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ABSTRACT VICTOR A. JONES

The application of various silicone antifoam agents
and release agents to the dailry industry was investigated
in laboratory and dairy plant tests. Foams frequently
present problems in the processing of dairy products,
especially in filling operations, vacuum condensing, and
reconstitution of dry milks.

The effectiveness of Antifoams A, B, and AF Emulsion
at various concentrations and temperatures in breaking
down the foams of reconstituted nonfat milk, skim milk,
and homogenized milk was studied in two types of laborae-
tory tests. In the first test foam was produced by mechane
ically agitating test tubes of milk treated with antifoam
agents and observing the foam breakdown time, Concentrated
antifoam agents were sprayed on milk foams in the second
test, and the time required for the foam to dissipate was
determined. Antifoam AF Emulsion was tested in a commer-
cial can filling operation, and the effect of Antifoams A,
B, and AF Emulsion on the whipping properties of cream was
investigated.

Antifoams B, and AF Emulsion were not detected by
flavor or appearance when used at concentrations of 500
and 170 ppm respectively. Antifoam A spray left an objece
tionable film on the milk surface but Antifoam A did not
ixpart an off-flavor when used in milk at the rate of 50
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prm. Each of the antifoam agents was relatively ineffece
tive in bdbreaking down foams of reconstituted nonfat milk,
skim milk, and homogenized milk at 32°F but became increase
ingly effective at 60, 90, and 120°F, At 120°F they were
very effective. When used at the same level of active
antifoam concentration, Antifoam AF Emulsion appeared to

be more effective than Antifoams A or B. Antifoam AF Emmle
sion reduced the time required to fill a ten-gallon can
with hemogenized milk at 40°F from approximately 34 seconds
te 32 seconds when used at the rate of 27.5 ppm. The whipe
ping prnperties of cream did not appear to be significantly
impaired by 250, 1000 or 340 ppm of Antifoams A, B, or AF
Emulsion respectively.

Silieone Antifoams A, B, and AF Emmlsion appear to
have limited applications in the processing of dairy prode
ucts., Because of the many factors which influence their
effectiveness, these antifoam agents should be tested under
the conditions in which they will be employed to determine
the practicality of their use,

Silicone release agents including Slipicone, 200
Fluids of 100 centistoke and 1000 centistoke viscosity,
Z=4141, and silicone resins were tested for their ability
to improve appearanece, to prevent product adhesion, and to
reduce the total operating labor required in cleaning opere.
ations in a milk plant. Silicones were applied to glass
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slides which were washed in a mechanical washing apparatus,
to aluminum wall paneling, and tc stainless steel dairy
plant equipment ineluding pasteurizing vats, cheese vat,
butter chuin, spray dryer, and table top. 7The silicones |
did not seem to improve sppearance or ease of cleaning of
equipment or paneling in these tests. The results of prode
uoct adhesion tests indicated that Slipicone did not prevent
butter from sticking in the ehurn, and inconclusive results
concerning nonfat milk powder adhesion were obtained on
silicone resin treated plates in a spray daryer.,

The results of investigations with silicone release
sgents suggest limited if any practical applications of
Slipicone, 200 Fluids, silicone resins, and ZeN1hl in ime
proving cleanability or appearance of stainless steel
equipment or alumimum paneling.
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INTRODUCT ION

Silicon and oxygen, the basic materials from which sili-
cones are formed, constitute three-fourths of the earth's
crust (20). The commercial development of silicones was not
realized, however, until wartime demand stimulated their pro-
duction in 1943 (26). Since the war, industry has been fast
in recognizing the usefulness of silicones in improving effi-
eiéency of operation or quality of products, Silicones have
been used for a variety of purposes including antifoamants,
lubricants, release agents, water repellents, dielectrics,
and numerous other tasks.

The silicones are chemical polymers which may be proe-
duced as fluids, greases, resins or rubbers by varying their
molecular structure (31). The properties of the silicones
with which this paper will be primarily concerned include
antifoam, water repellent, and antie-gtick or release proper=
ties.

Manufacturing processes in the dairy plant are frequente
ly slowed by foams, and increased efficiencies could be reale
1zed 1f foams could be eliminated or reduced. Some of the
ma jor problems with foams occur in filling operations, ine-
cluding vats, bottles and cans; vacuum condensing operations;
vat pasteurization; reconstitution of dry milks; separation;
and clarification. In the Michigan State University Deiry
Plant £illing of 10=gallon cans could be accomplished in
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one=third of the time and at colder temperatures if foam
could be eliminated on homogenized milk. In considering the
control of foam in dairy products, the definite relationship
between the physico=chemical properties which cause foaming
and the various activities at the fat globule 1ntefrace
should be kept in mind (12) (15). Destroying the ability to
foam may influence churning of butter, whipping of cream,
and overrun attainment in ice cream.

Cleaning operations in the milk plant require between
25% and 30% of the total operating labor (7). If the water
resistant or release agent properties of silicones could be
utilized to keep dairy products from sticking or in a bene=
ficlial way cause the equipment and containers to clean more
easily, tremendous savings could be made.

This study was designed to determine the effect of var-
ious silicones in contrblling foam and improving cleanability
in dairy plant operations.



LITERATURE REVIEW

Numerous applications have been suggested for silicones
in the dairy industry. Little research data have been pube
lished to verify or disprove these potential uses, however.
This literature review is divided into three sections: (1)
Suggested Applications, (2) Types and Properties of Silicones
Used in This Research Project, and (3) Toxicity and Legal
Limitations of Silicones.

Suggested Applications of Silicones in the Dairy Industry

Antifoam Agents. Ross (33) states that silicones are,
perhaps, the most versatile of all the antifoaming agents.
Todd (u44) (45) (46) suggests the use of silicone defoamers in
the dairy industry to increase production, decrease processe
ing time, upgrade quality of products, and permit the saving -
of product sometimes lost as foam in the agitation, mixing,
and pumping of dairy products. His suggestions included
foam control in the production, processing and evaporating
of skim milk and cottage cheese whey; in dairy confection
mixes which are molded and frozen on stick handles; in deter-
gent cleaning solutions; and in recirculating cooling brine
systems. One dairy (10) found that a silicone defoamer, Dow
Corning Antifoam AF Emulsion, promptly eliminated or reduced
to a minimum the foam formed in the processing of Fudgsicle

mix.
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Methods of applying the antifoam agents vary with the
type of agent used, but include the following (44) (45) (46):

l. Coat the sides of processing equipment above the
normal liquid level.

2. Apply to wire mesh suspended above the foaming
system.

3. Coat inside of filling nozzles.

4, Disperse in dry ingredients and add to foaming
systems, |

5. Add directly or dilute with water and add to

foaming system.

Release Agents and Iubricantg for FProcegsing. Listed

below are some of the uses for the silicone release agents
which have been suggested by Todd (44) (45) (46):

1. Apply to processing equipment to prevent burn-on
or build-up of product and to make the surface
easier to clean.

2. Treat paper used for wrepping 'or containers to
prevent sticking of product.

3. Apply to hot 1rohs for release in heat sealing
plastic films or to prevent build=-up on heat
sealing bars.

4, Iubricate valves used for high temperature

- operations.

5. Use as a lubricant for installing tubes or hose
on metal pipe.
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6. Use silicone rubber on conveyor belts to release hot
or cold products.
Schulz, Kock ana Siegfried (39) found that a silicone coate
ed stainless steel surface kept Emmental cheese curd from
adhering as tenaciously as to uncoated stainless steel. Sapp
and Hedrick (38) concluded that pan glaze applied to novelty
molds for ice cream bars did not aid in the release of the

frozen bars.

Mgintepance. Rupprecht and Crosby (36) state that mo-
tors rewound with silicone (Class H) insulation are more ree
sistant to heat and water than motors rewound with any other
class of insulation. The capacity of a motor may be increas-
ed by as much as 50% by rewinding with a silicone insulation,
and the life expectancy of the motor is greatly inereased
when exposed to high ambient temperatures, overloads or moisge
ture. The ability of silicone insulation to resist water
could be especially helpful in dairies since a large volume
of water is used in cleaning and rinsing equipment,

Silicone paints are suggested for boilers, exhaust
stacks and steam lines (11) (18). Silicone paints withstand
high temperatures (up to 1000°F) and moisture and require a
mninimm of maintenance.

Other maintenance uses mentioned for the silicones in-
clude gasket or seal material which is heat stable, odore
less, and resistant to oil; lgbrication for bearings opera-

ting at high temperatures or in the presence of moisture;
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and finishes for the exterior of masonry bulldings to prevent
efflorescence, stain, and water penetration, but allow the
material to breathe (5)(11)(26)(44) (45)(46).

Miscellanegus Uses. Silicone coating of glass bottles
reduces scratching and breakage and gives the bottle a
brighter and glossier appearance (1)(9) (44) (45) (46). The
silicone 1is sprayed on the outside of the bottle between the
washer and filler. DMoisture, even from normal alr, adsorbed
by surface abrasion weakens the glass (1). The strength of
glass is partially rejuvenated by the adsorption of silicone
in the abrasion. The silicone is hydrophobic and so repells
the water,

Todd (44) (45) (46) suggests water repellent fabrics and
shoes treated with silicones for dairy plant employees, but
he does not coﬁsider the treated shoes a substitute for boots.
He also mentions silicone hang creams for protection from
water borne irritants to help combat problems of skin irrita-
tion in the food industry.

Types and Properties of Silicones
Used in This Research Project

Dimethyl Silicone Fluids. Dimethyl silicone fluids,
known in chemical literature as dimethyl siloxane polymers

or dimethyl polysiloxanes, have the chemical formula (6) (26):

CH CH
033-801;3- 0813 -0-8136113
ciy | cdy A cHy

McGregor (22) states that these products are available from
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the General Electric Company as "G, E., Silicone 0ils" in a
wide range of viscosisties. They are water white fluids
which are very stable to heat and oxidation and have a more
nearly constant viscosity over a wide temperature range than
any other liquid (6).

The dimethyl silicones are useful in the following tasks
where the properties mentioned are particularly important for
accuracy, constant performance, minimum maintenance or long
life (6):

1. As damping fluids - heat, oxidation and mechanical
shear resistant, and constant viscosity over wide
temperature ranges.

2. As instrument fluids - low freezing and high flash
points, constant viscosity, and low vapor pressure,

3. As hydraulic fluids = constant viscosity over a
wide temperature span, low freezing, high flash
points, high autoignition temperature, and resis-
tant to heat and shear breakdown.

4. As liquid dielectrics = superior dielectric to most
other liquids, heat and oxidation resistant, cone

" stant viscosity and dielectric properties with temp=
erature changes, and water repellent.

5. As lubricants - heat and oxidation stability, cone
stant viscosity over wide tempereture ranges, high
flash and low freezing points.

6. As release agents -~ heat stable, oxidation resiste
ant, non volatile, readily wet mold surfaces, forms
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no carbonacecus deposit.

T. As water repellent « heat stable, high surface
resistivity.

8. As polishing sgent « readily wet surfaces, lu=
bricant for hard surfaces, water repellent,
stable at high and low temperatures, nonvolatile,
and resistant to oxidation and weathering.

9. As coating and impregnant in pump packings = wWae=
ter repellent, reaiséant to a variety of chem=
icals, and stable to heat. |

10, As an additive « antifoamant in many non-agqueous

systemsg, increased temperature stability and ree
sistance to abrasion and weathering when added
to synthetic rubbers.

Antifoam Agents. Silicone antifoam agents are com=
pounds made by adding a few percent of a finely divided
silica to a high poylmer dimethyl silicone (26). The
compounds retain the heat resistance, low freezing point,
low volatility, and dielectric properties of the dimethe
y1l silicones, and they gain antifoam properties in some
aqueous systems. The silicone antifoamers accomplish
their mission by breaking down the foam bubbles after
they are formed., The 100% silicone ccmpound used in
this research project was Dow Corning Antifoam A, A gime
1lar produet, Antifoam 81066, 1s available from the Gene
erel Electric Company (33). |

Antifoam emulsions are also available which are
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combinations of 100% silicone compound with an emmulsifye
ing agent (41). Dow Corning Antifosm AP Emmlsion 1s a
stable dispersion of 30% Dow Corning Antifoam A and esmle
sifying agents commonly used in the food industry (2).
The AF Emulsion has the consistency of thick cream and is
white in color. Dow Corning Antifoam B is 10% Dow Corne
ing Antifoam A with food grade emmlsifiers (8). It is
free flowing, readily dispersible in aqueous solutions
and exeeptionally stable on dilution.

Slipicane. Slipicone is a release agent silicone
compound available from the Dow Corning Corporation (4).
It 1s heat stable, resistant to oxidation, and does not
break down to leave a carbonaceous residue. It is not
irritating to the skin and is safe to use in sealing
packages containing food.

~ Z=h)A]. This product is a glass protectant pro=
duced by the Dow Corning Corporation. It is water re=
pellent when applied in a thin film to glass (3). It
also protects the glass from scratches and reduces
breakage. Similar material is available from General
Electric Company as SM=TO Emmilsion (9). Syl<Gard 17
is glass protectant mamufactured by Dow Corning espe-
cially for use by dairies (3).

Toxicity and legal ILimitations of Silicones

Dimethyl Silicone Fluids. Rowe, et al (34), found
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that no discernible 11l effects resulted when test ani-
mals were fed up to 2% of their body weight of the die
methyl silicone flulds. Mc@regor (26) states that there
are no cases on record of any permanent physiologial
disturbances of persons handling methyl, mixed methyl,
and phenyl polysiloxanes in research, production, or
use,

Aptifoam Agents. Toxicological studies on rats and
guinea pigs by Rowe, Spencer and Bass (34) gave the first
indication that the defoamers were non=toxic. In a two
year feeding test with rats, they found that concentra-
tions of 3,000 ppm had no adverse effect on rats (35).

In reference to Dow Corning Antifoam A, Lehman (23) repe
resenting the U, S, Food and Drug Administration reporte
ed in 1950 that: “The toxicological data which have been
submitted appear to show that the material is relatively
nonstoxic by oral administration. We have seen no reason
to object to its use to suppress foaming when the quantity
employed does not exceed 10 ppm." At present np to 10 ppm
of Antifoam A are permitted in processing of food withe
out standards of identity (2)(5). Food grade emulsifying
agents are used in mamufacturing Antifoam AF Emulsion

and its use 1s permitted up to 34 ppm in nonstandard food
products. Antifoam B is a newer product containing food-
grade emulsifiers which has not yet been approved by the
Food and Drug Adwinistration.
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Slipicone. If slipicone 1s to be used in contact
with food, it should be applied in a film sufficiently
thin that the food will not pick up over 10 ppm of
slipicone (%).

Z=414]1. This material should not be used in con=-
tact with food products (3). Only the exterior of con=
tainers should be treated. A downdraft over a spraying
operation is recommended to ensure no spray drifts into
the containers. The Z=4141 container label warns a-
gainst prolonged breathing of vapor or repeated skin

contact.



EXPERIMENTAL PROCEDURE
Silicone Antifoam Agents

The antifoam properties of Dow Corning Antifoam A, Anti-
foam AF Emlsion, and Antifoam B were tested with skim milk,
homogenized milk with approximately 3.5% butterfat, and re=
constituted 9% nonfat milk from the Michigan State University
Dairy Plant at 32, 60, 90, and 120°F,.

Preliminary investigations were made to determine a sate
isfactory method of producing foam in these products and
methods for measuring the quantity and stability of the foam.
The preliminary investigations included the four methods dese
cribed below.

Test tubes, 2 x 20 cm, containing 25 ml of reconstituted
nonfat milk and 300 ml kjeldahl flasks, containing 300 ml of
reconstituted nonfat milk, were hand shaken, The height of
foam was measured immediately, and 1, 2, and 5 minutes followe
ing agitation of the milk. The time for foam to breakdown
completely was also determined. Hand shaking was unsatisface
tory because of the difficulty of duplicating results.

Foam production with a Waring Blendor and with an ADMI
Solubility Index Mixer were attempted with 100, 200, 300,
and 400 ml of reconstituted nonfat milk with agitation per-
iods of 10, 30, and 60 seconds. The Waring Blendor was op=

erated at both slow and fast speeds. The foam volume was
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measured immediately and 1 and 5 minutes following agitation.
Foam producgd by this means was very stable and did not seem
to respond similarly to foams produced in commercial process-
ing operations.

Fifty milliliters of milk was allowed to drain from a
burette into a 100 ml graduate, Investigations were conduct-
ed with reconstituted nonfat milk, skim milk, and homogenized
milk. The foam formed by this method was measured immediately
and at 1, 2, and 5 mimutes. Although results could be dupli-
cated, this method was slow, required cleaning of the burette
between different types of milk, and required a large number
of graduates.

Foam was also produced by bubbling air through 50 ml of
milk in a 100 ml graduate, The air was introduced into the
milk by a glass tube with a small opening in the end inserted
into the milk. The volume of foam and milk at 15, 30, 45,
and 60 seconds or the time for the foam to reach the 100 ml
level or the top of the graduate was determined, Whether
volume or time measurements were used depended upon the vole
ume and speed of roé.m production. Transfer of antifoam a= -
gent by the glass rod was possible by this method unless
the tube was thoroughly cleaned after each test, Control
of the air temperature was another obstacle to this method.

laboratory Investigation of Antifoam Agents Dispersed
in Milk. Mechanical agitation of test tubes was the most
suitable method for producing foam in the laboratory.
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Twenty five ml of milk was placed in 2 x 20 cm test tubes and
the tubes were stoppered. The test tubes were mechanically
agitated for 30 seconds in a horizontal position with the
length of the test tube parallel to the direction of agita=-
tion. The agitator moved the tubes through a distance of 1%
inches at the rate of 275 times per minute. Temperature of
the milk was controlled by placing the test tubes in a water
bath for the 60, 90, and 120°F tests. The 32°F test was cone
ducted in a refrigerated cooler. The effectiveness of the
antifoam agent was determined by measuring the time for the
foam to break down to the point where any part of the sur-
face of the milk was visible. In cases where the foam did
not break down within a given time, the height of the foam
at the specified time was recorded.

Antifoams A, B, and AF Emulsion were selected for this
experiment because they represented the commerclally availe
able silicone antifoam agents. As was indicated in the lite
erature review Antifoam A was the active antifoam component
of each of the three types of antifoam agents used in this
investigation. The Food and Drug Administration permit the
use of 10 ppm Antifoam A in foods without standards of iden-
tity. The'Antifoan A content of Antifoam AF Emilsion was
used by the Food and Drug Administration in setting the leve-
el at which Antifoam AF Emulsion may be used in food without
standards of_ldentity. Therefore, the Antifoam A concentra-
tion was used as the basis for comparing the types of anti=-

foam agents. To avold confusion in discussing the antifoam
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agents, Antifoam A concentration is frequently expressed as
ppm of "active antifoam". The termes "Antifoam A" and "active
antifoam” are used synonymously for purposes of clarity withe
in this paper.
Dow Corning Antifoam A was diluted in toluene to give
0.1, 0.2, 0.4, and 1.0% solutions. Toluene was the most
readily available of the aqlvents suggested by the manuface
turer. Test tubes were filled with the solution; the solu-
tion was poured off; and the test tubes were permitted to
dry. In preliminary investigations test tubes and stoppers
were weighed immediately before the solution was addeq and
immediately after it was poured off. These weights indica=
ted that the test tubes contained about 0.125 mg of Antie
foam A when the 0.1% solution was used; 0.250 mg for 0.2%,
0.50 mg for 0.4% and 1.25 mg for 1.0% solutions. These
quantities of Antifoam A were equivalent to 5, 10, 20, and
50 ppm of active antifoam respectively in 25 ml of milk. .
Dow Corning Antifoam AF Emulsion was diluted to 8.5%
by dispersing in distilled water for the tests at 32°F,
This diluted Antifoam AF Emulsion was then added to the milk
as follows: . 1 drop in 125 ml of milk to give approximately
a 34 bpm concentration; 2 drops in 125 ml to give 68 ppm,
4 drops in 125 ml to give 136 ppm; and 1 drop in 25 ml to
give 170 ppm. For the tests at 60, 90, and 120°F the Anti=
foam AF Emulsion was diluted to 0.85% by dispersing in dise
tilled water. One drop of this dispersion in 25 ml of milk

was approximately 17 ppm; 2 drops, 34 ppm; 4 drops, 68 ppm;



and 10 drops, 170 ppm. In all tests the diluted Antifcam AF
Emulsion was used within three hours of its preparatisn.

Dow Corning Antifoam B was diluted to 2.5% by disperse
ing in distilled water for all tests. One drep of the dise
persion in 25 ml of milk was approximately 50 ppmsy 2 drops,
100 ppm; 4 drops, 200 ppm and 10 drops, 500 ppm. The diluted
Antifoam B was used within three hours of its preparation.

Recsnstituted n-nfat milk, skim milk, and homogenized
milk samples were treated with 0, 5, 10, 20, and 50 ppm ace
tive antifoam in the form of Antifoams A, B, and AF Emlsion
for tests at 60, 90, and 120°F. At 32°F samples of recone
stituted nonfat milk, skim milk, and homogenized milk were
treated with 0, 5, 10, 20, and 50 ppm active antifoam in
Antifsams A and B and with 0, 10, 20, 40, and 50 ppm active
antifcam in Antifcam AF Emulsicn. Five replicate samples of
reconstituted milx and skim milk were tested at 32, 60,.90,
and 120°F, and five replicate samples of hsmogenized milk
were tested at 32 and 120°F., Only duplicate samples of
homegenized milk were tested at 60°F, and only duplicate
samples of untreated homogenized milk were tested at 90°F
because the foam breakdown times for untreated homogenized
milk at these temperatures were 10 seconds or less.

The signs ¢ and ) were used in recording the foam breake
down time or height of foam to show that the value was less
than or greater than the value indicated. The reascns for
the use of these symbcls fall into three categories. First,

no attempt was made to accurately measure foam breakdown
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times of less than 5 seconds. Times of less than 5 seconds
were recorded as ¢0305. Second, when the foam did not
breakdown within 1 hour, the foam height was measured at a
specified time réllowirzg agitation of the test tubes. This
time was not the same for all trials, and so an exact avere
age could not be calculated. In cases of this nature the
signs { or ) were used to give the best indication of the
foam helght or breakdown time.

Third, in a few tests the exact time of foam breakdown
had passed before the observation was made, This occurred
in less than 2% of the trials. When this happened, the foam
breakdown time was recorded as less than the time when the
observation was made ( ().

Samples with each type of silicone antifoam agent and
each concentration of antifoam agent were checked immediate=-
ly and at 1, 3, 7, and 15 days for flavor and other detri=-

mental characteristics.

Effect of Antifoam Sprays on Milk Foamg. The effective=-
ness of Antifoams A, B, and AF Emulsion in dissipating foams

of reconstituted nonfat milk, skim milk, and homogenized milk
was investigated. Milk, foam, and air temperature were maine
tained at 329F by conducting the experiment in a refrigerated
cooler. Foam was produced by beating 300 to 500 ml of milk
with a Dormeyer Electric Mixer. The foam produced in this

manner was not always of uniform bubble size and density,

however. The milk foam was transferred into four 250 ml

glass beakers with a tablespoon to give as uniform samples
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as possible.

Antifoams B and AF Emulsion were diluted with one and
two parts of water respectively. The dilutions were spray-
ed onto the milk foam with a perfume atomizer. Antifoam A
was dispensed from a commercial pressurized spray container,
Two trials were made with homogenized milk and skim milk
with each type of antifoam agent. Two reconstituted nonfat
milk trials were conducted with Antifoams B and AF Emulsion
and one trial was conducted with Antifoam A, The effective=
ness of the antifoam agents was determined by measuring the
cm of foam and milk at time intervals of 1, 2, and 5 minutes
depending upon the stability of the foam.

Aptifoam AP Egulsion Test in a Commercial Cap Filling
Operation. Antifoam AF Emulsion was tested for its effec-
tiveness in reducing foam in the Barrett air operated can
filler in the Michigan State University Dairy. The foam
produced in filling a ten-gallon can was collected from the
foam vent, This foam normally would have returned to the
surge tank of the can filler, Observations were made on the
time required for the first foam to come through the vent,
time required to fill the can with milk, and the volume of
foam. Foam volume was measured as the height of foam in a
stainless steel container 8 inches in diameter and 10 inches
high. Approximately 600 gallons of homozenized milk was col=
lected in a cold storage tank. About 250 gallons of this
milk at 41OF flowed by gravity through the can filler as a

control. The surze tank of the can filler was emptied. To



the remaining 280 gallons of milk, was added 30 % of Anti=-
fosm AF Emlsion which was thoroughly dispersed in 2 gal-
lons of control milk and then added to the stnt"az.e tank.
The stofaze tank azitator was alloawed to overate for 5 mine
utes before the exveriment was contimied. The Antifoam AF
Emulsion concentration in milk was calculated to be about
27.5 pom, The treated milk was run through the can filler,
Twenty gallons of control milk and treated milk were allowe
ed to flow through the can filler before data was collected,
and the data collected when the surge tank was not full was
omitted.

Influence of Antifogm Agents op the Whipping Eroperties
of Cream. The effect of silicones on the whipping time, vole
ume, body, stability, and flavor of whipped cream was checked
by adding Antifoams A, B, and AF Emilsion to 200 ml of whipp=
ing cream at the rates of 250, 1006, and 340 ppm respectively,
The cream tested 34.4% butterfat and was whipped with an elec=
tric beater for 2 minutes at 50°F, Immediately after whipping
the treated samples were compared with two control samples
for volume, body, and flavor. A second comparison was made
after holding the samples for 2 hours. Body and stability
of the whipped cream were checked by visual observation.

Silicone Release Agents

Laboratory Cleanability Test Using a Mechanica) Wagh-
ing Apparetus. The mechanical washing apparatus described
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by Jensen (21) was used to wash glass slides coated with
various silicones. Dow Corning products, Slipicone, Z=4141,
'1oo centistoke 200 Fluid, and 1000 centistoke 200 Fluid,
were coated on 1 11/16 x 2 3/8‘1nch, double strength, B type
glass slides. Slipicone wag wiped on the glass slides, and
the excess was renbved with a clean cheese cloth, Slides
were 1u;ersed in a 13500 dilution of Z-l#141 in distilled wa-
ter, removed and allowed to drain, dry and cure for 24
hours. The 100 centistoke and 1000 centistoke 200 Fluids
were diluted to 5% by dissolving in toluene, The glass
slides were immersed in this solution, removed and permitted
to drain and dry.

Duplicaté slides with each type of silicone release ag=
ent treatment and control slides with no treatment were ime-
mersed in homogenized milk at room temperature., The slides
were removed from the milk and placed in a metal rack at ae
bout a 45 degree angle and permitted to drain and dry for 15
minutes,

A 0.1% detergent solution was prepared by using All Pur-
pose Cleaner No. 7 manufactured by E, F, Drew and Company,
Inc. and tap water. The temperature of this solution was
maintained at 120°F, The slides were soaked in this solution
and then propelled in Jensen's washing apparatus at the rate
'of 52 oscillations per mindte. The length of soaking and
washing periods is given hereafter. Following the wash pere
i0d the slides were immersed in distilled water to rinse,
immediately removed and allowed to dry in the draining rack
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mentioned above.

A light transmission reading was determined for each
slide by'placing it in a Cenco=Sheard=Sanford Photolometer
with approximately a 0.45 mm slit and a 450 millimicron
filter which was 0.45 mm thick. The s1it opening had to be
adjusted slightly during the test to maintain a reading of
100 for a clean, untreated glass slide. Four readings were
obtained for each slide, and these were averaged, .

Soiling the glass slides, soaking, washing, rinsing,
and photolometer readings as described above were repeated
15 times., The first set of five slides, including a con-
trol and one slide with each type of silicone treatment,
was soaked in the detergent solution for 1 minute and washe
ed for 1 minute for the first through the fourth trials; in
the fifth and sixth trials the slides were soaked for 30
seconds and washed for 30 seconds; and for the seventh
through the fifteenth trials the slides were soaked for 15
seconds and washed for 10 oscillations of the washing appare
atus. The second set of slides were soaked for 1 mimite
and washed for 1 minute for the first and second trials;
soaked for 30 seconds and washed 30 seconds, for trials
three and four; and soaked 15 seconds and oscillated 10
times in the washing solution for the fifth through the
fifteenth trials. The soak period and washing time were
shortened during the test to permit the photolometer read-
ing to be reduced below 100,
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Laboratory Investigation of Milk Powder Adhesion.
Slipicone was coated on the outside surfaces of 500 ml
stainless steel beakers and 300 ml glass beakers. The
beakers were buffed to remove as much silicone as possible,
The beakers were placed in a plastic bag containing a small
quantity of nonfat dry milk and the sack was manipulated
to produce a dust. Upon removal from the sack the beakers
were observed for thickness of dry milk film, and ease of
removing the dry milk with an air blast or brush,

Effect of Release Agents on Dairy Flant Paneling and
Equipment. Silicones were coated on eight areas of alumi=-
num wall paneling and nine pieces of equipment in the MSU
Deiry Plant as outlined below. The treated areas were
checked for adhesion of soiling product, ease of cleaning,
and general appearance including the ability to flush
clean, and dry to a bright appearance, Before the silie-
cone was applied, the area was cleaned with trichloroethe
ane. Slipicone was sprayed on the area, and the excess
was removed with a cloth. The 200 Fluids of 100 and 1000
centistokes viscosity were dissolved in toluene to give
concentrations of 0.2, 1, 2.5, and 10%. The solution was
wiped on the area with a cloth and allowed to dry. It is
routine procedure to apply mineral oil to the exterior of
stainless steel equipment in the Michigan State University
Dairy after each cleaning to improve the appearance, Obe

servations were made to determine if Slipicone or the 200
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Fluids applied to equipment was a semi-permanent coating
which would not require application after each cleaning.

Aluminum Wall Paneling. The 100 and 1000 centistokes
200 Fluids in 1, 2, 5, and 10% concentrations were applied
to aluminum wall and overhead paneling. Twelve areaé were
included in the investigation including two untreated cone
trol areas, two mineral oil coated control areas, and one
area with each concentration of 100 or 1000 centistoke 200
Fluid. Each treated area was approximately 2 x 9 feet,
About 5 feet of the length was vertical wall paneling and
the remaining 4 feet was hbrizontal overhead paneling. The
appearance of the silicone treated areas was compared with
control areas at 1 week intervals for 10 weeks by visual
observation., The ease of cleaning was checked about 3
months after the.silicone treatment by manually cleaning

the areas and observing the ease of soil removal.

Stainless Steel Table Top. A 3 x 5 foot stainless
steel table top was divided into tem 12 x 18 inch areas.
Duplicate areas were coated with 0.2, 1, and 5% solutions
of 1000 centistoke 200 Fluid and four areas were left as
controls, After the table was used in the normal routine
work of the pilot laboratory, observations were made on
the ease of cleaning and the éppearance of each area each
day for 1 week following the silicone treatment. The third
day after the silicone treatment, about 1 pint of reconstie
tuted nonfat milk was poured onto the table and allowed to



2w

dry. Observations were made on the ease of manual cleaning

and resulting appearance,

Cheese Vat., Slipicone and a 10% solution of 100 and
1000 centistoke 200 Fluid were applied to three 2 x 3 foot
areas on the inside walls of a Meyer-Blanke 400 gallon Nue
Vat., Cheddar cheese was made in the vat, Visual observa=-
tions were made on the ease of cleaning the vat by a mamual

wasghing procedure,

Stainless Steel Pasteurizing Vats. Slipicone and 5%
solutions of 100 and 1000 centistoke 200 Fluid were applied
to six areas on the exterior surfaces of three stainless
steel circular vdts of various sizes in the dairy plant,
Each area was approximately 3 square feet. The surfaces
were checked for appearence each day for 3 days following

the silicone treatment,

Roller Dryer. Approximately one=half of each of the
drums of a Buflovak Laboratory Vacuum Double Drum Dryer was
coated with a 5% solution of 1000 centistoke 200.Fluid,
Observations were made on the ease of removal of a film of

nonfat dry milk immediately after the silicone application.

Spray Dryer. The Dow Corning Corporation coated 6 x 8
inch stainless steel plates with silicone resins, containe
ing both methyl and phenyl groups, and designated in this
experiment as 12=1, 122, 12«3, 12«4, 12«5, and 12«6,
These plates were suspended from the baffle plate in the
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exhaust end of the Rogers Dryer in the NSU Dairy Plant,

The plates were in a vertical position perpendicular to
the air flow. The nonfat dry milk build-up, ease of brushe
ing powder from the plates, and appearance were compared
to a control plate which received the same treatment ex- ~
cept that it was not coated with silicone., The plates
were placed in the dryer for four trial periods. In trials
No. 1 and No. 2 the dryer was operated for about 9 hours.
Trials No. 3 and 4 covered 2 and 3 nine-hour days of dryer
operation respectively. The plates were washed manually

- with a general purpose cleaner between each test,

Butter Churn. A standard (No. 4) finish stainless
steel plate 8 x 24 inches was coated with Slipicone. The
plate was attached to one of the shelves in a 600-pound
stainless steel Gosselin butter churn. Observations were
made on the adhesion of butter to the coated plate during
and following the churning process. Slipicone was also
applied to two portions of the sandblasted interior sur=
face of the churn., Approximately 2 square feet of the drum
and 1 square foot of a shelf was coated with the Slipicone.

Visual observations were made on the adhesion of butter and

ease of cleaning.

Sanitary Valves. Slipicone and a 10% solution of 1000
centistoke 200 Fluid were applied to three-way stainless
steel #alve plugs and valve seats. The Slipicone was sprey=

ed on to the valve and then spread with a cloth to a thin
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coating., Observations were made on the lubricating value
and permanence of the silicone coating éuring use and the

influence of the usual manual washing procedure.



EXPERIMENTAL RESULTS
Silicone Antifoam Agents

lgbgratory Investigation of Antifoam Agents Digpersed
in Milk. The foam breakdown times for reconstituted 9% non-
fat milk, skim milk, and homogenized milk treated with sili-
cone Antifoams A, B, and AF Emlsion, are presented in Ta-
bles 1 to 3. The.resulta regarding the stability of milk
foam on reconstituted nonfat dry milk at 32, 60, 90 and
120°F are given in Table 1. The same information is given
for skim milk and homogenized milk in Tables 2 and 3 res-
pectively. The values in these tables represent the aver-
age of five replicate samples except for homogenized milk
at 60 and 90°F, Because the foam breakdown time for une
treated homogenized milk at the 60 and 90°F temperatures
was 10 seconds or less, only duplicate samples were tested.
The original data from which the foam breakdown times were
calculated are recorded in Tables 10 to 20 of the Appendix.

In most cases the reason for the use of the symbols
{and) in Tables 1, 2, and 3 can be determined by referring
.to the original data in Appendix Tables 10 to 20. The use
of the symbols in the Appendix is explained in the E:q;eri-
mental Procedure,

A foam breakdown time of 60 minutes was determined for
one of the reconstituted milk samples at 60°F with 20 ppm

of active antifoam in the form of Antifoam AF Emulsion.
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The other four samples had foam breakdown times of 26, 39,
43 and 60 seconds. Since the 60 mimite foam breakdown time
was completely out of line with the other results, and far
in excess of the foam breakdown time for one=fourth this
concentration of Antifoam AF Emilsion, this value was not
included in Table 11 of the appendix nor in the calculation
of the average value shown in Table 1, Figure 1 or Figure 4.

The average foam breakdown times are presented in
graphical form in Figures 1 to 6. Pigures 1 to 3 show the
relative effectiveness of the three antifoam agents used in
this experiment, Figures 4 to 6 depict the same data to -
show the affect of temperature on the effectiveness of the
antifoam agents. The data was plotted as if the { and )
signs did not exist.

The results presented in the tables and graphs cone
tain four variabless type of milk, type of silicone, cone
sentretion of silicone, and temperature. The effect of

each of these variables will be reported.,

Types of Milk., The foam of untreated reconstituted
nonfat milk was more stable at 32, 60, and 90°F than un-
treated skim milk or homogenized milk foams. Homogenized
milk foam was more persistent at 32°F than skim milk foam,
but the reverse was true at 60 and 90°F. At 120°F the
foam lasted for more than 1 hour on all three types of milk.

Type of Silicone Antifoam Agents. Figures 1 to 3
show the relative effectiveness of Antifoams A, B, and AF
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Emlsion in reducing foam breakdown time. In general when
the silicone antifoam agents were used at a rate to provide
the same concentration of active antifoam in the milk, Antie
foam AF Emlsion was equally or more effective than Antifoam
B, and Antifoam B was equally or more effective than Antie
foam A, Reconstituted nonfat milk and skim milk at 32 and
600F were exceptions to this general trend. In these cases

Antifoam A was equally or more effective than Antifoam B,

Concentration of Silicone Antifoam Agents. Increasing
the concentration of antifoam agents reduced the foam breake
down time in most cases, Exceptions were in skim milk with
Antifoams B and A at 32 and 90°F respectively, and in homog-
enized milk with Antifoam A at 32, 60, 90, and 120°F, Anti=-
foam B at 32 and 60°F, and Autifoam AF Emmulsion at 60°P,

In each case the increase in foam breakdown time was small.

Influence of Temperature on Silicone Antifoam Agent
Effectiveness. Antifoams A, B, and AF Emilsion were most
effective in preventing or dissipating foams on reconstie-
tuted nonfat milk, skim milk, and homogenized milk ;t 120°F
and least effective at 320F, The antifoam agents appeared
to be slightly more effective at 90 than at 60°F, At 120°F
all of the milk samples which were not treated with a sili-
cone antifoam agent had foam lasting for more than 1 hour.
Pive ppm of active antifoam in the form of either Antifoams
B or AF Emlsion destroyed the foam within 25 seconds at
120°F, Antifoam A coated on the test tube walls greatly
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decreased the foam breakdown time when used at the rate of
5 ppm of active antifoam.

At 90°F untreated skim milk foam dissipated within 7
mimtes, but untreated reconstituted nonfat milk foam per=
sisted for more than 60 mimutes. Reconstituted nonfat milk
foam required 10, 20, and 50 ppm of active antifoam in Anti=
foams AF Emulsion, B, and A respectively to reduce the foam
breakdown time to less than 1 mimute. Five, 10, and 20 ppm
of active antifoam in the form of Antifoams AF Emlsion, B,
and A respectively were required to reduce the foam breake
down time of skim milk to less than 1 mimute, Homogenized
milk foam dissipated in less than 10 seconds at 90°F and so
no atteapt was made to determine the effect of silicone
antifoam agents.

At 60°F the foam breakdown time for reconstituted non-
fat milk was reduced from more than 60 minutes to less than
4 mimites by using 5 ppm active antifoam in the form of
Antifoam AF Emmlsion, but 50 ppm in the form of Antifoam A
or B.‘were required. Each antifoam agent was more effective
at 60°F than at 32°F when tested with the reconstituted non‘-
fat milk. Untreated skim milk at 60 F had a foam breakdown
time of 2 mimites, The antifoam agents reduced this time,
but even 50 ppm active antifoam in Antifoams A, B or AF
Emlsion did not dissipate the foam in less than 30 sece
onds. Untreated homogenized milk foam remained for only
10 seconds at 60°F, The antifoam treatment at this tempera=
ture did not appear to be significant. The data seems to
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suggest a trend toward slightly increased foam breakdown
times when silicone antifoam agents are used on homogen=
1zed milk at 60°F.

The foam of reconstituted nonfat milk at 32°F persis=
ted for more than 60 minutes when the milk was treated with
10 ppm of active antifoam in Antifoams A, B, or AF Emlsion.
The foam breakdown times for untreated skim milk and homo=-
genized milk were approximately 5 and 18 minutes respective-
ly. Treatment with 10 ppm of active antifoam in Antifoams
A, B or AF Emlsion did not appreciably reduce the foam
breakdown time. Even 50 ppm of active antifoam in Anti-
foams A or B or 40 ppm in Antifoam AF Emulsion did not
have any appreciable effect on the foam breakdown time,
Pifty ppm of active antifoam in Antifoam AF Emulsion gave

_ a substantial reduction in the foam breakdown time, however.

Effect of Silicone Antifoam Agents on Flavor. Antie
foams A, B, and AF Emilsion could not be detected in recone
stituted nonfat milk, skim milk or homogenized milk by
flavor, odor or appearance during the 15 days following
their addition. When Antifoam A was applied to test tubes
in a toluene solution, the toluene was detected as causing

an off«flavor of the milk,

Reduced Ability of Antifoam Agents to Destroy Foam
Upon Repeated Agitation. A number of observations were
made concerning the loss of ability of Antifoams A, B, and
AF Emilsion to breakdown the foam of reconstituted nonfat
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TABLE 1

Effect of temperature and antifoam agent concentration
on the foam breakdown time of reconstituted nonfat milk2

Active Antifoam AF Antifoam B Antifoam A
Tgﬂ’ ant 1= Emlsion
( camP Time FoamP Time Poam® Time

(ppm) l{cn) (minisec) (cm) (min:sec) (cm) (mintsec)

32 o 2.2 180:00 2.2 180:00 2.2 180300
32 5 1.4 100 1.1 110300
32 10 0.0 73336 1.8 180300 0.9 5300
32 20 0 2335 1.4 180:00 b6 60200
32 40 .0 23316 .

32 50 0 1216 1.4 1803000 .0 <19,3§
60 0 >1.7 60300 >1.7 60300 >1.7 60300
60 5 .0 213 1.2 60300 0 >39:00
60 10 .0 13 >1.0 60300 O 21311
60 20 .0 0342 >0.3 60300 0 <£6319
60 50 .0 $32 .0 33126 - 0 1306
90 0 1.0 60300 1.0 60300 1.0 60200
90 5 .0 13 .0 260100 0 >25300
90 10 0 sg 0 1535 0 >37:00
90 20 .0 32 0 0:3 .0 1329
90 50 .0 :14 0 < 305 .0 0329
120 0 1.4 60:00 1.4 60:00 1.4 300
120 5 .0 .0 325 .0 302
120 10 .0 g 08 .0 309 .0 $50
120 20 .0 O < 305 .0 2

120 50 .0 € 305 0 < 305 .0 3l

—
——

& Each value represents the average of five trials.

b If the foam did not breakdown within cne hour, the foam
height was measured in cm at the time specified.
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TABLE 2

Effect of temperature and antifoam agent
concentration on the foam breakdown time of skim milk2

Antifoam AF
Active Antifoam B Antifoam A
'f z antie Emlsion
o foam F b b b
oam Time Foam Time Foam Time
(PPm) (cm) (mintsec) (cm) (minisec) (cm) (mintsee)
32 0 0.0 5316 0.0 5316 0.0 5316
32 5 0 281 .0 10
32 10 .0 4s 0 (63 .0 24
32 20 .0 3s .0 432 .0 3238
32 50 .0 0:54 .0 4326 .0 3316
60 0 .0 1358 .0 1s .0 13
60 5 O 35 .0 <1:Eg .0 (1322
60 10 0 152 .0 1:31 .0 1314
60 20 0 123 .0 osh2 .0 0:58
60 50 0 827 0 225 0 232
90 0 0 7300 0 7:00 .0 T
90 5 0 335 0 {133 0 23
90 10 .0 sgg N s N) 4326
90 20 0 3 0 07 0 1:01
90 50 0 ¢ 305 0 <305 .0 111
120 (4] 1.5 60300 1.5 603 1.5 60300
120 5 .0 325 .0 13 .0 5311
120 10 0 $09 0 < 306 0 15
120 20 .0 € 305 0 € 305 0 :(]).g
120 50 s

.0 <305 .0 € 305 .0

O — —
— —

2 Rach value represents the average of five trials.

D If the foam did not breakdown within one hour, the foam
height was measured in cm at the time specified.




TABLE 3

Effect of temperature and antifoam agent concentra.;
tion on the foam breakdown time of homogenized milk

Antifoam AF
Active Antifoam B Antifoam A
.,(-..q antie Eammlsion -
foam poawP Time Foam® Time Foam® Time
(prm)  (cm) (minisec) (cm) (minssec) (cm) (min:sec)
32 0 0.0 17338 0.0 1 ’28 0.0 17:32
32 5 s .0 s .0 153
32 10 0 15:28 .0 156 .0 308
32 20 0 15306 .0 56 O 12352
32 40 <0 11302 PRSI soces
32 50 .0 1342 0 18330 O 10316
60 o .0 0210 .0 0310 .0 0210
60 5 .0 312 O <210 .0 sl
60 10 0 210 .0 116 Ns) sl
60 20 0 $10 .0 sgg .0 $13
60 50 .0 207 .0 s 0 310
90 0 .0 <310 .0 <1310 .0 {310
120 0 .7 60300 .7 60300 .7 60300
120 5 .0 123 0 <321 .0 1:32
120 10 0 312 0 306 .0 H
120 20 0 <106 0 <305 .0 337
120 50 .0 < 205 .0 < 305 0 ¢ 305

2 vValues for 32 and 120°F represent the average of five
trials. Values for 60 and 90°F represent the average of

duplicate trials.

b If the foam did not breakdown within one hour, the foam
height was measured in cm at the time specified. '
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milk, skim milk, and homogenized milk at 60, 90, and 120°F,
The foam breakdown time increased each time agitation of a
treated milk sample was repeated after the foam produced by
the previous ;gitation disappeared when the foam breakdown
time was less than 5 minutes. No attempt was made to deter-
mine foam breakdown times greater than 5 minutes, The ine-
crease in foam breakdown time upon repeated agitation ape
peared to vary with a number of factors. Further tests

are necessary to determine more precisely the extent of
loss of antifoam properties as related to temperature,

type of antifoam agent, concentration of antifoam agent,
type of milk, etc.

Effect of Aptifoam Sprays on MilK Foams. The quanti-
ty of 33% Antifoam AF Emulsion dilution delivered by one

rapid depression of the atomizer bulb was approximately
2.1 mg. This was equivalent to 0.7 mg of actual Antifoam
AP Bmlsion., Approximately 3.4 mg of 50% Antifoam B dilue
tion was delivered by one rapid depression of the atomizer
bulb, This was equivalent to 1.7 mg of actual Antifoam B,
Approximately 70 mg of Antifoam A was dispensed in 1 sec-
ond by the pressurized spray container. A rapid depression
and release of the spray container valve delivered approx-
imately 22 mg of Antifoam A,

Measuring from the table top the'aso ml beaker was 8.5
cm high., The milk level when the foam had dissipated was
approximately 1.5 cm for all samples of milk, The height



14

7.0

Antifoam AF
Emlsion (mg)

2nd trial

3.5

0

Height of milk and foam (cm)

1st trial

Antifoam AF
Rmlsion (mg)

4

f2w
TABLE 4

7.0

Effect of silicone antifoam agent

sprays on reconstituted nonfat milk foam

_3.5

0

xtn)

T
(

73175172 0 nno nw

t=t=0=00\0 55..9.4 NN

8 "N O NM O NN O

® & 6 0 0 0 0 & 06 0 o o o

77776666 N men

Oot=\p NN~ O N0 NN O

® &6 06 0 ¢ 0 0 0 ¢ 0 0 o o o

QO t=b=b=b=b= =0 \0 N\t =t =t

81355052 © 00

66 23322211

at~-0 5050005308

o o o o ® & o o o o o o

vLOcoaaﬁﬂﬁuJ4nw1:Jo:1

0233530050050

e & ¢ & o ¢ o o o o

D=0V NN NN




43
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TABLE 6

sprays on homogenized milk foam

Effect of silicone antifoam agent
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of foam and milk at 1, 2, or 5 minute intervals is present-
ed in Tables 4 to 6. The effect of Antifoams A, B, and AF
Emulsion sprays on reconstituted nonfat milk is given in
Table 4. The same information for skim milk and homogeniz-
ed milk is shown in Tables 5 and 6.

Antifoam agent sprays appeared to reduce the foams of
homogenized milk, skim milk, and reconstituted nonfat milk
" at relatively slow rates at 320F, Twenty mimutes was re-
quired for tﬁe foam of reconstituted nonfat milk to com=
pletely dissipate with the most effective of the antifoam
sprays (14 mg of Antifoam AF Emulsion). The most effece
tive antifoanm Qpray on skim milk and homogenized milk was
also 14 mg of Antifoam AP Emmulsion. This treatment reduced
the skim milk foam in approximately 4 mimites as compared
with 8 minutes for a control sample. The homogenized milk
foam' sprayed with 14 mg of Antifoam AF Emulsion was dissie-
pated in about 3 minutes compared with 8 minutes for a cone
trol sample, Antifoam A was the least effective consider=
ing the high level at which it was used, and this antifoam
agent left an obJjectionable film on the surface of the~m11k.

Antifoam AF Epmlsion Test in a Commercial Can Filling
Operation. The data obtained in filling lO-gallon cans
with homogenized milk is presented in Appendix Table 21,
The data for the 23 cans of control milk and the data for
the 21 cans of milk treated with 27.5 ppm of Antifoam AP
EBmulsion were averaged. The average time for the first
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foam to come through the foam vent was 7.87 and 7.86 sec-
onds respect:lvely. for control and treated milk. The time
for the cans to fill was 33.7 and 31.7 seconds for control
and treated milk. The corresponding volumes of foam as
measured by the height of foam in an 8 inch diameter, 10
inch high container were 7.3 inches and 6.1 inches. The
temperature of the treated milk was 40°F ag compared with
41OF for the control milk.

Influence of Antifoam Agents on the Whipping Properties
of Cream. The results of whipping tests with silicone anti-

foam agent treated cream are presented in Table 7.

TABLE 7

Influence of silicone antifoam agents
on the whipping properties of cream.,

Body of whipped cream

Volume after

T )
reatment  \ipping (ml) Immediate  After 2 hre
Control 400 very firm firm

340 ppm

Antifoam AF 400 firm firm

Emlsion

1000 ppm koo firm firm

Antifoam B

250 ppm koo firm firm

Antifoam A

Control 400 very fim firm
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The 200 ml control and treated samples of cream each
whipped to approximately 400 ml of whipped cream. Two cone
trol samples each gave very firm bodied whipped cream in
the 2 minute whipping time. The three samples treated with
250, 1000 and 3430 ppm of Antifoams A, B, and AF Emlsion
respectively appeared to be slightly less firm bodied after
the 2 mimite whipping time, The difference did not seem
to be enough to be of practical significance, however, Two
hours after whipping no difference was apparent in the fime-
ness of body of the treated or control samples. The antie
foam agents could not be detected by an off=-flavor in any
of the five samples,

Silicone Release Agents

Lsboratory Cleanability Test Using 2 Mechanical Wagh-
ing Apparatus. The photolometer reading for each set of
slides coated with various silicones is presented graphie-
cally in Figure 7. The photolometer reading for Slipicone
treated glass slides before soiling was 102 compared with
100 for the control, 200 Fluid, and Z-li141 coated slides.
The higher photolometer reading for Slipicone treated
slides was evident even after soiling and washing. Aftér
the first soiling and washing trial, the Slipicone treated
slides appeared to be the most solled by visual observa=-
tion although they gave the most light transmission. By
the fifteenth trial the Slipicone coated slides appeared
to be the cleanest and showed the highest light trensmise

sion of any of the slides.
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Milk did not wet the surface of any of the treated
slides until about the tenth trial, Therearéer only the
Slipicone treated slides repelled the milk. The control
slides had a more uniform soll during the first four trials
because the milk wet the glass surface. From the fifth to
the tenth trials the control slides repelled the milk, but
after the tenth trial, the milk again wetted the surface
and the control slides solled more uniformly. Since the
treated slides and the untreated slides were all immersed
in the same milk, the untreated slides could have picked
up enough silicone frun the treated slides to repell milk,
To check this, a group of three untreated slides were re-
tested in uncontaminated milk to prevent possible silicone
pickup. These slides did not exhibit the repelling effect
toward milk, and their light transmission percentage was
reduced to less than 90 in seven trials. The original con=
trol slides gave light transmission readings of 98 or more
after seven trials.

A number of slides showed increases in photolometer
readings above their original value during the first 10
trials. None of the slides appeared to be as clean follow=~
ing solling and washing as the unsoiled slide used for ade
Justing the photolometer.

After the 15th trial each slide was soaked in a gener-
al purpose detergent solution and washed with a cloth, The
silicone coating was removed, at least to the'extent that
the slide did ndt repell water, without difficulty from
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each of the glides except those coated with Z-4141, Consid-
erable scrubbing did not remove the Z-#141,

Laboretory Investigation of Milk Fowder Adhesiopn. Not
enough of the Slipicone could be buffed from the treated

areas of glass or stainless steel beakers to prevent adhesion
of dry milk to the surface. In four tests each with glass
and stainless steel beakers, the control area was readily
discernable because less powder adhered to the untreated
surface, Removal of the powder by air blast or brush was

easier from the control areas than from the treated areas.

Bffect of Release Agents op Dalry Flapt Paneling and
Eguipment. The results of the cleanability, appearance,
and product adhesion tests will be reported in the follow=

ing subheadings.

Aluminum Wall Paneling. The appearance of aluminum
wall paneling in the MSU Dairy did not appear to be improve
ed by coating with any of the trial concentrations of 200
Fluids at any time during the 3 months period following
their application when compared with either the untreated
or mineral oil coated controls. Soil tended to show slighte
ly more on the silicone treated areas than on either type
of control areas, especially during the first few weeks of
the test. When the panel was washed, no difference was
evident in the ease of cleaning or appearance following
cleaning,



-&-

Stainless Steel Table. The silicone treated areas on
the stainless steel table could be distinguished by close
scrutiny from the control areas only after the first day of
use. The appearance ratings at the end of the first day
were good, good plus, very good, and excellent for the
areas treated with 0, 0.2, 1.0, and 5.0% 1000 centistoke
‘200 Fluid respectively. At no other time in the 1 week
test period following the application of silicone was any
difference in appearance discernable, Water spots were
more apparent on the silicone treated areas of the table
when water was allowed to dry on the table immediately
after the application of silicone. Differences in ease of
cleaning were not evident at any time during the test per-
lod.

Cheese Vat, In one trial no distinction could be made
in ease of cleaning the three Slipicone or 200 Fluid coated
areas of the stainless steel cheese vat lining after making
cheddar cheese,

Stainless Steel Pasteurizing Vat. Neither appearance
nor ease of cleaning appeared to be improved by coating six
areas on stainless steel vats in the MSU Dairy with Slipie
cone or 5% solutions of 200 Fluids., The silicone treated
areas did not appear as bright as the other portions of the
vats which received the routine mineral oil coating after
cleaning.

Roller Dryer. The 5% solution of 1000 centistoke 200



Fluid was applied to rolls of the roller dryer at a time
when adhesion of dry milk film to the rolls was a problen.
In this one test silicone treatment did not appear to ime
prove the ease of removal of the dry milk film, In fact no

girference was observed.

Spray Dryer, The effectiveness of silicones in pre-
venting bulld-up of powder or facilitating the removal of
nonfat milk from stainless steel plates in the spray dryer
was inconclusive. In four tests the difference in nonfat
dry milk build-=up on the various plates wag discernable by
vigsual observation in test No. 3 only. The rating of non=
fat dry milk build up for test No. 3 is given in Table 8.
Each value is the average of ratings from each side of the
plate, the highest mmmbers indicating the most build-up.
The ratings indicate the approximate percent of metal sure
face covered with powder as determined by visual observa-
tion. The nonfat dry milk bulld-up was greater on all of
the plates in this test than in any of the other tests.

Comparative ratings for the ease of manually removing
nonfat dry milk from the plates with a brush are presented
in Table 9. The ratings range from 2.0 to 8.0. A 2.0 was
indicative of easy removal and 8.0 was very difficult re=-
moval, |

In test No. 2 there was less nonfat dry milk builde
up than in any other test. The film was most difficult to
remove from the control plate in tests No. 1, 3, and 4, but

it was easiest to remove from the control plate in test No,
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TABLE 8

Build=up of nonfat dry milk on silicone resin
treated stainless steel plates in a dryer

S ————————————— ——

Treatment? Rating®
Control 70
12«1 55
£ -
153 2
12-5 5
12 50

— —d
—

8 The silicone resins, which contained both methyl and
phenyl groups, were identified only by code numbers 12-1,
12«2, 12«3, 124, 12«5, and 12«6 by Dow Corning Corp.

b Approximate percent of surface covered with powder.

TABLE 9

Ease of removal of nonfat dry milk from stainless
steel plates coated with silicone resins
and mounted in a spray dryer

Silicone Powder removal ratingb

resin

coating® Trial number

1 2 : 3 4

Control 5.0 2.0 8.0 2.5
12-1 300 300 600 .O
12-2 305 300 500 ) ‘I»o5
12:2 2.5 3.5 2.5 4,0
12 2.5 3.0 3.0 4,5
12:2 2.0 2.0 2.0 4.5
12 205 05 ' 300 5.0

% The silicone resins, which contained both methyl and
phenyl groups, were identified only by code numbers 12-1,
12-2, 12.3’ 12-4’ 12-5’ and 126 by Dow Cﬂm COI‘po

b Large numbers indicate more difficult renbval.



Butter Churn, MNo benefit could be detected from apply-
ing Slipicone to either the No. 4 finish stainless steel
plate or to the shelf or wall sandblasted surface areas ine
side of the butter churn. The butter adhered to the total
area of the Slipicone coated stainless steel plate and had
to be scraped from the plate. No benefit could be detemine
ed in the Slipicone treated areas on the sandblasted surfase
as far as either adhesion of butter or ease of cleaning were

concerned when compared with the untreated areas.

Sanitary Valve., In one test two sanitary valves coate
ed with $11p1conc and two coated with 200 Fluid appeared to
operate satisfactorily until they were washed., Following
the wash, however, another application was required to
cause them to operate smoothly again,



DISCUSSION

Silicone Antifoam Agents

Laboratory Investization of Antifosm Agents Dispersed
in Mlk. The major factors influencing the foaming proper-
ties of milk and the affect of silicone antifoam agents on
milk and its foam breakdown time will be discussed under
the following sub headings: Type of Milk, Type of Silicone,
Concentration of Silicone, Influence of Temperature, Affect
on Flavor, and Reduced Ability of Antifoam Agents to Destroy
Foam Upon Repeated Agitation.

Type of Milk. The foam of reconstituted nonfat milk
was considerably more stable at 32, 60, 90, and 120°F than
skim milk or homogenized milk., The skim milk and reconsti-
tuted milk were from the same source, the MSU Dairy, and
the only difference in processing was the heat treatment in-
volved in condensing and drying. Previous workers have
published data which tends to show that heat treatments of
milk, at least up to an optimm point, increase the sta=
bility of milk foams (13)(23)(47). Heat treatment is the
most logical basis upon which the difference in foam breake=
down times of reconstituted nonfat milk and skim milk could
be explained.

By measuring the percentage increase in volume of a
whipped sample of milk, Sarmann and Ruehe (37) found that
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homogenization increased considerably the foaming ability
of whole milk at 40 and 80°F, but increased only slightly
the foaming ability of skim milk at the same temperetures.
Foam volume and foam stability are not necessarily correlae
ted, but an increased volume of foam on homogenized milk at
320F might be at least a partial explanation of the greater
foam breakdown time'of homogenized milk than skim milk,

The same reasoning would lead to the conclusion that homo=-
genized milk foam should have a greater foam breakdown time
at 60 and 909F than skim milk foam. The reverse was true
in this experiment. Leviton and Leighton (25) found the
antifoam properties of milk fat depend upon their ability
to spread on water., Previously King (22) had shown that
the ability of fat to spread on water increases as the
temperature increases., This may account for the decreas-
ed stability of homogenized milk foam at 60 and 90 F as
compared with skim milk foam since there are more fat glob-
ules in homogenized milk to establish weak points in the

foam lamella.

Type of Silicone Antifoam Agent, There were conside
erable variations in the effectiveness of the three anti=-
foam agents at some temperatures even though corresponding
concentrations of active antifoam agent were used. Expla=--
nation for this variation centers around the emulsifying
agents and the accuracy of the procedure. Antifoam A is
without emulsifier and Antifoams B and AF Emulsion have

different emulsifiers. The emlsifying agent could
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influence the effectiveness of the active antifoam agent.

The concentration of Antifoam A was calculated on the
basis of the total quantity of active antifoam coated on
the inside walls of the test tube. For calculating pure
poses, all of the antifoam agent was assumed to be dise
persed in milk. The portion of antifoam agent which may
have adhergd to the test tube and thus did not contribute
to the defoaming process was not considered., The procedure
used in coating the test tube could also be a source of
error in detemining the exact quantity of antifoam agent
in the milk. Even in the case of maximm concentration
only 1.25 mg of antifoam agent was calculated to be in the
milk. The Antifoam A concentration could more accurately
be discussed as a given percentage of Antifoam A dissolved
in toluene and coated on the test tube., This gives no basis
for comparison with Antifoams B and AF Emmlsion, however,

Difficulty was encountered in getting a uniform dilute
emulsion of Antifoam AF Emulsion to add to the milk samples.
This was especially true at 32 and 60°F, Although every
attempt was made to obtain uniform emulsions, there remains
the possibility that the portion of diluted Antifoam AF
Easulsion added to the milk sample could have been more cone
centrated, thus making the AF Eamlsion appear more effece-
tive than Antifoam B.

Concentration of Silicone Antifoam Agent. The recome
mendation of the mamufacturer and previous applications of
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silicone antifoam agents to other products would lead one
to expect the increased effectiveness obtained by using
greater concentrations of antifoam agent. Of the two ex=
ceptions to this trend in skim milk, the one at 32°F 1s
probably explained by Table 16 of the Appendix. The foam
breakdown time was plotted as 6308 minutes when it was ac-
tually less than this time but the exact time was not de=-
termined. No explanation 1is apparent for the second excép-
tion with Antifoam A at 9S0°F,

Although several exceptions seem to exist with homo-
genized milk, close examination of Figure 3 or Figure 6
gshow the exceptions for milk at 600F or above were a maxi=
aum of 7 seconds. At 32°P where each of the axitifoan ag-
ents was relatively ineffective, the maximum exception was
2.5 minutes., This variation is probably within the scope
of error one might expect from the experimental procedure,

Influence of Temperature on the Effectiveness of Silie
cone Antifoam Agents, Temperature has been recognized as:
one of the major factors governing foaming properties of
milk for a number of years (23)(30)(37)(40). Foam volume
and foam stability have been shown to be at a minimum on
gkim milk and milk containing less than 5% butterfat at
approximately 80°PF to 90°F. Above and below this tempera-
ture the foam volume and foam stability increase. The sta-
bility increases more when the temperature is increased
from the minimm foaming temperature than when the tempera-

ture is decreased. Studies have been conducted concerning



50=

the substance or substances causing milk to foam (12) (15)
(16) (17) (19) (25) (28) (30) (40) (41) (42) (43) and a number of
theories have been suggested to explain the influences of
temperature on the foaming properties of milk (12) (14) (15)
(16) (25) (29) (32) . Although the foaming substance is generw
ally regarded as a protein, the exact cause of foaming and
reasons for the effect of temperature are as yet unsolved.
Until more is known concerning these factors, little can be
definitely stated about the cause of the increasing effec-
tiveness of silicone antifoam agents with increasing temp-
eratures from 32 to 120°F, The following factors are cone
sidered possibilities which might help explain the influence
of temperature.

First, Milk foam films are known to be thinner at highe
er temperatures (32). It would seem logical that an anti=
foam agent would be more effective in breaking down a thin
film than a thicker one. It is also known that milk foam
stability increases with increases in temperature above
the minimum foaming temperature (23)(37). The relationship
of increased stability to possible increased effectiveness
of antifoam agent on thin films remains a question.

Second, if the foaming agent in milk at low tempera-
tures 1s different than the foaming agent in milk at high
temperatures as suggested by El-Rafey and Richardson (16),
silicone antifoam agents could conceiveably be more effec-
tive in one type of foaming system than another.

Third, the spreading coefficient of an antifoam agent
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is influeneed by the surface tension of the foaming liquid,
Ross (33) gave the following relationships

S=%p - ¥pp, ~ ¥
where S = spreading coefficient, 83’ surface tension of
foaming liquid, 871D1= interfacial tension at antifoam ag=
ent foaming liquid interface, and BD = gurface tension of
antifoam agent. MNewlander (27) states that an increase in
milk temperature lowers the milk surface tension markedly.
If the other factors remained constant, a decrease in milk
surface tension would increase the spreading coefficient of
the antifoam agent and thus increase its effectiveness.
Texperature may also affect the interfacial tension or the
surface tension of the antifoam agent such that the spread-
ing coefficent may be increased.

Effect of Silicone Antifoam Agents on the Flavor of
Nilk, Since the active antifoam agent in each of the sili-
cones tested is a chemically inert, tasteless, odorless
product, the only possible source of taste or flavor would
be the emlsifier. The emulsifier used in Antifoam AF
Emulsion is a commonly used food grade emulsifier (2).
Antifoam B is a newer product which also was designed for
use in food processing operations. It was therefore, not
surprising that the antifoam agents could not be detected
in the low concentrations employed.

Reduced Ability of Antifoam Agents to Destroy Foam
upon Repeated Agitation., The fact that silicone antifoam
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agents tend to lose effectiveness in breaking down foam
upon repeated agitation of milk leads the writer to cone-
Jecture that the antifoam agent may spread on other inter-
faces than the milk/air interface and thus prevent its funce-
tioning as an antifoam agent.

Effect of Aptifoam Spreys ob Mllk Foams. Explanation
for the slow rate of foam breakdown of concentrated sprays

of silicone antifoam agents rests on a statement by Ross

(33) . The high interfacial tension of silicone antifoam

agents hampers the ease of dispersion of the antifoam age
ent so that droplets of the antifoam agent do not readily
get to the films between the bubbles.

Antifoom AF Emlsion Test in & Commerclal Can Flller
Operation. Since the antifoam agents were found to be rel=-

atively ineffective at low temperatures in the laboratery
experiments on homogenized milk, the inability of 27.5 ppm
of Antifoam AF Emulsion to appreciably reduce the foam
problem in the can filler was predictable.

Influence of Antifosm Agents op the Whipping Properties
of Cream. Richardson and El-Rafey (30) showed that two
types of foam may exist on milks of varying fat content.
Milks above 7.5% fat content exhibited a predominately
phosphelipid=protein type of foam as compared with a proe-
tein type foam for lower fat content milks. Apparently
the silicone antifoam agents are more effective in breake-
ing down the foam of the protein type than of the phospho=

lipid type foam of whipping cream.
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The foam film of phospholipid type foam is thicker
than that of protein type foam. The antifoam agents may
be more effective in breaking down protein type foam be-
cause of its thinner walls. The thick walls of phospholipe~
id type foam may hinder the establishment of weak points
in the foam film of whipped eream.

Silicone Release Agents

laboretory Cleapability Teat Using & Mechanical Wagh-
ing Apparatus. It would appear that the repelling agent
properties of each of the siliecones tested tended to ime
prove the cleanability of the glass slides in the labora-
tory experiment with the mechanical washing apparatus.
The wash was designed to remove only part of the soil se
that a measurement of the soil left could be determined
by photolometer readings. Since each silicone cbatixg
except Z-4141 was not difficult to remove with a ecloth and
detergent solution, the writer speculates that much of the
effectiveness of the silicones would be lost by the thorough
washing procedures employed in dairy plant operations. The
2-4141 silicone is made especially for glass containers and
is not recommended for use on other materials and so its
use in the dairy would be limited.

Effest of Release Agents on Delry Flant Paneling and
Egquipment. About the same results were experienced on each
type of equipment on which silicone was used to improve
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appearance and/or cleanability, and so they will be discuss=
ed together. The improvement in cleanability evidenced in
the laboratory experiment with glass slides was not detect=
able when silicones were applied to dairy plant equipment.
Two reasons can be offered as explanation: (1) Silicones
may be more effective release agents on the smooth glass
surfaces than on rougher stainless steel or aluminum or (2)
the difference in cleanability may be so slight that it is
not detectable in the mamual cleaning procedure.

Because of its repelling properties, the silicone coate
ed surfaces in some cases actually showed soil more than une
coated surfaces. The soll tended to concentrate in spots
which were more evident than if the soil was more uniformly

spread over the surface.

Spray Dryer. The heavier build-up of nonfat dry milk
in trials No. 1, 2, and 4 may indicate that the powder was
not completely dry when it reached the metal surfaces. If
this were so, the brief information available on the effec~
tiveness of silicone resins in preventing milk powder build-
up in the spray dryer indicates that a silicone resin coate
ing might be desireable in an experimental dryer or in a drye
er in which there was a possibility of some of the nonfat
milk not being completely dry when it reached metal surfaces.
Heavy powder build-up was considerably easier to remove from
the silicone coated plates than from control plates.



SUNMARY AND CONCLUSIONS

Investigations were conducted with three antifoam age-
ents and four release agent type silicones in some dairy
plant operations. Each of the silicones tested was a Dow
Corning Corporation produect.

Silicone Antifoam Agents

The effect of Antifoam A, Antifoam B, and Antifoam AF
Emulsion on the foaming properties of milk and eream was
studied in the laboratory and in one dairy plant test. In
general, the results of this experiment can be summarized
as follows.

1. When used at the same level of active antifoam
concentration, Antifoam AF Emulsion was equally
or more effective in breaking down foams of ree
constituted nonfat milk, skim milk and homogene
ized milk than Antifoam B, and Antifoam B was
equally or more effective than Antifoam A.

2. Foam breakdown times varied inversely with the
concentration of antifoam agent.

3. Each of the Antifoam agents was relatively ine-
effective in breaking down reconstituted nonfat
milk, skim milk, and homogenized milk foams at
320F but became increasingly effective at 60,

90 and 120°P, At 120°F they were very effective.
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4, Antifoam Agents A, B, and AF Emlgion at concene
trations up to 50, 500, and 170 ppm respectively
could not be detected by appearance, flavor, or
taste. The toluene in which Antifoam A was dise
solved was detected by an off flavor, however,
and Antifoam A sprayed on foams left an obJjection-
able film on the surface of the milk.

5 The foam dissipating abllity of the antifoam agents
in milk appeared to be reduced upon repeated age
itation of the milk. ,

6. Sprays of antifoam agents were slow in breaking
down reconstituted nonfat milk, skim milk and
homogenized milk foams at 320F,

7. Concentrations of 250 ppm Antifoam A, 340 ppm
Antifoam AF Eamlsion, or 1000 ppm Antifoam B
did not adversely affect whipping time, stabilie-
ty, or flaver of whipped cream.

Because of the many factors which affect the foaming of
milk, such as temperature, constituents, concentration, heat
treatment, viscosity, homogenization, surface tension, agita-
tion, etc., prediction of the effectiveness of a given cone
centration of a particular antifoam agent is extremely diffie-
cult if not impossible. These results lead to the conclusion
that silicone antifoam agents may have limited applications
in the processing of dairy products. Because of the varia-
tion in effectiveness, silicone antifoam agents should be
tested under the conditions in which they will be employed
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to determine the practicality of their use.

Silicone Release Agents

The role of silicone release agents, including Slipi-
cone, 100 centistoke 200 Fluid, 1000 centistoke 200 Fluid,

silicone resins, and Z-4141, in relation to the appearance,
cleanability, and adhesioen of dairy produsts te stainless
steel equipment, aluminum paneling, and glass slides was
briefly investigated. A summary of the results followss

1.

3.

5

Slipicone, 200 Fluids, and Z-4141 coated on glass
slides improved the ease of cleaning if the silie
cone was not removed by a previous cleaning.
Slipicone and the 200 Fluids were removed at least
to the extent that they did not repell water after
a thorough wash with a general purpose detergent.
Not enough Slipicone could be removed from glass
or stainless steel to prevent an 1increased ad-
hesion of nonfat dry milk.

Slipicone and the 200 Fluids did not appear to
improve ease of cleaning or appearance of staine
less steel table top, cheese vat, or pasteuri=
zing vats, butter chum or aluminum paneling.
Silicone resins appeared to improve the ease of
removal of nonfat dry milk build-up on stain-
less steel surfaces in a spray dryer when the
build-up was heavy. The ease of removal was not

improved when there was very little build=up.
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6. Slipicone coated on a Mo. 4 finish stainless steel
plate did net prevent adhesion of butter during
the churning prc;cess.

The results of investigations with silicone release
type agents suggest limited if any practical application
in improving cleanability or appearance of stainless steel
dairy plant equipment or aluminum wall paneling. Ease of
removing nonfat dry milk from silioone resin coated staine
less steel plates in a spray dryer during three trials ine
dicates that further investigation of this aspect of sili-
cone applications would be desirable.
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TABLE 10

Effect of type and concentration of silicone
antifoam agents on the foam breakdown time
of reconstituted nonfat milk at 32°0F

Antifoam AF Emmlsion

Active antifoam (ppm)

¥No. Foan&(‘l‘m Poan‘(Tine Foun‘('.l‘ine Foan"('rime Foa.na('rine .
ming ming minsg ming ming

(cm) sec) (em) sec) (cm) _sec) (cm) sec) (cm) sec)
1 1.8-180:00 0.0« 48100 0.0= 6350 0.0« 19:20 0.0= O3l2
2 2.0-180: O 50300 ,0= 12310 .0~ 19320 .0« 1310
2 2.,0=180300 .0= 80300 .0~ 28300 .0« 19340 .0« 1320

2.3=180300 .0= 90300 .0« 31320 0= 21350 .0= 13
5 2,7=180300 .0« 90300 .0~ 41320 .0= 37300 .0= 13
Ave. 2.2«180300 .0« 73336 0= 23356 .0= 23316 .0= 1316

Antifoam B
Active antifoam (ppm)
o 5 10 20 50

1 1.8=180:00 0.5=180:00 0.9=180:00 0.8=180:00 0.9=180:00
2 2,0=180:00 1.1=180:00 1.1=180:00 1.2«180300 1.2=1803:00
g 2,0=180200 1.6=180:00 1.9=180200 1.3=180:00 1.3«=180300

2.3=180:00 1.8-180:00 2.2=180:00 1.3-_-1 300 1.7=180:00
5 2.7=180:00 2,1«180:00 2.7=180:00 1.8=180:00 1.7=180300
Ave, 2.2«180300 1.4-180:00 1.8-180300 1.4=180:00 1.4-180:00

Antifoam A

1  1.8-180300 0.7=110:00 O, 5300 0,3« 60300 0,0= 5330
2 2.,0=180:00 1,0-110:00 5500 .5« 60300 ,0= 13350
3 200'1 300 100-110300 ° 5300 Ve 60300 oo- 15320

2.3=180:00 1,1=110300 ,9= §5:00 ,7= 60300  ,0=(31340
5 2,7=180300 1,6=110300 1,3« 85300 ,7= 60:00 0= 31340
Ave. 2.22180300 1,1-110:00 ,9= 85300 ,6- 60300 '°’><i3:%

2 I1f the foam did not breakdown within one hour, the foam
height was measured in cm at the time specified.



TS5

TABLE 11

Effect of type and concentration of silicone
antifoam agents on the foam breakdown time
" of reconstituted nonfat milk at 60°F

Antifoam AF Emulsion
Active antifoam (ppm)
5 10 20 50
No. Foam® Time Foam® Time Foam® Time Foan® Time Fosm® Time
(om) (ming' (o) (ming (o) (ming (o) (ming (o) (ming

0.6= 60300 0,0« 0324 0,0e= 0325 0,0a 0326 0,0 03315
+«8= 60300 .0 :z.;g O :13‘5 O :39 O= 315
09- 60:00 .O- $ .0- g 1 .O- $ 3 00' ’ ‘17

2.0=120300 0= 5310 .0« 4300 .0= 1300 .0= 325

400’120‘00 .O- 330 90’ 4300 L taand ;eas .O- 1:30

"eo>107. 60300 .0— 2339 .O- 13% .O- 3“’2 .O- 332

U W0 N =

Antifoam B
0.6= 60t00 0.8= 60300 o.guo:oo 0.,0=105300 0.0= 0320

8= 60300 .9= 60300 8= 60300 .0=120300 .0= 320
e9=.60300 1.,0= 60300 .O= 60300 4= 60300 .0= 325
2.,0=120300 1.5=120300 .9= 60300 .5= 60300 0= 7330
4,021202300 1.8-120300 2.7=120300 .6« 60300 .0= 8330

Ave,>1.7= 60300)1.2= 60300)1.1= 60300 >.3= 60300 .0= 3325

U W0 N

Antifoam A

0.6« 60300 0,0= 14330 0.0« 3305 0.0= 0335 0.0= 0320
S= 60300 .O= 30300 .O= 13300 .0= ¢1330 .0= 325
Q= 60300 .Ow 30300 0= 21350 .0= 1351 .0= 340

2.,0=120300 .6= 60200 .O= 32330 0= 8300 .0= 3300

2 4=120300 1.0« 60300 .0« 34330 O« 19340 ewe oee==

Ave.)1.T= 60300 .0=)39300 .0O= 21811 .O= {6319 .0= 1306

W &W D =

2 17 the rfoam 418 net Dreakdown within one hour, the foam
height was measured in cm at the time specified.
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TABLE 12

Effect of type and concentration of silicone
antifoam agents on the foam breakdown time
of reconstituted nonfat milk at 90°F

Antifeam AF Emulsion

0

Active antifoam (ppm)
5 10 ’

20

50

Trial

No. Fo&ll‘('ri.-e Rou‘(wne Foa-‘('rme Poa.na(Tine Foan‘('rm
ming ming ming ming ming
(cm) *ined (em) ‘sec) (cm) sec) (cm) sec) (cm) sec)
1 0.7= 60300 0.0« 0325 0.0« 0322 0.0« 0317 0.0= 0304
2 9= 60300 .0= 829 oO= sio 0= 325 o O= :gg

i 100. 60300 .0— 1330 .O- ‘ng 00- 327 .O- 4
102- 60:00 .O- 2330 .0- 3 .o- 328 .0- 320
5 104. 60‘00 00‘ 4325 .O- 1310 .0- 3 .0- 335
Ave., 1,0« 60300 0= 1352 ,0= 343 .0=e .328 ,0= 314

Antifoam B
1 0.7T= 60300 0,0« 50330 0.0= 1330 0.0« 0310 0,0« (0305
z 100‘ 60:00 06- 60‘00 0w 320 0= 310 oOw (305
l.2« 60300 .6« 60300 .0~ 303 Ow 350 0w (zgg
Ave, 1.0« 60300 ,0=)60300 .0« 15359 .0= 334 ,0e (305
Antifoam A

1 0.7= 60300 0,0= 3315 0,0= 17300 0.0« 1320 0.0= 0313
2 9= 60300 .Ow 815 0= 24300 0= 18330 .O= 817
2 1.0w 50300 0w 26300 .0= 24330 ,0= 1330 .0= 319
1.2w 60300 0w 27300 5= 60300 0= 1335 ,O= 25
5 l.d= 60300 .9« 60300 .5« 60300 ww= woee 0= 1310
Ave, 1;0- 60:00, «0e)25300 ,0=)37300 0e 1229 0= $29

2 If the foam 4id not breakdwon within one hour, the foam
height was measured in cm at the time specified.
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TABIE 13
Effect of type and concentration of silicone

antifoam agents on the foam breakdown time
of reconstituted nonfat milk at 120°F

Antifoam AF Emmilsion

Active antifoam (ppm)

5 10 20 50
Trial
No. Foam® Time Foan"('rm Fou"('l‘m Poan"('r:l.ne Foan‘(mme
(ninx ming ming ming ming
(om) “geg) (cm) “geo) (om) “gec) (cm) “goe) (cm) “geo)
1 0.,5= 60300 0,00 0317 0.0= 0311 0.0= {0305 0.0= {0305
1.5 60300 0w 330 ,Oa 313 .9« 308 ,9- (305
5 1.9= 60300 0= 330 «O= 2815 oO= t1ll .0= (305
Ave. l.b= 60300 0= 324 .0= 313 0= 308 .0= (305
Antifoam B
1 0.5= 60200 0.0 0312 0.0= ozgg 0.0= (0205 0.0= <0305
2 1.,4=60300 0= 325 .0= 3 O= (305 .0= (305
2 1.5= 60300 0= 830 oO= 809 0= (205 0= (305
105. 60‘00 .0- 330 .0- 309 .0- <3°5 .0- <‘05
5 1.9- 60‘00 .O- ‘30 .O- ‘10 .O- <305 oo- ('05
Ave, 1.8« 60300 ,0e 325 ,0a 309 ,0u (305 ,0a (305
Antifoam A
1 oo 6°3m ooo- 1‘55 ooo- 0‘23 o.o- 0810 000. 0811
2 1.,8= 60200 .0« 3330 0= 325 0= 318 .0 314
i 105. 60‘00 .0- 300 .0- 335 .0- ‘25 .0- 315
l.5= 60300 0= 13315 ,0= 1315 0= 820 0= $17
5 1le¢9= 60300 .0« 17330 .0« 1330 0= 345 O 835
Ave. l.4= 60300 0= 8302 .0« 350 .0= 326 .0= 318

@ If the foam did not breakdown within one hour, the foam
height was measured in cm at the time specified.
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TABLE 14

Effect of type and concemtration of silicone antifoam
agents on the foam breakdown time of skim milk at 320F

Antifoam AF Emmlsion

Trial
No.

o 10

Active antifoam (ppm)

20

40

50

Foam

(em) (mIBY (o)

2 Time Poan® Time 7

(mint (om)

sec)

(cm) (:1.2)‘ (om)

oui; Time lbi;;;ﬁinc Fba;I:Tine

(mins (mins

sec)

1
2
3
5

Ave,

° .0-
0=
o0
Qe
O

0=

.‘ s % 0 .0-
500 0=
5330 0w
5830 0=
5330 oO=

5316 .0-

11-820 0.0-
8340 .0-
4350 Qe
5310 0=
5320 (0=

4352 0=

Sk 2c0o

2140
sl0
310

3308

2210 0.0-
2 :30 .0-
2 3& .0-
3 200 .0-
3 ‘30 .0-

2348

oOe
0=
N

oo. .0-

%o

1300
1310
1110

$54

Antifoam

Active antifoam (ppm)
5 10

20

0.0-
0=
0=
0=
0=

00-

4350
5300
5:30
5330
5330

5316

48“0 0 .0-
5‘00 .0-
5310
5320
5340

5310

5120 0.0«

$50

0= (6310
0= <6 t10
.O- <731°

0= 6208

0.0~
0=
.O-
0=
0=

00-

$50
300
4330
5300
5300

4328

0w
0=
.0-
0=

oo-

4300
4320
4320
4340

4326

Antifoam

A

0.0=
oO=
0=
.O-
.O-

.O-

4350
5200
5330
5330
5330

5316

4 320 O .0-
5800 0=
5820 O=
5320 0=
5850 oO=

5310 0=

$50 0.0=-

320
4320
4230
5300

4324

040-
.O-
.0-
.0-
0=

.0-

0=
00-
.O-
0w

O= 3338

& If the foam did not breakdown within one hour, the foam
height was measured in cm at the time specified.
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TABLE 15

Effect of type and eoncentration of silicone antifoam
agents on the foam breakdown time of skim milk at 60°F

Antifoam AF Emlsion

Active antifoam (ppm)
Trial 0 5 10 20 50
¥o. Foam?(:ine !oanﬁkzi:n Foa-?(zi:e Foanﬂkzime Pban‘(Tine
(cm) 392§ (cm) sec; (ca) aeef (cm) segf (cm) 2%§;

1l 0.0 1330 0.0« 0325 0,0= 0328 0,0« 0316 0.0= 0210
2 O 2300 0= 325 L,0e 325 ,0e 320 ,0e 310
2 .0- 2 800 .O- ‘29 .0- ‘35 .O- 321 .0- ‘13

O 2310 0= 1300 0= 1300 .0= 25 .0O= $20
5 O 2310 .0e (2320 0o 1355 ,0e 235 .0= 1320

Ave. .O0e 1358 0= (3156 +0= $52 .0= 323 0= 327

Antifoam B

1 0.0= 1330 0.0« 1330 0.0« O340 0.0= O 0.0« 0215
2 O 2300 .0+ 1330 0= 1810 .O= 3 O $20
2 .0- 23& .O- 13 00- 1‘15 .0- 3&5 00- ‘25

Or 2310 0= 1350 ,0e 2300 .0= 345 ,0=- 330
5 O 2310 0w (2300 .0= 2330 .O= 150 O= $35

Ave, .0~ 13158 .0~ {1342 .0= 1331 .0= 42 .0= 225

Antifoam A

1 0.0« 1330 0.0« <1330 0.0« Olzg 0.0« 0836 0.0=- 0310
2 0= 2300 .0~ lsgg O= 3 O 345 0= 317
2 . 0w 2300 0= 13 Qe 1305 0= 1300 0= 322

O 2310 Oe 1350 0= 1339 0= 1330 .0= 330

Ave. 0= 1358 .0= (1387 .0~ 1314 .0= 358 .0= 332

& If the foam did not breakdown within one hour, the foam
height was measured in em at the time specified.
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TABLE 16

Effect of type and concentration of silicone antifoam
agents on the foam breakdown time of skim milk at 90°F

Antifoam AP Emmlsion
Active antifoam (ppm)
10 20
Trial 2 o

No. Foan® Time Foan® Time Foan® Time Foan” Time Foan® Time
(om) ”c)‘ (em) ”c): (om) ”c): (em) ”cf (cm) ”c)‘

1 0.0e 6330 0,00 0218 0.0 0315 0.0= €307 0.0= {0305
2 O 6330 .0 229 0= 319 0= 307 .0= <305
3 .O- 6 330 .0- t3 .O— ‘2 .O- ‘07 .0- (:OS
5 O 8315 00 55 0o 333 0= 311 0= 305

Ave, 0= 7300 .0e 335 0= 323 ,0e 308 .0= (305

tnf:ifoan B

1 0.0= 6230 0.0« 1315 0.0= 0315 0.0= {0305 0.0= 03205
2 .0- 6 :30 .0- (1 s 45 00- :27 .0- ( ‘05 .O- <‘°5
g Oe 6330 .0= 1345 ,0= 330 .0« <105 .0= <205

O 7315 0= 1350 0= 350 .,0= 310 .0= (305
5 O 0315 ons wenee 0= 350 0= 310 0= <305

Ave., .0« T300 .0= €1339 0= 334 .0= <307 0= (305

Antifoam A

1 0.0- 6330 000. 03 0.0- 0357 0.0- 0320 0.0- 0307
2 O 6330 .0» 1318 0= 1330 0= 350 .0= 309
z On 6330 .0 1330 .0= 3315 .0= 1325 ,0= 310

O T315 0e 3330 0= 7330 0= 1330 0= 311
5 O G215 0. €300 .0e0 9100 wee oae= 0= 320

Ave. .0~ T300 .0= 2338 ,0e 84326 .0~ 1301 .0~ 311

2 1f the foam did not breakdown within one hour, the foam
height was measured in cm at the time specified.
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TABLE 17

Effect of type and concentration of silicone antifoam
agents on the foam breakdown time of skim milk at 120°F

Antifoam AF Emlsion

Active antifoam (ppm)
0 5 10 20 50
Trial

No. Fou‘(:im Fou‘(zim Fou‘(nﬁ:e Foua(u'n:e Foana".l‘uine
ng ng g $ ns

(cm) zec) (om) zec) (cm) 26c) (cm) mec) (cm) sec)
0.9= 60300 0.0« 08% 0.0« 0307 0,0« {0305 0.0= <0205
° 60 300 .0- s .0- s .0- < 305 .0- < ‘05
I.E 60300 0= 210 0= 810 0= <305 0= <305
l. 60300 0= $l1l 0= 310 0= (30 0= <305
1.9= 60300 0= 1330 .Oe 310 O0- 80 O (305

Ave, 1.5« 60300 0= 325 0= 309 ,0= (305 .0~ <305

WV WD =

Antifoam B

1 0.9= 60300 0.0 0310 0,0« {0305 0.0= (0305 0.0= {0305
2 Qe 60200 0= 313 0= 305 0= (305 0= (305
2 }..g 60300 .0« 315 0= 307 .0= <205 0= 305
5 [ ]

60800 .O- ‘25 .0— :gg .0- (‘05 .O- <‘°5
1.9= 60300 .,0e (330 0= 3 0w (305 0= (305

Ave. 1.5« 60300 0= (318 .00 (306 .0w (305 .0= (305

Antifoam A

0.9= 60300 0.0 0320 0.0= 0308 0,0« (0305 0.0« 030
eOw 60200 0= 340 0= 310 O~ 307 0= 3
1.8= 60200 02 5330 .0 316 0= 310 0=

10 60800 .0- 330 .0- ‘21 .O- 310 .0- ‘10
1.9= 60300 .0« 12355 .0= 322 ,0e 320 .0= 311

Ave, 1.5« 60300 .0= 5311 0= 315 .0e 310 .0« 308

U &0 D =~

2 If the foam Aid not breakdown within one hour, the foam
height was measured in cm at the time specified.
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TABLE 18

Effect of type and concentration of silicone antifoam
agents on the foam breakdown time of homogenized milk at 32°F

Antifoam AF Eamlsion

Active Antifoam (ppm)
Trial 0 10 20 4o 50
No. Poam® Time Foam® Time Foam? Time Foam® Time Foam® Time

(om) (RIS (ou) CRIBS (cn) (MBS (o) (BIDS (cu) (minS

1 0.0= 16330 0.0« 14350 0,0« 8210 0.,0=- 8300 0.0~ 1320

2 00- 1 800 .0- 15800 .0- 1 :20 .0- :w .0- 13

2 0w 18200 .0= 15340 .0« 16340 .0= 800 0= 13
Ow 18210 .0« 15350 .0« 17340 .0= 14320 .0= 1350

5 0w 18330 0= 16300 O« 173480 .0« 16320 .0 2310

Ave. oO= 17338 .0« 15328 .0« 15306 .0« 11302 ,O0= 1342

Antifoam B

Active antifoam (ppm)
0 5 10 - 20 50
0.0« 16330 0.0= 1%820 0.0« 16220 0.0« 17310 0.0« 1%850

1
2 Ow 17300 0= 18230 .0e= 17340 .0« 18300 .0= 18310
i .O- 300 .0- 1 :w .0- ‘m QOC 19310 .O- 1 330
5

0w 210 0= 18:50 .O= 20310 .0« 19340 .0« 18350
.0- 1 ‘30 .0- 20:30 .0- 213“0 .0- 20“"0 .0- 19310

Ave., .0= 17338 .0~ 18:48 ,0- 18156 .0= 18:56 .0~ 18130

Antifoam A

1 0.0= 16330 0.0« 14300 0.0= 16300 0.0« 9320 0.0« 5310
2 .0- 1 800 .O- 143“0 .O- 1 :10 .0- 11:20 00- 10800
2 .0- 1 tOO .0- 1 :20 .0- 1 320 .O- 12:1‘0 .O- 11310
5

0= 18310 .0= 16300 .0~ 18340 .0~ 14330 .0« 12300
0= 18130 .0= 18:50 .0=~ 19330 .0~ 16330 .0~ 13300

Ave. 0= 17338 .0= 15:46 .0« 18108 .0« 123152 .0~ 10216

& If the foam did not breakdown within one hour, the foam
height was measured in cm at the time specified,
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TABLIE 19

Effect of type and concentration of silicone antifoam
agents on the foam breakdown time of homogenized milk at 60°F

Antifoam AF Emmlsion

Active antifoam (ppm)
0 5 10 20 50
Trial

No. Foam® (Li:e Pou‘(ﬁ.:e Pom“:i:l:e Poa.m"(':i:!,:e Poa-‘(ﬁ.:e
$ g 3 : ns

(om) “gec) (em) sec) (om) .sec) (em) sec) (om) sec)

1 0.0 0210 0.0= 0212 0,0« 0310 0.0 0310 0.0= 0206
2 0= 310 0= 312 ewe: wsoe O 810 O= 307

Ave, 0= 310 0= 312 0= 310 0= 310 0= 307

Antifoam B

1 O0.0e 0310 0,0e {0310 0,0« 0315 0,0 0306 0.0« 030
2 Os 310 0= 310 0= 317 0= 308 .0= ¢

Ave, 0= 310 0= (310 .0= 316 .0= 307 .0- 308

Antifoam A

1 0.0« 0310 0.0= 0314 0.0= 0:13 0.0= 0312 0.0= 0309
2 O 310 0= 315 0= 314 ,0- 314 .0=- 311

Ave, 0= 310 O- 315 oO= 314 0= 313 0= $10

2 If the foam did not breakdown within one hour, the foam
height was measured in cm at the time specified.
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TABLE 20

Effect of type and concentration of silicone antifoam agents
on the foam breakdown time of homogenized milk at 120°F

Antifoam .AF Emmilsion

Active antifoam (ppm)
Trial 5 10 20 50
No. Poa.n"(l‘ine l'ou‘('l':l-e l"ou‘('.l‘ine Foan‘('l‘ine Poan‘(‘l'ine
(em) *gec) (om) sec) (cm) sec) (om) sec) (cm) sec)
b 0.6= 60300 0.0 0307 0.0« 0307 0.0« <0305 0,0« <0305
2 1" St 60800 .0- '% .0- 80 00- <:°5 0- <‘°5
2 O= 60300 0= 3 O= 3 O= (305 0= <305

° 60 200 .0- :20 o°‘ $ 10 .0- (:05 .O- (305
09- 60 800 .0- 1315 .0- 330 .0- 811 .0- (305

Ave. oT= 60300 .0e 323 ,0e 312 ,0e (306 .0= <305

Antifoam B

1 0,6« 60800 0,0 0309 0.0« {0305 0.0« <0305 0.0= {0305
2 = 60300 0= 317 0= 305 0= (305 0= (305
2 Q= 60300 Oe 320 0= :gg D= (305 0= (305
° 60 300 .0- <33° .0- $ .0- (:05 00- <'°5
9= 60300 Oe 330 Oe 309 owwe oe= . 0= (305

Ave, o T= 60300 0= (321 .O= 306 0= {105 (O= <105

Antifoam A

0.6« 60300 0.0« 0306 0,0= 0205 0.0= <0305 0.0= {0305
[1° &t 60300 .0- 310 .O- ‘05 00. (‘05 .0- (‘05
"oQe 60300 O :gg O 335 O 340 e=e
8= 60300 .0= 13 oO= 855 «O= $50 ow= ans
eOm 60300 0= 2355 o0« 1310 .Oe 1330 wne oooe

Ave, . T= 60 800 0= 1305 0= ‘34 0= ‘37 0= (305

M EWN =

& If the foam did not breakdown within one hour, the foam
height was measured in cm at the time specified.
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TABLE 21

Effect of Antifoam AF Emlsion on hemogenized milk foam
produced in a conmercial 10=-gallon ecan filling operation

Milk treated with 27.5

Control milk ppm Antifoam AF Emmlsion
i?rtﬂ fon ﬁﬂ' hpoig.:t 1st rr°r g‘n fii:i- hpoi.;:t
] e s [o] (-]

(,ee"f' j'ﬁee) (inches) (aecg. sec) (inches)
1 .0 32 7.5 5 30 6.0
2 .0 33 7.3 <0 30 6.0
g OO 3 702 05 31 600
0 3 7.5 0 30 6.0
g .0 3 7.5 7.5 31 6.0
5 3 Te 5 30 6.0
g .0 ' 3“ 70 oo 31 600
.0 34 7.2 <0 31 6.0
9 0 34 7.3 0 32 6.0
10 .0 35 7.3 5 31 6.0
11 .0 3 7.5 -0 31 6.0

12 0 3 7.2 «0 32 6.0 -
1 .0 34 Te 0 32 6.0
1 .0 3 7.2 0 31 6.0
1 <0 3 7.4 <0 32 6.2
1 0 gg 7.3 0 33 6.5
1 0 7.3 0 gz 6.0
1 .0 3 7.2 5 6.3
19 0 3 ;(g <0 33 6.0
20 0 33 . -0 3 6.0
21 .0 3 7.2 .0 34 6.0

22 .0 3 7.2
23 0 34 7.3

Ave. 7.87 33.7 7.3 7.86 31,7 6.1




86

TABIE 22

Photolometer readings of glass slide Set
No. 1 after successive soil and wash trials

Photolometer readings

Trial
No. 200 Fluid 200 Fluid
o Slipicone Z=iil1l] 100 o= 1000 cs Control
1 100.8 100.0 100.0 99.6 99.5
2 100.1 . 100,0 100.0 99,9 99.5
2 100.3 1oo.g 1000 100.0 100.0
101. 99, 100.0 100.,0 100,
2 100. 99. 100.5 100.5 99,
100.0 99, 100.0 100.0 gg
g 100,6 99, 100.4 100.1 ol
100, 99, 100. 100.0 97.3
9 100, 100.1 100, 100.0 97.
10 100, 100, 100.3 0 g,g(z
11 100, 99, 99, .0 .
12 100.6 gg.s 99.9 R 9% .5
1 100.3 9 99.3 97. 96.3
1 100.3 99,0 99.5 97. 94.9
15 100.0 99.0 99.5 97.5 94,0

TABIE 23

Photolometer readings of glass slide Set
No. 2 after successive soil and wash trials

Photolometer readings

Trial .
No. 200 Fluid 200 Fluid
Slipicone Z=H141 100 os 1000 o Control
1 100.5 99.5 100,0 100.0 100.0
2 ~101. 100.0 100,0 100.0 99,
3 100, 100,0 100.0 100.0 99.
100, 100.1 100.0 100.3 2
2 100, 100.5 100.1 100.1 .
100.4 100.5 100.0 100.4 el
g 100.8 100. 100.3 100.0 <0
100.5 100, 100.5 100, 96.2
9 100.2 100.1 100.2 100, e
10 100. 100.1 100, 99.2 3
11 100.0 99. 100.4 99, 95,
12 100.1 99, . 99.4 99.1 95.5
5 %gg.o ggg 99.§ g’gg 93.g
15 3 9%6 .0 %.o 97.4 g.o

L4
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