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I.T0ODUCTINN

¥ilk cans are reco~mized hy everyoane coacern=d as be‘rgz of major
importance in sanita:ry milk proauction. [1ilk cans come in contact with
r3w milk lenser than any cther piece of equipment. They mav, therafore,
contribute sediment, flavors and odors, ard bucteria to —ilk aadl aaversely
affect its quality. Such decrease in quuliby means a crsat econoic loss
to both producers and processors,

/M3le ~uch improverent ras been wmade in perisciinz the mechanical
can washers to the extert tr2t het, ary cans are cererally iscnzrzel from
tre rachines, with rore attephicn bein~ -iven ko the onnration of can
washers and to selection of effective detergent raterials, the state of
can clearliness continues to be fanlty.

A considerable wortion of thuis stuayv is an a.nlication ¢f a detar-caent
foernd to sive stpericr aetersancy in washing raw ail:c filres cn ferm
utensils in a previcus staay. It was desirazle to ap:l, this aeter:ent
in can washers to determine ii cleanliness and low dacteria connts of mil«
cans could be achdiéved when the cremical reacticn of the detircent was

disrezarded, and the det:rgency properties only, were considerad.



CAN WASHING STUDIES

Much criticism has been directed against milk can washing. Jamieson
(1943) while summarizing his studies on can washing stated that there was
too much complacency surrounding milk can washing. He declared that too
many dairy plant operators seem resigned to the belief that they are using

efficient procedures with the equipment permitted by their finances.

Scales (1937), another authority on dairy cleaning, described the can
washer as being a problem in detergency, being frequently responsible for
conditions that result in bacterial contamination and off flavors in milk.

Among the first work published that concerned milk cans and can
washing problems was that of Webster (1919), who made a study of the
bacteriological conditions of washed empty cans at a city railway platform.
From his study he concluded that milk cans constitute a serious source of
contamination, and such contamination was sufficient to seriously contamninate
the milk that was otherwise produced under sanitary conditions. He calculated
that some of the cans would have added to the milk from 24,000 to 66;000
organisms per milliliter.

A similar study was made by Smith (1920), who found that it was
fossible and practical to secure low counts in milk cans when the proper
apparatus was installed and used. He, like Webster, also found a large
majority of the cans in a wet condition. The average contamination from
wet cans was reported to be approximately SL8,000 per milliliter, while
the average for the dry cans was 1,870 organisms per milliliter.

Prucha and associates (1918) also contributed to early studies.
Essentially they determined the influence of the bacterial population of
freshly washed cans on the bacterial content of milk that would be contained

in these cans. One hundred and seventy cans were tested, and they found
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these cans to contain large-numbers of organisms. The average cans would
have added to each full can of milk approximately 129,000 organisms per
milliliter. In later work, Prucha and Harding (1920) were interested in
eliminating bacteria from cans by rinsing with large volumes of hot water
Just prior to filling them with milk. Their study concluded that the
bacterial content of milk cans is controlled principally by the moisture
that remains in the washed cans.

The first experimental study to be reported on can washers was that
of Farrall (1929-b). The principal types of continuous can washers in use
at that time were designated as to form, type of circulation systems, and
type of Jets. As to form, can washers are usually of the rotary or straight-
away types, however, a combination of the two can be obtained. He described
three types of circulating systems; motor-driven centrifugal pumps, steam--
driven pumps, and the so called "steam gun"., The jets were classified as
intermittent or continuous, as stationary or rising, or a combination of
these, such as, rising-continuous. The steam consumed per can by the steam-

operated washers ranged from L4.58 to 5.59 pounds, while the water require-
ments varied from 0.85 to 4.07 gallons per can.

Harding and associates (1922) were interested in the effect of steaming
upon the number of bacteria that remain in milk cans. They were interested
in determining the time and the pressure of the steam needed to render milk
cans "practically sterile. This work was carried out on 1,157 cans, and it
was disclosed that the destruction of bacteria was not secured until two
cubic feet of steam had entered the can. It, therefore, appeared that canms
should be steamed longer than 20 seconds with more than 20 pounds of steam
pressure in order to secure satisfactory destruction of the living bacteria

in the cans.
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Further studies on the "sterilization" of milk cans were made by
Ayers and Mudge (1921), who studied the effectiveness of hot air as a can
sterilizing agent. Hot air temperatures of 2h8°F., 266°F., and 28h°F. were
tested. They concluded that to obtain effective sterilization a certain
minimum length of exposure seemed necessary. While the holding period could
be reduced as the temperature was increased, there appeared to be a point
beyond which an increase in temperature did not permit a proportionate
decrease in the holding time.

Farrall (1929) also studied the heat atsorbing capacity of milk cans,
and concluded that the capacity of cans for heat is limited by the area of
the surface, the coefficient of heat transfer, and the temperature difference

between the can and the heating medium. Wet and saturated steam heated the

.
cans at higher rates, per degree difference,in temperature between the cans
and the steam than did the superheated steams Steaming with superheated steam
left the cans dryer than did wet or saturated steams. He recommended using
superheated steam in the last jet of the can washer to assist in the drying
of the cans.

Studies that have been reported were concerned with the bacterial con-
tents of the milk can, and the methods of securing a"sterile can. Later
studies have dealt with the relationship between the visual condition of milk
cans and their bacterial content. Studies of this nature have been made by
Jamieson and Chan (1942), Tuckey and associates (1946), and Weber (1938).

Weber made observations of the difference in bacterial content between

machined washed and hand washed cans. He found that L7 per cent of the cans
tested (322) had less than 40,000 organisms per can, which is generally
considered satisfactoryes Cans found in good condition and cans washed in the
mechanical can washers were generally lower in bacteria content than cans that

were in poor condition or that were washed by hand mcthous. Causes of high
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bacterial counts in milk were attributed to cans that were in poor condition
or to poorly performed hand washing.

The survey made by Tuckey and associates (1946), of 13 receiving stations,
showed that L5 per cent of the cans contained over L0,000 organisms per can,
This is quite similar to the bacterial counts reported by Weber (1938).

Open seamed cans generally had high bacterial contents. Otherwise, very
little relationship existed between the physical appearance of the cans

and their bacteriological condition. Cans that were apparently dry, contained
enough moisture to support bacterial growth, and cans containing milkstone

did not seem to reflect that condition in the bacterial content of the cans.

In a very similar study earlier in Canada, Jamieson and Chan (1542)
determined the counts of 354 washed cans before they were returned to the
patrons. Unlike the low counts of Weber and Tuckey and associates, they
found that approximately 9L per cent of the cans contained over 50,000
organisms per can. Also 52 per cent of the cans tested exceeded a count of
30,000,000 per can. These cans were also fcund to be high in proteoclytic
and thermophilic types of organisms.

The importance of a clean, well operated can washer has not been over-
looked. Frequent, careful inspections for mechanical condition and physical
cleanliness of can weshers are recommended by; Abele (19.48), Bogaerts (L9L8),
Farrall (15L49), Faust (1948), Fiske(19L.9), Heineman (19L9), Hoyt (15L1),
Hunziker (19L6), Moore (19L45), Roadhouse (19L8), Roadhouse and Henderson
(1941), Schwartz (19L40), Schwartzkopf (1947, 19L48), Shogren (19L8), and
Somrmer (1938).

As a means of perfecting the mechanical can washer, the addition of
another pre-rinse position was studied by Carkhuff (1948). He noticed a
great improvement in the milk cans, both in appearance and in bacteriological

ccndition when they were washed with this "converted" can washer.
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Tre impOrtance cf nalipt2ining the prorzer detergenh strensth in the
wash solution of tre can wosher was emprasised by Scales (1637,192%), e
reportad this to be the worst fanlt of can washers teday, This yes in
arreesment with Abele (1740), Davis and ce-worters (1941, and 3%reny (1945,
The uvse of alkaline cdetergents in the wash seclutizn of mechsnlcel

can wasrers has long tssn estzhlished, The follewiig moen have studizd

alraline cl-aring: Coultsr {1942), Fiske (1949), Eardinz ani Trebler (1547),
Jornson &nd Roland (1747}, Razee (2940), wolarnd (1940), Schwartz (1940),
Strong (1946), and Trebler and Harding (1947). «fter the intvoducticn of
tke new acid clecners for mgchanical cun wuchking, several men studied and
compared acid cleianirg with alkaline cleaning. These men were Dryani (164%),
c Toter (1947, Foter apd rinley (1647), Parker (1740), Parker and
Strawich (1941} Bippen and Burrild (1941), Scalas (1942-a, 1642-b), and
Sckwartzkcpf (1942, 1943, 1947, 1048}, Srocren (194¢) “es described a

alternats olkalire, acid method of cleaaing.
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falia ity

19)]
-

JSTT TN TECEANTCAL CAN WASLIZSS

j4

(23

21%21ine Detercents

»,

Alkalies ard a2lkaline d:tergante have beecn us2d orirarily for weching
milk cans in mechenical cen washers. #lthoush sose worlrer:s Yave raecently
rerorted the usz of acid clzaners, in *the nmajority of cases alviline trves
of detergents will be found in use. Importent changes *lat have taken place
in the detergcnt field in recent ve2cts have been reported Ly Littls (1947),
Parer (1943), I'inor (1947}, ani chezren (1¢4%), Today .1k2l'ne compounds
ore usvally mixed with condensed phos:hates @nd these will also be discussed
with the alkaliine deter:.ents.

TiPile discussing the clenistry cf can washin: detergency, Little (1747,

described the functions of allialine deterzents with recirect to phrsical and
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chemical actions. The physical action was described as being the force of
the wash sclution being sprayed into the can, scrubbing the milk residues
left in the milk can. The chemical action was described as acting on the
milk soil in the following manners
"(a) A physical action, due to wetting action of the solution
penetrating through the soil, spreading out between the
soil and the can, and wedging the soil from the can.
(b) Base exchange reaction in which the sodium ions from the
alkalies and condensed phosphates convert the casein
into a soluble sodium caseinate.
(c) Electro-chemical action by supplying poly-valent negative
ions which are absorbed on the cclloidal soil particles
and aid in dispersing them in the cleansing sclution.
(d) Saponification of the free, fatty acids present in the
soil thereby removing them from the soil and breaking
the continuity of the film so that the solution can more
readily attack the remaining filme This action is un-
likely as the pH is not high enough, and the time for
this reaction is limited in the can washer.
(e) Surface activity resulting in lowered interfacial tension
between the soil and the solution so that the soil is
more easily dispersed in the solution."
Little (1938) also describes a procedure by which the amounts of alkaline
constituents of washing detergents may be determined.
In reviewing the literature on the use of alkaline detergents, England
(1947) found a wide variance in the reporting of alkalinity. In his conclusions,
he recommended calling active alkalinity that alkalinity which is determined
by titrating to the phenolphthalein end point; caustic alkalinity, that
which is determined by titrating to the methyl orange, minus 2 times the
methyl orange, minus the phenolphthalein end point (M.0. - 2(M.0« Phenol.) );
total alkalinity, that which is titrated to the methyl orange end point; and
the inactive alkalinity, that which is titrated to the methyl orange minus
the phenolphthalein end point, His procedure to réport the percentage alkalinity

is as follows:



7=

Normality Factor of acid X (Volume acid) X milli. equivalent of NaOH X 100
Weight or milliliters of sample used.

The answer thus reported will be in per cent alkalinity expressed as NaOH.

Strong (19L46) recommended the use of alkaline detergents at a pH of
10.5 to 11, with an alkalinity of 0.05 to 0.1 per cent expressed as NaOH.
Bavies (1939) likewise recommended a pH of 11 as the minimum to use for
alkaline detergents as that was the minimum tolerated by bacteria. Clarin
(1947) recommended an alkalinity of above 0.05 per cent as active alkalinity.

Bryant (19L6) in his can washing studies, used a commercial alkaline
detergent which contained carbcnates and tetra sodium pyro phosphate. He
maintained an alkalinity in the wash tank between 0.08 and 0.16 per cent
at the phenolphthalein end point. This according to England (1947) would
be classed as active alkalinity. He observed that at this alkalinity and with
this product, the wash solution was somewhat sévere on well-tinned milk cans.

Fiske (1949) stated that a correct alkaline washing powder for use
in a mechanical can washer should assist in the removal of fats, proteins, and
mineral salts, lubricate the moving parts of the machine, have some water
softening abilities, have some wetting ability to wet and penetrate the milk
soil, be free rinsing and be economical in coste Working with hot-milk films,
Johnston and Roland (1947) found that a mixture of tri-sodium phosphate, sodium
carbonate, sodium metasilicate and a wetting agent, above 0.1 per cent concen-
tration, was effective in emulsifying fat.

Parker (1942) found fault with the alkaline detergents because the cans
washed with them contained proteolytic and oxidizing types of bacteria. His
observations show that a pH of 6.5 inhibited the growth of these organisms
and thus an acid reaction in the can was considered essential to retard the
growth of these objectional types. Parker (19L3) does give credit to the

alkaline detergents for excelling in emulsifying action, peptizing, wetting
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and dispersing properties, and for being non-toxic.

A study in which Scales (1942) compared alkaline and acid types of
clezners, Scales (1942-a) used an alkaline compound consisting of polyrhos-
rhates, tri-sodium phosphate, sodium metasilicate and a wetting agent, maiqtaining
an alkalinity of 0.07 per cent. In later work, Scales (19L2-b) tested two
alkaline detergents; (1) 50 per cent soda ash, 7.5 per cent metasilicate,

LO per cent tetra pyro phosphate, and 2.5 per cent wetting agent; (2) 84

per cent metasilicate, 12 per cent tetra sodium phosrhate, and L per cent wet-
ting agent as Nacconol N.R.. He found that the number 2 detergent gave much
higher washing results than the number 1 detergent. However, an acid cleaner
also tested, was ccnsidered superior to both types of 2lkaline detergents.

Schwarzkopf (1947) found several difficulties encountered with alkaline
detergents in a "conventional™ type of can washer. These were, (1) continued
re-use of the wash solution at a low tewperature; (2) the rinse water is not
treated which may cause scale formetion on the cans; (3) the hot rinse and
steam are wasted; and (L) bacteria grow in the alkaline wash tank &t the low
temperatures of operation. He also pointed out thet at temperatures chbove
1L0°F., alkaline detergents formed a lime deposit on the cans and washer. Hot
water above 160°F. wzs noted to do the same.

Shogren (1948, 19L9) declared that alkaline cleaners should be used
two days, followed by 5 days of acid cleaning to secure clean milk cans from

mechanical can washers.

Phosphates
The first record in the literature of the higher phos hates, is that

of Graham (1833) znd in this country by Hzll (193L). Originally the higher
phos hates were used solely for softening water and for threshcld treatments
as shown by Buehner and Reitemeier (19L40), Gilmore (1937), Reitemeier and

Buehner (19L0), Rice and Partridge (1939), and Schwartz and Munter (1942).
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Probably the best history and the most comprehensive review of literature of
the higher phosphates hzs been presented by Quimby (19L7).

Little (19L47) uses the term "condensed phocphztes™ as the most logical
term to designate the "molecularly dehydrated phosphates". This terminology
was also preferred by Roland (19L2). This is used in preference to the more
cormonly used terms of "polyphosphate"™ and "complex phosphate™.

The real value of these condensed phosghates as detergents was not
fully realized until the work in other detergent fields such as dishwashers,
Hall and Schwartz (1937) and Schwartz and Gilmore (193L); milking machines,
Jensen (194)) and ¥allmann and Bryan (1940).

The efficiency of the condensed phosrhates in softening water has been
investigzted and/or reported on by a number of workers, including Harding and
Trebler (1947), Jacobsen (1946), Parker (1943), Piper (19L.8), Scales and Kemp
(1940), and Trebler and Harding (1547). |

The use of condensed phosphates for cen washing has been studied by
Razee (1948)and described by Coulter (19L2) and Roland (19L2). Razee found
that the ccndensed phos hates gave desiralle properties such as emulsifying,
dis ersing, penetration, and protein dissolving. He found some buyer resistance
to their use, due to the additional cost of the detergent containing the
condensed phosphates, and an undesirable precipitate formed on the cans when
excess dilution of the condensed phosphate took place. In his experience,
he observed that phospghates would actually clean up cans that were in very
bad condition, containing milkstone and casein encrustation.

Schwartz (1940) recommended the use of calcium-sequestering agents
(condensed phosphates) with an alkali for use in mechanical can washers. The
alkali referred to was sodium metesilicate. He noted that for this cleaner

to be effective, LO per cent of the detergent had to be the calcium-sequestering
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agent. The condensed phosghate, alkaline detergent wixture with the addition
of a wetting agent was recommended by ¥ann and Ruchhoft (19L6).

Jensen (19LL) found that combination of SO per cent condensed phosphate
and 50 per cent wetting agent was a superior detergent for use in farms washing
cream separators and milking machines. This was 21so supported by Trebler
(19L5). Jensen (19L46) working with a laboratory washing apparatus also found
that a combination of 75 per cent condensed phosphate and 25 per cent wetting
agent gave superior detergency to assorted combinations of alkaline and acid
detergents. He suggested that detergency of milk film was not contingent upon
chemical reaction of alkalinity or acidity but on the basic properties of wet-
ting, emulsifying, and dispersing. The combinztion, consisting of sufficient
wetting agent for fat emulsification and wetting action plus a condensed
phosrhate to perform the function of dispersing milk soils and suppressing
mineral salt precipitation, was considered by the author to harmonize in a
manner to give superior detergency for raw milk films.

A warning note was sounded by Schwarzkopf (1947) on the use of alkaline
washing compounds containing condensed phosrhates. He states that temgeratures
of 1L0° to 150°F., tend to break down many of these products causing a film to
form in the can and on the machine,

Also related to the condensed phosphates are the new organic chelating
agents. The first to recognize the importance and to study the complex ion
homologs of ethylene diamine tetra acetic acid and their alkaline earth
complexes was Schwarzenbach and Ackerman (1947, 1948)s In this country the
use of chelating agents has been primarily for water softening, Martell and
Bersworth (1948); use with soaps, Hilfer (19.49); and for determining water
hardness, Diehl and Hach (1949). Listing some advantages of chelating agents,
Bersworth Chemical Compény (19L49) states, that chelating agents soften water

without forming precipitates, are stable at high temperatures and over a wide
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PH range, dissolves scale and other mineral deposits, dissolves grease and
food deposits, and have long storage life. For superior detergency they
recommend a combination of condensed phos _hates, chelating agents, and
wetting agents.

Acid Detergents

The first work with organic acids was reported by Scales (1938), znd
at that time tartaric acid was used to clean high temperature, short time
units. The first use of an organic acid in the wash solution of a mechanical
can washer was also reported by Scales (19L0) closely followed by the work
of Parker (19L0) who proposed using acidified steam as a means of inhibiting
prolzolytic bacterial growth. Since that time, other investigations have been
carried out using organic acids, and a mechanical can washer has been developed
for the exclusive use of an organic acid detergent.

Parker (1943 classified acid detergents into two groups: (1) the water-
stone, milkstone removers include such acids as hydrochloric, phosrhoric,
tartaric, and citric; eand €3 the acid cleaners contain organic acids, wetting
agents, and a corrosion inhibitor.

Lennox (1946) and Shogren (19L8) believed that the terminology of
"acid cleaners™ is a misnomer since acid solutions are not good detergents
for removing milk residues, but it is the action of the wetting agents added
to the organmic acids that actually does the cleaning. This is also the opinion
of Little (1947). He states that the action of acid detergents is hypothetical,
since no investigation regarding the detergent properties of acid cleaners
has been reported. He describes the detergency apélied by acid-wetting agent
solution to grease and protein material as being physical and as being derived
from the wetting agent present and not from the- acid. The detergencj action
was specifically described as acting on the soils as follows: (1) dissolvinmg

the milkstone and converting the insoluble deposit into a soluble salt;
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(2) wetting and penetrating the soil and wedging it loose from the surface
through the physical property provided by the wetting agent; (3) lowered
interfacial tension between the soil and the solution, so that the soil is
more easily dispersed in the solution. Beechem (19L}) stated that acid
detergents must contain a wetting agent to be effective in can cleaning.
This has been the observation of Trebler (19.5) =nd Shogren (1948). Shogren
states that the wetting agents contribute several important values to acid
cleaning. These qualities he lists as follows: (1) wetting agents are organic
in nature and stable in the presence of acids; (2) they are essentially
neutrals and (3) they are not affected by high temperatures.

Organic acids were used primarily to overcome certain disadvantages
of the alkaline detergents. Scales (19L2-a) listed the advantages of the
acid cleaners over the alkaline detergents in this mannert They are free
of objectional odors in the cans; they produce no ill effect upon the milk;
they produce a cleaner appearing can, a "more sterile"™ can with less steam,
detergent, corrosion and cost. Advantages in favor of acid detergents as listed
by Hunziker (1946) were; their softening action on hard waters, their chemical
action on deposited milk films on metal surfaces, and the possibility that
they might be effective as germicidal agents. Schwarzkopf (1942, 1947) listed
the advantages of the acid can washer as follows: All cans are rinsed with
clean water; all water is treated to prevent scale formation; the machine is
kept cleaner; the cans are "more nearly sterile", dry, and clean; the residual
alkali is kept low; the cost of water and steam is also kept low; and the
temperature of the wash solution can be increased without difficulty. Beechem
(19LL) stated that when organic acids are combined with wetting agents they
will produce foam which contains many of the bacteria found in the wash solution
of can washers, This bacteria laden foam is discharged through the overflow,

thus aiding more sanitary washing of cans. He further stated that acid prevents
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insoluble salts from forming in hard waters.

Parker (19L0), and Parker and Shadwich (1941) did further work with
the acidified steam and material is presented showing the improvement in the
bacteria counts of the acidified cans. They concluded that this improvement
in bacteria counts was not due to germicidal action but was rather due to a
release of the nutrient film holding the bacteria in the cans. In all of
their studies, the cans left in this "acid" condition had no offensive odors.
This was zlso observed by Scales (1942-a) and Bryant (1946). Parker and
Shadwich found that acidified steam of cans zffected = reduction in bacteria
as measured by proteolytic and oxidizing types as well as the "total couhts".

Unlike the work of Parker (1940) who emphasized acidified steaming,
Scales (1940) worked with the organic acids in combination with wetting
agents in the wash solution for washing cans. In later work, Scales (19L2-a)
(1942-b) used an acid can washer (Lathrop-Paulson) and an alkaline type
wesher (Rice and Adams). In both of these studies he was comparing the acid
washed cans with the alkaline washed cans as to the visual appearance and as
to bacterial contents. He (19L2-a) washed a group of cans with the alkaline
detergent for 17 days; the following 17 days the acid cleaner was used in the
wash tank of the waShers. He observed that there was no evidence of spangling
and that 10 acid washed cans ranged in pH from 6.30 t076.35. The acid washed
cans were thought to be dryer than the alkaline washed cans. This has also
been observed by Bryant (19L6). In both studies, Scaleé found that the
alkaline washed cans contained hizher "total", proteolytic and thermoduric
bacteria counts than did the cans washed with the acid cleaner.

Jamieson and Chan (1943, 19LL) studied the possible use of an acid
cleaner for a sanitizing agent for milk cans on the farm and in the pleant.
Their conclusions were that an organic acid cleaner could be effectively used

as a sanitizing agent.
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Contrary to the results of the above workers is the work of Bryant
(1946)« Although he used a different type of organic acid, he found no
difference in the total counts of alkaline washed cans or acid washed cans.
However, he found the acid washed cans contained a predcminance of acid-forming
types of bacteria, while the alkaline washed cans contaired a greater portion
of alkali-forming types of bacteria. Contrary to the work of Parker and
Parker and Shadwich, is the work of Rippen and Burgwald (19L41) who also used
gluconic acid to acidify the cans in the last steaw jet of the can washer, .

Of some 200 cans tested, both acidified and non-acidified cans, there was
little difference between the total counts and the proteolytic counts of the
canse The pH range of can reactions in the acidified cans was pH L.l to
7.38, while the non-acidified cans had a pH range of 7.1 to 9.7. The work
of Lehrkuhl (194L) and Tuckey and associates (19L6) substantiates the werk &
Rippen and Burgwald and that of Eryant.

Foter and Finley (19L7) while testing six alkaline and one acid washing
compound found that the freshly prepared acid washing solution wes initially
acidic, but within a few minutes became alkaline. This was also observed by
Lehmkuhl (19LL) where the pH of the "acid" solution wes found to have a pH of
8.3. Tuckey and asscciates (19L6) found the pH of some "acid" solutions to
be on the slkeline side of neutrality. Foter and Finley attributed this to
the reaction of the acid with the celcium and magnesium salts of the hard
waters, |

The pH of the wash solution should be maintained between 6.0 and 6.5
when organic acid and wetting agents are employed for washing milk cans, state
Bryant (1945) and Parker and Shadwich (19L1). Trebler and Harding (19L7)
recommended a pH of the wash solution between 6.5 and ¢.8, while Scales

(1942-a, 19L2-t) recommended a pH of 6.8. Schwerzkopf (1943) reccrmended that
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the pd of the acid solution in the "conservation" tyre of washer should te
held between 6.3 and 6é.C.

A rise in pH was noted by Bryant (154€) while using hydroxy-acetic
acid in a rotary type can washer. The initiel pH of this washing solution
was found to be 3.3 which increased to 6.L at the end of the washing period.

Trebler (1945) and Trebler and Harding (1947) noted that it vas
extremely difficult to maintzin the proper acidity of the wash sclution with
organic acid clearers. This was zlso noted by Foter and Finley (1947) and
Rip-en and Burgwald (1941) who found certain "acid" sclutions to be on the
alkaline side of neutrality.

The corrosive affect on tin-plate by organic acids has been studied by
Finley and Foter (1947), Kerr (1935), Little (1SL.7), }.cKay end Vorthinzton
(1936), Parker (19L0), and by Trebler and Harding (19L7). Parker listed the
following organic acids in their decreasing order of corrosiveness. They
were, phosphoric, tartaric, citric, aconitic, tricarbollylic, fumaric, and
gluconic. Little (1947) and Trebler and Herding (15L7) found the corrosicn
rates of organic acids to be correlated with their pH at a certain concentration.
Kerr (1935) and iicKay and Worthington (1936) have found that the temperature
and the dissclved oxysen content of the solution played an irportant role in
the corrosion of tin-plate. Acids alone did not corrocde the tin-plate, but in
presence of oxygen, the ircn used in milk can ccnstruction was rapidly pitted
by neutral or weak acid solutions.

Vetting Agents

The subject of surface active acents and/or wetting agents is quite
large and can not be dealt with completely in this rezort; however, it is
hoped that as applied to the dairy industry and to particularly can washing,

a few of the important considerations can be presented.
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In general a wetting agent is any substance that will lower surface
tension of water when dissolved at at relatively low concentration. Wetting
agents are made up of two cherical radicals, namely, the hydrophobic and the
hydrophilic groups. Vlietting agents are also classified into three groups with
respect to the charge on the alkyl radical. These include, (1) anionic,

(2) cationic, and (3) non-icnics.

For a thorough background of the subject of wetting agents, the book,
"Surface Active Agents", by Young and Coons (19L5) and the report of Anson
and associates (191,6) should be consulted. A partial list of the manufactured
surface active agents is given by Van Antwerpen (1939, 1941, and 19L3). An
early article concerning wetting agents from petroleum was regorted by
Flett (19L2).

In the dairy industry, the first report of the use of wetting agents
was Scales and Kemp (1939). They noted in earlier work that wetting power of
a detergent was one of the qualifications for a good detergent. Thus, others
have also reported on the use of wetting agents, until today the majority of
dairy cleaners, including can washing detergents, contain wettinz agents.

The use of wetting agents in combination with organic acid cleaners
has been advocated by Beechem (19LL), Lennox (19L6), Little (19L7), and
Shrogen (19L8). Harding and Trebler (15L7) and Trebler and Harding (1947)
determined that a wetting agent concentration of 80 parts per million wes
adequate for addition with other alkaline cleaners for superior detergencye.
Other authors observing and studying wetting agents are: Eaton (194L), Jensen
(19LL), Levowitz (1950), Mueller and associates (19L6), Pendleton (15L€),
Smith (1948) Somers (19L49), and Trebler (1945).

Superior detergency has been reported by Jensen (19L4 and 1946) and
supported by Trebler (19L5) when the wetting agents were combined with con-

densed phosrhates.
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Methods of Testing Detergency

Phillips and associates (1928) were probably the first to compare
washing powders. In so doing, they employed "practical® tests, as, water
softening power, the "washing power™ or the detergents (test by using dried-
milk films on milk bottles), the emulsifying power, the ease of rinsing, and
the action of the detergents upon metals. After testing some 36 commercial
detergents, they recommended as the best cleaner a coabination of €0 percent
sodium carbcnate and LO per cent tri-sodium phosphate.

Several methods of testing detergents has been mentioned by Trebler
and Harding (1947). These include, actual use-tests in the plant, laboratory
tests which simulate actual use-tests, or indirect laboratory tests of certain
properties which are generally assumed to contribute to good cleaning acticn.
Such indirect laboratory tests as alkalinity, pH, and surface tension have been
widely used.

Probably the first workers to devise a testing apparatus simulating
actual washing tests were Gilcreas and O'Brien (19L41) where glass microscopic
slides were coated with different types of films and were then washed and
evaluated by use of a photoelectric colorimeter.

Scales and Kemp (1939) prejared sheets of metal with an adhesive milk
film by exposing 3 inch squares of tinned copper to milk held just below the
boiling point.

Wilson and Mendenhal (1%LL) and Hughes and Bernstein (1945) used
different methods in preparing films for washing. However, they both used a
photometer for measuring the amount of light transmitted through the glass
surfaces after washing.

Jensen (1946) also used a mechanical washing agparatus, while studying
detergency functions of various detergents against milk films fixed into glass

panes.
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Mann and Ruchhoft (19L6) devised a performance test for rating dish-
washing detergents, wherein an apparatus was used to determine the detergency
values. Other experiments followed and modifications were made by Norris and
Ruchhoft (1948, 19L9).

Fouts and Freeman (1947) utilized a bicycle wheel to wash milk coated
microscopic slides. The washing was accomplished by this "Deter-o-meter" by
passing the slides through the detergent solution and passing over a sponge
rubber brush.

Practical methods of testing the cleanliness of milk cans has been
attempted. Tuckey and associates (19L46) scraped loose the adhering milk soil
from a milk can, and found that the total soil removed weighed 8 grams.

Roadhouse (1947) demonstrated that dirt remained on the interior of
cans by swabbing with clean cotton swabs, thus suggesting that dust particles
were deposited from dust-laden air that was blown into the cans during the
drying stage of can washing.

To secure information on the nature and extent of extraneous matter
in cream shipping cans, Claydon (19L8) used a pint of sediment-free water
containing some wetting agent. The cans were then agitated and filtered
through a sediment test disc. Although the author was not interested in the
total amount of sediment found, he did find that as a resvlt of hand scrubbing
the cans, so much sediment was removed that the sediment discs became clogged
and only part of the rinse water could be filtered. Claydon (1950) also noted
when the cans were scrubbed with a brush, that the question arose as, "how
much the brush contributedto the sediment, and how much it retained". |

Unlike the interests of Claydon (1948), Jensen and faterson (1950)
determined the cleanliness of 180 milk cans by washing them with a quart of
filtered water containing apprcximately one-half tablespoon of a condensed

phosphate-wetting agent detergent. The cans were hand washed by means of
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cheese cloth wads to prevent any carry-over of sediment and to be certain that
the sediment obtained did not contain brush fragments. The rinse water was
then tested with a sediment tester, and the sediment discs thus obtained were

graded.

TESTING BACTERICLOGICAL CONDITION OF MILK CANS

To determine the performance of a can washer it is escsential to find
the bacteriological condition of the milk cans being dischargzed from the can
washer, There are several methods by which the bacterial content of milk cans
may be determined. They ares the swab test explained by Standard Methods (19L8),
the agar-plate method of Olson and Yammer (1933) and %alter and Hucker (1941),
and the rinse method also described by Standard Methods (1948). The latter
test has been used by the majority of the workers and thus the review of
literature deals entirely with this method. |

Volume and Rinse Material

The first worker to observe and test the bacteriological conditions of
milk cans was Webster (1919). He determined the bacterial content of the milk
cans by rinsing the cans with 200 milliliters of sterile water and plating
portional samgles. Cans that were wet as a result of improper drainage following
washing, were tested for bacterial content by directly plating portions of
the drained water. Smith (1920) used methods similzr to those of Webster's.

In the majority of the studies that have been made to determine the
bacteriolozical condition of milk cans, 100 milliliters of sterile rinse medias
were usede Investigators using this amount of rinsing portions include,

Ayers and Mudge (1921), Bryant (19L6), Carkhuff (191:8), Foter and Finley (19L7),
Milone (19L48), Milone ani Tiedemarn (1949), Parker (1940), Parker and Shadwich
(19):1), Rippen and Burgwald (1941), Shutt (1945), and Weber (1938).

Prucha and associates (1918) determined the bacterial content of the
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cans following the use of 1000 milliliters of sterile water. Some of the

cans were rinsed with 1000 and 1500 milliliters of sterile water respectively,
and others with 2000 milliliters of sterile water. Others using 1000 milliliters
were Prucha and Harding (1920) and later Harding and associates (1922).

Working with acid and alkaline washed cans, Scales (1942-a) used L60
milliliters of sterile tap water. In later work that same year, Scales (1942-b)
used 450 milliliters of sterile tap water and wasted 100 milliliters of the
samrle by pouring that amount over the lip of the can.

In preliminary -tudies of bacterial contents of milk cens, Jamieson
and Chan (1942, 19L3-a) followed the rinsing methods proposed by Standard
Methods (1939). However, in later work, Jaaiescn and Chan (19LL) used the
agar-plate method of Olscn and Hammer (1933). In later work, he combined
the swab method z2nd the agar-plate method end applied his own "seeiﬁg is
believing" method described by Jamieson and associates (19L6), Chamberlayne
(1948) and Jamieson and McLeod (1$L9).

The recommendation of 00 milliliters of sterile water was given by
Holmquist and associates (1937) and Sommer (19L6). Sommer believed that by
holding the cans for 12 to 2L hours after the time of washing, gave more
significant results of the actual bacterial content, than when the determination
was made as the cans came directly from the wachere

In order to check the efficiency of can washers, both rotary and
straight-away types, Tuckey and assccistes (19L6) used LOO milliliters of
sterile buffered distillad wcter ccntaihing sodium thiosulf.te.

Likely befcre mo<t of these afore mentiored workers started their
investigations Stendard Methods was ccneulted. Standard ¥ethods in (193L)
recormended the use of 500 milliliters of sterile water. Later Standard
Methods (1939) reconmended the use of 100 milliliters of sterile sodium

thiosulfate solution of approvimctely 0.1 N concentretion. Still later,
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Standard Methods in (12!1 and 19L8) reccmmended the use of 100 rdilliliters
of sterile tap water, sterile buffered distilled water, or sterile standzrd
nutrient btrothe.

Several of the workers of Great Dritein have recommended ncrmal saline
sclution or quarter strencth Ringer's solution. Barkworth (19L1) recommended
and used 500 miliiliters of 0.9 per cent saline solution. DPrevan ard Trctle
(19L1) us21 oitrhar 500 é& 1000 milliliters of sterile water, sterile saline
sclution, or cuarier strength Ringer's solution. Nzave (13L3) rinsed the
milk cans with 500 rilliliters of quarter strength Qinger's solation 28 howrs
after they had been washed. The Ministry of Asriculture and Fisheries (19L5)
recommended that churns (cans) be tested one hour after washing using 500
milliliters or larger amounts of querter stren_th Ringer's solution. Their
recommendation of 500 m%}liliters or larger is based on the fact that volumes
smaller than this will need elaborate methods of shaking, which would te
cumbersone and difficult to standardize.

Shaking Procedure Ured

Aside from selecting an effective rinsing material, the mode of contact
is also important in order to set free and secure the hichest possitle nuwber
of tacteria from the cans that are tested.

Prucha and associates (1918), Prucha and Harding (1920) and Harding and
associates (1922) thorougzhly shook the cans after the rinse material was added.
It was tren poured out and plated and the nurxter of orgsnisms teken from the
water was taken as thz number present in the cans.

Three investigators reported using Standard Methods (1541), however,
only Foter and Finley (1947) reported using the shaking apparatus pictured and
descrited by Holmquist and associates (1937). Others re_orting using a
mechanical apparatus for their shaking determinaticns cre lilone (1948),

Wilone and Tiederann (19L%) znd Tuckey and associates (1946é). The others
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following the shaking procedures of Standard Methods was Ayers and Mudge (1921),
Bryant (19L46), Jamieson and Chan (1942, 1943), Rippen and Burgwald (19L1) and
Weber (1938).

Scales (19L2-a), after placing the rinse material in the cans, vigorously
shook them by holding each can by one of the handles and the bottom rim. They
were shaken five times from top to bottom, then rolled over and again shaken
as before. The same procedure was followed in the later work by Scales (19L2-b).

The shaking techniques was not mentioned by Carkhuff (19L8), Parker (19L0),
Parker and Shadwich (1941), or by Shutt (19L5); however, it is assumed that
some standard procedure was used to keep this factor constant. Presumably
Standard Methods (1941, 1948) were followed. sebster (1919) rinsed the interior
of the cans, after adding the rinse material, by "shaking and rolling the cans",
while Smith (1920) "thoroughly shook" the cans.

Only two investigators, Neave (1943) and Provan and Treble (19L1), used
a scrubbing agent along with the shaking techniques. N=ave rolled his cans
and allowed them to set five minutes after which the cans were thoroughl&
squeegeed with a sterile rubber squeegee attached to a metal handle. Provan
and Treble used a sterile test tube brush to scrub the milk cans before shaking
the cans by hand.

Standard Methods (19L8) recommended shaking the cans vigorously by hand
or by a suitable shaking apparatus, one of which was pictured. For hand shaking
cans, the can is gras;ed under the cover with one hand and under the uppermost
side of the bottom rim with the other. The cans are rapidly shaken lengthwise
10 t mes, with an excursion of about 18 inches. The can is turned one-quarter
turn and the process is repeated until the solution has been agitated over the
entire surface.

Number of Organisms Removed

when the rinse method is used for determincztion of bacterial contents of .,






1ilk cars, the total rumier of crganisms present in the caans is riot resoved.
vilone (19L8) studied the amcunt of organisms that the rinse naterial reasved
from the cars. His results showed that when cans with a hizh bacterial content
were tested, the first rinse removed from 11 to 7L per cent of the total
bacteria found when the total number removed bty 5 successive rinses is equal
to 100 per cent. Vhen the cans contaired wzdivm counts, he found the initizl
rinse reuoved from L to L8 per cent, while with low count cans, the initial
rirse reroved from 3 to L3 per cent. The results cof Prucha and associates
(1918) show that approximately 75 per cent of the bacteria are removed on the
first rinse when 1000 milliliters of rinse wes used. The tctal reroval by

L successive rinses was ccnsidered equal to 100 per cent. ihen the volume

of rinse material wes increased to 2000 milliliters, the per cent removal by
the initizl rinse was increased to 77 per cent. Darkworth (1941) fcund that
aprroximately L5 per cent of the bacteria were removed by the initial rinse
and approximately 86 per cent when two rinses were used. These figures were
based con the assungtion that the tctal number c¢f bacteria that were removed
by L successive rinses was equal to 100 per cent.

Factors Influencing the Rinse Test

The factors that affect the rinse test results have been outlined by
¥ilone (19L8) end they consist of the following:

ae. Time and intizacy of contzct of the rinse medium vith the utensil
wilk contact area.

b. Temperature of the rinse mediuvm and utensil.

Cce Lvajoration cof the rinse medinmr and utensil.

de Amount of rinse medium used.

es Presence of substances not incoryorated by the rinse medium.
f. Presence cf clustering and chain forming organisms.

ge Presence cof micro organisiis embedded in insoluble deposits.

he Adsorption of rinsing mediwm to the walls of utensilse
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i. Adsorjption of rinsing medium by deposits present in the utensils.

Je pH of the rinsing material and substances possitly present in the
ccntainer.

ke Toxicity of rinse material to ricro organisms present in utensil.

le Presence of organisms which will grcw in the media used and at the
temperature of incubation recommended.

Tyce of Orgenisms Found in Cans

As early as 1923, Whiting (1923) studied the types of crganisms found
in milk cans. He classified the organisms into twenty-nine types, finding a
large quantity of thermoduric types of tecteria., A similar study wcs made
in Englend by Thomas et co-workers (1946), who determined that the predominant

tpes of organisms were found to be Kicrobacterium, lficrococci, and spore-

forming rods. Another study from England by McKenzie and associates (15L6)
concluded that farm milk cans were an important source of thermoduric types
of bacteria., Tebian (151:8) and Fiske (19L9) declared that milkstone found
in milk cans. may well serve as an ideal focus for seeding the milk with
thermophilic bacteria.

Contrary to this viork, ¥ilone and Tiedemann (1949) found that the role
of the milk can in the initial, total, contamination of the rilk poured
therein, except in extrere cases, was not as important a source of contamination
as is generally believed.

Parker (1943), Scales (19L42-a, 19L42-t), Schwarzkopf (19:3) found
alkaline washed cans to contain proteolytic and oxidizing types of bacteria.
They found these organisms growing in alkaline solutions and at temperatures
of 170° F.

Letmkuhl (19LL) studied the wilk can as a source of coliform organisms.
0f all producers cans tested for coliform, no positive tests had been fcund.
Contrary to this work, Provan and Treble (1941) in England found large numbers

of coliform organisas in shig;ing cans.
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The werk herein reported wzs done with the mironse of studiing the

hacteriolozical condition ana prysiczl cleanliress «f washed nilk can

©

as they are discharzed from the mechanical can washers., The facters thet
ray affect these twn conditions were a'so considerez ss to their efisct
upon the desired results.

The specific object of this exneriment consisted in:

1. Determining what t:7me ani volune of rinse material wonld give
us the hichest possible p=r cent rewcval of organisms contained
in the milk cans. A ¢ssired type of shaling avpsratus was
also ne«Ged by which this factor could be !tept constant, and
still allow us to transport it to wiffereat testing neints.

2. The use of a quick ana effective methou by which the plysical
cleanliness of the nilk caas ce2ld be determined, and still
fit into the can washinz cperaticn wit ont cisruptinz it.
This was to be acromolished alons with the cdeterwinaticn of

.

the bacterial contents of the ~ilk cans.

3. The enalysis of the comuercial deterzents cn tre marcet as
to their value in can washing det-rgency, ana if soszikle to
fermilate scme type of laboratory prepared deterzent that
could be used in a mechanical can washer,

4, The study of the washinr soluticn c¢i car washers tnrou TIrout
the day, as to concentration cf tre deterient, pk, anc total
hararess.

‘N

. Putting into use tre findinvws of 1, 2, and 3; studinj; them
“wier oractical field conditions.
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THE EIF:ECT OF VAPIZD AUC NT3 AND VOLUES OF RINVGTE WILIA CH TiE

(B

NURLR OF RalTZRIA RSVOVED THOW (I Caks

Nne of the means of evsluzting the sanibation of milk cens is determiniing
their bacterial content, It is importent to use metrods for such detsrminrtions
that are practical in application and that will ke representative of the

can's bacterioclozical condition. Also it is desirable to know how th= results
trat are secured mny compare with tose of workers usirg varicus procedurs

22 a means of cdeterminins bacteridl conterts of cens.

P-OCELTURE
For these experiments, six new 1l0-gallon milk cans were szlected and
marked from A through F to identify thea for rereated stucye. The cans ard
covers were thoroughly and gcwpletcly gleaned with a wetting agent-condensed
rhospheta cetercent betwe~n each trial. ifter wa shnnu, the cans and covers
were sterilizzd in an autoclave at 17 sounds steam rressurzs for 15 ninuics.

Tra cans were then cooled to room terperature and each was inoculated with 1000

milliliters of a 24 hour milk culture of iicrececcus ezscolrticis, by rinsing

each can sufficlently to wet the entire inside surfice. 4after inoculation,

the sulture was poured out of the cans, and the cans were inverted cn a wirs
platform to drain and dry for a twenty-four hour drying period in a 35°- 370 Ce
incubatof room. d4fter a twenty-four hour dryins period the cans were rinsed
with various kincs of rinse media. ¥ith the rinsing soluaticns transferred to
the cans, two sterile parchm:cnt papers were plac:za on the pouring lip of each
can before replacing the cover, All cens were shaken, unless otherwizc noted,
with the mechanical can shaking apraratus describsd and illustrated by :ilone

(1548) and by Figures 1 and 2. ATter rinsin:, the rinse medivm wss poured into



a sterile container and bacteriological determinations were made by plating
the various dilutions of the rinse medium according to Standard Methods (1948)
procedures.

Use of a Non=-ionic Netting Azent

It seemed desirable before further experiments were carried out on various
rinse media to test whether a dilute wetting avent solution could be used since
wetting agents possess detergency preperties and should,therefcre, aid in
setting free the dried bacteria-laden films. A non-toxdc, nor-ionic wetting
agent, Triton X-100, made by Rohn and Haas Comg.any of Philadelphia, Fennsylvania,
was selected for this experiment.. Concentrations of 0.1, 0.075, 0.05, 0.025,
and 0.01 were used. The cans were prepared with a dried caseolyticus film
as described under the procedure. The results of this experiment are shown in
Table 1.

Table 1. The effect of a non-ionic wetting agent (Triton X-100)
on the removal of organisms from inoculated milk cans.#*

: :
Can + & concentration of :+ Bacterial counts per ml.
Number ; wetting agent H
A. control: distilled water 1,770
B. 0.1 830
C. 0.075 €20
D. 0.05 920
E. 0.025 1,110
F. 0.01 3,300

#two trials

According to Table 1, the highest removal of organisms occurs with the
0.01 per cent solution of the non-ionic wetting agent, Triton X-100. As the
ccncentration of wetting agent was increased above a level of 0.0l per cent
there occured a decided decrease in the removal of bacteria as measured by
the bacteria counts obtained. Approximately twice the number of bacteria were

removed by the 0.0l per cent solution than was removed by the distilled water.
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It was thus apparent that the wetting agent solution has a desirable effect
upon the removal of organisus. However, it a_pears also that there is a
maximum amcunt of wetting agent that can be added without a reduction in
bacterial count due to increased surface activity and/or poor sampling due
to excessive foaming at the higher levels of concentration.

Comparing the Effects of Different Rinse ledia Used in Various usrtities on
Can Rinse Counts

The review of literature and Standard Methods (1948) do noct show that
there is a difference in bacteria ccunts secured with different media or with
different volumes of medium. It was deem=d ﬁecessary to cormpare some of the
rinse media that have been recommended in varied ~uantities to determine which
would remove the greatest number of organisms with the initizl rinse. Thus
the rinse media recoving the lorgest numbers of organisis should give a more
accurate presentation of the bacteriological contasination of the cans. The
nethod of Holmquist and asscciates (1237) was follcwed, with certain
modifications as outlined in the procedure. In this study five rinse nedia
were compared, three as recommended by Standard tlethods (194L8); namely,
distilled water, buffered distilled water, and nutrient troth., Tap water
and a 0.Cl per cent solution of the non-ionic wettinz agsent, Tritcen X-100,
were also usede The buffered distilled water and autrient broth were prepared
according to Standard l'ethods (12L3) grocedure. 411 rin:e media were sterilized
in an autoclave with a stezm pressure of 15 pounls for 15 minutes. A control
of the sterility c¢f the nedia zrnd of the dilution tlanks was nsue. All were
founi to te negaiive, truc the centroels are not chevn in Tatle 2. Zach of the
five rinse media were tested in quanilti=s of 10C, 200, S00 ard 1000 milliliters.
W i e

Four trials were ccnducted on each rinse nmedia at ezch Juanlliiye Zuriig cuch

i)

a study, difficulties arise due to the lack cf uniforrity in filming cans with

the d. caseolyticus cultures, thus the total nuwaier of tacteria reaoved by the
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Table 2. The influence of dHfferent rinse rautericls on the renoval
of taocteria from inoculated rilx cans.

: : Total taclteriz cowits #(X 100U, of meaia
3 ] from inoculated cans vwhen nsirz:
Rirse media ¢ Tria +100 200 con 17500
Tap water (3) 1. 2,119 ¢,500 9,333 19,074
. €,093 8,930 9,L5L 36,96l
30 2,23h 25’)’55 1:’,?6,4 5,063
L. 3,113 7,551 15,821 13,93l
log. ave. L,210 15,230 11,920 15,90
Distilled water (C)
Non-buffered 1. 3,150 1,333 2,100 11,296
2. 2,1:50 3,070 11,124 55,357
3. £,368 L, 773 18,538 21,519
L. €,000 2,392 12,168 15,216
loge. ave. 3,37l 2,615 g,5¢e 1,77
Buffered (D) 1. 11,024 7,333 7,733 14,074
2. 2,781 5,023 58,988 23,21k
3. 1L,9L7 15,909 L, €70 10, 886
L. S,Ec1 2,837 12,208 10,000
log. ave. 7,219 6,305 12,700 13,730
Nutrient broth (E) 1. 37,795 35,000 110,667 17L,07k
2. 34,437 10,000 126, L0l 119,603
3. 16,421 88,142 78, 302 13,038
L. 30, 71l £9,388 33, 766 €3,93L
log. ave. 20,40 54,100 60,710 119,100
Non-ionic wetting agent (F)
1. 7,874 1,550 10,667 £9,259
2. 5,629 31,119 11, 7L2 62,500
3. 11,578 27,500 57,143 16,076
L. 12,857  17,1u3 16,393
log. ave. 9,015 12,600 19,400 31,54

# All counts have been converted to represent anoriginal inocul:tion
of the milk can with a culture containing 1,000,000,000 organisms
per milliliter.



-25-

Figure 3, Logarthmic averages, cf bacteria counts showing
the influence of different rinse media on the re-
moval of bacteria from inoculated rdilk cans.

—~== Nutrient Broth
=<=— Triton X=100
~—— Buff. Distilled
—— Tap Water

—— Distilled

100 200 500 1000

mle of Rinse Media Used
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rinse media would depend on the bacterial population of the culture. Therefore,
the bacteria counts shown in Table 2 have been converted to equal a culture
count of 1,000,000,000 organisms per milliliter, thus enabling a comparison

of the total number of organisms removed by the rinse media. To show more
effeciively the difference between the rinse media, Figure L has been included
along with Table 2.

Table 2 and Figure L show that the highest total counts recorded were
obtained with the nutrient broth in all vclumes tested. There was a definite
tendency for the rinse media to remove larger total numbers of orgenisms with
increased quantities of media useds At the 1000 milliliters volume, the de-
creasing order of removal of organisms wes found to be; nutrient broth, non-
ionic wetting egent, non-buffered distilled, tap water, and buffered distilled.
At the 500 and 100 milliliters vclume, the decreasing order was found to be;
nutrient broth, non-ionic wetting agent, buffered distilled, tap water and
distilled water. Second best to the nutrient broth in all volumes tested was
the non-ionic wetting agent. vfhe tap and buffered distilled waters yielded
lower but practically identical results. However, the non-buffered distilled
water gave somewhat lower removal. Altogether, the results show that there
is considerable variation in the removal of organisms by the different rinse
media and at the various volumes tested.

Effect of Buffering the Triton X-100 Solution on Bacterial Removal

While a high number of organisms was shown to be present in cans when
rinsing with the non-ionic wetting agent solution, it was considered that a
btuffered wetting agent solution might cause an increase in the bacterial counts
of rinsings. In this experiment, only buffered distilled, buffered wetting
agent solution anrd the non-buffered wetting azent solution were tested. The

buffered wetting agent solution was prepared by adding non-ionic wetting agent,
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Triton X-100, to buffered distilleds The results obtained arm shown in Tsble 3.

Table 3. The effect of buffering, non-ionic wetting agent in the
removal of organisms from inoculated cans.

Rinse medium Bacteria counts in (x 1000) in volumes of

100 200 500 1000

Buffered distilled 7,123 12,L40 51,650 60,000

Wetting agent
Non-tuffered 6,920 31,600 177,500 Lo, 00

Buffered 8,500 49,520 L6,320  1L0,000

The results shown are from an average of four trials. They clearly show
ihat by buffering the wetting agent, a higher bacterial count from the can
rinsings may be expected. The non-buffered non-ionic wetting agent sclution
gave highest bacterial counts at 500 milliliteré quantity; however, in all
trials either the buffered or non-buffered wetting agent solution, gave higher
counts of 5acteria than did the buffered d:stilled water. This corresponds
with the results shown in Table 2. On the basis of these results, a buffered
wetting agent solution would be favored over a non-buffered sclution.

The Effect of the Number of Rinsings and the Time of Drying on the Residual
Bacterial Content of Cans

Trials were made to determine the effect of the drying period on the
total bacterial counts of cans. Five cans were inoculated and tested for
total bacterial contents at various stages of the drying period. It was
also the puryose of the experiment to determine the number of organisms
removed with each successive rinsing. The periods of drying used ir this
experiment were 6, 12, 18, and 24 hours. Control cans were rinsed immediately
after a ten minute drainage period to allow the milk culture to drain from
the cans. The rinse medium used was 200 milliliters of nutrient broth, each

can receiving 10 successive rinses. Recause nutrient broth was used, all
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plating was done within 2 to 3 minutes after the rinse medium had been re-
moved from the can., The results of the experiment are shown in Table L.
Table L. The effect of dring period on the number of orzanisms

removed from inoculated cans, and the number of organisms
removed by successive rinsings.

Rinse @ . Racteria counts (x 1000) per ml.
Control 2 Control : LUrying period in hours
H : 6 12 18 2l
1. 6,600,000 1:0,000 £€0,000 25,100 1k, 600
2e 620,000 20,000 10,000 7,600 5,200
3. 70,000 1,000 2,000 3,060 1,000
L. 29,000 1,080 LLL 1,800 .00
5. 25,000 220 140 900 100
6. 20,000 150 7 520 67
Te 3,780 120 L1 173 2€
8e 938 1L 28 70 e
9. .00 110 30 7L 38
10. 102 €2 1L 33 30
TOTAL 7,370,920 €5,916 102, 7€8 39,638 21,501
Per cent of
total removed
in 5 rinses  99.7 99.1 99.8 97.6 99.1

The results of Table L show that as the period of drying cf the .noculated
cans increosad, lhe toldl nuniber of tacteria remcved from the cans decreacad.
Altrtough the bacteria counis after 6 hcurs of holding was less than at 12 hcurs,
there is, nevertheless, a marked dJecrcase when the 2)y hour holding period is
considereds Although the bacteria counts after 6 hours of holding was less
than at 12 hours there is nevertheless a marked decraase whar *+he 2l hour
helding jeried is considereds There was a high nuber of organisms that were
removed from the contrcl can when cunpared with the counts from the cans in
the drying period. This indicates thzat the cuntrol can contained a larger
volune of the cﬁlture and thus gave a higher bacterial content. There may be
three ccnditions that are responsitle for the reduction in bucteria counts of

the cans when cocpared with that of the contrcls These sre, (1) the loss of
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culture due tc added drainaze, (2) inhibitive action of Facterial growth due
dessication and (3) the bacteria-laden film was rcre difficult to remove with
increased drying time. From the results it seems logical to ex.ect a large
percentage of the total bacterial ccntent of the cans shculd be removed by

the initial rinses of the rinse media. Table L also shows thet for 211 practical
rurposes, five successive rinswes will jive the a_proximate totzl bacterial
ccntent of the cans. Thus five successive rirses removed approximately 99 rer
‘cent of the total bacteria when the total rzmovzd by ten successive rinses is
equal to 100 per cent. The results also show that when the bacteria-laden film
is in a moist or wet c ndition, such as found in the control can, a larger
rercentage of the total organisms would be removed by the initial rinses,

than when the bacteria-laden film is dry.

Percentage of Bacteria Removed From Initial Rinses

The data secured by previous workers have not teen consistant in regard
to the total bacteria in a can that are removed with the fir<t rinse. However,
most workers have found that over 50 per cent of the bacteria are thus removed.
M¥ilone (19L8) found the removal of organisms depended on the total number of
bacteria present in the cans. In this experiment, the cans were inoculated
as previously described and 1000 milliliters of distilled water was used as
the rinse mediuh. The per cent of bacteriaz that were removed on the iﬁitial
rinse was determined on the basis that the total numbers removed by five
successive rinses was ccnsidered equal to 100 per cent. The results that were
secured on the first rinse of 15 cans are shown in Table 5,

Table 5 shows that the initial rinse removed from 31 to 83 per cent of
the total bacteria present in the inoculated cans, with an average of 56.2
per cent. This percentage is bared on the fact that the total number of
organisms removed by five succéssive rinses is equal to 100 per cent. The

range of removel by the initial rinse is rather wide, teing from 31 to 83
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Table 5. The percentage removal by the initial rinse from inoculated

canse.
Trial Number ¢ Per cent removel by initial rinses#
1. 83
2. L3
3. €1
L. cl
5. 31
€. g2
Te 76
8. 55
9. 59
10, 60
11, el
12, 52
13. L7
1l 61
15. 1,8

Average 56.2

#Based that the total of five successive rinses is equal to 100
per cent.

per cent; however, this may be expected on a group of cans, such as were tested
according to the conclusions of !tlone (1948). The average of S6.2 per cent

is in accord with the findings of Milone (19L8), ¥ilone and Tiedeman (19L9),
and Tuckey and associates (19L6).

Comparing the Bacterial Removal of the ¥ilone A paratus with a Devised Experi-
mentel Shaking Apparatus

Because of the difficulty one might have in transporting the machine
constructed by Milone (1948), (Figures 1 and 2), an apparatus was designed
that could be transported by automobile. This apparatus was built by the
Building and Utilities Department of Michigan State College. It was patterned
somewhat similarly to the one built by Tuckey and associates (19L6). The
apparatus as constructed is shown in Figures L, 5, and 6. A comparison of
rinse counts were made when the cans were shaken by the liilone apparatus and

the one built for this study. Twenty-four cans were prepared, handled, and
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inoculated with the 24 hour milk culture as _reviously described. Duplicate
cans were rinsed with the same tyre of rinse medium and at the same volume;

the only variation being the apparatus used to shake the cans. The apyaratus
devised was rotated at a speed of LO r.p.m. for 30 revolutions. Xilone's
apparatus, run by an electric motor, was operated as outlined by lilone (1548).
The total counts were then compared and are shown in Table 6.

Table 6. A comparison of counts from inoculated cans of two shaking

apparatuses
s Bacterial counts per ml. rinse medium
Trial 3 b

Number : Milone's (19L8) : Experimental
1. 360,000 £00,000
2. 1:80,000 920,000
3. 1,080,000 1,400,000
L. 1,120,000 1,740,000
S. 1,100,000 1,150,000
6. 2,020,000 1,860,000
Te 2,050,000 4,300,000
8. 2,320,000 1,540,000
9. 3,L00,000 2,650,000
10. 6,800,000 12,100,000
11. 8,800,000 12,300,000
12, 9,500,000 7,500,000
Log. ave. 3,277,000 3,996,000

Table 6 shows that of twelve trials, the experimental shaking apparatus
gave higher bacterial counts in seven trials, than did Milone's apparatus.
The logarthmic average of the experimental apparatus was 3,996,000 corpared to
3,277,000 for Milone'!s apparatus. It, therefore, appears that equal or slightly
higher bacterial counts may be expected with the experimental apparatus, when

compared with Milone's apparatus.
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Discussion and Summary

The preceding series of experiments show that the bacteria counts that
are secured from milk cans depends a great deal on the kind and amount of
rinse media that is used. This agpeared to be a more important consideration
than the manner of rinsing.

While nutrient broth as a rinse medium gave the highest bacteria counts
of the media tested, it was not a practical product to use in field testing,
for cans had to be quicily handled without opportunity forvre-washing before
returning them to the producer. A nutrient broth solution provided food for
growth of bacteria in cans that would be decidedly objectionable from th=
scope of sanitation, when it is considered that cans are held approximately
2l hours before they are put to use. Also, it was not possible to plate the
rinsings immediately after they were made. This is highly important when
nutrient broth is used, since bacteria growth would be encouraged.

The buffered non-ionic wetting agent solution at 0.01 per cent con-
centration gave results that were close to those secured from nutrient broth.
This solution did not provide food for bacteria outside of that possibly made
availatle from the cans that were tested. Thus, it is believed a buffered,
non-ionic wetting agzent sclution at 0.01 per cent concentration may be
rractically applied without the hazzards that follow the use of nutrient troth.

Consideration wa2s given to reasons why increasing wetting agent con-
centration in rinse solutions above 0.0l per cent gave decrease bacteria counts,
It was thought most likely that the higher concentrations of surface active
agent which caused increased sudsing, lessened the possibility of securing
representative samples, possibly because the bacteria vwere concentrated in the
fcame These solutions were not considered to be germicidal,

The ofher rinse mediz used gave highly inconsistent removal of organismse.

This was surprising, since Standard Methods (19L8) recommends sterile tag,
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sterile buffered distilled or sterile nutrient broth for rinse solutions to
be used in securing can sterility tests.

The volume of rince media used also had to be considered. Although
Standard lethods (19L8) prccedure calls for 100 milliliters, this amount
did not agpear to give as effective rinsing as larger amounts. The highest
total counts of cens wiere secured when 1000 milliliters of media were used.
This amcunt was not used because of heving to process and transport amcunts
of media that were urwieldy.. The data show that there was a marked increase
in the total bucteriz count &s the axcunt of rince medium wes ircrease from
100 milliliters to 200 =illiliters. The ncresce frem using S00 milliliters
or 1000 milliliters over that of using 200 milliliters of rinse medium vas
not as significant. Thus, the arcunts of rinse media were established at 200
milliliters.

The shaking ap;aratus that was devised for this study wes found to give
equal or slightly hisher baczieria ccunts than a special mechanical shaking
a,paratus that was designed by ilone (194€). Althoush the lilere shakirg
machine may te more grecise in covering all pcrts of the cans veing testeod,
and in perforning shaking technique, it must be cconsidered that ex=ct precision
in these resgects wus of less conseguence than the iteas of axount and kind

of s:lution that hove been studied.
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AN EVALUATION OF DATERGZITS APILIC.ZLE TO MICUATITAL CAW LA3YTHG

The aim of mechanical can washing is to sercure clean, dry, sanitary
milk cans that may be used either for farm delivery of raw milk or for
storage and transrort of a finiched pastevrized deiry product. The detergent
used in the wash tank of mechanical can washers is a primary ccnsideration given
by most plant owners and ocperators. Yost operators desire tc use the best
rossitle detergent; consegquantly, they are continuously lcoking for another
"better" compound that will secure the desired rasults. A thorough study
was obviously needed of can washing detergents, thereby enabling the selection

of gccd detergents for can washing use.

PROCIDUPE
The detergent qualities of 211 of the detergents tested was deterzined
by preraring raw milk films on glass panes and by washing with a mechanical
washing apparatus to measure the efficiency of the detergents.

Preparation of Raw !Milk Films cn Glass Paznes

In th: se experiments, a doutle strength, B-tyre glass made by the
Pittsburg Glass and Paint Company was used and was cut into 3 inch square panes.
A11 glass panes were washed between triels with a condensed phosghate-wetting
agent detergent, rinsed with distilled water and allowed to zir dry at room
temperatures. The milk used for these experiments was well mixed, fresh, whole,
raw milk from the college herd. It was held at a tenperature of L0° - 50° F.
for the preparation of the milk films.

Lir-Dried NMilk Films

The air-dried milk films were prezcred by twice immersing the glass panes
into the milk, thoroughly covering the glass surfaces. The coated panes were
then placed on a metal frame at approximately at LS® angle to permit dreining

and drying for a period of 15 minutes at rc.m temperatures before washing. The






2ir-dried films were repeatedly coatzd and after each washing treatment the
panes were examined for per cent light transmission. By repeated coating
and washing of the panes, it was felt that the afficiency of the detergents
could best be determined.

Heat Treated Films

The heat treated films were pregared by twice irmmersing the glass panes
into the milk, thoroughly covering the glass surfaces. The ccated panes were
then placed on a metal frame at agproximztely a L5° angle to perxzit draining
and drying for a period of 15 minutes in a hot-air drying oven held at 180°-
185° Fo They were then taken out of the oven and twice immersed in a 0.3
per cent detergent solution at a tergerature of approximately 100°F. The
detergent consisted of L9 per cent tri-scdium-phoszhate, L9 per cent sodium
carbcnate, and 2 per cent wetting agent (Nacccnol)e They were not agitated to
remove all of the film, but simply immersed to remove the scluble portion
of the film. The panes were placed back on the metal frames at the L5° angle
and replaced in the oven for a 15 minute drying periode. This sequence was
followed until the panes hzd been immersed in the milk 5 times, and in the
detergent solution L times. It was felt that such a film produced would
simulate a milkstone film that would be left after several incozplete washings
with a detergent that had low detergent qualities.

Chlorine-Protein Cormrlex Filus

The chlorine-protein com;lex film was prepared by twice immersing the
panes into the milk, thoroughly covering the glass surfaces. The coated panes
were then placed on a motal frame at aprroximately a L5© angle to permit draining
and drying for a period of 15 minutes at room temperatures. After the drying
period, the coated panes were immersed in a 250 p.pem. sodium hypochloride#

solution, and rezlaced on the frames at apurcximately a L5O angle to permit

#llanufactured by Klenzade Inc., Beloit, ‘Wisconsin
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T 'rozen ion Corceitretion
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elxctrode. The potentiometer wes st=n ardized imuediately beTcre cach vee vwith
a huffer sclution at pll 7 .lus or minus 0.02 at 20° C., made by edding one
Coleman certified buffer tsblzt to 100 milliliters of carbon Jiorilsz iree
water. All readings were recorded at a teujerature of 229 C.

Surface Tension

when deteriined, the surface tension readings were made by a DuNouy
tensiometer. The ;roczdure followed in all cases was that recomuwended by the
ranufacturer. A4ll readings were made at 23° C. and in cach case the tensionmeter
was stancerdized by d.uble distilled waver. Three rezdings vere mede and the
averaze of the three has been recorded.

Types cof iater Used

The tap water used for washing, pre-rinsing, and after-rinsing ccnteained
a tctal herdness of between 370-1:00 Lefeme calculated ¢s c2l-ivm carbenate,
as determined by the Versenate m-thod, Dighl and Hach (1°L9) Zeclite water
was taken directly from the Zeclite softener and contained a tctal hardness
of less than 50 pepe.m. calculated as calcium carborate. The water was treated
to contain 0 hardness by addition of Versene or Vcrsené-wettiné agent ccm—
btination or a corbinaticn of 75-25 sodium hexametaphos, hale-wetiing egent.
Versene is an orgenic chelatinz a_ent, che.ically knovwn as ethylene dia.ine
tetra sodiwa acetate and manufaotured‘by Bersworth Che:ical Cox arny, Fracingham,
Massachusetts. All dry deterg.nts were tested using a C.3 ver cent scluticn
while the licouids were tested using z 0.2 per cent solution.

Source and Conposition of Commercizl Detergents

The comnposition of the fcllowing listed detergents with the exce,tion

of the Yik-o-Szn, was secured from the Cherry-Burrell Cor_oration handbocke
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The composition of the llixro-San was secured through Eeechem Lzboratories.

Detergent Comgosition
2 Com;.cnent Yanufacturer
Dreadneught 50 sodium netasilicate Cherry-Currell Corpe.

LO sodium tripolyrhosphate
S sodium bicarbonate
5 wetting azent

Mikro-San L5 wetting zgent Lathrop-Paulson Corpe
3l water
10 hydroxyacetic acid
8 gluconic acid
3 leulinic zcid

NU-Foam 91 water Beechem Laborzatories
7 wetting agent
3 tetra-sodium-pyrorhosphate

Seco 10 ‘ 30 tetra-scdium-pyrophosphate Seco kilk Plants
25 sodium tripolyphosihate
25 borax

12 tri-scdium-rhosghate
2 wetting agent

Calzcnite 60 sodium metasilicate Calgon Inc.
L0 sodium hexametaphosphate

EYPURIY NTAL

Previous investigations, as regorted in the literature review, have
found condensed rhos hates highly valuable ss detergent comgonents. hen
re.orted in levels of 50 or 75 per cert, it was reforted by Jensen (15L6) to
be highly effective as a detergent cgainst sir-dried rew milk films, Alco,
this investigator reorted that the manner of washing as relating to rinsing
before and =fter vashing with v.rious detergent sclutions affected wzshing
qualitye Further studies were conducted to re-evaluate these cunditions and
10 ascertein washing practices that might affect can washing,

A series of laboratory washing tests were rade of glass penes that were

prepared by coating previously cle:ned panes with rew milk films as described
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by procedure. These films were washed variously by different detergent
conponents and pre-rinsing and after rinsing practices as shown in Tables
T throuzh 11,

¥ishing in Sodium Hexameta-Pros:ihate-detting Acent Detergent Corbinations

Ten successive milk pane preparations were made, each of which was
followed by washing at 120° F. in detergent sclutions consisting either
of wetting zgent detergent, or wetting agent detergent and sodium hexaumeta-
rhosphate. The latter detergent corbination compounded to ccntiin 75 per
cent sodium hexametaghosate and 25 per cent wetting agent.

The results of these washings are shown in Table 7. High or practically
complete detergency was obtained throughcout all the ten trials with the "75-25"
combinations An accumulation of milk and detergent solids occurred with
successive treatments when the wetting agent detergent alone was used. This
was illustrated by photometer readings that started at 95 following the
first washing and after ten treatments only 59 per cent light was transmitted
through the glass. Alsqg an average of 100 per cent light transmissicon for
the ten treztments was secured wnen the "75-25" wetliing agent, meta_hosghate,
detergent was used in contrzst to an average reading of 73 per cent when a
wetting agent detergent zlone was used. These results support earlier in-
vestigations by Jensen (1916).

Effect cf the Nature of Pre-Rinsing on Detergency

To determine the effect cf the tyre pre-rinse on detergency, hard water
and solutions of sodium hexameta _hos . hate and wetting agent, Versene,.nd Versene
and wetting agent,were used. Versene was mentioned in the review of literature
and was described zs a chelcting asent. These chendical agents were applied
in sufficient amounts to produce 0 hardness in water as measured by the versenate

titrative met:od, Diehl and Hach (1949). retting agent was also used in a pre-
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rinsing series, using a 0.1 per ccent solution, In this series, the panes

were not rinsed followinz the washing 4reatment. Ten cycles of washing
treatments were applied in these studies and the results are shcwn in Tatles

8 and 9. The pre-rinsing as =nown in Table 8 was carried out «t $5° ¥., while
the pre-rinsing shown in Table 9 was carried out zt 60° F.

There arpeared to be no important difference in detergency when gre-
rinsing was applied usinz the vi.rious pre-rirsing mcterizls when followed by
washing in detergent solutioﬁs contzining the "75-25" combination. However,
when wetting agent only was used in the wash solution, the treatments of the
pre-rinse improved the detergency results. The hard water pre-rince gave
the lowest results cf the three treatments studied.

The effect of treuating the pre-rinse with C.1 per cent wetting agent
or us.rg a "75-25" Versene-wetting cgent ccmbination is shown in Table 9.
Either treatment gave excellent resulis when the "75-25" detergent ccmbination
was used in the washing sclution. This was okserved to be superior to any of
the pre-rinse treatments shown in Table 8. No benefit was derived by pre-rinsing
with a wetting agent when the detergent used for washing consisted of a wetting
agent only. The Versene-wetting azent pre-rinse combination gave sizilar
results to that secured when using Versene only or a combination of 75 rer
cent sodium hexametaphosihate and 25 per cent wetting azent.

Effect of the Nsture of the After-Rinse on Deter:ency

Rinsing efter washing is a general practice in order to remove washing
solutions end to give further assurence of cleanliness. The effect of this
rinsing on cleanliness was studied here, using rinsing solutiens similarly
prepared to those used from the pre-rinsing studies. The temperature of aftsr-
rinsing solutions were maintaired at 1500 F., while the washings were carried
out at 120° I'. In this series the pre-rinse was not used. The results are

shown in Table 10.
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When the "75-25" combination was used in the washing sclution, the after-
rinse treatments had little effect on the detergency. This was very simil.r
tc the results found with the ;re-rinse treatments as shcown ir Tatle 8. 1t
appeared that the "7C-25" combination treatment was more beneficizl when added
to the zfter-rinse than when added to the pre-rinse w:iter. when a wetting agent
was used for washing, very s:miler results were found with the after-rinse
treatments, as were found with the pre-rinse treatments. This was perhaps due
to the high washing cualities of these rre-rinse and after-rinse solutions.
The Versene treated a2fter-rinse :gain gave the highest dstergency results.

Effect of Nature cf Rinsing on Detergency ithen Pre~Rinsinz znd After-Rinsin
e L) K=l

r
-2

In the imnediately preceding tests, virious combinations of pre-rinse
after-rinse sclutions were used. In this series of tests, the same ty,.e c¢f
solution was used for pre-rinsing as for after-rinsing. Ten successive
treatments and washings were 2cde wund the cleanliness of these p:nes as measured
by the per cent light transuissions are siown in Tzble 11. The washings were
carried out at 120° F., pre-rinsing at 95° F., and after-rinsing at 150° F.

Excellent results were cttained with all treatments of pre-rinse and
after-rince, when the "75-25" detergent coabination wes used for washirg., Lower
detergency results were securcd when hard w;ter was used for pre-rinsing and
after-rinsing, when the wetting zgent alone was used for washing. VFowevar,
fairly high detergency readin.s were obtainzd with the wetting arent wash, when
the Versene or the "75-25" co bination rinse sslutions were used for the rre-
rinse and after-rinse.

The Effect of Adding Various Amcunts of Versene to Cilzonite, a Cin Waoshing

Detergent

Calgonite is a can washing detergent containing €0 per cent sodium
metzsilicate and LO per cent sodium hexametaghosphete. The latter being an
inorganic sequestering zzent. Tests were made to determine the w.ushing propertics

that weuld be secured when Versene, an organic chelating cgent, was used in
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varicus cenblirzticrs with this can washing‘dsLergcat. v.oreane end vilgonite
were uced respectively in the following combinatlions,
20-80. A series cf lzboratery waching tects were nade on glass panes thet
re rre_aved by coating previously clewned panes witn raw nilk films as
described by the proccdure. These films were veriougly woshed by different
detergent ccmpcnents and [re-rinsing wnd crter-rinsing jractices cs <howm

in Tatles 12 through 16,

oy . . - . .
viaching in Calgenite ard Cil-crite-Vereere Coltirgtiors

Ten succescive rilk pane preparations were madg ecch of which was
followed by vieshing at 12009 F, in detergent scluotions comsisting elther
of Culgonite, or C:lgonite-Versene ¢ nbinaticns of 10-90, 15-80, and 20-20.
In this series of tests, the pre-rinse or :fter-rinse w.s not used.

The rasults c¢f Tubtle 12 show that zs the per cent of Versene incracsed,
in cexbination with Calgorite, there was a tzodency toverd hipher deteorgancy

values., The 20-20 cocbincticns giving the hihest valucus of lisht transmissien.

affect of *the Nature of Pre-Einsing on Letergoncy

In this seriecs cf exjeriments, the gless ranes were pre-rinsed with
various yre-rinse solutions before they wvere washed with the Calionite or
Calgonite-Versere combinations. The pre-rinsing soluticns used were hard
water and water ur‘"ted with Versene, Versene-wetting zsent, sodium hexameta-
rhos hate-wetting zgent, and wetting agent cnly. Ten successive treatrments and
weshings were made and the cleanliness of thcse panes wes icesured as shovn by
Tables 13 &nd 1L, @:rshings were carried cut at 1200 ¥, with no after-rincirg,
The pre-rinsing as shown in Tatle 13 was ccorried out at 959 F., while the pre-
rinsing s shown in Table 14 was carried out at 60° F.

The results of Table 13 show that the trectment of the pre-rinsing soluticns

influenced the final detergency results. As the per cent Versene was increased

in the Calzonite-Versere cc.ilinations, anincrease in deter.ency resulted. This
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was similar to the results as shown in Table 12, The hard weter pre-rinse
cseermed to te detrimental on detergency, however, the"75-25"conbination or
the Versene treated pre-rinse improved detergency over thot of the hard
wzter. Similer results were obta ned when these treatients were arpplied
to the after-rinse water &s shown by Table 15.

vhen a Versene-wetting agent treatucent was cpplied to the pre-rinsing
water, as srown by Tcble 1b, a im_.rovesent in the detergency resulted. The
effect of pre-rinsing with wetting 2gent alone also had a greater effect than
was expected. This improvemcnt can be partially explained as being due to
the absence of a surface cctive zzent in the Versene-Calgenite coibinations,.

Effect of the Nature of After-Rinsing on Detercency

The effect of after-rinsing on cleanliness was studied using rinsing
solutions similarly prepared to tgose used from the pre-rinsinz studiese. The
terperature of the after-rinsing solutions was meintained at 150° F. while
the washings were carried out at 120° F. In thic series, the pre-rinse was
not used. The results are shovn in Table 15.

Dzta on Tatle 15 show that the detergency obtzined vith these ufter-
rinsing solutions are similer to thoseob“ained when these s.luticns vere used
for pre-rinsing (Table 13). Similarity was noticed in the fact that the hard
vater gave the lowest reudings, Versene trcated, the next highest, cnd the |
"75-25" combination the hizhest detergency readings.

Lffect of the Nature cf Rinsing on D_tergency when Pre-Rinsing ¢nd After-
sainsing

The same type of pre-rinsing and after-rinsing sclutions were used in
this exgeriment cs was used in studying the after-rinsing only. The texjerzture
used for the pre-rinsing solutions was held at 959 F,, while the after-rinsig
solutions were held at 150° F. All washings were carried out at 120° .

The results of Table 16 show thet the ideal .re-rinse «nd .fter-rinse

treatment would be with the "75-25" combination, zlthough good resulis were
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obtaincd with the Versene treated rinses. The hard water rinses gave the
lowest values of the three rinses tested. As the per cent Versene increased
in the Calgonite-Versene cowbinations, the detergency values also increcsed.
This has been snhcwn alsc in the preceding table.

The Detergency Acticn of Six Coumercizl Detergents Under Varied Weshing
Conditicns

Six comnonly used com-ercial deterzents were selected and tested under
varied washing conditions that ccould be found with practical mechenical can
washing operctions. The tests were conducted to determine the influence of
the temperature of washing, a wetting agent pre-rinse, and the addition of raw
milk to the wash solution, on the final detergency of these commercial detergents.
These detergents included, Dreadncuzht, Mikro-San, single and double strength,
Nu-Foam, Seco 10, and Calgcnite. They were selected because they were typical
of the range of can washing detergents in use. They represented the alkaline
com;ounds, the organic acids, and the near neutral compounds, which appezr
on the market. All washings, unless otherwise noted, were carried out at
150° F. A series of laboratory washing tests were made of glass panes that
were prepared with the air-dried raw milk films as described by the procedure.
These films were washed with the six commercial detergents, using different
rinsing practices as shown in Tables 17 through 19.

Influence of Washing Tem_.erature on Six Commuercial Detergents

To determine the effect of the washing tempercture on the detergency
of these six commercial detergents, two washing temperatures were studied in
this experiment, 120° F., and 150° F, The results of this study, vithout pre-
rinsing or after-rinsing of the glass pcnes are shown by Table 17.

Seco 10, Nu-Foam, and beth Mikro-San's show no influence of temperature

of washing on detergency. The temperature did have an influence, however, on

the Dreadnaught and the Calgonite. The Dreadnau:ht gave the higher results
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at the lower terperature (120° F.), while the Calgonite gave the best results
at the hi her temperature (150° F.).

mffect of Nature of Pre-Rinse on Detergency of Six Comm:crcial Deterzeonts

To determine the effect of the type of pre-rinse on detergency, two
rre-rinsing solutions were studied - hard water, and 2 0.1 per cent wetting
agent solution. These pre-rinsing s.lutions were held at €0° F., while the
after-rinsing was accomplished at 150° F. The results of this study are shown
in Table 18.

The wetting egent pre-rinse did not influence the results of the Dread-
naurht, single-strength tikro-San, and the Ssco 10. The Nu-Foam was greatly
aided by the wetting zzent pre-rinse, while the double strength Mikro-San
and the Czlgonite were orly slightly aided.

Effect of the Treatnent of the Wash S:1lutinn on Detergercy of Six Conrrercial
Detergents.

In many mechanical can washers, the same wash scluticn is used through-
out the entire days operation, thus milli solids are ccnstantly being added to
the solution. Therefore, it was considered th=zt a study should be made to
show the influence on detercency of rew milk addit.ons to the washirg sslution.
In =ddition, Versene was added to the milk-wash-water solution in order to
determine whether a chelcting agent used in this manner would prolong the
detergency of washing solutions. No pre-rinsing or after-rinsing solutions
were used in this trial. Ten successive treztments and washings were mede
and the cleanliness of these pcnes @s rmeasured are shcwn in Table 19.

The results of Tcble 19 show that in all cacses, the nddition of 10 per
cent raw milk decreased the detergency veluss of the six com. ercial detergents.
However, the decrease wss noted to be more rapid when the doutle-strength
Mikro-San and the Nu-Foam were used. By adding Versene to the wash water,

excellent results were cbrained with the six detergents, ¢nd these valucs were
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only slightly reduced when 10 per cent rew milk wes added. This shows that
the Versene does possess scue property that will disperse, and dissclve the
rilk sclids, and £till aid in the recoval of .ili socils.

The Effect of Vioricus Iy, cs of Soft .atrr con Deter-ency

Many nilk plants trrou hout the country have difficulty with hard vaters

and many tires the question is roised, "is it adventegecus to soften wuter

fer thez washing of @il cons in a nmechenical con washer"? This, of course,

is a difficvlt gucstion to zanswey as a _cod many facters sre invilvad.  However,
ore c¢f the consilerations w uld te the reaction of the detergent in the softered
ater to furthor zid in Jetergencye. Tour types of water ccltening treataents
were sturldied; namely, declite, 4izli"lcA wialer, scidium heranetz hesphate
softened, and Versere scftered waters. Corpcriscns were made on five cc.iercial

,.,_; . i
detergents end cre latcrcicry .rapored the "7020M" cocbincticor,  The

R ARSI

were rre; ored vith en sir-dricd raw npilk film as greviously Adoseritels Ten
.
successive traclicents arnd wachiv e ware nide ord the cl:xrlire~= of thoea peno
as rezsured by the _or cont 11 rbU tranciics cis ere shovm in Tille 20,
The Droclron,ht, Nu-i'can, Scec 10, wil tw.e "70-00M collunitlicn _ove
apyrresdicately the cane deterzoney riedts whon usesd in Lctilled, Vers.r o, 1
sodind hoxel tahics hace sc™-mo1 volcers, In siwe Inctacoclc, the Zeollite drected

water gave lonor dltorguerey resulos thoan the cltheor three oreztacots tested.

The Calgconite gave the leovest detorgoncy with the Vercove trzuted wit-r ard

4 - - 24t e - S 4 N 3 e ~ . N oy TN IR - S A Y~ ~ e~
the hijhert Jetergorey vith dlctillaeld wntor. & swrrisic ly rzgtd decrerce
3 e - “r R T LR R [ R R S, T R T S T VRS D,

in Qetorgoncy resullted whon Natllled wilzse woie o021 wrllh Vikre-Oume

In cn effirt Lo eoplain i actier, the Il of the deterpent silutions
woro oae
gl virorme,

7632, The conce of lew detorg roy is undovttedly ex_ lelred by the low ;H of
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an atteu,t wes wide to b, conditicrs wndar wich the 200 ro-Con
-y ) PaC T B r 3 .~ Yy PRI 2t Lo ~ R RS =
wou'd =id detergeiey. This wzs Jone ™y [ reopariry 0.2 jeor cont THkreoa-CTin

sclations, this being a, provimet-ly the cocncentration reccuomendel Uy the
manufacturer. To this soliticn, cheiicals were 2lded in quentitiss vorivg
frem £O to OCD s.pene  whon thesa 5ilutiors wore wsed for washing olir-dried

raw xilk filas voriziions in 2ol r_oorey wore s.cird and are chewm in Tatle

It w111 be noted thet scdiuw hydroxice even in £0 pepeme Guaniitinoe
gave cleer glass pancs. Sodiuw carvcnzte nlgo nateria’ly =2ided detergency

at S0 and 7S5 pepeme This was increas=3, kevever, when 100 and SCC perem, %wos

used., Scdium bicarconate i rovsl deteoroency vhen 500 f.peme wes uzed to

a, proximately the same extent as 50 _orem. scdiuw hydroide. Yovever, when

only 100 ge.peme vwies uced, there was only cl:ianin: to scre degree, bowever,
less cl:ening wie ciservel trhan when vsing the vntreated Mikro-San scol=tion
in hard wcter.

It thus a_;cared that the Lyircgen icn concentration adversel; affected
the deterzency, whether freom ecid or scdium bicarbenate. Tikewise, it wenld
be ncted that rotassium hyircxide incrazssed detergency as did calcium carhonate,
nagnesium cartonate, and tri-sodium phos;hatz at 500 pepen. quantitics,
There was some improvement in detergency vhen such products as sodiim chlorte,
sodium sulfate, potessiwe chlcrile, cileiwn chloride, and regnesium bicerbeonzte
were used at 500 L.p.m.

Zvaluction of Cornercial Dwiry Deterg:rts

it was not possible to make a complete washing study c¢f all of the
detergents tnat are being morketed fer can washing purpceses arnd te delermine
their rpanner of uce that would yi<ld the highest deter g encye However, a washirg
performance stucy vias mede of 35 additional commercizl deiry dotergents.

In previous studies, only eir-dried rew nilk Iiluc have been useds Also, in



Tahle 21.

The effect of addin. basic i
~ikro-5an sclution in Afstilled w

a .29 per cent
ter.

Chamicals added : Amount of chamicals added in o.pr.m.
599 : 129 : 75 : 50
Ya I CO3 3t 3¢
Na 2003 35t smne 3ot st
Yad (P23)6 K
Manlt ER IO S PRI
Mall ey 39
YaS04 H35¢
en I 3Rt
KC DR St
Ca CN3 388 a4
fa #1luconate -
Ca C12 Hie JERt
¢ HCC3 e
Iz €03 3553

38848
394¢

Fey:

cleared ni
cleaned as
cleaned tc

lc sniled glass panes
well as . ikro=S3n alone in hara water
soie aegree

added to scil formation
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these triels uir-dri.d filus were used as well asiheat treated and the
chlerine-protein complex films. These detergents are listed by raue in
Table 22, No determinatiorns woes made cf the composition other than to
ncte the pH and the surface tension of the detergents at a 0.3 per cent
concentration (powder), or 0.2 per cent concentration (liquid).

It will -e noted that pH or surface tension in the detergents thst
are generally classed as zlkaline proJducts materially affected their washing
quality. in this grour of detergents, two rroducts were cutstanding; nazely,
Sezuet, and Ilo-tron. Thece procucts were known to consist of essentially
the same ingredients as the "75-25" ccuabination thzt has beeu extersively
studied.

The majority of the alkaline detergents gave guod recults on the air-
dried.milk films. However, many detergents failed to clean the heat tresated
or the chlorine-protain complex films. Such films zre bolieved to bz cuite
rrevalent in producers shipping cans and detergen's for can weshing must
process detergent qualitics that will remove thew.

The acid and the non-icnic detergents were generally low in washing
qualities. It can be stded that gencrally as the pH of the acid sclutions
decreased there was also a decrease in detergency.

Since Versene hcd been shewn to have some beneficial detergent properties
vhen in combination with other conjonents, tests were corducted to deternine
what effect small additions of this compound would have on the wvoricus co.mercial
detergznis that were used. Thece results are also shown in T-=itle 22 &nd are
indicated by the double asterisk in the hzat treated and chlerine-protein com=-
plex films ccolumnse £Except in cne instaence, there was an increesse in Jdcotergency

when LO per cent of the detergent was reilaced with the Versene.



mtle 2?2, An evaluation of commerciel fairy deterzents.
P On - . < 0 .
hJashing at 120°F.3 rneo pre-rinsing; after-rinsing at 140%7,; using a
9.3 per cent detergent soluticn (dry), C.2 per cent solution (liguid).

Detergent  Per cent light transmission after washing :
Yama : pH .Surface: ¥ilk films o 4
(] s:Tension:Air-dried: Heat treate:! Chlorine-protein : PH
3 : s trials ¢ trials 2 trials :
. s T 5 ¢ 10 ¢ 1 ¢ 1+ L T DX :
Alkaline
Calglo 7.15 32,2 93 g2 86 S8 c8 81 12.20
Surf 727 30, 95 87 £2 78 52 95 G.23
Kelvar 7.76 29.1 99 99 cb 95 48 94 9.11
F-tron Te79 34,6 97 88 49 590 48 73 9.00
lo-tron 2.08 32,5 9% 99 o5 96
Klaer-mor 8.64 31,3 ¢4 90 49 65 48 7€ 0.28
Tide R, 60 2.4 98 97 30 86
Seco 10 8.86 47,1 99 99 17 96 c8 28 94490
Sequet 8.86 32.7 99 99 99 29
Suoar 88 9.00 31.5 94 90 48 72 48 93 9.47
Farm Dairy 94,46 32,6 95 8% £9 o1 £l 78 9.61
Felo 3 9.68 33.1 9% §9 €5 G9 47 93 L8
GeLeXa 0.88 42,7 93 83 €3 69 £3 68 9.40
Eo 66 9.90 34,5 ¢ 90 €3 92 51 87 9.89
Solvay 600  192.00 3%.7 97 91 50 84 69 79 10.10
Suge cleaner 10,09 32.1 95 22 Y o2 48 5) 9.91
T K 10,09  42.4 97 93 &R 63 47 g8 10.70
HI. AR 10,14 35.5 99 93 62 77 48 98 10.36
ELe 6 10.37 41.3 91 (7 71 69 53 g7 10.12
Tykor 31 10.39 3.4 %6 R 62 67 48 S 10.36
Tykor 51 10.44 39.7 98 96 6 g3 £4 4 10,22
Dreadnaught 10.5 41,9 8 U €3 95 55 98 10.20
Jrlionite 10.57 70.2 9 51 €2 72 ,
Fi-cpeed 10,60 33.1 ¢ o6 €2 e3 47 87 10.32
Can cleaner 11,10 47,7 98 93 69 69 45 66 10,70
Adid
T.E. acid® 2,70 39.4 49 45 47 a7
i1kstonek 3,25 37.7 69 €6 o 59 45 a7 4,12
lu=kleemt 5.70 32.1 7 71 43 51 a7 g9 6.12
Pean-salt¥ 6.08 43.7 52 49 46 51 ac £l 6425
Lilro=sa 8.57 32.0 83 PO Do) 52 47 59 5.85
single s*tr.# 6,09 31.2 8 79 49 49 a7 cg 7.01
doable stre¥ 6.68 43,7 73 61 45 49 47 53 7.0%
Lon=ionic
o=Foard# 7.27 32.0 70 57 4z 49 45 5 .02
Starples 21%% 7.81 32,7 87 80 48 £2 50 79 9409
Toys ® Liquid dzterount, *» vercene ad ed TO Geter_oib ia 80=CT coeroiration,
# pH of Versens—Cetergant combination sclution.
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Effect of Combinations of Versene, Condensed Phosphates and Fetting Azent
as Applied to Detergency

The preceding evperiments indicated that the adlition cf Versene to
ccndensed phosphates and wetting agents micht prove to be a combination
that would give desirable deterg=ncy results. Therefcre, a study was made
of laboratory prepared cowmbinations cf these products and their ajplicaticn
to other detergent components. As was shown by Table 22, different detergency
values could be expected with the threz t;res of raw milk film:s.

Effect cf Versene Comtinaticors on Detergency on Two Raw Milk Films

One set of glass panes was prepared with air-dried raw milk film and
the other set rrepared with a heat treated raw milk film. Ten successive
treatments and washings were made on these panes to determine cleanliness
a2s measured by the licht transmissions are shovm on Table 23. \ezshings were
carried out at 14C° F., with no pre-r nsing or after-rinsing.

The results of Table 23 show the influecnce of these laboratory pre-
pared debergent combinations cn the two films. Here also detergency was
secured on all the air dried films. Highest detergency of the reat treated
films was secured with detergents 1, 5 and 6. It seemed significent that
the one common ingredient absert in these detergent combinations was tri-
sodium phos hate. It was speculeted that t:ds product interfered with certain
functions of detergency that was Lrovided by sequestering-chelating-wetting
agent coukinations.

A Conmpariscn of Tvwo iietting Azents on Detergency When in Ceombinnticon vwith
Versene and Condensed Phos;hates

The glass panes were again prenered with the air-dried rew milk film.
Two wetting agents, Nacconcl (alkyl aryl sulfonate) and Dreft (sodium laural
sulfate), were compared in this study. Two washing sclutions were used in
the ccrparisons of the two wetting azents, hard water, and 10 rer cent raw

nilk addition. Ten successive trezatments aznd washings were made on these
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panes to determine cleanliness as measured by light transmissions are shown
by Tables 2L and 25. Table 24 shows the results using Nacccnol; Teble 25
shows the results using Dreft. Washings were carried out at 1L0° F. with
no pre-rinsing or after rinsings. -

There seemed to be no difference between the two wetting agents when
in combination with the condensed phos,.hates and Versene. A slight reduction
in detergency was noticed in both wetting 2zents when raw milk was added to
the detergent sclutions. However, this was not as great as the reduction
that was previously described when using commercial detergents (Table 22).
The combination of 20-L0-L0, wetting agent, sodium hexametaphosphate, and
Versene, shown in Table 2L, gave the highest possible light transrissions in
all 10 trials.

Evaluation of Several Laboratory-Prerared Detergent Combinations

A more complete analysis of the detergent qualities of the laberatory
Frepared combinations was'deemed wcrthy of investigation. The glass panes
were prepared with three raw.milk films, (1) air-dried, (2) heat treated, and
(3) chlorine treated. These have been described previously. Three detergent
components, tri-sodium phos;hate, scdium metasilicate, and scdium bicarovonate
were used with the Versene-ccndensed phosghates-wetting zzent ccimbinations.

A1l of the prepéred detergerts were thoroughly mixed, in the percentare

indicated, by means of a Wering Blendor. Washings were carried out at 120° F.,
after-rinsings at 150° F., with no pre-rinsings. The results of this investication
are shown in Table 26,

A1l combtinations, without the comoonents, gave good deterzency results
on the air-dried milk films. A decrcese in detergency was noticed on the heat
treated and chlorine treated filinis when the comgonents were added. The first

three combinations of Verscne, condensed :hos .hates and wettinz apgents gave

the b:st all-around detergency readingse Throushout the results, there seemed
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Table 26. The detergency effect of Versene, wetting agent and condensed
phosphates and verious components on three raw milk films.
Washing at 120°F.; no pre-rinsing or after-rinsing; using a
0.2 per cent detergent solution.

Per cent of products z:m:zsults Shedtx
-] '& ' {
BEMEIS el | 2
g REEEY 23 g% g9 g Air-dried! Heat Chlorine-
g °.g o pH trials protein
$§ i?; g%gggé‘iggﬁ gg treated| complex
23F (BuRRlRdjE4 34 32 R
20 40 40 8.94 9 98 89 9
20 40 40 9.27 9 96 96 91
20 4 40 8.89 9 98 93 94
25 75 7.63 9 96 80 97
20 40 40 10.55 97 95 24 20
20 40 40 10.21 97 89 25 29
20 40 40 10.43 97 90 24 47
20 40 40 10.12 98 95 28 27
20 40 40 9Tl 1" 93 84 32 27
20 40 40 9.91 93 84 1 49
20 40 40 9. 9% 83 33 37
20 40 40 10.50 93 87 52
13.20 20 40 20 9.9 9 98 28 53
14.20 2 20 20 20 10.09 97 91 28 34
15. 17 66 17 8.59 96 96 T5 95
16 10 90 7.5 9 98 66 87
10 90 9.00 99 98 T 9%
10 90 7.76 9 97 78 97
10 9% 9.92 99 9 96 98
20 20 20 20 20 9.82 98 98 96 9%
20 80 7% 97 96 96 82
20 80 8.89 9 98 96 63
20 80 7.82 99 99 T 98
20 & 9.79 98 97 89 96
20 20 30 . 30 8.42 98 98 86 94
20 20 30 30 8.80 98 98 87 81
20 20 30 30 8.88 98 98 87 8,
20 40 40 7.71 96 94 30 31
20 40 4 8.8 96 91 23 30
20 40 40 7.88 95 93 27 25
20 & 40 8,58 95 20 18
10 B 75 8.33 9 2 85 9%




tc be a tendency for the Versene to give the better detergency readings on
the chlorine treated film, while the ccndensed phos;hates gave better results
on the heat treated films. Thus a combination of these two would be more
effective on all tyres of films than either would be alone,

The Effect of Various Detergent Comrorents when Added to a Standard Detergent

The results of Tables 23 and 26 seem to indicate that when some
’detergént ccmponents, comnonly used in commercial detergents as buffers
and/or fillers are added, decrecased detergency resulted. This was especially
true with the heat treated and chlorine-prctein cormplex films. Thus this
study dealt with a more thorough investigation of these various comronents
when they replaced or were added to a "75-25" combination of ccndensed rhos-
rhate-wetting agent. This "75-25" corbination has been found in preceding
studies to give excellent detergency results. The com_.onents tested in this
study were sodium hydroxide, sodium carhbonate, tri-sodium-ghos hzate, sodium
metésilicate, sodium bicarbenzte, tetra-sudium-pyrophosphate and sodium
chloride. The results of this study ere shown in Table 27.

In general, the findings of Table 27 shcw that low detergency results
were obtained when the componcnts were wdded to the "75-2S5" detergent
ccmbination, however, nuch lover detergency r:osalts were cttained when the
n75-25" detergent ccmbination was replaced with the components.

When the "75-25" deterzent was used in combination with any of the
comgonents and the levzl of detergent used wes repdlated to 0.3 per cernt,
either by adiition or reglaccerent, the resvlting detergency was lovered cver
that secured with the "75-25" detergent. As the amcunt of the con_crents was
increzsed by either method of using, thore was a corres oniing descrense in
washing suality. Approxdmately the sze low re:dings wore obte.ned when L0
rer cent of the "70-20% detor.ont was rey lscel wilh eny of the a-ove ncued

comrenznts,  when the comicenenis were added to the "75-25" detor;ent, et the
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T=tle, 27, The eifect of roplicire voriowo dolergort conponents o s
sta .l rd covdensed checphate—vetiirg “G‘AL Linture cn the

<

rCMOJvl CP an i¢'-}f ed nili “Wﬂh

sling at 17207e; after-rirsing et 150° Fo3 no pre-rincivg;
ueing a Oe3 por cont detergent solution on the t1¢qla wariked "L

Detergent Per cent 1i, ht trarsmission

3 H B -
Component 2 Adéifciﬁ)(ogi z § i : Sare=Gricd # : Hout lrected
Control - S Te5T 9946 99
¥aOH R 10 9.57 G2l C2e>
R 20 1C.L6 90e1 35.5
R Lo 11440 85.C 17
A 16 9-98 99-1 LO
A 20 10.% 9561 61 5
A Lo 11.£0 CCeT 2g
I‘aQCO.X R 10 9.08 8.3 5.:
L= R 20 9.57 9761 L3
R bO 9090 9&.2 2 05
A 10 9.13 9849 95 5
A 20 9.58 77 a0 &8
A LO 9069 9509 37
NayPo) R 10 &3 9648 9L
R 20 8.51 2Te& L8.5
R Lo 9.5 90.1 23
A lO 80)6 SC.] 96
A 20 9.C6 7.6 9%
A LO  9.60 97.6 25
Na,Si0 R 10 9.00 9348 045
—2=3 R 20 9.50 9640 3L
R LO 1C.36 5742 22
A 10  9.20 9748 SlLe5
& 20 9460 9646 7745
A L0 10.11 9845 35
Na H003 R 10 7.55 93.2 52
—_— R 20  8.00 58e3 60
R Lo  8e27 T7e5 27.5
A 10 7490 98eL 9€e5
A 20  8.04 9745 97
A Lo 8428 977 €l
HabP2°7 R 10 8.15 9h01 96
_— R 20 8.k 93.2 61.5
? L0 8483 9Le3 31.5
A 10 8.18 96 9Ce5
A 20 80L’6 9,-109 92.5
A 0 8.85 975 83
NaCl R 10 7.83 9847 93
R 20 T.89 98l £9
R L0 7.89 97.¢ 26
A 10 7.80 97.1 sk
A 20  7.90 97.6 9145
A Lo 8410 5Ce7 61

# Averege of ten successive wwshinzse
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rate of LO par cent, tren tre deterzency realings were nobt cowparative, Lut
degended sclel, ¢n the corponent tsed.

A Study of th» Chlorine-Prctein Complex i1k Iilms

Before an ex;lancticn could be a2de of the Aifflculty f rowcovirg tre

w

chlorine-protein complex {ilm by the cemuerclel 2-lercrnts and the laborstory

rreperzd detergents, a thorcush study «f the film was demed nccasiryes an

Bt

attonpt wvoe rode to delerloe Yot cireocituent o1 orowy of ceastitucents in

p..

rilk weo rosgensible [or the filu cthot wao Tormed vwhen chlorine scolaticns

care in contect with the i1k filn.

The vzricus constituents ¢f xilli were roozhly sepaated by the folloving
procedure. Fresh rew mill wes separal-d al = previacicly 757 Fo vith 2 Moo 213
Dc¢lavzl Separatcer, wherebly the croew portion ana the skim portion were gaved,
The crecu portion was waehad with equel voluwes of woter at 1109 = 112° F. and
ted to secure a lecithoprotein-Iree fat and the lecithc, roto.rs. The

re-se;ars

lecithoprotein-iree fat  crtion vas re-separated and re-washed six times, while

the lecithoproteins wore ccllected and szveds The re-wzishinz =nid re-separation
: [} 4
was carried out to extroct the hi_hert ancunt of lecitheproteire Irca the
fate The sidm xilk otbtslncd wes vilied inteo two pertse To cne, lactic zcid
Iy J

added until a se,c.zticon of the cursin tiol: place; amdthe cther was saved.
The cacein was filtered to secure the whey ;:rtion, anl this was neutralized

beck to a pY of 6.8. The nesutrzlized whey cortion was Jdivided into two gortions,

To one, ammenium sulfate wes adled te caturate the scilution and to e3lt ¢

the vhey proteins and te secure ujor filtration the serum portion; the other
portion was saveds Thus by this _rccedurc, the [ellovirg constituonts were

eived; lecithcgrotein-free fat, lecithcy

G
"1
s
«t
d
]
3
9]
-
>
{
&
5
T
a

iroteins, end

the serune






These ccnstituents were not cocnsidered ts be (vra, but wmersly a rough
separation to get scue ides of their reacticn with the hy,cchloride s .lution.
The ccnctituents were used to coat duplicate glass panes. One set was jre ared
for test washirz with air-dried raw rilk film, ana the other get wos imuersed
in chlorine, similarly to the preparstion of the chlorine-portein com lex filin.
The results of this ex,.eriment ere shown in Tulle 28,

Table 28 shows the results whzn thece films were washed with tvo
commercially produced detergents, "Tide" and "Iykor £1." The ;roduct, "Tide"
had teen shown by Teble 22 to yicld high detergency cn toth Fost {rccted and
chlorine-rrotein treated films., "Tykor 51" represented a2 detergent giving
high detergency on air-dried raw milk filns, but low detergency cn heat treated
ard chlorine treated films. Thus using "Yide" as a detergent and using the
various ccnstituents of milk thut reacted with the chlerine solution to form
resistant films. The mest rosistant rilk constituent-chlorine film ceuld be
determined. The less resistznt films could be determined with "Tyloer 51",

High detergency results were ottained when a lecithorrotein free-fat was used

to coat the glass ganes, however, films grcoduced with whipping cream, which
contaired sowe lecithoprotein, were harder to remove. Skim rilk ond skim

milk plus lecithoirotein-free fat also gave hizh detergency rezults. The

whey, whey plus fat, and whey fat, and lecithoirotein gave low rezdirngs, .btus
showingz that the whey reteins are elso a factor in the forming of the chlorine-
protein complex film. when the lecitheoprotein wes used alone or wzs mixed with
the whey proteins (serum) a zrestly reduced detergency readinz wis recurded.
Thus from the experiment, it is shown.that some reaction must take place be-

tween the chlorine sclution and the lecithcproteins and whey prote.ns of milk,
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Discussion end Sumnary

The comrercial detergents regared and marketed for can washing vary
considerably in detergency quelities. The detergency resuvlts dezend to a
great extent on the type of film that is to be removed by the detergents.

The majority of detergzents used can largely remove the air-dried milk films,
however, when milkstone or a chlorine-protein complex film is present, a
reduction in detergency is observed. It is evident that these two latter
films are present in milk cans that are used for shipping raw nilk to the
receiving plants. Thus, if thedstergent being used in mechanical can washers
does not possess certain detergent qualities, these tyres of films will
build up, causing a decrease in quzlity of the raw product. If these filus
are to be removed, it apgears from this study that a co.kinsticn of condensed
rhosghates, Versene, and wetting agents rust be used in the wash tank of the
rechanical can washers.

Although attention has been given to the mranner of pre-rinsing and
after-rinsing in these studies, it is not to be assumed that pre-rinsing or
after-rinsing should be eliminated in gractical washing. The purprose of this
stucy was rather to determine the quality of the detergents, as cbserved under
these ccnditionse.

It becomes apparent also that the detergents used in m:chanical can
washing should contain enough wetting agent to give lowered surface activity.
Yany of the commercial detergents either dec not contain enouch watting agents
or they are not present.

A soft water would be reccimended for can washing, such as were used
for the exgeriments, Zeolite, Verszne or "75-25" softened waters would have
beneficial effects if used fur the wash sclution of mechanical can washirg

alone with the commercial detergent.
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It vould seem highly desirable to use a corbination of the cendensed
phosphates, wetting agents, and Versene for mechanical can washing. The pH
is not highly caustic and the detergents cculd be used in mechanical can
washing where either high alkalinity or acid are tclerated. This corbination
would be beneficial on all types of films that :izht be found in milk cans.
Hith this coubination, the zddition of raw milk, such as might be found under
practical conditions, would not seriously decrease the detergency rezdings.

A further study of tne chlorine-protein complex film showed that the
lecithoproteins and/or the whey proteins of milk are responsible for the
formation of a film when milk sclids come in contact with hypochloride
solutionses This is thouzht to be due to protein denaturction bty the nascent

oxygen present in the hypochloride solutions.
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Visuel Cbservaticns of Milk Cors from Ploncs Ucirg V orious Typoe of Dotergints
and Can ..zshers

befere any stud, was nzde coneerning cen washers, it wos decided to cisorvz
F N

washed »ilk care as to thelr [hysiccl coudition frowm ths twe tygos of con washers,

Lathrcp=-Pzulson and kice and Adawse These cen wacshsrs

-t

were usirg either cne

cf three types of detergents, alicline, celd, cr non-icnic wetting agont. Yor
this study, four plants scatter=l througbout the Otate of Michignn were selected
wrd are designzated as Plunts ae. 8, C, =nd D.

Plart A w2s ucinrg en crganic zcid detergent, Uikro-Sen, wni was not
entirely satisfied with the conditicns of the washed rilk cerse Cn clscrvazlion,
the cans were found to be rusty arcund the pouring 1li_ and geve a roor a;pearance
for use as a food container. Tlant C was zlec using the eawme orgonic acid as
Plart 4; howéver, due to the faét that the cans h:id been previously band washed,
a reliable observalion of the condition of these cans could not bte rnade.

Cans coming from the washer were "wet", chowing droplets of wzter. This w=s

observed to be due to a lack cof steam pressure in the can wachcr., The cuns

that had been used for transgorting

17 hich tosting ;ilk vere 1ceft in a "greosy"
ccrndition around covers, necks, and shculders.,

Plant B had been using organic acid previously, however, at the time
the test was made, a non-ionic detergent had Leen used for over a year's time.
The majority of the cans ccnteained iust spots, broken SchS, or were badly
spangled.

Plant D hzad been using an alkeline type cleancr at 211 times ancd at the
time of the test was using an alterncte method of clearing with alkeline, acid

treati.ents. The perescnnel were not setisfied with the results and were at the

tirce looking for another "bctter" detergent.
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In all, some L1l washed milk cans were cbserved in this study and
the results are shcwn in Table 29.

Table 29. Visual observations of washed rilk carns Ifrcm four plants.

Can H Deterzent sclution used:
Condition @

3 Alkaline Acid Non-ionic

s Noeo 3 F4 To. 3 4 Noe 3 4
Rusty 10 9.8 50 Lo 79 2.9
Milkstone 20 29.0 39 31.2 L1 22.3
Spangled 16 15.7 25 20 37 20.1
Total Cans 102 125 luE

The results of Table 29 show that the majority of thealkaline washed
cans were "normal" in condition, a2nd gzve the highest percentage in this condition
of all cans observed. By the description "normal", it is interded to convey
that the cans that were examined had none of the arparent defects that were
listed in Tzble 2%. Yore cans were spangled in the acid and ncn-ionic washed
groups than in the alkaline washed groupe. Also, a higher percentage was found
to be rusty among the acid and non-ionic washed groups, than was found in the
alkalines. All of the cans contained millstone. This condition was observed
to be about equal in all detergent groups examined.

Ccndition of the Deterzent Solution as Affected by the Operation of the
Can tizsher

¥ost can washers operzte in such a manner that from one-half to one
pint of the detergent solution is lost as each can passes through the washer.
At the sanme tine, one-half to one pint of water passes from the sterile rinse
tank irto the wash tank, thus contirucl dilution of the detergent sclution takes

rlace. To overcome the dilution, feeder tanks h:ve been placed on can washers



to continually feed a concentrated detergent scluticn into the wash tank. If
the ccncentration of the detergent solution is not maintained at the proper
level, either the detergent is wasted or incomplete washing resultse. It was
the purpose of this study to observe the changes that mizht take place in
concentration, pH, total water hardness, and active alkelinity of washing

solutions of mechanical can washers.

Concentration Readings

The concentration of the wzsh soluvtio.s wss taken at time intervals
throughout the day. A representative sample of the wash solution was secured
frcm the wash tank. An electrolytic Conductivity Solu-Eridge (lodel R.D.-5)
made by Ipdustrial Instruments, Inc. was used to obtain concentration readings.
This Sclu-Bridge ccnsists of an A.C. wheatstcne circuit with a cathode-ray "eye
tube" null indicator, and a dial calibrated in terms of concentration of a
specific electrolyte or in conductance (microhms). The concentration was used
solely for the purpose of determining the change in concentration of detergent
solutionss Thus the concentration readings of one sclution can not be compared
with another, unless the same detergent is used in the szme water.

Hydrogzen ion Concentration

The pH determinations were made as previcusly described.

Versenate Hardness

The Versenate methrod of titration for total hardness as outlined by
Diehl and Hach (19.9) and Bersworth Chemiczl Company (19L9) was followed in
all trials.

Active Alkelinity as Per Cent NaCH

The active alkalinity of the wash solution were made following the

recommendations of England (19L7).



Alkaline Solutions

Two can washers operated by Plants D and E were using alkalire
detergents an@ were used for this study. Plant D was using L pounds of
Dreadnaught washing powder in the wach tank, and 5 pounds in the feeder
system. During the course of this study a change was made to a non-ionic
detergent, Nu-Foam, which was used at the rate of 5 ounces to the wash
tank, L ounces to the sterile rinse tank, and 1 cuart to the feeder system.
A temperature of 1L0°-1L5° F. was used in the wosh tank, and 160° F. ‘was
used for the sterile rinse tank, and approximately 1300 cans were washed rer
day. Plant E had been using Calgonite washing powder in the wash solution
for a rroximately four years without ary definite ccntrecl over the amount used.
The feeder system was turned on and off at the descretion of the cperator.
In later studies of this plant, a countrolled automatic feeder system was in-
stalled, wherein the concentrated sup;ly was fed into the wash tank as the can
washer was operated. Three pounds of Calgonite was added to the wash tank
and three pounds was added to the feelder system. The temperature of the washing
solution was maintained at 1hQ° Fe, and appréximately L50 cans were washed per
~day. The results of these studies are shown in Tables 30, 21, 32, and 33.
The results shcwn by these tables are choaracteristic.of several analyses of
these wash sclutionse.

The results of Tukle 30 show the analysis of the wash sclution of Plant
D when using the Dreadnau_ht detergent. This teble shcws thut the concentrotion
readings cf the washingz sclution increased as the deys operation progressed frox
a reading of 750 (1015) to 1200 (13L5). For the most part, the pH of the
solution remained ccunstent, verinz conly from a pH of 8.60 to 9.20. The Verserate
kardness tests show that the total hardness of the sclution increased as the
days operation progressed frcm 1Ll pe.p.me (1015) to 370 p.p.m. (13L5). This

was most likzly dve to the milk sclids that were being =dded to the wash sclution
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Table 30 Analysis cf the washing sclution of 8 straight-away Rice
and Adaws can washer, using Dreadnauszht can washing
detergent, Plent D, July 27, 19L3.

i

. f Conce : : Versenrate : Active
Tie . Readirg R PH s Hardness . alkalinity
; H N FeleTe s % as NaQH
115 750 8460 1Ll 04012
10L5 970 9.20 200 0.012
1115 1120 9.20 280 0.C12
1145 1000 9420 310 0.C08
1300 1100 5420 315 0.008
13)8 1200 370 0.00L

Table 31. 4nzlyesis of the washing soluticn of a straizht-away Rice
and Adams can washer, using Nu-Fcam can washirg detergent,
Plent D, September 22, 19L9.

: Conce : i Versenate
Time , Peading : £H Hzizln:esé

: : 3 FeFeme
0920 670 7485 296
0955 590 7455 2L5
1015 560 7455 240
1030 €0 7ol 2lo
1110 580 7.25 255
1% 570 6.0 261
1217 £90 6.20 e

1355 610 6.00 290




Table 32+ Anzlysis of the washing solution of a rotary Rice and
Adems can washer, using Calgonite can washing dctergent,
Plant E, July 28, 19L9.
. ' Conc. : ? Versenate 3 Active
Tine 3 Reading 3 PH 3 Hardness ? alkalinity
: P Pepelle 3 % as NaOH

0800 2800 11.40 0 2422

0900 2250 0 0632

1100 1380 10.L40 26 0.0L8

1145 1300 20.L0 36 0.038

1300 1150 10.L0 Lo 0.022

1330 1050 10.20 50 0.032

1400 1000 55 0020

1530 900 €0 0020

Table 33« 4nalysis of the washing solution of a rotary Rice and
Ldams can washer, using Calgonite can washing detergent,
Plant E, February 9, 1950.
A : Conce 3 Versengte f Active
Time 2 Reading : pH : Hardness : alkalinity
: 3 }  PpeFeme * % as NaOH

0800 1400 9.82 0 0058

0900 1500 9.80 0 04054

1000 11,50 9e 3l 0 04056

1100 1400 9.78 0 04052

1200 1350 9481 0 0.050

1300 1350 9.78 0 0.C50

1Loo 1300 9e72 0 040L6

1530 1160 9.L0 65 04032

1700 1120 9436 70 0.02L
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Acid S-1lutiscns

oetergent sclutions fremw two mochanical can warchers, Plants 4 and G,
ueing an crganic acid cleancer, ilro-3an were studied in this trial. Flunt 4

R -~ 1

vas using the Mikre-3cn by addirng cne-helf pint of the detergert te both the



wash tenk and the cterlle rirse tzrke Tlunt C was not addirg ar, detergart
to the wash tark, and the feeder sjycten was dependad cn te su ;ly enou,h
detergart to the wiuch tank., In ccth Plants, a 2.5 per cent detergent scluticn

was used in the feeder gstewn. Doth wushors were using a tangsriture of 170

"

in the wesh tank. Plant A wes using a sterile ringe woter of 170° F. Flant
C,ucirg a rotery wachzr, did rot have a steril=z rinse tanke Plant A was

washing ap_rcx.nately 1600 ailk cans jer d=y,

wiile Plent C wzs wachlirg

aprrox. ately h00 cans rer daye. The results ol these studies are shown in
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Tables 3l and 35. Tutle 3l &lso is charzoteristic of severzl znalyses of tle
wach solution.

The results of the arclysis of the wachir; sslution of the can wacsher
located in Plant A are skuwn in Tzble 2. Tre concentration readinz of the
wash sclution decreased slowly sas the da,s operation yrogressel. This wus
noticed with a reading of 2700 at the teginning of the day (C500) and =
res:ing of 1820 ot the clese of the day, (1720). The ;4 &t the Lagirning of
the can washing cperation, 6.7, w@wes idral according to directlicns c¢f the
detergert menufacture. Fowever, in one hour's time, (1000) the pH was on the
alkaline side of neutrality and this wss noticed to increzse zs the desy's cperation
prcgressed.  Thus at the end of the day (1500), a yH of 9.0 vas ohcerved. The
tcotal hardness of the wash solution $lowly decreased throughout the day. This
is the opposite of what was found with the all:zaline detercent (Tables 30, 32,
and 33). Tre results of Table 35 show the analrsis of the wash sclution from
Plant C. Here agein a slow reduction in the circentrztion readiang is nolice
s the day progressed, and ggain the p¥ of the "acid" solution wzs found to
be on the alkalire side of neu‘rality. The ;H woes observed to be 7.30, £2.30,
“and 8.1:0. With an zddition of th2 a2cid detergent, a reduction was no*iced in
the fH. Hcwever, the wash solution was still alkaline, pH 7.6.

The totel harduess likowise slawly decrecsed as the doy progressed. This

Wwas very similar to the results cbtained from Plant A.
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Table 3lie Analysis of the washing solution of a straight-away
Lathrop-Paulson can washer, using liikro-San, an organic
acid detergent, Plant A, September 22, 19L9.

75 Conce 3 - 3 Versenate
ine . o) . i
Readin Fafdness
3 - g : 3 PePelle
0900 2700 €.70 30
100C 2500 «20 1,10
1100 2500 8430 392
1200 2100 8.80 350
1300 2000 8.80 237
1L:00 1950 8450 32l
1500 1500 9400 331

Table 35 Analysis of the washing sclution of a rotary Lathrop-
Paulson can washer, using likro-San, an organic
acid detergent, Plant C, October L, 19.5

3 ] Versenate
Time Rgggi;]g H rH 3 Hardness
. 3 Py PeLelle
0900 900 7470 350
0930 825 830 333
1030 825 8eL:0 321
fore Mikro-San added to washer
1130 925 7.60 31

1200 90C 7¢30 31
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Study of Mikro-San, An Organic Acid Con Washing Deterzert

It was noticed in the preceding study (Tables 3l and 35) that when
¥ikro-San, an orzanic acid can wzrhing deterzent, was used in the wash solutions
cf the mechanical can wvachers, the pH of the wash sclution was on the alkaline
side of neutrality. Other investigators, as reported in the review of literature,
have also noticed this; however, none have given reascns for this reaction.

The producer of organic acid deterzents recommends that an acid reaction should
be raintained, and also that the ideal pH of the wash sclution shouvld be €.5 -
6.8. 'hether or not an alkaline reacticn is desiraktle for acid washing has not
been determined in past studies; however, it was the purpose cf this study to
determine the cause of this phenomencne.

As a means of determining the chemical reactions that may be secured with
one standard organic acid detergent (Mikro-San), potentiometric-titration curves
were determined on Hydroxyacetic acid and Gluconic acid, toth know to be
present in this acid. These curves are shown in Figures 8, (Fydroxyacetic acid);
9, (Gluccnic acid); and 10, (iikro-San).

The Hydroxyacetic acid gave a typical week-acid, strcng-base curve as
shown by Figure 8; however, a modification of this curve is noticed when Gluconic
acid was titrated, Figure 9. This modificaticn is characterized bty a hump which
starts at pH 6.6 and ends at pH 7.2, and then continues following the same pattern
as that produced by the natural weak-acid, strong-base curve. \hen the Nikro-San
was titrated, (Figure 10), the same modification in the curve was noticed to
te similar to that secured for the Gluconic acid. This modification is irteresting
because of the fact that this plateaugpears at epproximately the deterzent
solution pH that is recom~ended by the manufacturer of this acid. “When just a
srall amount of bacse is added after reachinz a pH of 7.2, a sharp up-swing takes

Flace in the curve. This may explain the rezson for the observed allkaline
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reacticn that is secured with the use of !Mikro-San. A reaction between tasic
ions cf the water and the !ikro-San would be expected to take place, causing
this rise in the curve and 2s a result an alkaline pH. Determinztions should
be mzde of the rY to be maintained in the deterzent sclution that would yield
the highest detergency readings.

This modification of the typical weak acid-strong base curve that
occurs with gluconic acid is explained according to Leermakers (1950) by the
presence of delta and gamma lactones which are in equilibrium with the gluconic
acide It is thus possible that slow hydrolysis of the lactcnzs during the
titration modifies the curve which would normally te expecteds A partial
ex;lanation of delta and gamma lactcnes is given by Isbell and Frush (1933).

Survey of Home Sanitation Treatment

Thelnature of the home sanitztion treatment that producers follow nmey
greatly affect the condition of the cans, and either aid or decrease the
detergency action of the can washer deterzent. This home sarnitation program
h:s been tlamed by plant operators for the abnormalities of cleanliness noticed
in washed milk cans. A brief survey was made in Plant D, to determine the
producers home sanitaticn program used for milk cans.

Only a limited group of producers were ccntacted, howvever, it was
interesting to ncte that a majority of these producers were nand washing
their cans, either weekly or monthly. A mzjority of these producers were
rinsingz the cans just prior to milking. Approximately S0 per cent were rinsing
with clear water, and hO'per cent were using chlorine solutions. These
results, although limited to one plant, gives a trend regarding the method

whereby producers are handling their cans on the faru.
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Summary and Discucsion
In this study of can washing, it wes apparent from the observations

made, defective can washing resulted partly as a result of the detergent

used. It was particularly noticed that cans weshed in zcid detergents

became rusty to a greater extent than when cans were washed in alkaline
detergents. Although the detergent used in the can washer plays an

important role, this aoes not mean that the detergent alone pliys the

only role in securing clean milk cans. The condition of the cans when

washed with the non-ionic detergents wos similar to those when acid detergents
were used.

Mechanically controlled feeding of a concentrcted detergent soiution
to the wash tanks wos found to be essentizl to maintzin proper detergent
strength.

When potentiometric-titrations curves were mede on Mikro-San, an
organic acid detergent, a modification of a weak-acid, strong-base curve
wvas found. This modification was noted by a hump at the pH where the
manufactuers recommend that the woshing solutions of the mechanical can
washer by held. It is thus expected thazt on this short plateau is the
area where most washing solutions are found at the beginning of the
washing period. It is opparent that when the basic ions of the hard waters
react with the Mikro-San, the solutions follow the pH curve upward, and
alkaline solutions are found. It would appear that at a pH of 6.3 to 7.2,
several concentrations could exist, and give an identical pH. It would
also be loglczl to assume that &t the above pH range, or on this hump, the
best detergency results would be received with ihis organic acid. This
modified curve is noticed to a greater extent with the Gluconic acid and not

with the Hydroxyacetic acid. The Hydroxyacetic acid giving a typical weak-
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and, strong-base curve. Thus, the products being formed with the bzasic ious

of the hard waters end the Mikro-Stn might be Gluconates.
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PRACTICAL APPLICATICN OF TH. PRECEDING STUDILS TO HoCHANICAL CAN

WASHING

The proof of actuel detergency in can washing is measured only by
determining the washing performance that is secured with mechanical can washers
on producer-used cans, using specific detergzent compounds under carefully
operated conditions. Fortunately it was possible to secure ccoperztion of
dairy plant operators who permitted can washing operation with such detergents
as were considered desirable to test. These detergents were purchased by
the dairy plant operators. Guidance and tests made on cans for the extent
of detergency and for bacteria ccunts, vere made by the aulbor.

Three can washing operations were given partiecnlar eattentione. For
convenience, these are designated by the letters 4, D, and F and also refer to
these meachines in the section cf the re_ort that dealt with analysis of the
wash sclutions. Plant A employed zn acid type can washer (Lathrop-Paulson)
while Plants D and F both emgloyed alkaline ty pe washers.

PROCEDURE

Bacteriolozical Condition

The bacterial ccntent of all washed milk cans wes determined by the
rinse method that was found most satisfactory in the early porticn cof this
study. The rinse media used was 200 milliliters of a sterile buffered 0.01
rer cent Triton X-1C0, non-icnic weti’nz z_ant solutione The media was added
to cans selected at random after they enerzed from the can washer. Next the
cans were placed in the shaking apparatus shewn in Fioures L, 5, and €, The
1id was reglaced after a sterile parchment paper was placed on the pouring lip.
The shaking apparatus was revolved for 30 rotations at a rate of 4O r.p.m.

At the end of tris time, the cans viere ratoved from the shaking apparatus and
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the rinse ﬁedia poured back inte the sterile con’ainer. The rinse xedia was
then ;lated accordingz to Standard Methods (19L8) rrocedures on Tryptcse Clucose
Extract agar, and incubated at 35¢ - 27° C. for L8 hours. The counts chovm

in the following tables represent the total count of the cans. The counts
were secured by multiplying the colonies that developed on the plate after

L8 hours incubation by the diluticn factor and bty 200 (wmilliliters).

Physical Cleanlinecs

The physical cleanliness of the milk cans could not be entirely deternined
through visual examination, thus a more accurzate n-thod of determining the
scil in the milk cans wz2s needed. In thece studies, the procedure of Jensen
and Waterscn (1950) was followed. The sedizent or physical cleanliness of the
washed cans wes determined by ad 'ing cre quart of sediment-free tap water at
a temperature of appreximately 100°F. with aprroximately one-half tablespoorful
of a wetting agent-condensed rhosphate mixture to the washed milk czne Yew,
clcan, cheese cloth squares were then used to hand vwicsh the entire inside surfice.
By use of a Lansingkamp~irheeler sediment pjun, a sediment disc was secured of
the wash water in the cans. Th2 discs thus obteined were graded fro.. cne to
four, accerding te the standard established by Jzrsen and U"aterson (1230) and
as shown iy Tigure 1i. Clasz 1 &rd 2 scdiment sceres were consildered te indicate
cans that were in a gocud state ¢i cleanl.ness, while the Class 3 and || celiment
rads were considered to indicate cuns that centained excessive filming of oilk
soil.

Use of a cenbhination of Versene, condensed whez-hotes end wet'ing oot for

can wWishln
a———————————

The ecid tyge can washing machine {T.othrep=Paclson) whod Lecn u

(9]
o]

Uikro-San from the tire the nachine woe lu20d in opcration. This wus the
v ]

fir=t walklire unldor oludye As the zcid t; ¢ can washor. ave constructed Witk

an aladnian cosling, covering the vesh tich and tie sides, wn alialire dofon_ -t
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o
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zraded 1 or 2. After that tine, a mejerity of the cans were graded 1 cor 2.

Sediment discs taken April 1, and Aypril 29, are shewn by Flgures 12 and 13
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respectively. A defirite inyrovewcnt in the becierzzl content of the cans was
noticed after the "10-15-75" detergent coumbinztion was started. It was noticed
that on Jaruary 1l, L7 per cent cf the cans contained cver L0,000 organisms
per can and 53 per cent contained less than 10,000 orgenisms per can. After
January 1l, a large majority cf the cans contained less than 140,000 organisms
rer cane It was e&lso cbserved that on Fcbruary 11, lNarch 11, A ril 29,and

lay 1, no cans were found to ccntain over L0,000 organisms per can., Desides
these two tests, visual ereminatiors of the czns show a marked Zmprovonent of
the cans. The outsides wzre brighter than at the start c¢f the tests. The
inside of the cans and covers did nct ceontain a M"greasy" film and only a few
contained milkstone.

On Xarch 2, 1950, the additicn of the 0.02 ror cant scdiuwn hexamcta-
phos hate was orzitted from the sterile rinse tank as a precipitate cf calcium
polyphosghate was firming on the walls of the sterile rinse tanke This was
presumably due to the high teiperature used in the sterile rinse tank. It
was also assumed that some cf the "10-15-75" deter_ent ccibination would be
carried over by the cans from the wash tank to give threshold treatment. On
April 1, 1950, it was recommended that a cotton filter cloth be ylaced on the
air-inteke of the can wacher. From the cunditions of the receiving room,
it apreared that some of the sediment might be due to this source as suggested
by Roadhoure (19L8). This filter was changed every three days for the duration
of the study. The condition of this filter cloth after a three day ozerction
is shown bty Figzure 15.

In An Alkaline i:asher

Two alkaline can washers (Rice and Adams) were used, one of which
(Plant D) was using an alterncte cleaning method usirg alkaline,acid washing
solutions every second day. The otrer washer (Plant F) had been using Nu~Foam

for approximately a six months pcriod prior to the crange to the "10-15-75"
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detergent combination. The washer in Plant D was changed to the "10-15~75"
combination March 30, 1950 and was used until May 8, 19°0. At that time, due
tc running out of the test detergent, Drecdnauzht can washing detergent was
used until May 26, 1950, when again the "10-15-75" detergent ccuwbinaticn was
useds This resulted in a dclay in establishing data on detergency results
and less results are available for study than were presented with the acid
type can washing machine. The "10-15-75" deterzent coubination was added at
the rate of 0.3 per cent to both washers. At Plant D a 22.5 per cent solution
was prepared for the feeder systei, while in Plent I, a 7.5 jer ceﬁt sclution
was used. The feeder system concentration of Plant D wis not used according
to the directions that were given, but was the washing procedure that the
rlant operator desireds No other changes in the operation of the can washer
were made during the duration of the study. DBoth can washers were using a
temperature of 1LS° F. in the wash tank, and 160° F. for thesterile rinse
solutione

The results of Table 37 show the sediment scores and bacteria counts
of washed cans frcm Flant D. Photograjyhs of the scdiment discs secured
March 16, April 22, and June 27, are shown in Figures 16, 17, and 18 respectively.
On March 16, only 15 per cent of the cans were graded and 55 per cent were
graded L. March 29, results show that 30 per cent of the cans were in the
1 or 2 grades, while 70 per cent were 3 or L. Af*er epproximately a menths
operation with the "10-15-75" detergent coumbination, L5 per cent of the cans
were graded 1 or 2 and 35 days later on June 27, again L5 per cent were
graded as 1 or 2. As marked, an :-ncrease in physical cleanliness was not
ncticed as occurred with the use of the acid type can washer, however, the
bacteriel contents show a great improvement over these secured at the start
of the tests when the Creadnauzht detergent was used. Before the start of

the trial, March 16, and March 29, from 15 to 20 per cent of the cans contained
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over 40,000 organisms per can. At the first test, no cans were found to te
over 40,000 per can and the last test, June 27, only 15 per cent of the cans
contained over L0,000 organisms per can. As the decrcase in per cent cans
containing over 40,000 was noticed, accordingly,.an increase in the per cent
cans containing less than L0,000 organisms per can was observed.

The results of Tzble 38 show the sediment scores of washed cans from
Plant F. Photograzhs of the sediment discs secured April 2L, and June 13,
are shown by Figures 19 and 20 respectively. In this study, no bacterial
contents of the washed cans were made, because no counts were taken befcre the
change in the detergent was made. However, improvement in the physical
cleanliness of the washed cans is shown by the sediment discs. The sediment
scores presented in Table 38 from April 18, 19, 2L, and 25, and of kay 10,
are of the washed cans when Nu-Foam was being used. Only one test wes made
after the "10-15-75" detercent ccubination had been in use. The cans from
Plant F, were in the poorest ccndition of cleanliness of all plants studied.
This is shown by the fact thut 50, 78, 68, 77, and 92 per cent of the washed
cans tested were graded L. In these studies, when NuFoam was used, the highest
percentage of 1 or 2 gade cans was fcund to be 1L per cent. After approximately
one month's use of the "10-15-75" detergent cozbination in the wash solution,
2l per cent of the cans were graded 1 or 2. However, 57 per cent were graded
L. This shows that an izproveucnt in the ;hysical cleanlir..ss cf the cans was
being made and that a greater length of time was needed to completely free the
films contained by these cans.

Use of a detting Acent in Coabination with Cal;onite

A rctary Rice and Adens can washer which had been using Calgonite for
a period of eprroximately three ycars was used in Plant E. A washing tenperature
of 1L0° F. was used in the wash tank. The machine was crerated at a rate of

6 cans per minute, washing apzroximately LS50 cans per daye. On February 7, 1520,






Summary of sediment scores of Plant F,.

Table 38.

Dates when examined

Sediment

$ May 10 ¢ June 13

s Apr. 19 s Apr, 24 ¢ Apr. 25

18

Apr,.

Scores

Classification of cans as to sediment scores

—

1.

19

2.

(1]

19

3.

57

15

78

18

50

11

e
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an addition of 0.025 per cent wetting zgent (Nacconol) was added tc the

wush tank, along with 3 pounds of Culgonite. No other changes were mwade in

the washing procedure. Sediient sccores were mcde cf the wested cans January 19,
and 21, Februery 7, and larch 11, 1950. A4 photograph cf these discs are

also shown in Figure 21. The results of this study is shown by Teble 39.

The data from Tatle 39 show thzt before the a2dition of the wetting
azent to the Cxl-onite, the majority cf the cans were graded 3 or L, (Januery
19, and Janucry 21); however, on February 7, the majority were graded 1 or
2, end 38 per cent were graded 3 or L. A partial explanation of this sseuly
improvernient is :iven by the fact that durine the month of January and February,
the detergent strength was mzintzined at a uniform level, Approximately one
after the Nacccnol was added, urch 11, §0 per cent of the cansg were graded

1l or 2, and only 20 peor cent were graded L.
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Sunmary and Discussion

The’results of tnese can washing studies show that high improvenent
ca: be expected in can cleznliness when preperls selected detergents setericls
are used. Such matericzls as were found effective in labirziery wechirg  studi-s
appear to yield ciiilar weashing results with mecharical ecan wocshing,
Thie ccmbination of 10 per cert wetting sgzert, 15 per cent Versene and
7€ per cent scdium hexametaphosihete usel 2s the dotergent in ore ecid and
two alxaline mechanical can wachers has been shewn rrevicusly in the 1lsheratory
washirg tests to give excellent results on three raw milk filmse A coulinaticn
cf the crzanic ch:lating agent, Versene, and ccndersed phosp hate secued to
te desirabla for the removal of all t,pes of filas present in groducer czans
Versene also has sowme additional zdvanta;e in use for can wishing by
being statle to 170° I, te.ycrature, therefore, it can be used to advantage

over ccendensed phosphate in the finzl rince. In this manner, lining of cuns

12

and can washer iping wceuld ve avoided,
It has been observed zt tiuzes, when the detergent is chang:d in any
mechanical can washer *hat the [ilm that is nresent is removed in two to four

FR
creraier

wesks operztion. Thus, this now detcrpgent would be classed by th

D

as one which hed excellent detergency action. However, imxzdiately fter

this o0ld film is reamcved, arother is formed. Thus, befcre the "1C-15-75"

ccubination was used in other czan wzshers, the r:scults of Plant A were studizd

over a pariod cf times It was cbserved in Plant A and the other plants that
the filas were being rruwcved, with mc new £ilm being forzed.

It wus ncted in these studies that scre cans contained a heavy coating
of a rilk film which a_peared on thz cans erd on the sediiont discs zs a
yellow £ilme This film could be found on all cans cf the same producer. ohen
the :anltatlon prozgram of these producers were checked, all were using an

excessive amount of chlorine fcr rinsing the milk cans prior to wilking. This



type of [ilm dd not agreer cn producers cans vhere chlorinc was not used
as a rinse prior to nilkinze. It was thus assumed that this film was a chlorire-
grotein complex similar in nature tc that used in previous woashin: studics.
This was substantiated by the milk plant ficldman and by haulers cof milk, whe
investigated the prcducer methods. In two Instances, where direct check-up
was made following testing the cars and heavy discs were secured, the producer-
prepared rinse solution was found to contain ebove 500 pepe.m. ciilorine., It
zcy be of interest to note that none of tre iroducers carns cowing into a
plant handling only menufecturing milk, contained this film, wherezs it could
be found at any time in the plants handling fluid =ilk.

These observeticns show zgain the imgortznce of using a detergent in
the wash tank of mechanical can washers that will be effective in removing
all tyres of milk films that may be found in producers cans.

It eppears that the "10-15-75" detergent combination consists of
raterials that together will rermove most typcs ¢f films fcund in producer$
canse. At the same time, there seeus to be no reason why cans wached with

this coubinaticn sheculd bhave evcessive high bacterial contents.
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CCNCLUSIONS

The effectiveness of the removal of bacteria from milk cans by the
rinse method de;ends largely on the nature and the amount of the rinse medium
used. Nutrient broth gave the hithest removal of orgarisms, while tzp
water, distilled, ard bufferzd distilled all gave arfproximetely the sune
removale A bu.fered non-ionic wetting cgent, Triton X-100, gave high removzl
of organisms, corresponding to nutrient brothe ithen the largest vclume cf
each media was used, the highest percentuge of organisms was removed. Lower
numbers of bacteria per cen were raroved with 100 ale than with 500 or 100C
ml.

A mechanical rinsing ) paratus was Jdevised that was studied in comparison
with a mechanical m.chine devised by lilone (15L8). This devised a;psrctus
gave higher and eanally comparable counts on the various media to that secured
by the lilcne machine. It had the zdvantzze of being simple and dismeunteble
for transporting by automobile,

Correrciel detergents narketed for can washing varied considerstly in
detergency qualities. ihen the commercial detergents were used to wash three
different raw milk films; namely, sir-dried, hecat treated, osnd chlorire troated,
a wide varience was noted between the cleaning gquelity of these detergents,

The heat treated and chlorine treated films were extreuiely difficult to remwove.
Only two commercial prepcred detergents, Sequet and Flo-tron rocoved all
three films effectively.

Wwhen the detergent qualities of laboratory prepared detergents consisting
of avcombination of the pundensed +hos hates, chelating agent, and wetting sgent,
were studied on these three raw milk films, viried results were also obtained.
Ihen tri-sodium phosgh:zte, sodium metasilicate, sodium hydroxide, sodium

bicarbcnate, sodium carbcnate, sodium chlcrice, and tetra sodium pyros .hosihate
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were used to suprlement or replace the tasic combinaticn of condensed yhosphate-
chelating agent-wetting agent detergent, a reducticn in detergency resulted.

The greatest reduction was found when LO per cent of the detergent sclution
consisted of these alkaline corponents. Combinations of "20-L0-LO", "10-L5-L5",
wetting agent, Versene, and condensed phos hatesg gave excellent detergency
results on 211 three films. The orzanic chelating zzent, Versene, was observed
to have advantages over those of the sequestering agents in tying up water
hardnecss salts. It was stable at high temperatures, effective over a wide pH
range, and did not precipitate hard water salts at any of the concentrations
used. Versene increased detergency vwhen combined with condensed phosphates
and wetting agents.

A study of the chlorine-protein filming revecled that chlorine solutions
react with the lecithoprotein and/or the whey protein of milk to form a deratured
film that is extremely hard to remove by ordinary detergents. This film was
observed on producer cans where excessive amounts cf chlorine weve used for a
rinse of the cans prior te milking.

Under simulated washing tests, it was shown that soft water or softened
water was highly advantazeous with commercial detergents for use in the wash
tank of mechanical can washers. There was no sigrificant difference between
the results obtained when Zeolite, distilled, and Versene or suvdium hexameta-
ghosphate treated water was used for washing wilk films with commercial
detergents. A wetting agent, es a surplemcent to cne cecmmercial can wushing
detergent, was found to improve can washing. rwhen a detergent without a
surface active azent was used for can washing, films were present on th: can
wacher and on the cans. This condition was corrected in a month's time by
the addition of a wetting agzent,

When an organic acid detergent was used for mechanical can washing, an

alkaline pH was fcund. The pH recommcnded by the manufacturer for the washirg
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cclution was extremely diific:dt to maintaine It was shown that this phenomencn
was likely due to the gluccnic acid that wes present in the acid detergent.

This resulted in a modified weak-acid, strong-buase curve ugon a potentiometric-
titration. It was pro_oced that the basic ions of the waters rescted with

the acid to form zluccnates.

Under practical ap;lication, it was observed that commercial detergents
do not curtain the proper detergsent cualitics to remcve all the films found
in producer's cans., However, when a cozbinaticn of a chelating azent,
sequestering acent, and wetting a-ent were used in thcse scae can washers,
superior detergzercy resulted. It wes evident that cans in poor physicel
cleanlincss could be cleaned bty the mechanical can washer without using hand
methods by use of this detergent.s On the whola geod deterzency as measured
by clean milk cans and low bacteria counts wcs secured with detergent
compourds that wers low in alkslinity and that were shown by laboratory

washing measurements to produce high ditergency.
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APPENDIZX






hanical shaking agparatus showing can position, Milone (19L3).







igure 5. Constructed mechanic cing apparatus showing method of rotating.
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Figure 6. Constructed mechanical shaking a;paratus showing the apparatus
disassembled.
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Figure 7. Wechanicel weshing apparatus, Jensen (19L6).
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Figure 11. Sediment disc grading card, Jensen and Waterson (1950) .






of washed milk cans, Plant A, April 1, 1950.



Figure 14.




gure 15, 1lter cloth fro
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Figure 18. Sediment discs of washed milk cans, Plent D, June 27, 1950.












Figure 21+ Sediment discs of washed milk cans, Plant E, April 13, 1950.
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