
‘3'I \
WI
N

NW> N
—

—

—

—

:

—

,_______.

—

—

—_

I
O
)
;

_
m
p
m

 
1
7

_T

EFFECTS 01"

ULTRASONICS ON MILK

THESIS FOR THE DEGREE OF M. S

MICHIGAN STATE COLLEGE

5.1. LEON NEWCOMER

1955



THESIS

This is to certify that the

thesis entitled

"Effect of Ultrasonics on Milk"

presented by

J. Leon Newcomer

has been accepted towards fulfillment

of the requirements for

l_§__degree ingaging.

(,“Ww. W
 

Major professor

Date %/7,) fig, / ¢5f

0-169

 





EFFECTS OF ULTRASONICS ON MILK

BY

' J. Leon_§gygomer

AN ABSTRACT

Submitted to the School of Graduate Studies of Michigan

State College of Agriculture'and Applied Science

in partial fulfillment of the requirements

for the degree of

MASTER OF SCIENCE

Department of Agricultural Engineering

Year 1955

Approved by flfl/Jw'W 5/26/51“





J. Leon Newcomer

1

Numerous investigators have shown that whole milk can

be homogenized by irradiation with ultrasonic waves. Indivi-

dual researchers have reported on the various conditions

that are necessary for this phenomena to occur. In considera-

tion of these factors a hypothesis was developed wherein it

was proposed that the efficiency of homogenization by ultra-

sonic waves would be substantially improved if a direct

electric current were passed through the milk simultaneously

with irradiation. A technique was developed and experiments

were performed to test those deductions. The results showed

that there was a correlation between the current strength

and the efficiency of homogenization. An increase in current

increased the efficiency to a maximum value beyond which an

increase in current reduced the efficiency.

It is known that homogenization by the conventional, high

pressure method reduces the protein heat stability of milk.

Using the same technique adopted for testing the hypothesis

concerning the relative effect of an electric current along

with ultrasonic irradiation it was found that the protein

heat stability remained unchanged.

The literature indicates that several of the conditions

necessary for homogenization by ultrasonics are identical

with those necessary for killing bacteria. Consequently, the

same hypothesis developed for improving the efficiency of

homogenization seemed applicable for an improved bactericidal
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effect. It was found that there was no substantial correla-

tion between current strength and bactericidal effect so far

as the total bacteria population was concerned. A correla-

tion was found between the destruction of the coliform group

and the current strength.
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INTRODUCTION

High-frequency inaudible sound waves, "ultrasonics"*,

of great intensity are able to produce a great variety of

phenomena pertaining to the realm of colloid chemistry, as

first shown in 1927 by R. W. Wood and A. L. Loomis (E9).

Later it was found that substantially the same phenomena may

be likewise obtained with low-frequency sound waves, provided,

and this is the fundamental difference, their intensity is

sufficiently high.

It must be emphasized that there is no fundamental physi-

cal difference between ultrasonics and audible sound. The

distinction is an arbitrary one to distinguish between sound

in the audible range 16 to 16,000 cycles per second and

higher frequency sound waves from 16,000 to 109 cycles per

second, another arbitrarily selected limit. Above this

limit the term.hypersonics applies.

Sound waves of great intensity may bring about many

kinds of phenomena, such as peptization, the mutual emulsi-

fication of two bulk liquid phases, the disintegration of

 

* In the early literature concerning this subject the

term "supersonics" and occasionally "suprasonics" was used

by some authors instead of "ultrasonics." Since about 1935,

the term ultrasonics is most frequently used.



certain solids, the depolymerization of high-molecular sub-

stances, coagulation of certain suspensions, production of

heating effects, production of chemical reactions, destruction

of bacteria, stimulation of plant growth, etc.

Though there are no fundamental physical differences be-

tween sound waves of low, medium.and high frequencies, great

differences exist in the ease with which high intensities may

be produced and the ease with which the sonic energy may be

transmitted to the system under investigation. Another imp

portant fact is that the absorption of high-frequency waves

is much stronger than that of lower frequencies. At extremely

high frequencies the energy losses due to absorption become

excessive. Thus, very little has been done in colloidal

substances, with frequencies of more than a million cycles

per second. With lower frequencies another difficulty arises.

The amplitudes necessary to transmit a given quantity of

energy at low frequency are much greater than those at higher

frequencies. The greater portion of investigations concerning

such phenomena as mentioned in the previous paragraph has

been conducted in the ultrasonic region between 20,000 and

1,000,000 cycles per second, with the region from 150,000 to

600,000 cycles per second receiving the greatest attention.

Perhaps the foregoing is sufficient to establish in a

general manner a clear picture of some of the properties of

ultrasonics, including some of their distinctive characteristics

and a brief mention of physical-chemical-biological phenomena



attributed to them. Now we shall turn our attention to a

more specific aspect.

The writer, having an experience background in.milk and

milk products processing and their attendant technical

problems, became interested in some of the pioneering attempts

by Chambers and Gains (17), Harvey and Loomis (25), and by

Liu and Yen (32), to effect certain physical-chemical and

biological changes in.milk and in various manufactured milk

products, principally concentrated milk. The writer's

attention was especially drawn to investigating what effects

ultrasonics might have upon the protein heat stability, fat

dispersion (homogenization) and sterilization. Not only

did the work of these early investigators indicate certain

practical possibilities but subsequent work of more recent

researchers, namely, LeGally and Patterson (31), L00 and

Carleton (33), Brown (12), Fox and Griffing (20), and others

(3), (2), gave further impetus to this interest. Additionally,

most of the previous work was done prior to the availability

of focusing ultrasonic transducer elements whereby a consider-

ably higher energy intensity level can be transmitted to the

substance under investigation. Consequently, if there is a

threshold intensity level necessary to effect physical-

chemical-biological alterations then it is certainly well to

reinvestigate some of the earlier work but with the advan-

tages attendant to higher energy levels of irradiation.



Although the foregoing was the initial reason for

undertaking this work, the author, after having reviewed

the extensive literature on the subject, develOped what is

believed to be a unique experimental technique. This sup-

planting basis for the study is more fully developed in the

section "Hypothesis".



REVIEW OF LITERATURE

Ultrasonic waves can be used for a great variety of

purposes and general accounts of these have been given by

Boyle (6), Hopwood (29), Freundlich (21), Chambers (16),

Campbell and Schoenleber (15) and others. More recently

thorough treatments of production, measurement and application

have been prepared by Carlin (18), Bergmann (S), Wood (h8),

Richardson (39), Vigoureux (E6), and Cady (In).

A comprehensive review of the numerous applications of

ultrasonics has been presented in an excellent manner by

Sollner (42) and also has appeared in "Colloid Chemistry"

edited by Alexander (1).

Emulsification by ultrasonic waves was first described

by Wood and Loomis (R9). However, they dealt principally

with qualitative observations of the phenomena and reported

little concerning quantitative values of optimum frequency,

minimum.energy requirements, physical conditions for effi-

cient irradiation, etc.

Richards (37) showed that when benzene and water are

placed in a test tube which has been previously wetted with

water and the tube irradiated with ultrasonic waves of

300,000 cycles per second, the benzene phase immediately

becomes cloudy, the water phase more slowly so and, eventually,

the interface between the two liquids disappears. He found



that emulsification occurs primarily at the wall in contact

with benzene and not at the dineric interface. He emphasizes

that these and other observations indicate clearly that the

emulsification in a liquid occurs mainly at the walls of the

containing vessel when they are wetted with the liquid dis-

persed.

Freundlich (22) has emphasized the importance of the

presence of a gas phase in the substance being irradiated.

Ultrasonic dispersion does not occur in vacuum, or a very

poor emulsion forms which breaks immediately. He states

that the nature of the gas is of no importance. Similar

observations were reported by Sollner and Bondy (uh, h3), and

by Harvey (23) concerning the emulsification of oilewater

systems and for organic systems generally, but with the fol-

lowing qualifications: when the system is in equilibrium

with a gas phase, emulsification always occurs upon irradi-

ation, provided this pressure is neither too high nor too

low (17). According to Johnson (30), this must not exceed

a certain critical value whose value for water saturated with

air is about h.S atmospheres.

Boyle and Lehmann (7, 9, 8) were the first to observe

that when ultrasonic waves of comparatively low energy are

sent through liquids, gas bubbles are formed. Further in-

vestigations by Boyle and his co-workers (10) showed that

these bubbles are produced by the union of microscopically

small bubbles already present in a liquid. Boyle and Taylor



(9) recognize as a further cause of bubble formation the

phenomenon of cavitation, which consists in the formation of

hollows by the liquid being torn apart. The gases dissolved

in the liquid are able to escape into the spaces formed by

cavitation produced in liquids by ultrasonics.

Lord Rayleigh (36) calculated the pressures which may

occur when a vapor bubble collapses in a liquid and found

that many thousands of atmospheres may be obtained locally

in this way.

Bondy and Sollner (uh) deal at length with the theory

of cavitation produced in liquids by ultrasonics. In par-

ticular, they regard cavitation as responsible for the emul-

sifying action of sound waves.

More recent investigations indicate that it is also de-

pendent on the frequency. A mathematical theory of cavitation

by ultrasonics has recently been presented by Noltingk and

Neppiras (3h, 35) who conclude that all cavitation phenomena

will diminish and finally disappear as the frequency is

raised.

Though there are no fundamental physical differences be-

tween sound waves of low, medium and high frequencies, great

differences exist in the ease with which high intensities may

be produced and the ease with which sound energy may be

transferred to the system.under investigation. Additionally,

Carlin (18) states that frequency sometimes causes a differ-

ence in the ultrasonic action. A particular effect may take



place at a high frequency and not at a low one. According

to Alexander (1) high sound intensities are used for most

colloid work, e.g., to produce emulsification an intensity of

10 watts.per square centimeter is necessary. Others too

have suggested that seemingly there is a threshold energy

level necessary to effect physical-chemical changes (13, 11).

In pure liquids and in homogeneous solutions the thermal

effect is due to the absorption of sound energy which is

intimately connected with the viscosity of the liquid. The

problem of heat of evolution has been treated by Richards (38)

and measurements with different substances have been re-

ported by Dognon and Biancani (19).

In contrast to the usual technical emulsification, in-

creasing the temperature of the two liquids detracts from

the efficiency of emulsification by the aid of ultrasonics.

Rise in temperature militates against cavitation.

That intense irradiation may lead to a destruction of

the organized cell structure and even to its complete disin-

tegration, was first shown by Wood and Loomis (49). Other

work in this direction has been conducted by Harvey and colla-

borators (2h, 23, 28, 25, 26, 27), by Chambers and collabora-

tors (17), Yen and Liu (50), LeGally and Patterson (31), Wil-

liams and Gaines (A7), and Beckwith and Weaver (h).

Schmitt and Uhlemeyer (ul) found that the chief reason

for the bactericidal effect of ultrasonics is the formation

of gas bubbles (cavitation). Johnson (30), and Liu and Yen (32)



also came to this conclusion. Schmitt, Johnson and Olsen (LO)

reported that strong ultrasonic irradiation of water con-

taining oxygen leads to the formation of H202. H202 is known

to have a bactericidal action.
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RESUME’ 0F LITERATURE

The review of the literature pertaining to the prOper-

ties of ultrasonics and their effects on matter reveal the

following principal characteristics.

1. Ultrasonics of sufficient intensity can cause

emulsification. .

2. Apparently emulsification occurs only when

cavitation is present.

3. Cavitation by ultrasonics depends upon the

presence of a dissolved gas phase, and nuclei

for centers of cavitation.

h. The kinds of gases are not important.

5. The smaller the gas bubble the greater the

cavitation. Large bubbles act as a cushioning

medium.and decrease the collapsing pressure.

6. A gas barrier is an efficient absorber of ultra-

sonic energy.

7. Ultrasonics produce degassing of the substances

being irradiated.

8. Emulsification is particularly strong at the

'walls of the containing vessel and to a lesser

extent within the interior of the liquid.

9. Ultrasonics cause coagulation.



10.

11.

12.

13.

ll

Coagulation apparently occurs within the volume

of the liquid and not at the container walls.

Emulsification preceeds coagulation but even-

tually coagulation and emulsification occur

simultaneously and seemingly at the same rate.

A proposed reason for bactericidal action is

attributed to cavitation .

Ultrasonic waves produce H202 from dissolved

oxygen content of the solution.

The following characteristics pertaining to certain

properties of milk were taken from Sommer (#5).

l.

2.

3.

Butterfat globules are charged negatively.

Colloidal milk proteins are charged negatively.

An increase in the negative charge on the fat

globule decreases its creaming ability by re-

ducing aggregation into larger and more buoyant

clumps.

Heat stability of milk is increased if the charge

is increased.
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HYPOTHESIS

With the foregoing phenomena and characteristics in

mind, consider the following arguments:

If emulsification in an ultrasonic field depends upon

cavitation and cavitation depends upon the presence of dis-

solved gases and furthermore if ultrasonic irradiation de-

gasses the substance, then perhaps the extent of emulsifica-

tion is limited to how far it can proceed prior to the total

expulsion of the supporting medium, 1. e., dissolved gas.

Restated, the efficiency of emulsification is limited

by the original dissolved gas content and the rate of its

expulsion. If the time element necessary to effect complete

emulsification of a given quantity of the dispersed phase

(fat) is greater than the time element for expulsion of the

gas content, complete emulsification can not be attained.

Consequently, it follows that the efficiency might be

improved if means were provided for maintaining a suitable

dissolved gas content of satisfactory bubble size.

Two methods for maintaining a required gas content are

possible: 1) by introducing a flow of some inert gas through

a capillary or diffusion tube into the volume of substance

being irradiated, or 2) by producing a gas directly within

the substance by electrolysis, e. g., applying a direct cur-

rent potential to electrodes within the substance.



Recalling the observation that emulsification is par-

ticularly effective at the boundary surface of the containing

vessel leads one to select the electrolytic method in prefer-

ence to the gas diffusion method since in the former, one

can, by using a metallic container for the solution and letting

it be one electrode and a centrally situated probe be the

other electrode, produce a regulated gas evolution at the

container surface and thus establish a constant source of

gas bubbles (nuclei) in controlled quantities at the surface

where emulsification is more pronounced.

Another conceivable advantage of the electrolytic pro-

cedure over the gas diffusion method concerns the dimensions

and distribution of the gas bubbles. Even with the finest~

pore sintered glass diffusion apparatus the gas bubble would

undoubtedly be considerably larger and less evenly distributed

over the effective surface than would be the case with a gas

evolved electrolytically over the surface.

Not only should the high concentration of gas bubbles

originating at the container wall favorably effect the

phenomena of emulsification but a further advantage is con-

ceivably established. Since the gas barrier is an efficient

absorber of ultrasonic energy it should reduce the ultrasonic

waves from being transmitted to the interior which should

tend to minimize the phenomena of coagulation in the interior

volume.
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Next consider the reported observation that fat particles

carry a negative charge. If the vessel is made the positive

electrode and the interior probe the negative one, the nega-

tively charged fat globules shall migrate towards the container

walls in which region is sustained the conditions most favorable

for the emulsification of the fat globules.

On the basis of the foregoing assumptions, it is pre-

dicted that if, by electrolytic means, a suitable gas phase

is established and maintained within the milk during exposure

to a sufficiently intense ultrasonic irradiation, the effec-

tiveness of such treatment will be greatly enhanced. 0n the

premise of this hypothesis the following experiments were

designed and conducted to test its validity.

Now consider how the conditions enumerated in this

hypothesis might also effect the bactericidal properties of

ultrasonics. If the bactericidal properties of ultrasonics

depends upon cavitation, which in turn depends upon the

presence of dissolved gases, and furthermore, if ultrasonic

irradiation degasses the substance, perhaps the extent of the

bactericidal property is limited to how far it can proceed

prior to the total expulsion of the supporting medium, i.e.,

dissolved gas.

If a strong ultrasonic irradiation of a solution con-

taining oxygen leads to the formation of H202 and a supply

of oxygen is maintained by electrolysis then a controllable

quantity of H202 should be sustained. Additionally, if H202



has bactericidal properties then a situation for maximum

bactericidal action by both cavitation and by H202 is es-

tablished. We might thus conclude that the conditions con—

sidered in formulating the hypothesis concerning homogeniza-

tion are also favorable for combining the two contributors

(gas and H202) to bactericidal action by ultrasonics.
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OBJECTIVES

The objectives of the study are to:

l.

2.

Test the hypothesis that a direct electric

current passed through a sample of whole milk

while simultaneously being irradiated by

ultrasonic energy, will increase the efficiency

of homogenization.

Determine the energy requirements necessary

for homogenization with.ultrasonics.

Test the hypothesis that a direct electric

current passed through a sample of whole

milk simultaneously with ultrasonic irradi-

ation will increase the bactericidal effect

of ultrasonics.

Ascertain the effects of ultrasonic irradi-

ation upon protein heat stability.



PART I: HOMOGENIZATION

Scope of Study

Pasteurized whole milk having a 3.8 percent butter fat

content was used throughout this phase of the work. All

samples were irradiated at an ultrasonic frequency of M30

kilocycles.

Procedures A, B, and C were designed to investigate

the effect of the passage of an electric current through

the sample simultaneously with ultrasonic irradiation.

Procedure D was designed to investigate the effect of

the passage of an inert gas through the sample simultaneously

with ultrasonic irradiation.

Since the passage of an electric current through milk

produces an evolution of gases, procedure D was incorporated

to learn whether the effect of an electric current on homo-

genization was peculiar to the presence of an inert gas or

to the passage of an electric current per as.

In all cases the milk was preheated to 1500.: 2° for

5 minutes prior to ultrasonic treatment. This constant tem-

perature was selected to eliminate the temperature variable

and to treat milk at the temperature commonly used in.comr

mercial homogenization.
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Criteria for Homogenization

In selecting a criteria for homogenization the various

standard methods were first considered with the thought of

using one of them herein . Even the simplest of these entail

considerable time for their determination. It was decided,

therefore, that since the study was chiefly concerned with

comparative results rather than absolute values a simpler

procedure could be satisfactorily adopted.

The method used was based on gravity separation. The

tubes of treated samples, along with untreated controls,

were observed for evidence of cream line (separation) after

standing for h8 hours at h0° F. A sample was considered

homogenized only if no trace of cream.1ine was evident at

the end of this period.

Additionally, several treated and untreated specimens

were microscopically studied for comparative globule size,

clumping and dispersion as a check on the gravity separation

method.

Performance Index

Since the primary purpose of this portion of the work

was to ascertain the influence of various factors upon the

efficiency of homogenization and more especially the effect

of an electric current in those regards, the obvious and

most direct index was to relate the volume, in cubic centimeters,



 

 

 

 

 

 



5
.
:

\
L
"
)

of milk homogenized to the time, in minutes, required to

produce homogenization and reported hereinafter as "Efficiency

Factor" in c.c./min.

Apparatus

The basic apparatus for procedures A, B, C, and D, is

shown in Fig. l and consists of an ultrasonic generator (A);

transducer assembly (B), in which the samples are irradiated

with h30 kilocycle, ultrasonic energy; watt-hour meter (C) to

determine the actual input power to the generator; thermometer

(D) to determine the temperature of the transmission medium

in the transducer; dry cell batteries (E), the source of

d.c. current passed through the milk; rheostat (F) to regu-

late the current passed through the milk; d.c. milliameter

(G) to indicate the current passed through the milk. Milli-

ameter (H) on the generator indicates the current strength

of the ultrasonic energy to the transducer element. Since

the physical dimensions of the barium.titanate transducer

element determines the ultrasonic frequency it is necessary

to tune the generator output frequency to match the natural

frequency of the transducer. This is done with dial (I).

The output current of the generator is adjusted with dial (J).

The ultrasonic energy is conducted from the generator to the

transducer via coaxial cable (K). The output of the genera-

tor is reported in milliamperes and the current strength
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‘3'“ H. 
Fig. 1. Principal apparatus.

 L
Fig. 2. Disassembled view of

transducer.



————_—~ -.

For details of
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through the milk sample is also reported in milliamperes.

To minimize confusion the output current of the generator

will be reported herein as M.A. while the current strength

through the sample will be reported as m.a.

In Fig. 2 is shown a more detailed view of the trans-

ducer assembly. The cooling coils (A) are coiled around the

inside of the upper portion (B) which fits into the lower

portion (C) containing the focusing, barium titanate, trans-

ducer element (D).

The generator and the transducer are commercially

built units having the following specifications:

Generator

Model: BU-20h

Mfg. by: Brush Electronics Company, Cleveland, Ohio.

Power input: 115 volts, 6.5 amps, 660 watts, 6O cycle,

single phase, A.C.

Power output: 250 watts, nominal, over frequency range

of 100 K.C. to 1000 K.C.

Output frequency: Tuning drawer "A", 100 K.C. to 300 K.C.

Tuning drawer "B", 300 K.C. to 1000 K.C.

Note: tuning drawer "B" used for

work reported herein.~

Circuit: Self-excited Hartley oscillator.



23

Transducer

Model: BU-305 A-hOO

Mfg. by: Brush Electronics Company.

Type of element: Barium titanate ceramic bowl.

Resonant frequency: h30 kilocycles.

Element thickness: 6.10 m.m.

Area of concave surface: 71.0 cm3.

Distance of focal point from bowl: 57.h m.m.

Wavelength at resonant frequency:

In water or oil 3.h m.m.

In glass 9.3 m.m.

In steel 13.3 m.m.

Acoustical impedence of element: c = 2.h7 x 106 gm/cstec.

Procedure A

Milk was irradiated in a glass test tube both with and

‘without the passage of an electric current through the sample.

IDistilled water was used in the transducer as a transmission

1nedium.between the transducer element and the test tube. The

*water temperature was controlled to 150°F 1 5° by passing tap

‘water through.the cooling coils. The test tubes were posi-

‘tioned in the transducer so that their bottoms were at the

(focal.point of the ultrasonic beam, See Fig. h.

Three variables were studied, namely, sample size, magnitude

cxf the current through the sample, and output current of

generator.
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Fig. h. Section through transducer unit showing

irradiation arrangement for procedure A.



 
 

Fig. 5. (Apparatus used in procedure A.

 

 

Fig. 6. Electrode, glass test tube and tube

holder used in procedure A.
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TABLE I

EFFICIENCY OF HOMOGENIZATION WHEN IRRADIATED

IN A GLASSTUBE WITH TWO ELECTRODES

- ‘b-

 

 

 

Sample Current Efficiency Factor

Size Through

Sample Generator Output

200 m.a. 175 M.A. 150 M.A.

c.c. milliamperes c.c./min. c.c.7min. c.c.7min.

10 0.0 1.11 1.00 0.66

10 5.0 3.33 2.50 1.00

10 10.0 3.33 3.33 1.11

10 15.0 3.33 3.33 1.25

20 0.0 1.33 1.17 0.95

20 5.0 2.00 1.66 1.33

20 10.0 2.22 1.66 1.5h

20 15.0 2.50 2.00 1.80

30 0.0 0.85 0.80 0.65

30 5.0 1.50 1.11 0.78

30 10.0 1.57 1.15 0.81

30 15.0 1.76 1.25 0.83
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Legend

Generator output at 200 M.A.

‘——“-—— " " " 175 M.A.

-_- — N II I! 150 M.A.
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Fig. 7. Plot of data given in Table I.
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The electrodes were platinum wires. The irradiation

tubes were one-half inch internal diameter by six inches

long, pyrex test tubes.

The results are given in Table I, and shown graphically

in Fige 7e

Procedure B

Milk was irradiated in an aluminum test tube both with

and without the passage of an electric current through the

sample. Whereas in the case of procedure A, two electrodes

were required, in this case the tube itself served as one

electrode, and acentrally situated platinum probe served as

the other. As in procedure A, distilled water was used in

the transducer as a transmission medium between the trans-

ducer element and the irradiation tube. The water temperature

was controlled to 150° F.‘: 5° by passing water through the

cooling coils. The irradiation tube was positioned in the

transducer so that its bottom was at the focal point of the

ultrasonic beam. 3

Two variables, current through the sample, and polarity

of tube and probe, were studied. The intensity of irradiation

(output current of generator) and the sample size were held

constant.

The results are given in Table II and shown graphically

in Fige ll.
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A, , , ,,,___-__ __ _' __.‘ 

Fig. 8. Apparatus used in procedure B.

one

0 o

u—_.___,___ _ __ _ .   
Fig. 9. Electrode, metal irradiation tube, and

tube holder used in procedure B.
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TABLE II

EFFICIENCY OF HOMOGENIZATION WHEN IRRADIATED IN A METAL TUBE

 

 

 

 

Sample Current Efficiency Factor”

Size 3:113? Tube 4}, Probe - Tube -, Probe *-

c.c. milliamperes c.c./min. c.c.]min.

8 0.00 1.60 ' 2.00

8 5.00 11.00 11.00

8 10.00 3.20 ' n.00

8 15.00 11.00 14.00

8 20.00 2.70 2.70

 

«Generator output to transducer: 200 M.A.
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- Tube (+)\ /

 
 Probe (-) \ .\

\“«\\Tube (-)
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O 1 l I
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Fig. 11. Plot of data given in Table II.
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Procedure C

Milk was irradiated directly in the transducer. The

milk being in this case the transmission medium. Its tem-

perature was controlled to 150° F.|1 5° by passing tap

water through the cooling coils. The transducer element

was one electrode and a centrally located platinum probe

positioned at the focal point of the ultrasonic beam became

the other electrode. Since it was necessary to maintain a

minimum volume of approximately 350 c.c. in the transducer

to obtain stable operation of the transducer, all irradiation

was done with this fixed volume.

Samples were treated with the probe acting as the (-)

electrode and the transducer element the (+) electrode at

different current strengths. The above was repeated with

the polarities reversed. The effect of output current of

the generator was also studied.

The results are given in’Table III and shown graphically

in Fig. 15.

Procedure D

Milk was irradiated directly in the transducer with

the milk being the transmission medium. The temperature was

controlled to 150° F.‘1 5° by passing tap water through the

cooling coils. A sintered glass, gas diffusion tube was

positioned centrally in the milk with the diffusion bulb at

.
0
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Fig. 12. Section through transducer unit showin

irradiation arrangement for procedure .
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Fig. 13. Apparatus used for procedure C.

 
Fig. 1h. Sample being irradiated directly

in transducer.
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TABLE III

EFFICIENCY OF HOMOGENIZATION WHEN THE MILK WAS IRRADIATED

DIRECTLY IN THE TRANSDUCER BOWL: THE TRANSDUCER

ELEMENT BEING THE (+) ELECTRODE AND

THE PROBE BEING THE (-) ELECTRODE

 

 

 

Generator 3 Current Time to Effect Efficiency

Output Through Homogenization Factor

Sample I

milliamperes milliamperes minutes c.c./min.

150 0.0 no homo at 220 0.00

150 9.0 no homo at 220 ’ 0.00

150 18.0 no homo at 220 ' 0.00

150 30.0 no homo at 2&0 0.00

175 0.0 180 1.95

175 p 9.0 120 2.91

175 18.0 110 3.18

175 30.0 105 3.33

200 0.0 150 2.33

200 9.0 65 5.38

200 18.0 60 5.83

200 30.0 60 5.83

 

Size of sample: 350 c.c.
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TABLE IV

EFFICIENCY OF HOMOGENIZATION WHEN THE MILK WAS IRRADIATED

DIRECTLY IN THE TRANSDUCER BOWL: THE TRANSDUCER

ELEMENT BEING THE (-) ELECTRODE AND

THE PROBE BEING THE (+) ELECTRODE

 

 

 

Generator Current Time to Effect Efficiency

Output Through Homogonization Factor

Sample

milliamperes milliamperes minutes c.c./min.

150 0.0 no homo at 2&0 0.00

150 10.0 no homo at 2&0 0.00

150 20.0 no homo at 2&0 0.00

150 30.0 no homo at 2&0 0.00

175 0.0 no homo at 2&0 0.00

175 5.0 no homo at 2&0 0.00

175 10.0 no homo at 2&0 0.00

175 15.0 2&0 1.&5

200 0.0 2&0 ' 1.&5

200 5.0 225 1.55

200 10.0 225 1.55

200 15 .0 230 1.52

 

Size of sample: 350 c.c.
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Transducer (+) Transducer (—) Transducer (+

Probe (-) Probe (+) Probe (-)

175 M.A. 200 M.A. 200 M.A.

 

:’ /

I /

I /

1 j, / . J

100 2.0 300 ’400 500 6.0

Efficiency Factor, c.c./min.

Fig. 15. Plot of Data given in Tables III and IV.
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Fig. 16.

Photomicrograph of

untreated milk

sample.

F180 17.

Photomicrograph of

milk treated with

ultrasonics only.

’18. 180

Photomicrograph of

milk treated with

ultrasonics and an

electric current.
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Fig. 19. Section through transducer unit showing

irradiation arrangement for procedure D.
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Fig. 20. Apparatus for procedure D.

 
Fig. 21. Sintered glass, gas diffusion tube

used in procedure D.
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the focal point of the ultrasonic beam. Since it was neces-

sary to maintain a minimum volume of approximately 350 c.c.

in the transducer to obtain stable Operation of the trans-

ducer, all irradiation was done at. this fixed volume.

Samples were irradiated both with and without percolating a

gas through the diffusion tube. Nitrogen gas was used from

a commercial gas cylinder. The volume of gas through the

sample was regulated with the standard pressure-reducer-

regulator normally used on commercial gas cylinders. The

volume of gas was regulated to approximately the same quan-

tity as evolved electrolytically in the previous procedures.

All samples were irradiated at a generator output of 200

milliamperes.

Results of Procedure D

Generator output: 200 milliamperes

Sample volume: 350 c.c.

Irradiation without gas being percolated through sample:

Time to effect homogenization: 180 minutes

Efficiency factor: 1.95 c.c./min.

Irradiation with gas being percolated through sample:

Time to effect homogenization: No homogenization

after four hours of

treatment.

Efficiency factor: Undetermined.



Summary and Conclusions

1. Ultrasonic waves at a frequency of &30 kilocycles

homogenize milk.

2. The efficiency of homogenization is evidently

influenced by:

a.

b.

c.

d.

f.

Size of sample being treated.

Intensity of ultrasonic waves.

Whether sample is treated in a test tube or

directly in the transducer.

Presence of a dissolved gas phase within the milk.

Physical dimensions of gas bubbles.

The passage of an electric current through the

milk while being treated.

This study was principally concerned with determining

the influence of a dissolved gas phase and/or an electric

current on the efficiency of homogenization. Although the

results of each procedure varied considerably between pro-

cedures, there is evidence of a correlation between homogeni-

zation efficiency and current strength through the sample.

When the gas phase was supplied through a sintered glass

bulb, the efficiency was considerably reduced. In this case

the gas bubbles were macroscopic in size.

From theoretical considerations, it was predicted that

there should be an optimum electric current strength, i.e.,

the efficiency should be expected to increase with an increase



in current strength, reach some maximum then decrease with

further current increase. This was found to be the case.

It was predicted that the efficiency would be increased if

the irradiation vessel were made the positive electrode and

the central probe made the negative one. Owing to extensive

turbulence within the test tube no conclusions can be drawn.

However, when the volume was considerably greater, i.e.,

when the milk was irradiated directly in the transducer bowl,

there was strong evidence that only when the central electrode

is negative was there any effect on the homogenization effi-

ciency.

In conclusion it is believed that:

l. Homogenization by ultrasonic waves is influenced

by the passage of an electric current through the

milk during irradiation.

2. There is an optimum current strength for maximum

efficiency.

3. The efficiency of homogenization is dependent upon

the relative polarity of the irradiation vessel

and the electrode of the focal point in irradi-

ation zone.



PART II: ENERGY REQUIREMENTS FOR HOMOGENIZATION

Procedure

The generator was connected to the 115 volt, alternating

current power supply through a watt-hour meter as shown in

Fig. l and Fig. 3. The power input to the generator was de-

termined at various output loads as indicated in milliamperes

by meter (H) Fig. 1.

This data is shown graphically in Fig. 22.

Results

A review of the results for procedures A, B, C, and D

in Part I, shows that the maximum efficiency of homogenization

was attained in Procedure 0 (refer to Table II), wherein 350 c.c.

of milk was irradiated directly in the transducer, at a gener-

ator output of 200 M.A., l8 m.a. of current through the

sample, the transducer being the (+) electrode and the plati-

num electrode at the focus being the (-) electrode. Under

these conditions the efficiency factor was 5.83 c.c./min.

From.Fig. 22, the power input to the generator at an

output of 200 M.A. is shown to be &20 watts. Thus the power

requirements to the generator at this homogenization effi-

ciency of 5.83 c.c./min. is &20 watts, which is equivalent to

an homogenization of 1.82 lbs. per K.W.H.
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Fig. 22. Electric current output of generator

versus power input.
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A typical commercial, pressure type, milk homogenizer

when processing at the rate of 500 gallons per hour under

a pressure of 3000 psi. requires a 25 horsepower motor. This

is equivalent to approximately 166.0 lbs. per K.W.H.

Summary and Conclusions

Under the conditions of this experiment, the electric

power required to homogenize whole milk was found to be

1 K.w.H. per 1.82 lbs. of milk.
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PART III: HEAT STABILITY

Procedure

Pasteurized milk having a 3.8 percent butterfat content

was used for this work. Samples of &00 m.1. size were irra-

diated at an ultrasonic frequency of &30 kilocycles, and a

power input of 200 M.A. directly in the transducer, both

with and without an electric current being passed through

the sample. The electric current strength used was 10 m.a.

The milk was preheated to 135° F. 1’2° for 5 minutes prior

8 to irradiation, and maintained at 135° F.‘: 3° during irra-

diation. When being irradiated, simultaneously with the

“conduction of an electric current, only one condition of

electrode polarity was used, i.e., when the transducer element

was (+) and the centrally located platinum probe was (-).

It was not considered necessary to treat with a reversed

polarity since the results in Part I, Procedure 0, indicated

that the homogenization under such a condition would be very

slight. A 5 m.l. specimen was extracted from the sample

under treatment at 15 minute intervals and tested for heat

stability. This was continued for 2 hours and 30 minutes.

Samples were also taken at the end of one hour and at 15-

minute intervals thereafter to check for degree of homogenization.



he

Criteria for Heat Stability

The alcohol test was used to determine heat stability

(relative heat stability). The scoring of the samples was

done according to the alcohol number (concentration) at

which coagulation was just detectable.

The alcohol number solutions were prepared as follows:

 
  

Alcohol Number ml. 95% ethyl alcohol ml. Dst. H20

1; no ’ oo

5 50 50

6 60 &0

7 70 3O

8 80 20

9 9o 10

10 100 0

Testing Procedure

1. To 5 ml. of treated milk, in glass test tube, add 10

m1. of alcohol solution.

2. Mix gently and observe for coagulation.

3. Record the alcohol number of solution producing coagula-

tion as the heat stability score.
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Results

Untreated, preheated milk showed a heat stability of

alcohol No. 9.

All specimens of the milk treated with ultrasonics alone

showed a heat stability of alcohol No. 9.

All specimens of the milk treated simultaneously with

ultrasonics and electric current (10 m.a.) showed a heat

stability of alcohol No. 9.

None of the specimens of milk treated with ultrasonics

alone was homogenized.

The milk treated with ultrasonics and the electric current

was homogenized at one hour and 15 minutes. (Efficiency

factor of 5.33 c.c./min.)

Summary and Conclusions

Under the conditions of this experiment there is no

evidence of any alteration in the protein heat stability of

milk when treated with ultrasonic energy. This is seemingly

true even when the extent of the treatment was sufficient to

cause homogenization.
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PART IV: BACTERICIDAL PROPERTIES

Scope of Study

Other researchers have reported that ultrasonic waves

of sufficient intensity have a lethaleffect upon bacteria

contained in milk. This investigator, through theoretical

considerations, proposed that this effect would be increased

if an electric current were passed through the milk simul-

taneously with irradiation. This phase of the work is limited

to determining if such a correlation exists.

Apparatus

The principal items of apparatus were the same as those

used in Parts I, II and III and are described elsewhere in

this report. The irradiation test tubes (glass), tube holder

and method for holding the platinum electrodes in place with

the cotton plug are shown in Fig. 2b. Theentire assembly is

shown in position in the transducer in Fig. 23. The source

of direct current to the electrodes was six dry cell batteries.

The amount of current was controlled by a rheostat in series

with the batteries and the electrodes.
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Fig. 23. Apparatus used for the bactericidal

work.

 I
._.., 1‘..-__--_1_ _._.__.___

Fig. 2&. Electrodes, glass tube, and tube holder

used for the bactericidal work.



Procedure

Specimens of & m.l. were irradiated in glass test tubes

for different lengths of time and at different current strengths

through the milk. The test tubes were positioned in the

transducer with their bottoms at the focal point of the

ultrasonic beam in order that they receive the maximum.pos-

sible irradiation intensity. The transmission medium.was

water, whose temperature was maintained as near 100° F. as

possible by passing tap water through the cooling coils in

the transducer assembly. It was necessary to adopt an in-

direct procedure to ascertain the actual temperature of the

milk during irradiation. A mercury thermometer does not

indicate a true temperature if its bulb is immersed directly

in the focal point of an ultrasonic beam. A temperature de-

termined in this manner will indicate several degrees higher

than the true temperature. To determine the temperature of

the milk being irradiated, a different & m.l. sample was

treated under the same conditions and for the same length of

time. The tube was then quickly removed from the transducer

and a thermometer immediately plunged into the milk. To

insure against a temperature drop due to the thermometer

being below the milk temperature, the thermometer was pre-

heated to near or somewhat above the milk temperature before

being immersed. A true temperature within one or two degrees

could be determined in this manner. It was found that the
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temperature of the milk rose to 10° F. above the transmission

water within one minute and remained at that differential

thereafter regardless of the time of treatment. All samples

were irradiated at an ultrasonic frequency of &30 k.c. with

a generator output to the transducer of 200 M.A.

The bacteria population for all specimens was determined

by the standard plate count procedure. All specimens were

tested for phosphatase reaction and coliform count. Three

series of tests were made. The experimental procedure was

the same for each except as follows: in series 1 and 2,

reported in Tables V and VI, the milk specimens were irradi-

ated in 1/u-inch inside diameter by h inches long, glass

tubes, whereas, in series 3, reported in Table VII, they

specimens were irradiated in i/z-inch inside diameter by

6, inches long, glass test tubes.

Results

The tabular data reports the observed temperature of

the transmission medium (water) in which the test tubes were

immersed while being irradiated. The indirect method for

determining the actual temperature of the milk indicated that

the milk was 10° F. greater than the temperature of the

water. Accordingly, the maximum.temperature of the milk was

112° F., except for specimens number 2 and 3 in Table V. In

these two cases the milk temperature reached 128° F. If
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these temperatures were faithful reflections of the true

thermal conditions then the lethal effects reported can

hardly be attributed to a time-temperature pasteurizing

effect.

The results shown in Tables V and VI show a reduction

in bacteria population both with and without the simultaneous

passage of an electric current. The reduction was somewhat

greater in the case where the current treatment was used,

but perhaps not to a significant extent. In Table V, the

coliform.were reduced to a level below detection. In Table

VI, the reduction in coliform is significantly related to

time of treatment and to the passage of an electric current.

In Table VI the phosphatase reaction was consistently (+)

indicating that there were no thermal effects present.

Whereas, in Table V, some of the specimens reacted negatively

to the phosphatase test. This occurred even though the milk

temperature apparently did not go beyond 112° F. (except

specimen 2).

The results shown in Table VII were inconsistent with

the results given in Tables V and VI so far as the general

population (standard plate count) was concerned. In general,

the plate count for the treated specimens were greater than

for the controls. The procedure used in obtaining the data

shown in Table VII differed from.that used in obtaining the

data shown in Tables V and VI in one respect; the test tubes

were considerably larger in the case for Table VII, hence the
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specimens would have been exposed to a lesser ultrasonic

energy level than for the specimens treated in the first

two series. At a lesser intensity level, no lethal effect

existed but possibly bacteria clumps were dispersed, which

contributed to an increase in plate count. The coliform,

however, were reduced both with and without the passage of an

electrid current. Their reduction showed a correlation both

with time of treatment and with the increasing amount of elec-

tric current. In this third series too, the phosphatase

reaction was (+) indicating that any lethal property was

not due to a thermal effect but could be attributed to ultra-

sonic energy.

Summary and Conclusions

The bacteria population of raw milks was reduced by

ultrasonic irradiation with and without the simultaneous

passage of an electric current.

The coliform organisms present in the milk were reduced

to a level below detection. .

Under the conditions of this experiment the coliform

reduction is related to the intensity of the simultaneous

passage of an electric current.

There was no significant correlation between bacterial

destruction and current intensity as judged by the effect

on the total population.
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