and biofilms, that reside in the matrix, which causes the violation of 

the integrity and disintegration of biofilms and the majority of planktonic cells, acting 

as inhibitor of a factor of dissemination and colonization by an infectious agent. 

Summary. There was established the disruption of the integrity of daily bio-

films after the action of low-intensity ultrasound on poly-resistant clinical strains of E. 

coli and S. aureus within 10 minutes of processing and decrease in the ability to pro-

duce plankton cells after combined application with antimicrobial agents. It was 

shown that only the action of ultrasound for 10 minutes with subsequent use of anti-

microbials led to the complete inactivation of plankton cells and disorganization of the 

biofilm of  E. coli and S. aureus isolates. 
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