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Abstract
     The ultrasonic parameters were carried out at a frequency of 3 MHz using pulse technique and compared with pulse echo overlap (PEO) technique on Lactobacillus amylophilus grown in nutrient broth at a constant temperature of 37oC at three phases of growth like Active, Stationary, Decline with  optical density  1.0.  The values of acoustic impedance ( Z), isotropic compressibility ( Ke) and attenuation coefficient (α) were calculated from measurement values of ultrasonic velocity (v), echo amplitude (ao) and density ( ρ). The ultrasonic velocity values were correlated with Jacobson’s  free length theory ( FLT). The variation of ultrasonic parameter with different bacteria has been interpreted on the basis of motility , shape and size of the bacteria in this publication. 
Introduction
     Lactobacillus amylophilus is a bacteria present in the earth and is non-pathogenic. In view of the extensive applications of ultrasound in medical diagnostics, a systematic study of ultrasonic behaviour of available bacteria and the control broth in which the bacteria were grown was undertaken. The results thus obtained were presented.
Experimental
      In the present experiment different species of bacteria belonging to Gram positive and Gram negative were used. Gram positive bacteria was Lactobacillus amylophilus, Bacillus subtilis and Gram negative bacteria were Escherichia coli, Bacillus altidudinis.  These bacteria cultures were grown at 37o C in nutrient broth containing beef extract, peptone and sodium chloride at pH 7.3 were subjected to ultrasonic wave propagation at different temperatures from 28o C to 40o C(The bacteria sustains up to 40o C). The bacteria were cultured at Microbiological Laboratory, Osmania University, Hyderabad and were brought to the laboratory for the study. The pulse technique using Ultrasonic interferometer  was used for the measurement of ultrasonic velocity (v) and echo amplitudes (an) at a frequency of 3 MHz  and compared with Pulse Echo Overlap technique using Ultrasonic Intervelometer ( UTI- 101) supplied by Innovative instruments Pvt.Ltd, Hyderabad, India, and  found that both the results were same and within the experimental error.   
     The length of the liquid column was measured with liquid like double distilled water whose ultrasonic velocity is known and calculated length of the liquid column with an accuracy of 0.001cm.
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Fig (1) Echo train  pattern	Fig (2)   Pulse Echo Overlap pattern  

Theory
     The longitudinal wave velocity of ultrasound and attenuation coefficients were obtained using the relations:
                                            v = 2l ÷  T cm/s  and α = ln (ao / an) ÷ 2 nl nep/cm
where v is the ultrasonic  sound velocity ( cm/s), l is the length of the liquid (sample) column (cm), T is the travel time  between two selected consecutive echoes ( µs), ao is the amplitude of transmitted pulse (V) and an is the amplitude of nth echo (V) .
     The measured data of sound velocity (v)  and echo amplitudes (an) were applied to compute the nonlinear physical parameters  of attenuation coefficient (α), acoustic  impedance (Z) and isotropic compressibility (Ks) which were shown in Table 1 for understanding Ultrasonic properties of Lactobacillus amylophilus at various growth phases and temperature.
    The nonlinear parameters of ultrasound in the bacterial cultures were evaluated using the following formulae.
Acoustic impedance ,           Z = ρv g/cm2 /s.
Isotropic compressibility ,  Ks = 1÷ ρv2 cm2/dyn.

Results and Discussion: 
The measured and computed parameters of Ultrasonic properties  in Lactobacillus amylophilus various phases 
	Growth phase
	Velocity
(v x 102)
cm/s
	Density
ρ g/cm3
	Attenuation (α)
Nep/cm
	Acoustic impedance 
( z x 103)
g/cm2/s
	Isotropic compressibility
(Ks x 10-10)
Dynes/cm2
	Echo amplitudes(an)

	
	
	
	
	
	
	  a0
	a1

	Control
	1630.45
	0.9828
	0.0518
	160.24
	38.27
	3.6
	1.2

	Active
	1538.45
	0.9926
	0.0472
	152.70
	42.56
	3.4
	0.2

	Stationary
	1584.21
	0.9886
	0.0335
	156.61
	40.30
	2.5
	0.2

	Decline
	1565.27
	0.9749
	0.0292
	152.59
	41.86
	5.4
	0.6




     The plot in Fig (3) shows that the measured parameters of ultrasonic velocity (v) versus bacteria growth phases. The velocity is low when the bacteria is in active phase. The velocity (v) increases when bacteria changes from active to stationary phase. The velocity further increases from stationary phase to decline phase. As velocity increases the attenuation decreases as the density of the bacteria is kept constant in all phases i.e., one optical density. It is clearly found that the ultrasonic response of bacteria at all temperatures, and at all phases are similar.
     In Fig 4,5,6 and 7 it was shown the variation of  attenuation  coefficient (α) with temperature for all three phases of growth including control broth.
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                                                  Fig(3)
Conclusions:
     It was observed from fig (3) that the motility, shape and size of  bacteria was effecting the velocity of sound and hence by computed parameters. It is important to observe that the motility is inversely proportional to ultrasonic velocity.
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                       Fig (4)  Control Phase: Temp Vs Attenuation                                                       Fig(5)  Active phase : 
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                     Fig(6) Stationary phase				Fig(7) Decline Phase
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