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INTRODUCTION

Some of the more serious flavor defects of butter are due
to bacterial action. Since becterian are widely dlstributed in
nature, they msy be introduced into butter from a variety of
sources, Results of studies on butter defects belleved due to
protelin or fat decomposition by bacterisa have suggested that
water used in the menufacturing process may be one of the
sources of objectionable organisms,

In the manufacture of butter, water 1s used to wash the
butter granules relatively free of buttermlilk and 1s added
in composition control. Also, large guantitlies of water are
ugsed in the creamery for eleaning purposes., If butter comes
in contasct with water and equipment eontalning undesirsble
organisms, costly defects in flavor may result, Due to the
increasing demand for lightly salted or unselted butter, the
protective action of salt has been reduced or eliminated and
defects once rarely encountered have become more common.

While aalt has an inhibitory effect on moat erganisms, varioua
factors influence this and serious microblological defects
ocoasionally occur in salted butter.

Weater that is unfit for use as drinking water should not
be employed by feoocd-processing plants., However, water consld-
sred potable by drinking water standards may not be sultable
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for dalry plant use. In the ususl public health examination
water is studled fot the presence of bacteris of intestinal
origin that mey indlicate possible pollution by pathogenic
organisms of the same origin. Water not containing these
organisms may, however, contain proteclytlc and lipolytie
bacteria capable of causing seriocus defects if introduced

inte butter, Thus‘fram & bacterioclogleal standpoint, publie
health authorities are primarily interested in one phase of
the problem of water supplles, namely their safety, while
additional considerstions are necessary in quality control
studles on butter. In this connection, the question of mi-
erobial growth temperatures complicates the pleture. Disease~
producing organisms commonly find temperatures close to 37°C.
most favorable for development, On the other hand, various
bacteria sausing defects in butter develop better at approxe
imately 21°C. than at 37°C., with many growing falirly well at
comparatively low temperatures (0° to 59C.). 3ince butter is
often transported and stored at these latter temperatures, the
problem of determining sources of undesirable organisms and
preventing thelr entrance into butter 1s important,



STATEMENT OF PROBLENM

The work hereln reported involved bacteriological studiles
on water supplies of a number of Towa creameriesi these
Included:

() 1solation and tdentification of bacteria undesirable
from the standpoint of public hesalth standardsg

(b) determination of numbers of total, proteoclytie and
lipolytic bacterie present;

(¢) examination for bacteria of importance from stand-
point of certain butter defects;

(d) determination of the relationship between bacteri-
ologiecal quality of water and keeping quslity of the butter
washed with 1t3 and

{e) use of chlorination for eliminstion of undesirable

organisms,



REVIEW OF LITERATURE

In 1890, an anonymous article (14) stressed the impor-
tance of the quallties and quantities of water necessary in
& creamery and stated that defective butter often was caunsed
by impure water. It was recommended that samples of all
water to bes used in dalry plants be examined chemieally and
bacteriologically, The presence or absence of crganisms
attacking butter fat and curd was to be established. The
importance of types of organisms rather than numbers in the
examination of water was stressed,

The following year Jean (31) stated that water plays an
important part Iin the delry industry and stressed thn neceg-
sity of a plentiful supply of clean water. He bellieved that
slowly~flowing and stlill water contained more bacteria than
apring water since the germs multiplied more rapldly under
the influence of favorable weather and temperature. He noted
that unclean water could cause rancldity in butter; fortunate-
ly, however, all bacteria did not cause defects in butter
and the better quality of the water used, the less chance of
rancidity in the butter. Jean prophesied that butter defects
other than rancidity, whose causes previously had not been

known, could possibly have thelr origin in water.
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The occurence of putrid butter caused by Baelllus
foetidus lactis, originating from a patronts water supply,

was reported by Jensen (32), in 1891. Apparently Gilruth
{18), in 1898, was the firat to note the presence of Bacterium
fluorescens in creamery water. He also stressed the dangers

of using impure water to wash butter.

Putrid butter caused by mierobial actlon was described
by Eckles (16). Both Bacterium fluorescens liquefaciens

and an unidentified bacterium were 1solated, the two being
eonsiéered responsible for the defect. The faet that the
former 1s common in impure water was noted. Orla-Jensen (63)

suggested that since Bacillus fluorescens liquefaciens 1is

widespread in water, it probably is introduced into butter
from this source. He stated that the organism acted on
butter to produce rancidity and that the presence of at least
2.9 per cent salt prevented growth and fat hydrolysis by it.
MeKay and Larsen (50) eoncluded that the water used to
wash butter is an important factor in keeping quality since
it may contaln germs capable of causing butter deterioration.
These can be removed or destroyed by filtration or pasteur-
ization, the latter being an economically sound practice.
The authors found that the use of pasteurized eream, pasteur-
ized water and salt improved the keeping quality of butter;
numerous samples of butter dlsplayed cheesy, rancld and other
defects, which were believed dus to impure water. They stated

that all well water, sspecially that from shallow wells, con-
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tains bacteria snd listed numerous opportunities for contami-
nation of shallow wells; they belleved deep wells were much
superior for creamery water supplies. An instance in which

Bacillus fluorescens liquefaciens was found In & water supply

was cited,

Melick (52) reported a direct relationship between the
bacterial content of the wash water used and the keeping
quality of butter. He concluded that sterilization of butter
wash water was practical and stated that filters were of no
value unless they were fregquently cleaned and refilled,
Mrozek and Meetz (50) obtained no definite correlation be-
tween condition of water supplies, studled bacteriologically
and chemically, and quality of butter manufactured,

MeKay and Bower (49) found that creamery water often pro-
duced objectionable off-flavors in raw, sweet cream butter,
while with butter made from pasteurized cresm containing
butter culture a smaller number of samples were defective.

The préaenae of salt and use of butter culture were considered
of value in controlling difficulties in butter manufacture due
to poor water supplies. The investigators stated that all
water containing bacteria dld not necessarily produce bad
flavors in butter since the bacteria in question must be able
to grow in competlition with other bacteris in the presence of
galt and lactic acid,

Sayer, Rahn and Farrand (76) noted that some of the

bacteria in butter, including Baclllus fluorescens lique-

faciens, are derived from the wash water.
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Dornic and Daire (15) stated that various organisms,

among them Baclllus fluorescens liguefaciens, were capable of

producing rancidity in butter. They belleved that the more
dangerous of these microbes had thelr origin in water used to
wash butter, the water belng contaminated by infiltration.
They suggested that pasteurizatlon of cream is a wasted pro-
cess if the butter 1is washed with water containing bacteria
capable of producing rancidity. 3Studies carried out with
ultra~-violet rays showed that the steriiization of water by
this method was practical.

In New 2outh Wales, Brown (2) obaserved that Baeillus

fluorescens liguefaciens was assoclated with unsatisfactory

water and had a putrefactive action on certain constituents
of butter and cream. He stressed the necessity of a thorough
clean~up of both farm and factory and added that this organ-
ism was found in other types of inferior butter as well as in
rancid butter. He belleved that cheesiness in butter was
caused by contamination on the farm or in the factory.

Various cases in which off-flavors in butter were traced
to defective water supplies were cited by HacInnes and Handell
(47) of New South Wales. £ number of these were found to con-
tain large numbers of undesirable types, including Bacillus

fluorescens liquefaciens, lactose-~fermenting bacteria,

proteolytic bacteria, yeasts and molds. The authors stressed
the importance of a good water supply in the manufacture of

high-quality butter and advised improvement of supplies where
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necessary, including new supplies or new plant sites where
no other course was open.

The importance of bacteriologlcally pure water in cream=-
eries has been emphasized by many additional reports (3),
(10), (=4), (27), (33), (38), (42), (43), (60), (64), (65),
(67).

In Cansda, the work in relatlion to crsamery water
supplies developed as a result of investigations on "surface
taint" in butter; this defect is commonly called "rabbito"
in Australia and "putrid defect” in the United States and
other countries. Sadler and Vollum (74) exsrined the water
supplies of certain creamerles having difficulty and found

them quite unsatisfactory, with ischerichia-isrobacter organ-

isms, among others, reaching the butter in considerable
numbers. %While the causative organism was not determined,
the results in general indicated unsatisfactory water supplies.
The authors warned that where the water supply 1s contaminat-
ed, the product of a creamery is at all times liable to
direét or indirect infection. 1In one case cited, butter
deterioration ceased when the water supply was improved and
the storage tank clesned. Kecommendations made included ex-
amination of the water supply from time to time, treatzent
with chlorine or heat, or procurement of a new supply if
necessary snd thorough cleansing and sterilization of uten-

sils. The presence of Pseudomonas fluorescens in the butter

was nobad.
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Hood and "hite (26), also in (anada, studied surface
taint in butter and concluded that inefflicient sanitary con-
trol was responsible. 7The butter samples exarined contalned
many proteolytic organisms, and the total bacterial and yeast
counts were high; however, routine examinations of samples
from creameries having difficulty often gave both high and

low counts. Pseudomonas fluorascens wag found in some of the

butter samples examined. Certain organisms isolated from well
water and inoculated into cream gave the defect in as short a
veriod as 2 days.

The bellief that Pseudomonas fluorescens was the organism

easusing surface talnt or surface flavor in butter was ade-
vanced by Shutt (78, 79). He reported that city creansries
(using pure water) encountered nc difficuity, whereas rural
eraameries (often using impure water) had considerable trou=-
ble, especially after long wet periods. He concluded that
impure water suvpllies were responsible for surface taint and
stated that water considered safe for hurman consuxsption is
not necessarily safe for washing butter. Studies in a number
of creamerles showed the defect could be elirinated when
measures for improvement were taken; such control efforts in-
cluded the substltution of pure water for contaninated water
by sinking deep wells, or heating water to 880(C, for 10 min-
utes and cooling. 1In the few cases where these measures
could not be carrisd out, neutralization of cream to 0.35 per

cent titratable acidity, instead of to 0.25 per cent (the
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usual 1imit), was sugzested.
Virtansen (89) stated that cheesy, fermented, putrid and
rank defects 1n butter were caused by enzymas produced by

certain water bacteria belonglng to the Pseudomnonas

O

fluorescens and Pseudomonas punctatum groups.

A number of investigators, including ¥organ (56), Lohnis
(43), Orla=-Jensen (63, 65), Dornic and Daire (15), Stocker
(84) and Busch (4) have pointed to the important part played

by Pseudomonas fluorescens and lts closly related forms in

producing rancidity in butter. Stocker (84) warned against

the use of contaminated wash water containing Bacterium coli,

Racterium fluorescens and other undesirable types. Busch (4)

found Bacterium fluorescens in 13 per cent of the water same

ples examined and emphasized the lmportance of continuous
vigllance econcerning the quality of ereamery water suppliss,
“hen necessary, control messures were advoeated. DBusch noted
that the quality of the water was especially poor in the
spring and fall, (during periods of heavy rains) and that
bacterial infections of thls nature aprarently could arise
and disappear of themselves.

The importance of satisfactory water supplies on farms
producing butter was shown by Thomas and ‘organ (86) in a
study of the keeping quality of Welsh butter. They warned
that water used to wash butter should be free of undesirable
organisms, such as the coliform, fluorescent, spore-forming

and proteolytlic groups. Of approximately 150 wuter samples



taken from shellow wells in rural districts producing butter,
half were found to contaln coliform organisma. Tluorescent
bacteria, capable of producing rancidity in butter, also were
pregsent in a considerable number of the samples,

Pseudomonas fluorescens was found by Derby and Hammer (13)

to cause rancidity in butter. The surface taint defect was,
in meny eases, belisved due to a previously undescribed

specles, tentatlively named Achromobacter putrefaciens and

later designated Pseudomonas putrefacliens by Long and BHammer

(46). The organism could not be isolated from all samples of
putrid butter. The possible relationshlp of the organism to
polluted water was suggested.

rumment (73) studied the numbers of organisms from wash
watervthat were retained in butter and the effect of this on

keeping quality. He stated that sinece Bacillus fluorescens

liquefaciens 1s a usual inhabitant of polluted water and

causes rancldity in butter, its use in his studles was of con-
sicderable value. The studies revealed that smaller numbers

of organisms were retained in the butter with greater firmness
and alze of the butter granules,

Yeyer (54) described a case wherein, due to a water
shortage, the condenser water in the refrigeration systen was
used as butter wash water. &ince the water was known to con-
tain coliform organisms, 1t was purified, using chlorine in
the form of chloride of lime (0.5 ppm.) with satisfactory re-

sults. Hecommendations msde included the covering of water



- 12 =

storage tanks a&s protection agalnst infectlon and dirt,
preferably with metal plates rather than weod.

In studies on cheesy butter by Herreid, Macy and Combs
(25), mixed cultureas from defective butter reproduced cheesay
defects when inoculated into the wash water. (reamery water
supplies sometimes were found to be contaminated with bacterisa
ecapable of producing cheddar cheese and other cheesy flavors
in unsalted butter. The expserience of one creamery that had
been troubled with cheesy and putrid flavors in butter over
& period of three ysars was cited. Investigation showed that
infected water was the source of the trouble; the difficulty
disappsared when a new and satisfactory water supply was
provided.

Aecording to Stocker (85), the types and numbers of
bacteria occurring in water are dependent to a great extent
on the organic constituents present in the water, the chemi-
cal eharacter of the water and its temperature, as well as
the kind of soil and type of well from which the water came.
He #ated various methods for determination of undesirable
types of organisms and stated that creamery water, as well as
drinking water, should not contain more than 50 organisms
per ml. Filtration methods were declared preferabls to heat-
ing methoda for reduction of numbers of bacteria in creamery
water suppliss.

A "muaty flavor" defect occurring in New South Wales

butter was studied by Randell (70) and found dus to the action
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of a previously undescribed speciles of Achromobacter. Al-

though the presence of the organism was not demonstrated in
water, satisfactory results in control of the defect werse ob~
talned when factory sanitation was improved and precautions
taken to use water of known purity in the manufacturing pro=-
cess.

Olsen (61) studied bacterial counts and keeping quality
of butter made using artifically contaminated water filtered
through a Seltz filter. Bacteriasl counts of butter washed
with filtered and unfiltered water were not appreciadbly dif-
ferent but significant differences in keeping quallity were
noted in favor of the butter washed with filtered water.

Measures suggested by Sproule and Hamilton (81l) for con-
trol of surface flavor in butter included chlorination or
filtration of all water used In the creamery.

Cullity and Griffin (8) found that outbreaks of rabbito
encountered by various factories ecould be traced in every
cagse to defective water supplies; with the substitution of
improved water sources, the trouble disappeared. Two cultures

apparently similar to Achromobacter putrefaciens of Derby and

Hammer were isolated from water supplies. They conecluded
tentatively that the causativevorganism probably was water-
borne and that focl of contamination were built up in churns
and other equipment as a result of initlesl contamination from
water, High acidity at churning, high salt content and
thorough working appeared to retard development of the defect.



The work of Loftus~Hills, Sharp and Searle was cited by
Cazllity and Griffin (8); organisms believed to be

Aehromobacter putrefaciens were isolated from factory water

supplies, churns, and raw and pasteurized cream, with water
suppliesz oconsidersd ss the natursl habitat.

Discussing dalry water supplises, Helachlan (51) recom=-
mended that water for use in butter manufacture should not
contain more than 4 bacteria per ml. on plates incubated at
372(, or more than 15 per ml. on plates incubated at 22°C.
He added that Bacterium coli should be sbsent from 150 ml,

of water and that a close examination as to the flora present
should be made.
Clay@on and Hammer (6) found that wash water inoculated

with Pseudomonas mephitica produced & typical skunk-like odor

in sxperimenﬁal unsalted butter in 2 to 3 days at 219C.

Rice (71) suggested that since pasteuriszation probably
kills ecliform bacteria present in cream, thelr presences in
butter indicates use of unsterile utensils and impure wash
water.

Examination of creamery water suppllies by Claydon and
Hanmer {7) suggested that water used by commercial plants
sometimes waa capable of causing various defects, including
the pntrié defect, when used for washing butter. In one case,

Achromobaeter putrefaciens was i1solated from the water supply

of & plant having difficulty with this defect. The putrid

defect could bs produced in unsalted butter when Achromobacter
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putrefaciens was added to cream or wash water in such small

numbers as to make reisolatlon difficult. These investigators
atated that the wash water which remains in butter is probably
in relatively large droplets thus giving organisms present a
better chance for extenalve develepment.

Hammer (22) eonsidered squipment and wash water as the

two princlipal sourees of Achromebacter putrefaciens. He

added that wator also contains other organisms producing
various defects in butter, inecluding cheesiness and rancidity.
For control of defects of this type, adequats pasteurization
of oream, care of equipment and materials and satliasfactory
wateyr supplies were advised. He warned that the latter may
undergo sudden unexplained changes, seasonal or otherwise,
and that the subjeet of chlorination of water supplies re-
gulres further astudy, éapeeially econcerning the tolerance of
various orgenisms to chlorine.

The possibility that water may meet public health re-
guirements and atlll be baecteriologlieally undesirable for
eresmery purpcses has been noted by a number of investigators,
including Hammer (22), Turgssen (87), Iinneboe (41), Moore
(55) and Weckel (90).

Turgasen (87) stated that a signifieant number of out-
breaks of butter spollsge have been traced directly to im-
pure water supplies used for washing bﬁttsr or for other pur-
poses in the plant. The appearance of the causative organ-

fiams in a water supply was sporadie, with s logical ex-



planation for sither thelir appesrance or disappearance
frequently lacking. They often persisted for long periods.
Some of the organisms encountered appeared to be highly
reaistant %o chlérine but sdequate chlorination of all water
nsed in the plant was effective in controlling cheesy defects.
The author stressed that esrt§1n factors in the uass of
chlorins must be conzldered, inecluding pH of the water, the
period of contact, presence of organic matter and chlorine
tolerance of the causative organisms,

The water supplies of 52 creameries in Alberta having
difficulty wiﬁh surface taint butter were studled by ILinneboe

{41). W®ith the 200 water samples examined, Pseudomonas

putrefaciens was present in 2 well samples and in 5 additional

samples from Bclding tanks., 8ix of 55 farm watser asamples con-
tained the organism. An example showing that the ordinary
public health analysis may not necesgsarily indiecate the sulta-
bility of water for creamery purposes was clted. The well
furnlshing the water in question was 237 feel deep, was
drilled through clay and limestone, with the casing well

above ground and set in cement. Samples from the well had
beon reported az satlsfactory, with organisms of the

Escheriehia~ierobacter group absent and with low counts on

plating. However, considerable difficulty with surface btaint
Butter had hesn experiencsd by the plent and Linnebos isolet~

ed Pseudomonas putrefacliens from the water supply. He con-

eluded that pasteurization of cresm and a pure water supply
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are necessary in the control of the surface taint defect.

Sorensen (80) examined samples from 22,060 ehurnings
of commercial butter and visited the creameries produeing
the butter of poor keeping quality. Putrid and cheesy de-
fects were the ones moat frequently encountered; the major
cause of the defects was found to be contaminated water.
Rancid flavors freguently were traced to sguipment in poor
sanitary condition. Defectlive keeping quallity dus to cone
taminated water was eliminated by chlorine treatment using
hypochlorites.

The work of Morrison and Hammer (57) on the distribution

of Pssudomonas fragl showed that thils organism, important as

a cause of flavor defects in butter because it is proteolytie,
lipolytic and psychrophilic, may be present in creamery water
supplies. Water samples from 31 creameries were examined and
2 yielded the organism.

Detalled studies by Long and Heammer (46) showed that

Fseudomonas pu%refacieﬁa is widely distributed in water, inw

eluding streams, lakes, roadside pools and creamery supplies.
%ater from 29 creameries was examined, and samples from 14

of the plants ylelded Pseudomonas putrefaciens after snrich-

ment in litmus milk. In 8 of the 29 plants the water supplies
ware suspected as the casuse of difficulty with the keeping

'quality of the butter; Pseudomonss putrefaciens was isolated

from water samples from 5 of these 8 plants. A majority of



the samplea ylelding the orgeanlsm came from private wells,
slthough In & few cases city water supplies were concerned.
The #uthcrs concluded that water and plant equipment are of
greatest I1mportance in explaining outbreaks of putrid butter.

Ttzerott (28) stated that rabbito orgenisms enter ths
factory in the cream or water supplies and set up a deep~
seated focus of infectlion In equipment, such as churns.
Bacterial counts on butter were found to rise suddenly to
high levels Just before an outbreak. Recommended control
messures included elcose grading of c¢ream, proper pasteur-
ization, clean equipment with special care given to churns
and satisfactory water supplles. Treatment of water with
1 ppm+ residual chlorine waas advised, especlally when the
supply was drawn from streams or wells,

Wolochow, Thornton and Hooed (91) reported bacteri-
ological anslyses on 85 water samples from 37 Alberta cresm~
eries, inecluding wells, tanks and city supplies. Potable
water oftén was found to contain relatively large numbers of
proteolytic and other types of bacteria capable of growing
at low temperatures, with detrimental effects if iIntroduced

into butter. Pseudomonas fluorescens was a very common con-

- taminant, The authors suggested that, instead of setting up
standarde and standard methods of analysis, a more simple
attack on the problem of poor ereamery water supplies would
be bactericidal treatment of all water used in the plants,

Puture studies could then be concentrated on disinfection
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methods.

of 260 well water samples from rural Ontario examined
by Castell and Garrand (5), approximately 10 per cent con-
tained bseterias considered to be of intestinsl origin snd
30 per cent showed the presence of butyrie acld-forming
anserobes. Since samples were not iced, greater signifi-
cance was attached to types than to numbers of organisms
in the samples. It was found that meny plates at 29 to 3°C,
gave a Pseudomonas fragl odor, while at 259C. most displayed

the odor typicasl of Pseudomonas fluoreascens. ¥here water was

found unfit for human consumption, total counts were high and
there were large numbers of undesirable bscterla, suggesting
that water unfit for drinking purposes, spart from the sani-
tary standpoint, is slseo unfit for dairy purposes. Of water
samples "free from intestinal polliution and fit for human
consumption”, 85 per cent contained proteolytic and lipolytie
organisms eespable of growing within 4° or 5°C. of freezing.
The majority of these were oxldase-positive, a characterlstic
common to many types of bacteria causing off-flavors in
batter.

A review of the literature om rabbito and the allied
taints of butter was presented by Pont (68}, Although he re-
garded the direct evidence as far from conelusive, he stated
that the eoriginal source of infection in butter factories
appesred to be the water supplles. Secondary and, in many

cases, more serious foel of infectlion were then set up in
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churns and equipment, wooden articles belng especially im-
portant in this respect. Control measurses listed included
purification of water supplies by chlorination or filtration
and elimination of secondary sourceas of infection. Pont
concluded that the defects were largely the ocuteome of con-
‘ditions of production which falled to meet the higher stand-
ards dsmanded by the type of butter mamufactured today.
Provan {69) stated that farm and dairy water supplies

should egusal domestic supplies in quality and in addition
should not contain organisms capable of csusing quality
dstsrioration in dairy products. He recommnended periodic
examination of water supplies, basing Jjudgement on these
rather than on 8 few samples taken at random. To determine
sultebiliity for domestic usage, he advised total colony
counts &t 22°C. and at 379C. and determination of approximate

numbers of organisma of the Escherlchia-Asrobacter type, with

a follow.up for fecal types. Sultabllity for dairy use would
bs dstermined dy appropriate technics, ineluding addition of
50,10 and 1 ml. quantities of water to milk or plating of
water with subsequent selectlion of colonies and inoculation
into milk. Provan suggested that water with & count in the
hundreds per ml. at 229C. should be regsrded with susplicion
and should be more thoroughly examined. Where counts sare
found to fluectuate widely, in accordance with rainfall, the
probability is that surface pollution exists. According to

Provan, water supplles may be improved by a number of methods,



including proteection from the soures of pollution, purifi.
cation of the exiating supply and, where necessary, pro-
curement of & new supply. He asserted that although
chlorination is the most simple method of control, it re-
gquires technical knowledge and ald and often 1s more costly
than other measures, such as removal of the ecause of pollu-
tion by sealing eracked concrete, and repgir of pumps.

Jamieson (30) found that poor water could lower butter
guality; however, churn sanitation appeared to exert a
greater influence on flavor than did water. S8kill in manu-
facture overcame some defects due to contaminated water and
peor‘ehnrn sanitation. The pressence of fluorescent, gelatin»v
liquifying or other objectlonable types was detrimental to
butter flavor; the majority of fluorescent and oxidase-
positive bacteria were more deleterious to flavor than other
types indistinguishable from these by colony growth.

Pseudomonas putrefaciens was igolated from 14 of 53 well

water samples examined although the charactseriastic defect
cauged by this organism developed in only two lots of butter
washed with the water samples. He concluded that the presence
of surface taint organisms in water, churns or butter did
not correlate regularly with the flavor in butter, |

The conditlon known to Australian butter graders as
"sectional contamination” was found by Jensen (34) to oecur

in hand-packed salted butter as a result of the localized

action of microorganisms. These were carrlied onto the sur-



faces of the butter by the utensils and water used in the
packing operations. Off-flavors encountered in the affected
areas of butter varied from staleness to distinct fruitiness,
cheesiness or rancidity, depending somewhat on the age of the
butter. Bleaching along the seams often occurred. The pri-
mary source of the organisms responsible for the defect was
belisved to be the water supply. A secondary source of cone
tamination was e¢reated by organisms developing in the wood

of the utensils used. Chlorination of the water supply and
an intensive heat treatment of the wooden utensils resulted
in an immedlate and complete disappearance of the defect from
the butter.

A number of investigators have studied specifically
varioué methods designed to reduce or eliminate the organisms
present in butter wash water. Ultra-violet light was studied
by Dornic and Daire (15) and Daire (9) and found to be of
practical velue. Salmon (75) recommended the use of ozone
for water sterilization. The katadyn process was investigated
by Grimmer and Grenz (19), Demeter and Haase (12) and by
Hossel (58). It was not particularly valuable for treatment
of butter wash water. The Virtanen alkalization method was
studied by Kirkegaard (35), Virtanen (88), Orla-Jensen and
Sivertsen (66) and Schiffler (77). When used alone the pro-
cess was not entirely satisfactory.

The value of filtration, heating and chlorination
methods was investigated by ¥elick (52), Rnudsen (36},



Kirkegaard (35), Gross and Hindrikson (21) and Grimmer and
Orenz (20). Filtration required constant supervision, with
no guarantee of water sterlility, pasteurization was expen-
sive and time-consuming while chlorination appeared to give
the most satisfactory results. hlorination was used by
Sorensen (80) in commercial practice, with good results.
Various methods of water sterilization sultable for creamery
use have baen reviewed by Knudsen (36), Damm, et al. (10)
and Demeter (11).
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METHODS

Collection and Shipment of Samples

The samples of water were collected in sterile quart
bottles viﬁh suiteble care by Dr. D, F, Breazeale of Iowa
State Brand Creameriea, Inc., Mason City Iowa. The lced
bottles were shipped in an eapeclally constructed wooden box
by Railway Express from Mason City on the evening of eollec~
tion, On arrival in Ames the following merning, their exam-
ination wes immediately begun. At plants where samples were
collected, general information on the water supply was ob-
tained, such as type, depth and protectiocn of well and whsther

or not a storage tank was used,
Methods of Bacteriological Examination

The presence of Escherichia-Aercbacter organisms in a

sample of water was determined by addition of single 50 ml,
and 10 ml., portions of water to equal amounts of double~
concentration standard lactose broth and single 1 ml, portions
of water to 10 ml. amounts of single-concentration standard
lasctose broth,. The procedure was duplicated with each sample
using the tryptose lauryl«sulfate broth of Mallmann and Darby
(48) in place of standard lactose broth, To all incculated



tubes showing liberation of ges at the end of 24 and 48 hours,
the "completed test", aa outlined 1n "Standard Methods for the
Examinatlon of Water and Sewage” (83), was epplied.

Tests used in identification studies on cultures of
Zscherichis-Aerobaster organisms included determination of
(a) indol production, c¢itrete utilization and growth in vare
fous carbohydrate bouillons as outlined in "standard methods”
{83); (b) hydrogen sulfide production as ocutlined by Levine,
Epstein and Vaughn (40) and (¢) production of acetylmethyle
earbinel at 30°C, by the modified Voges-Proskeuer test re-

commended by Levine (39). The clsssificatlion of organisma in
Bergey's Manual of Determinative Bacteriology, 5th Edition (1)
was followed In attempts to ldentify cultures isolmsted.

The numbers of bacterias present in a sample of water were
determined by use of nutrient agar prescribed in standard
methods (83) and by use of tryptone-glucose-extract agar,
listed in "Standard Methods for the Exemination of Dairy
Products”, 8th Edition (82), to which had been added sterile
skirmilk (5 per cent) and fat emmlaion sc that proteolytis
and lipolytie organisms could be detectedi the fat emulsion
was prepared according to the method of Long and Hammer (44)
and the natural fat technigue suggested by these investigators
was employed for detection of lipeolyels, The medium 1s here-
after referred to &s the T.G.E.M. agar, Total sounts on
matrient ager at 37°C., were made after 24 end 48 hours, the

former beling considered in the discussions, and on T.CG.E.M.



-26"

ager at 37°C, after 24 and 48 hours and at 21°9C, after 48 and
96 hours, with the 21°C., 96 hour count being considered in
the discussion,

Isolatlion of Pseudomonas putrefsclens was carried out on
the gelatin agar suggested by Long and Hammer (46). Following
inoculation of 2 ml, portiona of water into tubes of litmus
mllk and incubation at approximately 5°C., for 2 end 4 weeks,
small portions of the milk were smearsd on plates poured with
the geletin sgar medlum. These were incubated at room tempere
ature for about 6 days and were clogsely examined sach day.
Colonies suggesting Ps. putrefaciens were plcked, purified by
repeating smearing on gelatin agar plates and eventually
1dentified.

Churning Methods for Keeping Quality Tests

For experimentel churnings sweet ecream of good flavor
was pasteurized at 86° to 90°C, for about 30 mimutes, After
ecolling, portions of approximately 1 pint each were added to
quart jJars, Churning was carried out in an experimental churn
having compartments for holding six jars and a motor which
aglitated the cream by rotation of a shaft supporting the come-
partments, The butter granules from each jar wers washed with
an individual water sample and worked with a peddle in an
ensmal bowl, When part was to be salted the butter was divid-
ed Into two portions, one portion remaining unsalted and 1,5

per cent salt belng worked Into the other,
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All portlione of bubter were placed in small glase jars and
held at 21°C. for 7 days., In some casss, followlng £ days
holding, approximately one-half of each portion was reworked
and held in s separate glass jar st 21°C. All squipment,
wagh water used on contrel bubtter and selt were sterilised
by autoslaving.

The experimental butter was examined dasily for flavor

defects,
Interpretation of Keeping Quelity Tests

The interpretation of the keeping guality tests on butter
ﬁashaé with the semples of weter and held without sslt at
21°C, for 7 days requires special care, Relatively few mold
spores gaining entrance to such butter from the alr cen cause
off~flavors or even conspicuous areas of mold growth under the
holding conditions employed, and the handling of ths butter
during workling, salting, pscking, etc. gives ample opportu-
nity for such entrance,

Defects which were not evident in the unsalted butter at
21°C, within 4 days were not considered signifieant from the
standpeint of the gquality of water used to wash the butter;
&lso, a musty flavor at 3 days wes not considered algnificant
because molds from the air rather quickly produce rmstiness’
in unsalted butter at 21°C,
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RESULTS

Data on Ssamples of Water from Individual Plants

The data on the individual samples of water are grouped
on the basis of the plants from which they came and are
presented in tables 1 to 70, inclusive.

Plant 1

At plant 1 there are two wells. KNormslly, water from
well A 1s used, but in periods of shortage water from well B
is employed.

The first two of the four samples of water from well A
were satisfactory, while the last two were unsatisfactory
(table 1). With the satisfactory samples coliform argahisma
were absent. Total bacterial counts were 3 and leas than
1 per ml. on matrient agsr and 1 and 10 per ml. on T.G.E.M.
agar. Proteolytic and lipolytlc counts did not exceed 2 per

ml. and Ps. putrefacliens was not isolated. Experimental un-

salted butter washed with the first sample showed a musty
flavor at 4 days, while similar butter washed with the sscond
sample showed no noticeable flavor deterioration at 7 days.
The unsatisfactory samples contained no coliform organisms.

Total bacterial counts did not exceed 1 per ml. on nutrient



Table 1

Results on samples of water from plant 1

H

: : : : T
H s : Test for : Bacteria per ml. z :+ Aetion in
Sam- ¢ Type @ s Escher~- : 24 hrs. : D6 Ors. a4t : for s experimental
ple 1 ssm~ ! Date :+ “Tehla~ : at 379C, : 219C. on : Ps. ! unsalted
no, ¢ ple : examined : jpero- t on : T.G.E.M, agar 3 tre~ t: butter
H : : "bacter : natrient : -3 gau!ans : at 219C,
: : : species : agar : Total *P. #L. :
: H : : : : :
1. :Pwell : 1-29-41 : 4 50 ml, : 6 : 18 1 <1 - : 0.K, 7 da.
2, i8well : 1-29-41 : = : 3 0+ 1 <1 €1 : - 3 musty 4 da.
: : : : : : :
3. tPwell : B5-27~41 : f 50:{10 : 1 : 20 4 4 - : off 3 da.
H : 3 ml. : : : :
4, :8%well : 5-27-41 : - H <l H 10 2 2 - t 0.K. 7 da.
: H : : : H :
5., tPwell : 11-25-41 : £ 850,10 22 i 700 25 <1 - : unclean 3 da,
: : : ml, : H : H
6. t8well : 11-25-41 : - : 1 : 180 2 <« - : 0.K. 7 da,
! ¢ : : s : :
7« 12well : 11-25-41 - H <1 s+ 160 <1 <Y1 3 - : 0.K. 7 da.
: 3 : : : $

¥p. = proteolytie
#L., = lipolytic
fwell = well A
byell = well B



agar but were 180 and 160 per ml, on T.G.E.H. agar}
proteclytic and lipolytic ecounts d1d net exceed 2 per ml, and
Is. putrefaciens was not isclated. In experimental unsalted
butter washed with the two samples there was no noticeable
flavor deterioration at 7 days.

The three samples of water from well B were unsatis-
factory. Coliform organisms were present in the 50 ml, por-
tion of each sample and were present in the 10 ml. portion of
the second and third samples., On nutrient agsr total bacteri-
al counts ranged from 1 to 22 per ml,, while on T.G.E.M. agar
they wvarled from 18 to 700 per ml. Numbers of proteolytic
organlisms ranged from 1 to 25 per ml,, while numbers of
lipolytic organisms varied from less than 1 to 4 per ml. Ps.
putrefaciens was not laolated, Experimental unsalted butter
washed with the first sample showed no notlceable flavor
deterioration at 7 days; similar butter washed with the second
and third samples showed gericus flavor deterioration at 3

days 1n each caase,
Plant 2

The three samples of water from the well at plant 2 were
satisfactory (tabls 2). Coliform organisms were absent. On
nutrient sgar total bacterisl counts renged from leas than
1l to 2 per mls, while on T.G.E.M. agar they varied from 2 to
& per ml. Numbers of proteolytic and lipolytic organisms
did not exceed 1 per ml, and Ps. putrefaciens was not



Table 2

Eesults on samples of water from plant 2

: T : : t T =
: : : Test for : Baeteria per mi, ¢ Test t Action in
Bam- : Type : : Bsgher- i P4 hra, ¢ U6 HArs. &t ¢ for ¢ experimental
ple : sam- : Date : " 1chia- 3 at 379C, : 210C. on : Pa. : unsalted
ne, : ple : examined : Lero- : on : T.G.E.¥. agar : putre~ : butter
: : : Dbacter : nutrient : e § gaeiens : at 21°¢.
: : : species : agar : Total %P, 7L, ' : \
: : : : : s :
l. : well : 1-2-41 : - H 2 : 3 1 1 - : putrid 6 da. &
H t : H : H :
2. :"tank : 1-2-41 : - : (1 : 4 1l 2 - ¢ 0,KE. 7 da, !
: 3 3 ! : : $
3. t woll 1 4-30-41 : - H (1 : 2 «Q 1 - : 0.XK, 7 da,
4. 5 tank : 4.30-41 : = : 2 i 2 <1 1 :t -t 0.K 7 da.
3 : s : H s :
5., : well : 12=2~41 : - H <1 : 5 1 4 - : 0.X. 7 da,
: s : H : ! :
6. ¢ tank : 12-2«41 : - : 200 : 450 120 <1 : - : unclean 7 da.
$ 3 : ¢ 2 :

*n

*p, = proteolytic
#1. = lipelytie
"tank ® wooden tank
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isolated. Experimental unsalted butter washed with the watser
showed no noticeable flavor deterioration at 4 days and in two
instences was satisfactory at 7 days.,

Three samples of water that had been through a wooden
storage tank were examined. The first two were satlsfactory
while the third was unsatisfactory. Wlth the satisfactory
samples coliform organisms were absent, total bacterisl counts
d1d not exceed 2 per ml, on nutrient agar and were 4 and 2 per
ml, on T.G.E.¥. agar, proteolytic and lipolytie counts did not

exceed 2 per ml., and Ps, putrefaclens was not lasoclated, Ex-

perimental unsalted butter washed with the samples showed no
noticeable flavor deterloration at 7 days. The unsatisfactory
sample showed no coliform organisms, but the total counts were
200 per ml, on nutrient agar and 450 per ml, on T.GC.E.M. agar
and the proteolytie count was 120 per ml.; the lipolytic

count was less than 1 per ml., and Ps, putrefaciens was not

detected. In experimental unsalted butter washed with the
sample there was no significant flavor deterloration at 4

days; an unclean flavor had developed at 7 days.
Plant 3

At plant 3 water from the well 1s commonly used; occa-
sionally, water from the city mains is employed.

The firat two of three samples of water from the well
were satisfactory while the third was unsatlisfactory
(table 3). With the aatisfaetor& samples coliform organisms



Table 3

Results on samples of water from plant 3

: i : : : :
: : : Test for : Bacteria per ml. : Teat : Aection 4n
Sam- : Type ! ¢t Escher~ : 24 hrs., : 96 hrs, at : for { experimental
ple : sam- : Date : hia~ : at 37°9C. : 21°C. on : Ps. : unsalted
no. ¢ ple : examined : Aero~ : on : TeG.E.M. agar : putre~ : butter
: : ¢+ “bacter : nutrient : : gaaIens : at 219cC.
: : : specles : agar : Total *P, #L. 3 :
: : : : : : :
1, : well : 2=19-41 - : 1l : 4 <1 1 - : 0.K. 7 da,
: : : : : s :
2, : well : 4«18«41 : - : <1 H 7 2 <1 - : 0.K. 7 da.
: : s H : : :
3, 3 clty : 4-16-41 : - : <1 : 600 10 &5 - : rancid 5 da.
H : H $ : : :
4, : well : 10-20-41 : - : <1 t 1000 25 <1 : - : 0.K. 7 da,
: : : : : : :
Bs t"tank : 10«20«41 : - : 1 : 2200 10 <1 - : musty 4 da.
: : 2 : : s :

¥p, =« proteclytic
#L. = 1ipolytie
"tank g small pressure tank
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were absent, total bacterial counts did not exceed 1 per ml,
on nutrient agar and were 4 and 7 per ml., on T.G.E.M., agar,

proteolytic and lipolytic counts did not exceed 2 per ml, and

Ps. putrefaciens was not isolated. In experimentel unsalted
butter washéd with the two samples there was no notlceable
flavor deterioration at 7 days., The unsatisfactory sample
contained no coliform organisms and the total bacterial count
on nutrient sgar was 1 per ml, but on T.G.E.M. agar the total
count was 1000 per ml.;‘tha proteolytic count was 25 per ml.,
the lipolytic count was less than 1 per ml. and Pa.

putrefaciens was not isolated. Experimental unsalted butter

washed with the sample showed no evident flavor deterioration
at 7 days.

A sample of well water that had been through a small
pressure tank was unsatlisfactory. No coliform organisms were
detected. The total bacterial count on nutrient agar was
1 per ml. but on T.G.E.M., agar it was 2200 per ml,.,; there were
10 proteclytic and lesa than 1 lipolytic orgenisms per ml, and

Ps. putrefaciens was not detected. Experimental unsalted
butter washed with the sample showed a musty flavor at 4 days.
The one sample of city water from plant 3 was unsatis-
factory. Coliform organisms were absent, and the total
bacterial count on nutrient agar was less than 1 per ml., but

on T.G.E.M. agar it was 600 per ml. There were 10 proteolytic

and 5 lipolytic organisms per ml, and Ps. putrefaciens was not

isolated, Experimental unsalted butter washed with this



- 35 -

sample showed no notliceable flavor deterioration at 4 deys but
had developed & rancid flavor at 5 days.

Plant 4

At plant 4 water from the well usually 1s employed; at
times water from the city mains 1s used,

The three samples of water from the well at plant 4 were
satisfactory on the basis of general bactericlogical data
{table 4) but one was unsatisfactory on the basis of its
action on butter, With the three samples coliform organisms
wers absent, Total bacterial counts were each less than 1 per
ml. on nutrient agar and were 2, ll and 2 on T.G.E.M. agar,
proteolytic and lipolytie counts did not exceed 2 per ml, and
Pse putrefaciens was not 1lsolated. Experimental unsalted
butter washed with the first and third samples showed no
noticeable flavor deterioration at 7 days. Similar butter
washed with the second sample was rancid at 4 days}i the
T.G.E.¥. agar plates poured with this sample showed
flucrescent organisms which undoubtedly caused the rancidity.

The first of the two samples of water that had been
through a metal storage tank was satliasfactory while the second
was unsatisfactory. With the satisfactory sample coliform
organisms were absent, total bacterial counts were 5 and 8 per
mle on nutrient agar and on T.G.E.M. agar, proteoclytlic and
lipolytic counts did not exceed 1 per ml. and Ps., putrefaciens
was not isolated, In experimental unsalted butter washed with



Teble 4

Results on samples of water from plant 4

: H H

: : $
$ : s Test for : Bacteria per ml., ! Test ¢ Action in
Sam- : Type : : Escher- : 24 hrs, : U6 hrs. &t : for : experimental
ple : sam~ : Date $ chia- : at 379C, : 219C., on : Ps. : unsalted
no. ! ple : examined : Aerow : on : T.G.E.M. agar : putre~ : butter
: : : “baeter : nutrient : s gacIens : at 219cC.
: : : species : sgar : Total *p, #IL., : :
: : : $ : 3 :
l. ¢ well : 11=27-40 : - H <1 : 2 <1 K1 : - : 0.K. 7 da.
2. t"tank : 11-27-40 : - : 5§ : 8 1 <1 : = i musty 6 da.
3. : oity : 4-9-41 : - : <1 ¢+ 3 2 1 i = i 0.,K. 7 da.
: : : 2 : H 3
4, : well : 4-8-41 : - : <1 : 11 2 2 - : rancid 4 da.
: : ! : H : H
5. : well : 1-20-42 : - : {1 : 2 <1 K1 : - : 0.K. 7 da.
: $ $ : : : :
6s ¢ tank : 1-20«42 - H 26 : 278 2 <1 : - : rancid 7 da.
: : : : s : s
7. ¢ city : 1-20-42 : - : 1 : 40 1 K1 - : 0.K. 7 da.
: 3 : : ¢ : :

®¥p, = proteolytic
L. = lipolytioc
"tank * metal tank



- 37 -

the sample there was no noticeable flavor detsrioration at
4 days but a musty flavor had developed at 6 days. The une
satisfactory sample did not contain coliforz organisms but
total bacterial counts were 26 per ml, on nutrient agar and
275 per ml. on T.G.E.M. agar. Proteolytie and lipolytie

counts did not exceed 2 per ml. and Ps. putrefaciens was not

1solated. Experimental unsalted butter washed with the sample
showed no noticeable flavor deterioration at 4 days while at
7 days a rancid flavor was evident, |

The two samples of clty water collected at the plant were
satisfaetory. Coliform organisms were absent. Total bacteri-
al counts on nutrient agsr did not exceed 1 per ml,, those on
T.G.E.¥. agar were 3 and 40 per ml,, proteclytlc counts were
less than 1 and 2 per ml, and lipolytic counts 41d not exceed

1 per ml. Ps. putrefaciens was not detected. Experimental

unsalted butter washed with the water displayed no noticeable

flavor deterioration even st 7 days.
Plant 5

The three samples of water from the well at plant 5 were
unsatisfactory (table 5). Coliform organisms were absent.
On nutrient agar total bacterlal counts ranged from less than
1 to 11 per ml., but on T.G.B.M. ager they varied from 100 to
3500 per ml.; numbers of proteolytic organisms ranged from
8 to 400 per ml, whille numbers of lipolytic organisms varied

from 1 to 45 per ml, Ps. putrefaciens was not isolated.




Table 5

Results on samples of water from plant 5

|

: : : : ? :
s ! : Test for : Bacterlsa Eﬁ” ml, t Test $ Actlon In
Sam~ ¢ Type @ : Escher- ¢ g, ¢ ‘hrs, at s for ¢ experimental
ple : sam- : Date : “Ichia~- : at 379C, : 219C, on s Pa, : unsalted
no, ¢ ple : examined @ ¢ on t T.G.EM, agar ¢ tre~ : butter
: : : "bacter : nutrient : ' : ¥acIens s at 21°C,
t : : specles : agar : Total *p, ¥L, : , :
3 : : : : : :
1l 2 well @ leR-4l : - H 11 : 1000 300 10 ¢ - ¢ cheesy 6 da,
- : : : : : :
2, t"tank : 1l-2~41 : - : 15 : 1000 300 10 £ : putrid 4 da,
$ H : 2 : : :
3. ¢ well ¢ 4-Gwdl - : {1 t 100 8 )Y : - ¢ rancid 6 da.
H H : s : : H
4., 2 tank ¢ 4eDedl @ - H 1 : 160 10 16 : - t cheesy 2 da,
: H 3 : : $ :
e : woll : 10=28~41 @ - ' <1 t+ 3500 400 45 @ - ¢! unclean
3 s : : 2 : 2 5 da,

*p, = proteolytie
#L. = 1lipolytie
"tank » metal tank
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Experimental unsalted butter washed with the samples showed
no noticesable flavor deteriloration at 4 days; however, serious
flavor defects were evident at 6, 6 and 5 days.

The two samples of water that had been through & wooden
storage tank were unsatisfactory. Coliform organisms were
absent, Total bacteriasl counts on nutrient agar were 15 and
1 per ml, but on T.G.E.¥. agar they wers 1000 and 180 per ml,
Proteolytic counts were 10 and 300 per ml. while lipolytie
counts were 16 and 10 per ml. Ps. putrefsciens was isolated
from the first of the two samples, In experimentsl unsalted
butter washed with the samples there was serious flavor

deterioration st 4 and 2 days.
Plant 6

The four samples of water from the well at plant 6 were
satisfactory on the basls of general bacteriological condition
but one sample produced serlicus deterioration in butter
{table 6), With the samples coliform organisms were not
detected. On mutrient agar total bacterial counta did not
exceed 2 per ml., while on T.G.E.M. agar the total counts
varied from 2 to 46 per ml, Proteolytic counts did not exceed
1 per ml., lipolytiec counts renged from leas than 1 to 3 per
ml, and Ps. putrefaciens was not lsolated. Experlmental
unsalted butter washed with the first, third send fourth

samples showed no noticeable flavor detericration at 7 days.
Similar butter washed with the second sample showed a putrid



Table 6

Results on samples of water from plant 6

3

: T 3
H H ¢t Teat for i Bacteris per ml,. t Test : Action in
Sam- : Type @ + Escher- : 24 Brs. ¢ 08 hra. at 3 for t expsrimental
ple : sam~ : Date : fa- : at 37°C. : 21°C. on : Ps. : unsalted
no. : ple : examined : Aerce : on t T.G.,E. M. agar : putre~ : butter
g : : "becter : nutrient : e § gaciena : at 21°%¢,
: ! 1 specles : agar : Potal ¥p, #1, 1 :
1 3 1 ' : { 3 :
1, 3 well ¢ 12«44«40 - : 2 H 38 (1 1 - ! D.K. 7 ds.
1 s t : : : H
2, "tank : 12»4-40 { 50i10 : (1 : 250 7 3 - s O.K. T da,
: H H ml, : : : 3
3, t well 1 4-9-41 : - 3 1 H 4 1 3 : - : putrid 4 da.
: H H g : H H
4, : tank : 4=-0~41 : ¥ 50 ml, : : 200 13 8 - t off 4 da.
: : ? t H : 3
8, 1 well ¢ 10~28-41 : - : 2 | 46 1 l ¢ - ! 0,K. 7 4a.
1 $ s t H : :
6. : tank : 10-28-41 1 £ 50 m1, : 130 s 290 14 4 - ¢t 0.K. 7 da,
: : s 3 : : t
Te 3 Woll 1 42142 : - H 1 : 2 <1 411 : - t 0.K, 7 da.
: H : : : : :
8. H tank @ 4"‘21"42 H - $ 11 : 1*0 4 {1 H - H ngn 7 dat
: g : : : 2 3

*p., = proteolytic
#L. = lipolytie
"tank 2 wooden tank
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condition at 4 days.

The four samples of water that had been through a wooden
storage tank were unsatisfectory. Coliform organisms were
present in the 50 ml, portion of each of the first three
samples and also in the 10 ml. portion of the first sample.
On nputrient ager total bacterial counts ranged from less
than 1 to 130 per ml., while on T.G.E.M. agar they wvaried
from 140 to 290 per ml, Numbers of proteclytiec organisms
ranged from 4 to 14 per ml,, while those of lipolytic organw
isms varied from less than 1 to 8 per ml. HNo Ps. putrefacliens
organisms were isolated. In experimental unaslted butter
washed with the first, third snd fourth samples there was no
noticeabls flaver deterlorstion even at 7 days while similar
butter washed with the second sample was off in flavor at
4 days,

Plant 7

Tba three gamples of water from the well at plant 7 were
satiafaateﬁy (table 7). Coliform organisms were absent, total
bacterial counts on nutrlient agar did not exceed 3 per ml,,
whils on T.G.E.M. &gar they ranged from 4 to 20 per ml.,
proteolytic and lipolytic counts did not exceed 3 per ml, and
Ps. putrefaciens was not isolated, Experimental unsalted
butter washed with the first sample was off at 4 days, but
the defect was not conspicuous enough to be classified even

at 7 days. Similar butter washed with the other two samples



Results on samples of water from plant 7

Pable 7

: 3 : 3 : :
s : : Test for : Bacteria per ml, : Test : Action in
Sam- : Type : : Escher~ : 24 hArs, : U8 hrs., &% : for : experimental
ple  : sam- ; Date : "Ichia~- : &t 379C. : 219C. on : Ps. : unsalted
ne. : ple : examined : Aero~ : on : T.G.E.. agar : putre-~ : butter
: : : "baeter : nutrient : : gae!ens : at 219¢,
: 3 : specles : agar : Total *p, #L. : 3
-3 H T : H ¥ H
1. : well : 2«19«41 1 - H (1 H 4 <1 (K1 : - ¢ 0.K. 7 da.
: : : : : : :
2., "tank : 2«19«41 : - : <1 : 6 K1 2 : - : off 6 da.
3. 1 well : 4-16-41 : - : <1+ 6 3 3 i = i 0.K. 7 da.
: : H : $ : :
4, ¢ tank : 4-16-41 : - : {1l H 8 1 1 : - ¢ rancid 5 ds.
5. : well 1 12-2-41 : = : 3 1 2 <1 <1 : = i 0.K. T da.
: : ] : : : :
6, : tank 1 12~2-41 : # 50 ml. : 4 : 110 2 <1 - : 0,K, 7 da.

s ne

*p, = proteolytie

#L. = lipolytiec

"tank = wooden tank



showed no serious flavor deterioration at 4 days but one
sample was cheesy at O days.

The first two of three samples of water that had been
through & wooden storage tank were satisfactory; the third
was unsatisfactory. With the satisfactory samples, coliform
organlsms were absent, total bacterial counts were less than
1 per ml., on nutrlient ager and were 6 and 8 per ml, on
TeGeE«M. agar, proteolytic and lipolytic counts did not ex-

ceed Z per ml, and no Ps. putrefaciens organisms were iso-

lated, In experimental unsalted butter washed with the
samples there was no noticeable flavor deterioration at 4
days. The unsatisfactory sample showed coliform organisms
in 50 ml., total bacterial counts were 4 per ml, on nutrient
agar and 110 per ml, on T.G.E.M. agar, proteolytic and

lipolytic counts did not exceed 2 per ml. and Ps. putrefaciens

wag not 1solsted. Experimental unsalted bubtter washed with
the sample showed no notlceable flavor deterioration at

7 days;
Plant 8

The six samples of well water from plant 8 were satis-
factory (table 8), No coliform organisms were detected. ©On
nutrient sgar total bacteriasl counts ranged from less than
1l to 8 per ml., while on T.G.E.M. agar they varied from less
than 1 to 50 per ml, Numbers of proteclytic organlsms ranged
from less than 1 to 22 per ml., thesg of lipolytic organisms



Table 8

Results on samples of water from plant 8

3 3 : t ) :

H ] 1t Teat for : Bacteris per ml, ¢ Tesatd 1 Action in
8am- : Type ! t Escher- ¢ 24 hrs, 1t D6 Brs, &% t for ! experimental
ple ¢ sam- : Date 3 &~ : at 370C., : 219¢C, on : Pa. ¢ unsalted
no, ! ple ! examined : Aerc= ! on : T.G,.E. ¥, agar : ggtra» : butter

: t - ¢ "Bacter t nutrient : ¢t Taclens 3 at 21°C,

: : i_specles : agar s Total *p, #L., ?

t H ¥ 1 T : T

1. : well : Le5-4l : - 3 3 1 <1 <1 &4 - s masty 4 da,
2. "tank ¢ 2-5~41 : - ? 2 : B0 4 Q - ¢ putrid 4 da.
3. 2 well : 4-0«41 : - H 1 : 28 5 1 - t 0.K. 7 da.
4, ¢ tank : 4uPudtl 3 - H 2 t 1600 226 8 - : cheesy & da,
S5. t woll t 1«13«42 : - : 1 t 2 2 (1 - : 0.K. 7 da.
6. : tank : 1-13-42 : 4 50 ml, : 250 : 900 40 80 - t cheesy 7 da.
70 : wall : 2"'%*‘2 b - H (1 3 15 1 <1 : - 4 O.K. 7 da .
8, ¢ tank ¢ B8B-24~42 : F4 50 ml, : 5 ¢ 190 10 <1 - : cheesy 6 da,
9, t woll ¢ 3«18«42 3 - t 6 : 20 1 <1 - t 0.K. 7 da.
10, : tank 1 3-18-42 : - : 14 : 185 27 8§ 3 - t cheesy 4 da.
11, : tank : 3-18-42 : - H 8 H 45 2 <1 1 - : 0.K. 7 da.
12, : well 1 4«B-42 - : 8 s B0 22 2 - : 0.K. 7 da.
13, ¢ tani ¢ 4242 3 - : 88 : 3850 B <1 - $ ranecid 5 da,
3 3 : : : 3 :

¥P. = proteclytic

L, = lipolytie

"tank » metal tank



did not exceed 2 per ml. and Ps. putrefaciens was not iso~-

lated. Experimental unsalted butter washed with one sample
displayed s musty flavor at 4 days but no other defects,
whereas similar butter washed with the other samples showed
no definite flavor deterioration at 7 days.

Seven samples of water that had been through & metal
supply tank were exaemined. The first five samples were un-
satisfactory, a sixth sample, following a thorough cleaning
of the tank, was satisfactory but a seventh sample, collected
about 2 weeks after the cleaning was unsatisfactory. With the
unsatisfactory samples, coliform organisms were presént in the
650 ml, portion of two samples. Total bacterial counts ranged
from 2 to 250 per ml. on nutrient agar snd from 50 to 1600 per
mli, on T.G.E.M. agar, proteolytic counts varied from 4 to 225
per ml, and lipolytic oounts ranged from lesas than 1 to 50 per

ml. Ps. putrefaciens was not 1solated. Experimental unsalted

butter waghed with two samples showed serious flavor deterio-
ration at 4 days, while similar butter washed with the other
samples showed flavor deterioration at 5, 7, 6 and 6§ days.
The satisfactory sample did not contain coliform organisms,
the total bacterial count was 8 per ml. on nutrient agar and
45 per ml, on T.G.E,M. agar, proteolytic and lipolytic counts

d1d not exceed 2 per ml, and Ps. putrefaciens was not isolated.

In experimental unsalted butter washed with the sample, there

was no discernable flavor deterioration at 7 days.
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Plant 9

The three samples of water from the well at plant 9 were
unsatisfactory (table é). Coliform organisms were present in
the 50 ml, and 10 ml, portions of each sample and total
bacterial counts ranged from less than 1 to 40 per ml. on
matrient agar and from 160 to 200 per ml, on T.G.E,M. agar.
Proteolytic counts were 7, 3 and 4 per ml., lipolytic counts

were 1, 1 and 14 per ml, and Ps. putrefaciens was not de-

tected, Experimental unsalted butter washed with the samples
showed no noticeable flavor deterloration at 4 days but in two
instances was rancid at 5 days.

The four samples of water that had been through a& metal
storage tank were unsatisfaectory. Coliform organisms were
present in the 50 ml., and 10 ml. portions of each sample and
were present in the 1 ml. portion 6f one ssmple. Total
bacterial counts renged from less than 1 to 140 per ml., on
natrient agar and from 350 to 900 per ml., on T.G.E.H. sgar.
Numbers of proteolytic orgesnisms ranged from 1 to 120 per ml.
- whille those of lipolytle organisms varied from less than 1 to

30 per ml, No Ps. putrefaciens organisms were lsolated. 1In
experimental unsalted butter washed with the first two sam-
ples, there was no noticeable flavor deterioration at ¢ days
but one lot was cheesy at 5 days. Similar butter washed with
the last two samples showed a cheesy flavor in esch case at

4 d&yﬂ.



Table 9

Results on gamples of water from plant 9

Bacteria per ml,

: : K] s :
: : : Teat for : s Test ¢ Aetion in
Sam- : Type : : BEschep- : 24 hrs. : U6 hrs. ab s for : experimental
ple : sam- ! Date : "Tohla- : at 379C. : 219C. on : Ps. © ¢ unaalted
no, : ple : examined : A6FO~ ¢t on s T.G.E.M. agar : putre- : butter
: : : “bacter : nutrient i~ s gacIens : at 219¢C,
g : : specles : agar : Total ¥p, #L. : :
? : t : : : :
1., :"bank : 12-11-40 : £ 50,10, : 140 : 900 120 11 - : 0,XK. 7 da.
: : : 1l m, : : :
2. t well : 4-2-41 : 4 50,10 40 : 160 7 : - ¢ 0,K. 7 da,
: : : ml, : : s :
3. : tank : 4-2-41 : ¥ 50,10 : 135 : 500 80 8 : - ¢ cheesy 5 da.
: H : ml, : : : :
4. s well : 10-15-41 : ¥ 50,10 : <1 : 170 3 1 : - t rancid 5 da,
: : : ml. : : : :
5. 3 tank : 10-15-41 : ¥ 50,10 <1 ¢ 750 1 K - : cheesy 4 da,
H : H ml. : H : b
6. : well ;1 4-14-42 : £ 50,10 : 1 : 200 4 14 ¢ - ¢ rancid 5 da.
: : H ml . H 3 H H :
7. : tank : 4-14-42 : £ 50,10 : 14 t 350 30 30 - : cheesy 4 da.,
: 3 : H H : :

&

#p, = prabealztia
#1.. = lipolytie
"tank = metal tank
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Plant 10

The three samples of well water from plant 10 were sat-
1afactory (table 10), Coliform organisms were absent, on
nutrient egar total bacterial counts did not excesed 1 per mil,
while on T.G.E.M. agar they varled from 1 to 14 per ml.,
numbers of proteolytic and lipolytic organisms dld not exceed

1 per ml., and Ps. putrefsclens was not recovered, Experi-

mental unsalted butter washed with the samples showed no
serious flavor deteriorsation at 7 deys, although in one in-
stance the butter was musty.

Three samples of waeter that had been through a metal
storage tank were examined; one was unsatisfactory and two
were satisfactory. Wlth the unastisfactory sample, nc collw-
form organisms were detected., Total bacterial countas were
13 per ml, on nutrient agar and 1000 per ml, on T.G.E.M. agar,
the proteolytic comnt was 200 per ml,, the lipolytle count was

€ per ml, and Ps, putrefaciens was not lsolated, In experi-

mental unaalted butter washed with the sample there was no
noticeabls flavor deteriorstion at 7 days, The satisfactory
samples did not contalin coliform organisms, total bacterial
counts were each less than 1 per ml. on nutrient agar and were
14 and 3 per ml. on T.G.E.M. agar, proteolytic and lipolytie
counts d1d not exceed 2 per ml, and Ps. putrefsciens was not
isolated. Experimental unsalted butter washed with water
from the tank showed no noticeable flavor deterioration at

4 days; In one 1natance the butter was rancid at 6 days while



Table 10

Results on samples of water from planﬁ 10

i

" - —— o
nnaa - b —

s ee

; : Test for : Bacteria per ml. ; Tesat : Actlion in
Sam~ : Type : : Escher- : 24 hrs, : 96 hrs, at : for : experimental
ple : sam~ : Date :+ " fchia~- : at 379C. : 21°C. on : Pa, : unsalted
no., ¢ ple : examined : Aero- : on : T.G,E.¥., agar : putre- : butter
: : : “bacter : nutrient : = : gacIena : at 21°cC.
: : : specles : agar : Total *p., ¥L, : :
: : : : : : : !
le : well : 12-4-40 : - : 1 : 4 1 1 : - t 0.K. 7 da. o
2, :"tank : 12-4-40 : = : 13 11000200 6 : - : 0.K. 7 da. '
3, : well : 4~23-41 : = : 4+ 2 <t = i msty 7 aa.
4, : tank : 4~23-41 : = : <1 : 14 1 2 : « 1 rancid 6 da.
5, : well : 1-13-42 ¢ - : 1 : 1 <1 <1 : -  :0.K. 7 da.
: : : : : : :
6, ¢ tank ¢ 1l«l3-42 : - : <1 : 3 (1 <1 - : 0.K. 7 da,

*P. = proteoclytic
L. = lipolytie
"tank = metal tank



in the other 1t showed no defect at 7 days.
Plant 11

The water supply of plant 11 iz obtained from the clity
mains} there are no wells at the plant.

The three samples of city water from the plant were
unsatisfactory {teble 1ll). Coliform organisms were absent,
total bacterial counts on nutrient agar did not exceed 1 per
ml.s, while on T.G.E.¥. agar they ranged from 55 to 2560 per ml,
Proteolytic counts varied from 3 to 50 per ml, and lipolytic
counts ranged from 2 to 30 per ml., Ps. putrefeciens was
isolated from the sample showing the lowest total count on
T.G.E. M. agar. Experimental unsalted butter washed with ths
first two samples showed no noticeable flavor deteriocration
at 4 days, but in one instance the butter was rancid at 6
days. Similar butter washed with the third sample showed
rancidity at 4 days.

Plant 12

The two samples of well water from plant 12 were satis-
factory (table 12). No coliform orgenisms were detected. On
nutrlent sgar total bacterlal counts were 3 and leass than 1
per ml., while on T.G.E.¥. agar each count was 20 per ml.
Proteolytic counts were 3 and 2 per ml,, lipolytic counts were
2 and 1 per ml. and Ps. putrefsciens was not isolated, Ex~

perimental unsalted bubtter washed with the water showed no



Table 11

Reaults on samples of water from plant 11

: : ) : 1
H : : Teat for : Bacteria per ml. : Test : Action in
Sam- : Type : : Escher- : 24 Brs., : U6 hrs. &t : for ¢ experimental
ple : sam~ : Date : fehla- : at 37°C, : 21°C, on : Ps. : unsalted
no. : ple : examined : Aero~ : on : T.G.E.M. agar : putre- s butter
3 : :+ "baoter : nutrient : : gaa!ena : at 210¢C,
: : : species : agar : Total *p, #L, $
: : 3 : 3 : 3
1. : eity ¢ 11«20«40 : - $ <1 : 858 3 2 £ : 0.K, 7 da.
s : : : H H g
2. ¢t olty : 3-19«4) : - t 1 : 128 4 3 3 - ¢ rancid 6 da,
s : 3 s : 3 H
3. ¢t ity : 10-8«41 : - : 1 : 250 5O 30 - ¢t rancid 4 da,
3 3 : : : $ s

#p, = proteolytie
#1, = 1ipolytie

- 18 =



Table 12

Results on samples of water from plant 12

- - = = -
: : ¢ Test for : Baocteria per ml. : Test ! Action in
Sam- : Type : : Escher- : 24 hrs. : 96 hrs. at ¢ for t experimental
ple : sam- : Date : a- : at 379C. : 219C. on : Ps. t unsalted
no, : ple : examined : Aero- : on : T.G.E.M. agar : putre~ : butter
H : : "bacter : nutrient : : gaaiens : at 21°¢C.
: : : specles : agar : Total *P. #1, : : :
: 3 : : : , ) :
1, : well : 12«11-40 : - : 3 H 20 3 2 - : 0.K. 7 da.,
H $ 3 : H : H
2, :"tank : 12-11«40 : - : 2 : 10 2 <1 - : 0.K, 7 da.
H $ H : H H :
3, ¢ well : 10«15~41 : - s <1 H 20 2 1 : - t 0.K. 7 da,
H H H H H : 3
4, § tank : 10«15«41 : - H <1 $ 90 2 1 - t 0.K. 7 Qa,
: 3 $ : 3 3 H

o roteolztic
#L., » 1ipolytic
"tank z metal tank



noticeable flavor deterioration even at 7 days.

After the water had been through s« metal storage tank
the two samples agaln were satisfactory. Coliform organisms
were absent, total bacterial counts on nutrient ager were 2
and less than 1 per ml, and on T.G.E.M. agar they were 10 and
20 per ml,, each proteolytie count was 2 per ml,, the
1lipolytic counts did not exceed 1 per ml, and Pg. putrefauclens
was not isolated, When used to wash experimentsl unsaslted
butter the samples produced no notlceable flavor deterioration

even at 7 deys.
Plant 13

The three samplea of water from the well at plant 13 were
satisfactory (teble 13), Coliform organisms were absent, on
nutrient agar totel bacterial counts did not exceed 1 per ml.,
on T.0.E.M., agar they did not exceed 2 per ml,, numbers of
proteclytic and lipolytic organisms did not exceed 1 per ml.
and Ps. putrefaciens was not isclated. When used to wash
experimental unsslted butter, the sampleg 41d not causs
serious deterioration even at 7 days.

Three samples of water that had been through a metal
storage tank were examined, The first two were satisfsctory
while the third wes unsatisfactory since coliform organisms
were pressnt in the 50 ml., 10 ml., and 1 ml. portions. With
the three ssmples total bacterial ecounts did not excesd 2 per

mle on nutrient agar and were 4, 4 and 15 per ml., on T.G.E.M.



Table 13

Results on samples of water from plant 13

e o e = — e ————— =
H H ¢ Teat for : Bacteria per ml ¢ Test ¢ Action in
Sem~ : Type @ ¢ Eacher- : 8e § 9 a, 8 : for ¢ experimental
ple : sam- : Date : “Yohla- : at 37°9C, : 21°C, on t Ps. : unsalted
no., ¢! ple : examlned : Aero~ : on t T.G.E.M. agar : putre~ : butter
: s 3 Sfeter : mtrient ¢ : gaeIena : at 21°C,
g : : species i agar : Total #*P, #L. : :
t 3 : t 3 : :
1, 3 well 3 l-22-41 1@ - : <1 H 1 {1 <1 - ! 0.K, 7 da,
s 3 s : H : H
2 "tank : 1-22+41 - g <1 s 4 1 1 - : off 6 da,
Y : H H 3 H :
3¢ : wall 1 4-16-41 : - s {1 H 2 1 1 - $ O.K. 7 da,
: H H ¢ H : :
4, ¢ tank ¢ 4-16«41 - H 1 3 4 2] 2 - ¢ rancid 5 da,
: : : : s s :
B¢ ¢ woll ! 10-20-41 @ - H 1 H 2 < 1 : - t 0.K. 7 da,
: : : s : ? ¢
6e : tank : 102041 : £ 80,10, : 2 ¢ 1B <1 <1 - t 0K, 7 das
3 H H 1 mle ¢ $ : :
-3

#P- = proteclytie
L. = lipolytic
"tank = metal tank
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agar, proteolytic and lipolytic counts did not exceed 2 per

ml. and Ps. putrefaclens was not lsolated. Experimental un-
salted butter washed with the samples dlsplayed no noticeable
flsvor deterioration at 4 days but In one c¢ase the butier was

off et 6 days and in one case it was rancid at 5 days.
Plant 14

At plant 14 water from the well commonly is usedj oce
casionally water from the elty malns 1s employed.

The one sample of water from the well was satisfactory
(table 14). Coliform organisms were absent, the total basoc-
terirl count on nutrlent agar was 2 per ml, and on T.G.E.M.
agar it was 12 per ml., the proteolytic and lipolytiec counts

were 2 and 1 per ml, and Ps. putrefaciens was not lsolated.

Experiméntal unsalted butter washed with the asample showed no
definite flavor deterioration at 4 days but was defaative in
5 days. |

The three samples of water that had been through a
pressure tank were satisfactory. No coliform organisms were
detected. On nutrient agar total bacterial counts did not ex-
ceed 1 per ml,, while on T.G.E.M. agar they were 2, 76 and 13
per ml. Proteolytiec counts ranged from 1 to 24 per ml, and
1lipolytlec counts were each less than 1 per ml., Ps. putre=
facliens was not lsolated. Experimental unsalted butter washed
wlth the first two samples was satlsfactory at 7 days while
similar butter washed with the third sample was musty at 3 days.



Table 14

Results on sanplez of water from plant 14

: 3 : : :
: : : Test for : Bacgteria per ml, s Test ; Action in
Sam~ : Type : : Escher~ : 24 hra, : 96 hrs, at t for :+ experimental
ple : sam- : Date : ichia~- : at 37°C. : 21°C. on : Ps. ¢ unsalted
no. : plea : examined : Aero-~ : on : T.G.5.M. agar : putre~ ¢ butter
: : : “bacter : nutrient : e 3 Faciena : at 21°C.
s : { apeclies : agar : Total *P. #L. i :
1. : olty : 2-26-41 ; = £ <1t 126 1 <1 t = i 0.K. 7 da.
: : : : : H :
2¢ ¢ Woll : 2«26«41 - H 2 5 12 2 1 - : putrid 5 dsa.
: H H : : : s
3. t"tank : 2-26-41 : - s (1 : 2 1 <1 - ¢ 0.K. 7 da.
: : : : : 2 H
4. : oity : O5-l4-41 : - : 1 :. 1000 32 <1 : - : off in 7 da.
: H : : H : : :
5. ¢ tank : 5«14-41 : - H -2 H 76 24 <1 - : 0.K., 7 da.
: : : s H : :
6. : elty : 10-28-41 : - : 220 : 850 13 10 : - ¢ rancid § da.
: s : H : : 3
7. ¢ tank : 10-28-41 : - : <1 : 13 1 <1 - : misty 3 da.
H : : $ : :

*p., = protsolytiec
#L, = lipolytie
"tank = metal pressure tank

ngg—



The three samples of city water from thls plant were un-~
satlsfactory. Coliform orpgsnlsms were sbssnt, total bacterial
counts ranged from less than 1 to 220 per ml. on nutrient agsr
and from 125 to 1000 per ml. on T.G.E.M. agar, proteolytie
counts varled from 1 to 32 per ml., lipolytie counts ranged

from less then 1 to 10 per ml. and Ps. putrefacliens was not

isolated. Experimental unsalted butter washed with the first
sample showed no flavor deterloration at 7 deys; similar
butter washed with the next two samples displayed no notlceable
flavor deterioration at 4 days but showed serious deterioration

at 7 and & days.
Plant 15

The five samples of well water from plant 15 were satis-
factory (table 15). Coliform organisms were absent. On
nutrient agar total bacterlal counts ranged from less than
1 to 3 per ml,, while on T.G.E.M. agar they varied from 1 to
33 per ml. Numbers of proteolytle orgeanisms ranged from less
then 1 to 8 per ml., while lipolytic counts varied from less
than 1 to 2 per ml., Ps. putrefaciens was not isoclated. 1In

experimental unselted bubtter washed with the ssmples there
was no notlceabls flavor deterloration at 7 days.

Five samples of water that had been through a metsl
storage tank were examined, The first was satlsfactory, the
next three were unsatlsfactory and, the fifth following &
thorough clsaning of the tank, was satlisfactory. The satis-



Table 15
Results on samples of water from plant 15

H : H ] : :

: $ t Test for : Bacteris ggr mle t Test t Action in
S8am~ : Type : : Escher- : 8, ¢ r8e 81T : for : experimental
ple : same : Date ¢ “Ichla- : at 37°C, : 219C, on 3 Ps. : unsalted
ROs 1 Ple B eXemned R er | matriemt e SORT L BEEREC  bTitec.
: : : speciles : agar : Total *P, #L, ¢~ 13
1.t well + 2-Bedl : - : 2 : 1 1 <1 i - + 0. 7 da,
2. i"tank § 2-5-41 : = ;10 10 1 P - ‘ O.K. 7 da, |
3. 3 well : 574l & - : A i 35 8 2 i = i0.K 7de. 9
4. | tank ! B-7-41 : £ 50,10 1 1 z 700 120 27 : -  f vencid 6 da.
5. s well § 1l-dedl i = & 1 W <A <1+ - : 0.K, 7 da.
6.  tank i 11-4-41 { £ 50,10 : ™5 f 1000 300 10 1 - putrid 3 da,
et well | 2-24ed2 § = 5 i 3 a4 <1 : - z 0.K. 7 da.
8. ¢ tank ! 2-24-42 : £ 50 ml. : 45 : 250 70 8 : - i off & da.
9 i well i Beded2 i = P <1 f 12 <1 <1+ = f 0.K. 7 da.
10 ; tank ! B-d-d2 i = : 1+ 85 <1 <1 i = 1 0.E 7 da.
H 3 $ $ H : H
P. = proteolytic "tank » wooden tank

L -3
#L. = lipolytie
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factory samples did not contain coliform organisms, total
bacterial counts were 10 and 1 per ml. on nutrient agar and
10 and 35 per ml. on T.G.E.M. agar, proteolytic and lipolytic

counts did not exceed 1 per ml, and Ps. putrefaciens was not

isolated. 1In experimental unsalted butter washed with the
samples, there was no observable flavor deterioration at 7
days. With the unsatisfactory samples, coliform organisms
were present in the 50 ml, portion of each sample and in the
10 ml. partion.ef two samples. Total bacterial eounts ranged
from 1 to 175 per ml., on nmutrient agsr and from 250 to 1000
per ml., on T.G.E.HM. agar., Proteolytie counts varied from 70
to 300 per ml, and lipolytic counts ranged from 8 to 27 per

ml. Ps. putrefaclens was not isclated. Experimental un-

salted butter washed with the first and third samples showed
no noticeable flavor deterioration at 4 days and serious
flavor deterioration at 6 days, while similar butter washed

with the other sample dlsplayed serlious deterioration &t 3

days,
Plant 16

At plant 16 it was not possible to obtain samples
directly from the well since there was no outlet between ths
pump and the tank,

The samples of water from the wooden supply tank were
satisfactory on the basis of general bacteriologleal results,

but the first eontalned Ps. putrefaciens which made 1t




Table 18

Rasults on samples of water from plant 18

z _ :
Taat for ¢ Bacteria per ml, Teat

: ) t
H s : : ¢ Action in
3am~- : Type ¢ :+ Escher- : 24 Bra@. 1 hras. at s for ¢ experimental
ple : sam~ : Date t+ “1chla~- : at 379C. : 21°9C. on : Ps. : unsalted
no. ¢ ple : axamined : Aero- : on $ T.G.E.M. agar : putre- : butter
: H : “bacter & nutrient :- : gasiena : at 21°¢C,
: : :_speecles : agar : Total *P. #1, : :
i 3 t : 1 : g
1, :"tank ¢ 11-80~40 : - : 1 t 15 3 <1 ¥ : masty 4 da,
: s s : : : H
2, 1 tank 3 2-19-4] : - : 1l 3 80 10 1 - : putrid 6 Qa,
: t : 3 t 3 :
3. ¢ tank ¢ 10-8-41 : - : 1 : 8 1 <1 : - t masty 4 da,
: : ¢ ! $ t

..

*p. = proteolytic
#L, = 1lipolytie
"tank % wooden tank
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objectionable {table 16). With the three aampiéa.eolironm
crganisms were sabsent, total bacterial counts on nutrient
agar dld not exceed 1 per ml. and on T.G.E.H. agar they ranged
from 8 to 50 per ml., proteclytiec counts varied from 1 to 10
per ml, and lipolytic counts did not exceed 1 per ml. Pa.
putrefaclens was not isoclated from the second and third

samples, Experimental unsslted butter washed with two samples
displayed a musty flavor at 4 days, while similar butter
washed with the other sample was putrid at 6 days.

Plant 17

The first two of three samples of water from the well
at plant 17 were satisfactory, while the third was objection-
able (table 17) since coliform organisms were present in the
50 ml., portion and also in a second 50 ml, portien studled
with a special medium®, With the three samples total bacteri-
al counts were less than 1 per ml, on nutrient agar and dld
not exceed 3 per ml, on T.G.E.M. agar. Proteolytiec and
lipolytic counts did not exceed 1 per ml. Fs. putrefaciens
was not iscolsted. Experimental unsalted butter washed with
the sasmples displayed no noticeable flavor deterlioration at
7 days.

Of thrse samples of water that bad besn through a metal
atorage tank, the first and third were unsatisfactory while
the second was satisfactory. With the unsatiafactory samples

¥ See page 105.



Table 17

Results on samples of water from plant 17

: ? : 1 : :
3 : : Test for : Bacteria per ml. : Tont + Action in
Sam- : Type : : Escher~ ¢ 24 hrs., : 96 hra, at  : for : expoerimental
ple : msam- : Date H a~- : at 379¢. : 21°C, on : Pa. : unsalted
no., : ple 1 examined : Aero- : on : T,.G.BE.M. agar : putre~ : butter
: : : bacter : nutrient : : g&of@ns : at 21°C,
: : : specles : agar : Total %P, #L. : :
: H : : H 7 : '
1. ¢ well : 2-18-41 : - : {1 t <1 (1 <1 - : 0.K. 7 da. o
: : : H : s H 0o
2., :"tank : 2-19-41 : # 50 ml. : {1 : 17 3 2 P t 0.K. 7 da. '
¢ : : H : : H
3. t well : 4-30-41 : - : (1 : 3 (K1 1 : - : musty 6 da,
H : H H : : :
4., : tank ¢ 4-30-4]1 - : 20 : 70 (1 2 - : 0.K, 7 da,
: H : : : : :
: : 2 : : : :
6. : tank 1 12-2-41 : 4 50 ml. : 4 ¢ 70 5 K1 - : 0.X, 7 dz.
: : : : : : H

#p, = proteolytic
#L. = lipelytie
"tank = metal tank
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coliform organisms were present in the 50 ml, portion of

each, Total bacterial counts on nutrient agar were leas than
1 and 4 per ml, and on T.G.E.M, agar they were 17 and 70 per
ml. Proteolytic counts were 3 and 5 per ml, and lipolytic
counts d4ild not exceed 2 per ml, Ps. putrefaciens was i1solated
from the first sample, Experimentel unsalted butter washed
with the samples showed no notlceable flavor deterioration

at 7 days. The satisfactory sample did not contain coliform
organiams, total baeterial counts were 20 per ml. on nutrient
agar and 70 per ml, on T.G.E.M, agar, proteolytic and
lipolytie esmta did not exceed 2 per ml. and Ps. putrefaciens
was not isolated. HNo flaver defects wers observed at 7 days
when this sample was used to wash experimental unsalted

butter,.
Plant 18

The first three of the four samples of water from the
well at plant 18 were unsetisfactory while the fourth was
satisfoctory (table 18). With the unsatisfactory samples
coliform organisms were present in the 50 ml, portions of each
and in the 10 ml., portlon of ons sample, total bacterisl
counts ranged frem 8 to 16 per ml, on nutrient asgar and from
17 to 80 per ml, on T.G.E.M. ager, proteolytle counts ranged
from S to 12 per ml., l1lipolytie counts varied from less than
1 to 2 per ml. and Ps. putrefsciens was not 1solated. When
the samples were used to wash experimental unsalted butter



Ta

ble 18

Results on samples of water from plant 18

— are = S e
H H : Teat for ! Bacteria per il t Test t Action in
Sam- ¢ Type ! : Escher- ¢ 24 hra, § 06 %53, ak  : for : experimental
ple : sam- : Date : “Yehla- : at 37°C, : 21°C, on : Ps, ¢ unsalted
no., ¢ ple : examined : Aaro=- : on ! ToG.E M, agar ¢ tre~ ¢ butter
? : : "becter : nutrient @ : : Tacleng : st 21°C,
: : 3 apecies : agar : Total #p, #L, @ ' 3
: : s ) 3 : 2
1, : well : 2«12«41 : £ 50 ml, : 12 : 24 3 2 : - : 0JKe 7 da.
: H : $ t 2 :
2, t"tank : 2«12«41 : £ 50 ml, 140 t 300 48 6 - : cheesy 4 da.
: : H H H : H
B, : well & 5u7=41 : £ 50 ml, @ 16 i 80 12 1 : - ¢ 0.K. 7 da,
3 H : : : : :
4, : tank ¢ B=7-41 t £ BO ul, @ : 70 8 1 - 1 cheesy 4 da,
: H : : s : s
5, : well : 2e24-42 : £ 50,10 : 8 t 17 5 (1 - ¢ cheesy 7 da.
H : 3 ml, : : : :
6e t btank : 2-24-42 @ £ 50 ml, : 29 : 250 6 1 : - : raneid 8 da.
: : H : : : :
7¢ ¢ well ¢ 4aTed2 3 - : (1 s 12 <1 <1 @ - : 0.,K. 7 da,
: s : H H H H
8, t tank ¢ 4Tw42 - : 1 : 328 15 9 ¢ - : rancid 4 da.
: H $ $ : 2 :

*P. = proteolytic
#1, = 1ipolytie
"tank ¢ metal tank
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there was no noticeable flavor deterioration at 4 days but
in one inatance the butter was cheesy at 6 days, The satis-
factory sample did not contain coliform organisms, the total
bacterial count was less then 1 per ml, on nutrient agar and
12 per ml, on T.G.E.M. agar, the proteclytic and lipolytie
counts were each less than 1 per ml, and Ps. putrefscilens was
not i1solated, Experimental unsalted butter washed with this
sample showed ne noticeable flavor deterioratlion at 7 days,
The four samples of water that had been through s metal
storage tank were unsatisfactory. Coliform organisms were
present in the 50 ml. portion of each of three samples,
Total bacterial counts ranged from 1 to 140 per ml. on
nutrient agar and varied from 70 to 325 per ml, on T.G.E.M.
agar., HNumbers of proteolytic organisms renged from 6 to 48
per ml, and those of lipolytic organisms varied from 1l to
9 per ml, DPs. putrefaciens was not isolated. Experimental
unsalted butter washed with three samples displayed seriocus
flavor deterlioration at 4 days, while similar butter washed
with one sample showed no notiagable flavor deterioration at
4 days but was rancid at 6 days.

Plant 19

The three samples of water from the well at plant 190 were
satisfactory (table 19). Fo coliform orgenisma were detected.
On nutrient agar total bacterial counts varied from less than
1l to 2 per ml,, while on T.G.E.M. agar they ranged from 1 to



Table 10

Results on samples of water from plant 18

== = . = N — =
H : : Test for ¢ Bacteria per ml, : Test t Action in
Sam- : Typs !¢ t Egcher- ¢ 24 hrs, ¢ a9, 2t : for ¢ experimentsl
ple : sem~ Datoi : AIeEIaw t at 379C, ¢ ﬁlgﬁé on : Ps. : unsalted
no, ¢ ple : examlned : Aero- $ on ¢ T,G.,E.,M, agar : tre~ : butter
: 3 t “bacter ¢ nutrient : — gae!ens : &t 21°C,
3 : i specles : agar : Total ®P, #L, : :
g : t H H H 3
1q : ’611 b4 2"'5"4’1 H - : 2 H 1 <1 <1 3 - : OQKC 7 dﬂo
: $ H ! $ H H
2, t"tank : 2-5-41 : - : 160 3 1700 300 60 - ¢ putrid 4 da,
: H s : : : 3
3s 2 woll 3 4-16-41 : - : {1 H 2 1 1 : - : rancid § da,
H : H : : $
4. ¢ tank ¢ 4-18-41 : - : 20 i 325 85 18 ¢ - ¢ putrid 4 da.
3 3 ¢ § H H :
B, ¢ wall 3 10-20«41 3 - t 1 : 3 1 1 - : 0,K. 7 da,
: - : 2 3 : :
6, ¢ tank : 10-20~41 @ - : 36 : W80 5 (K1 ¢ - ¢ wusty 6 da.
: 2 : : : 3 $
#

P. = proteclytic
#L, = lipolytic
"tenk ¢ metal tank
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3 per ml, Numbers of proteolytic and lipolytie organisms did
not exceed 1 per ml. Ps. putrefaciens was not 1solated. Ex~
perimental unsalted butter washed with the samples showed no
definits flavor deterioration at 4 days but one lot was rancid
at 5 days and two lots were satisfactory at 7 days.

All of the three samples of water that had been through
a motal storage tank were unsatisfactory, Coliform organisms
wors absent, Total bacterlial counts on nutrient agar ranged
from 20 to 160 per ml., while on T.G.E.M. agar they varied
from 325 to 1700 per ml, Proteolytic counts ranged from 3 to
300 per ml., snd lipolytiec counts wvaried from less than 1 to
60 per ml, Ps, putrefaciens was not 1solated. Experimental
unsalted butter washed with two samples was putrid at 4 days
while butter washed with one semple displayed no noticeable
flavor deterioration at 4 days but was musty at €6 days.

Plant 20

The thres samples of well water from plant 20 were satis-
factory (table 20). No eoliform orgenisms were detected. On
nutrient agar total bacterisl counts were sach less than 1 per
ml. while on T.G.E.M. agar they ranged from 1 to 23 per ml.,
proteolytic and lipolytic counts did not exceed 3 per ml, and
Ps, putrefaciens was not isolated. Experimental unsalted
butter washed with one sample showed & nusty flavor at 4 days}
butter washed with the other two samples displayed no notice-
able flavor deterioration at 7 days,



Table 20

Resulte on semples of water from plant 20

ot 8t sl o et ot R A A0 N AN 1 L 4L 07 ST

? : T ; : :
T H oy H H ggat for ¢ Bactaria per ml H gast : Aetiegmgnt 1
Jeme § Type @ ¢ Eschare ¢ ‘ L Gs 8 : for t experlimental
ple & sam~ : Date : Tlchia~ ! at 379C, : 21°C, on 3 P3se 1 unsalted
noe ¢ ple ¢ examined ! Asri : on t T.G.E.M, agar @ Lrge ¢ buﬁtggg
H : ] acter ¢ mutrient : , - t feclens : at 2 .
$ : :_species : agar :_Total ¥P, ¥L, : :
$ s ] ) : ] 3
1 ¢ woll ¢t 124440 3 - : (1 ¢ 12 <1 (1 ¢ - t musty 4 da,
o8 t : H H H :
2, Mtank 1 12440 - 3 (1 : 10 ¢1 & : - : 0.K. 7 dn.
: F H 3 H : :
Be t well 2 4-23«41 3 - H <1 H 2% 3 s - t 0,K. 7 dm,
: : H : : : $
A, ¢t tank ¢ 4-23.4] ¢ - : 80 : 200 4 32 - t putrid 4 da,
t : H 3 : : :
Be § well & lel3-42 @ - : {1 : 1 (1 <1 ¢ - $ 0,Ke 7 da,
s H : H H : :
Ge ¢ tank ¥ l1el3«.42 : - : 4 : 27 <1 &5 - : 8l, rancid
3 3 : $ : 3 H v au.
2®

#P¢ = groﬁeelytie
L. & 1ipolytie
"tank g wooden tank
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Of the three samples of water that had bsen through &
wooden storage tank two were satisfactory while one was un~
satisfactory,. With the satlsfactory samples coliform organ-
1smas were absent, total bacterial counts on nutrient agar
wore less than 1 and 4 per ml, while on T.é.E.H. agar they
were 10 and 27 per ml., proteoclytic ecounts were sach less than
1 per ml, and 1llpolytic counts were 3 and 5 per ml,. }_’g;
putrefaciens was not detected. When used to wash experimental
- unsalted butter, there was no serious flavor deterloration at
7 days although in one instance the butter was slightly
ranclid., The unsatisfactory sample did not eontain ceoliform
organisms, total bacterial counts wers 80 per ml, on nutrient
egar and 200 per ml, on T.G.E.M. agar, the proteolytic count
was 4 per ml., the lipolytie count was 32 per ml. and Pg.
putrefaciens was not isolated, When this sample was used to
wash experimental unsalted butter, a putrid flavor was evident
at 3 days.

Plant 21

All three samples of water from the well at plant 21 were
satisfactory (table 21). Colifcorm organisms were absent;
total bacterial counts on nutrient agar did not exceed 2 per
mls while on T.G.E.M. agar they varied from 1 to 4 per ml.
Proteolytic snd lipolytie ecounts did not exceed )l per ml, and
Ps, putrefaciens was not isolated. Experimental unaalted
butter weshed with the samples showed no definite flavor



Table 21

Results on samples of water from plant 21

H

: 3 : 1 :
H H : Test for : Baoteria per ml. : Test t Action in
Sam~ : Type ¢ Escher~ : 24 Bhrs. : U0 hrs, &t t for : experimental
ple : sam- : Date : “1chia~ : at 37°C, : 219C, on : Ps. : unsalted
no., : ple 1 examined : Aerow : on t T.G.E.M. agar : putre« : butter
: H 1 bacter : nutrient : : gaclens s at 219¢,
: : : specles : agar : Total *p, #L, : :
1 1 3 : : : :
1, : well : 1142740 - H (1l : 1l 1 <1 - : 0.K, 7 da,
: H : : 3 H H
2, ! well : 4«0«4l : - H 2 ] 4 l l1 - : rancid 5 da.
: : H g : : :
3. 3t well : 1«-20-42 : - : <1l : 2 <1 <1 : - t 0.K. 7 da.
3 ' 3 : 3 H 3

¥P. = proteolytic
#L. = lipolytic

—QL—-
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deterloration at 4 days; one sample was raneid at 5 days,

while the other two were satisfactory at 7 days.
Plant 22

The four samples of well water from plant 22 were satis-
factory (table 22). Coliform organisme were not detected. On
nutrient agar total bacterlal countas ranged from 1 to § per
mls, On T.G.E.M, agar they varied from 7 to 40 per ml.,
proteclytic and lipolytic counts 4id not excesd 2 per ml, and
Ps. putrefaciens was not isolated. None of the experimental
ungalted butter washed with the ssmples was defective at 4
days; three lots were satlisfactory at 7 days while one lot
was rencid at 5 days,

Four samples of well water that had been through a metal
gtorage tank were examined; the first, second and fourth were
satisfactory while the third was unsatisfactory. With the
three satlsfactory samples no coliform organisms were de~
tscted, total bacterial counts did not exceed 2 per ml., on
nutrient agar and varied from 4 to 32 per ml. on T.G.E.M.
agar, protesolytlic and lipolytie counts did not exceed 1 per
ml, and Ps. putrefacieng was not lsolated. Experimental
unsalted butter washed wilth two samples showed no noticeable
flavor deterioration at 4 days (one lot was putrid at 5 days
and the other was satlsfactory at 7 days), while bubter washed
with one sample was musty at 3 deys. The unsatisfactory
sample showed coliform organisms in the 50 ml, and 10 ml.



Table 22

Results on samples of water from plant 22
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portions, total bacterisl counts were 7 per ml, on nutrient
agar and 750 per ml. on T.G.E.M. agar, the proteclytic count
‘was 65 per ml., the lipolytic count was less than 1 per nl,
and Pa., pubtrefaclens was not 1solsted. Experimental unselted
butter washed with this sample showed definite flavor deteri.

oration at 4 days,
Plant 23

All three samples of water from the wsllvat plant 23 were
satisfactory (table 23)., Coliform organisms were absent, on
nutrient agar total bacterial counts ranged from lesa than 1
to 2 psr ml. while on T.G.E.M. agar they varied from 2 to 24
per ml., proteolytic and lipolytliec counts were lesa than 1 per
ml. and Ps. pubrefsciens was not lsolated. In experimental
unsalted butter washed with two samples there was no notice-
eble flaver deterloration at 7 daysj in butter washed with
one sample 8 musty flavor was evident at 4 days.

The three semples of water that haed been through a wooden
storage tank were satisfactory on the basis of general bace
teriological condition but one sample produced serious deteri-
oration in butter, With the three samples coliform organisms
were not detected., On nutrient agar total bacterial counts
ranged from less than 1 to 20 per ml, whlle on T.G.E.M. agar
the total counts veried from 4 to 85 per mle Proteolytie
counts ranged from 1 to 4 per ml., lipolytic counts varled
from less than 1 to 3 per ml. and Ps, putrefaclens organisms



Table 23

Results on samples of water from plant 23

11.18=-41

T : 3 : — —— :
H oy : : geat for @ Bacteria per ml ¢ Test : Action in
Same 3 pe ¢ t Escher~ ¢ 24 hrs, & 00 %%b. at : for : experimental
ple ¢ sam=- : Date : “Ichla~- : at 379C, : 21°C, on : Ps. 1 unsalted
no, ! ple : exemined : Aero- t on ¢ TeG.E.M, agar : pubtre~ ¢ butter
H 3 : bacter : nutrient : : : ?&c!ens : at 21°C,
: : : spsecies : agar : Total *p, #L, : 1
: $ $ : : : 3
l, : well @ 1l-13-40 : - $ (1 H 2 1 K1 : - ¢ O.X, 7 da,
t : $ H : H :
2, "tank ¢ 11.13-40 : - : (1 1 40 2 3 13 - : putrid 4 da.
H t : : $ H :
B¢ § well ¢ 3-b=ql : - : 1 24 (1 <1 - ¢ musty 4 da.
H $ t ' H H :
4, : tank : Swbwdl ¢ - : (1 H 4 1 <1 : - ! O.K, 7 da,
H : ! H : t H
S t well ¢ 1lmlB8«4l @ - s 2 : 20 <1 <1 @ - : O.K. 7 da,
H H : H : H :
6, ¢ tank : 3 - H 20 -4 8b 4 3 b4 - : O,K, 7 Gu,
] 2 3 3 t t 3

*P. w proteolytiec
#L. w lipolytie
"tank = wooden tank



were not detected. Experimental unsalted butter washed with
one sample showed a putrid condition at 4 daysj the total
count on T.G.E.M, agar with thia sample was 40 per ml, Buttier

washed with two samples showed no flavor defects at 7 days.
Plant 24

At plant 24 there arve two wells. Until NMarch 19, 1941,
water from both well A and well B was pumped intoc a wooden
supply tank for use In the plant. However, when the poor
quality of the water from well A was evlident, its use was
discontinued since well B was capable of furnishing sufficient
water,

The two samples of water from well A were unsatisfactory
(teble 24). Coliform organisms were present in the 50 ml,
portion of each sample and in the 10 ml, portion of one
sample, total bacterial counts were 35 and 800 per ml. on
nutrient agar and 120 and 1600 per ml. on T.G.E.M. agar,
proteclytic counts were 10 and 300 per ml., lipolytic counts

were 6 and 80 per ml. end Ps. putrefaciens was not isolated.

Experlimental unsalted butter washed wlth the samples showed
no notliceable flavor deterioration at 4 days; with one sampls
of water the butter was stl1ll satisfactory at 7 days, whersas
with the other sample the butter was rancld at 6 dmys.

The two samples of water from well B were guestionable
in nature. Coliform organisms were absent, on nutrient agar

total bacterisl counts were 8 and 3 per ml., while on T.G.E.HM,



Table 24

Results on gamples of water from plant 24

3 : B : : :
H H ¢ Test for : Bacteris per nml. : Test : Aetion in
Sam- : Type : : Bscher- : 24 bre, : OB hrs. at : for : experimental
ple : sam- : Date t ichia- : at 379C. : 21°C. on t Ps. :+ unsalted
no. ! ple : examined : Aero- :t on : T.G.E.M, agar : gutre- : butter
: : : baeter : nutrient i~ : feaclens : at 210C,
: : : gpecies : agar : Total *P. #L. 3 :
T 1 : ? : : 3
1. :8well : 11=20-40 : £ 50,10 : 35 : 120 10 6 - : O.K. 7 da.
Sl : H ml., : : : :
: H H ml. : : : H
3. t8well : 3-19-41 : / 50 ml,. 800 s 1600 300 80 - ¢t rancid 6 da.
H H : : $ : :
4, :Ywell : 3-19-41 : - : 8 : 120 8 1 - : musty 4 ds.
H : H : : : 3
5. 5 tank 1 3-19-41 ¢ £ 50 ml. : 200 : 800 40 25 - : off 7 da.
: : : : 3 : 3
6. :Pwell : 10-8-41 : - : 3 : 80 6 4 - : skunk 4 da.
: : H 3 : : H
7, ¢ tank ¢t 10-8-41 : - H 13 H 90 5 2 - t rancid 6 da.
: : 3 ! : : :
¥P, = proteolytiec Swell = well A
#1L. = lipoiytie byell = well B

"tank = wooden tank

~ 94 =
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agar they were 120 and 80 per ml,, proteolytic counts were 8
and 6 per ml. and lipolytic counts were 1 and 4 per ml,

Ps. putrefaciens was not detected but an organlsm resembling

Paeudomones mephitics was isolated from one sample. In

experimentel unsalted butter washed with one sample, a musty
flavor was evident at 4 days, while simllar butter washed
with the other amample (the one ylelding Ps. mephitica) had a
skunk~like odor at 4 days.

The flrst two samples that had been through & wooden
supply tank represented mixtures of water from two wellsj they
were uneatisf#ctery. Coliform organisms were present in the 50
ml. portion of each sample and in the 10 ml. portion of one
gsample. On nutrient agar total bacterlal counts were 24 and
200 per ml., whlle on T.G.E.¥M. agar they were 300 and 800 per
ml.; proteolytic counts were 20 and 40 per ml, and ilpolytic

counts were 1 and 25 per ml. Ps. putrefacliens wes not 1so-

lated, When the samples were used to wash experimental
unsalted butter, 1t showed no noticeable flavor deterioration
et 4 deys; ons lot of butter was still satisfaatory at 7 days,
while the other wes off at 7 days.

The one sample of water from well B that had been through
the wooden supply tank was satlsfactory. Coliform organisms
were absent, the total bacterial count on nutrlent agar was
13 per ml., and on T.G.E.M. agar 1t was 90 per ml.,, there were
5 proteolytic and 2 lipolytic organlsms per ml. and Ps.

putrefaciens wag not isolated. Experlimental unssalted butter




- 78 -

wagshed with the aampla was satliafactory at 4 days but was
rancid at 6 days.

Plsnt 25

At plant 25 it was not possible to obtain water samples
directly from the well since there was no outlet between the
pump and the tank.

The four samples of water that hed been through the metal
storage tank were unsatisfactory (table 25). Coliform organ-
isms were absent, but total bacterlal counts on nutrient agar
ranged from 16 to 750 per ml. and on T.G.E.M. agar from 240
to 1200 per ml.; proteolytie counts varied from 456 to 300
‘per ml. and lipolytic counts from 7 to 50 per ml. Ps. putre-
facliens was not detected. Experimental unsalted butter washed
with one of the samples showsd serious flasvor deterlioration
only at 7 days, but with the other three samples deterioration
wes evident at 4 days in two Instances and at 3 days in one
instance. The butter showlng deterioration only after 7 days
was washed with the wster sample having the lowest total
ecounts,

Plant 26

The water from the well at plant 26 was unsatisfactory

on the first and third examinatlions and satisfactory on the

second and fourth exsminstions (table 26). With the unsatis-

factory samples coliform organisms were present in the 50 ml.



Table 25

Results on samples of water from plant 25

H H ; Test for @ Bacteria T ml : Test ; Aetion in
Sam~ : Type ¢ : Bacher- ¢ 24 hrs, ¢ 96 %55. at : for ! experimental
ple : sam- : Date : "Tekla~ : at 379C, : 21°C, on t Ps, ! unsalted
noe $ ple ¢ examined : Aero- ! on : T.G.E.M, agar ! tre~« ! butter
s : : “bacter : nutrient : : gaeiana : at 21°C,
: : ! specles : agar : Total *p, #1, : :
: : : 3 : : s -
1. :"tank : 1=15-41 : - : 16 : 240 60 W - ¢ rancid 7 da,
t : H : H H s
2. ¢ tank ¢ S-T7=41 : - : 24 : 550 100 g8 - ¢! rancid 4 da.
: : : H H : : :
3, ¢ tank : ll-ll=-4l : - H 750 : 1200 300 50 @ - : off 4 ds,
: s H F : : H
4, t tank : 4-T-42 3 - : 200 : 600 45 18 : - : cheesy 3 da,
s : H : H : 3

®p. w proteolytic
#L, = 1ipolytie
"tank ¢ metal tank

- 64 -



Table 26

Results on samples of water from plant 26

H

) : : : 3
H H : Test for : Bacterie per ml. : Test ¢ Aetion in
Sem- : Type ¢ : Escher- : 24 hrs., : O6 nrs, &t : for : experimental
ple : sam~ : Date : chia~ ¢ at 37°C. : 21°C. on : Pa. : unsalted
no, ! ple : examined : Lero~ : on : T.G.E.M., agar : putre-~ : butter
H H s “bacter : nutrient : 3 ?ac!ens : at 219¢C.
: : : species : agar : Total *p, #L. ; $
: : T : 3 3 :
1, ¢ well : 11-13«40 : # 50,10 : 200 : 80 2 <1 : - ¢ cheesy 4 da,
H : s ml. : : : :
2, :"tank : 11-13-40 : ¥ 52i10 : 1000 : 240 26 5 - : putrid 4 da.
$ 2 : . : : H :
3. : well : 3=5-41 2 - H (1 : 5] 1 1 - : rancid 5 da.
: 3 : : H t :
4, : tank : 3=-5=41 - : 2 : 16 1 <1 - : masty 5 da.
s : : t : $ :
5. 1 well : 11-25-41 : # 50,10, : 180 : 650 300 10 : - : cheesy-
H : : 1l mi, : : ¢ rancid 3 dsa.
6., : tank : 11-25-41 : £ 50,10 : 550 : 1600 300 30 - : off 3 da.
: : : ml. : H : :
7. ¢t well : 4-2-42 - H 1 H 1 <1 K1 : - t 0.K. 7 da.
: 3 : H : : :
8, : tank : 4-2-42 : - : 1 37 1l 1 - ¢t 0.K. 7 da.

e we

*p, = proteolytic
= lipolytie
"tank = wooden tank
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and 10 ml, portions of each sample sand in the 1 ml, portion of
one sample., Total bacterial counts were 200 and 180 per mil,
on nutrient sgar and 50 and 650 per ml, on T.G.E.M. agar,
proteolytic counts were 2 and 300 per ml. and lipolytle counts
were less than 1 and 10 per ml., Ps. putrefaclens was not iso-
lated. Experimental unssalted butter washed with the samples
was cheesy at 4 days in one instance and cheesy and rancid at
3 days in the other. The sstisfactory samples did not contain
coliform organisms, total bacterial counts did not exceed 1
per ml. on nutrient agar and were 6 and 1 psr ml. on T.G.E.M.
agar, rroteclytic and lipolytic counts did not exceed 1 per
ml. and Ps. putrefaciens was not detected. When experimental
unsalted butter was washed with the samples, there was no
flavor defects evident at 4 days; one sample was rancid at §
days while the other was atlll satisfactory at 7 days.

Four samplez of well water that had been through a wooden
aupply teank were examined. The first and third were unsatis-
factory while the second end fourth were satisfactory., With
the unsatisfactory samples coliform organlsms were present in
the 50 ml, and 10 ml, portions of each sample, Total bacw
terisl counts wers 1000 and 550 per ml, on nutrient agar and
were 240 and 1600 per ml, on T.G.E.M. agar, proteclytic counts
were 26 and 300 per ml. and lipolytic counts were 5 and 30 per
ml. Ps. putrefaciens was not isolated. The experimental
unsalted butter washed with the samples was putrid at 4 days
in cne instance agd off at 3 days in the other., The satise
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factory samples did not contaln coliform crganlams, total
bacterial counts did not exceed 2 per ml. on nutrient agar

- and were 16 snd 37 per ml, on T.G.E.M. agar, proteolytic and

lipolytic counts did not exceed 1 per ml. and Ps. putrefaciens
was not isolated., When the samples were used to wash experl-
mental unsalted bubtter flavor defects were not evident at 4
days; ons sample was musty at § days whlle the other was still
satisfactory at 7 days. '

Plant 27

At plant 27 water from tﬁe well conmmonly is used; oc-
caslonally water from the city malns 1s employed.

The three samples of water from the well were satlig-
factory (table 27). Fo coliform organisms were detected.
Total bacterial counts on nubtrient agar ranged from less than
1 to 22 per nml., while those on T.G.E.l. agar varied from 4 to
18 per ml, Proteolytlc and lipolytle counts did not‘exceed 2

per ml, and Ps., pubtrefaclens was not lsolated, Experimentsl

unsalted butter washed with the samples showed no definite
flavor deterioration at 7 days.

Three samples of well water that had been through s metal
storage tank were examined. The first two were unsatlisfactory
while the third was satlsfactory. With the unsatisfactory
gsamples coliform organisms were present in the 50 ml. portion
of each and in the 10 ml. portion of one sample. Total

bacterial counts were 13 and 1600 per ml. on nutrient sgar and



Table 27

Results on samples of water from plant 27

,.

*nf

e e

: H : Test for Bacteria per ml, Test ; Action in
Sam- ! Type : t Escher~ 1 24 nrs, 1§ U6 nrs, at ¢ for : experimental
ple : sam- : Date s “1ohia~ : at 37%C. : 21°C. on : Ps. t unsalted
no, ¢ ple : examined : Aero- : on t T.G.E.M. agar @ ;gtra- $ butter
H : : "bacter 3 nutrient : : faclens t at 2190C,
: : :_gpecles : agar : Total ¥p, #I, : $
) : i ! ) 3 : ~
1. : well : l-2-41 3 - H 22 : 6 2 K1 - : 0.K. 7 Ga.
H : : : : : :
2. 1"ank ¢  1-2-41 3 £ 50,10 : 13 : 1000 300 40 - t fruity 3 da.
3 ¢ H ml, H t : 3
3. 3 eity : 1-8«41 - s 14 : 160 8 2 1 - t 0.K. 7 da.
: t H : : H : :
4., ¢ well 4-9=41 3 - : <1 : 18 <1 <1 - s 0.K. 7T da,
: : : $ H s t
5. ¢ tank ¢ 4-9=41 : £ 50 ml, : 1600 : 1800 65 75 - 1 unclean
H : H H : : : 3 da,
6. : clty ¢t 4921 : - : <1 s 200 K1 2 : - 3 off 4 da.
: : : 3 H : H
T7¢ : well : 1-20«42 : - : 4 H 4 1 <1 ¢ - t 0.K. 7 da,
: : : : : H :
8. ! tank ¢ 1-2042 : - $ 6 H 8 1 1 : - t 0.K., 7 da.
! H : H H 3 :
9. 3 city 2 1-20-42 : - : <1l : 3 <1 <1 : - ¢t 0.K. 7 da.
: : : 3 : 3 3
®p. = proteolytisc "tank * metal tank
#L. 3 lipolytic



1000 and 1200 per ml, on T.C.E.Y. agar, proteolytic counts
were 300 and 65 per ml. and llpolytic counts werse 40 and 75

per ml, Ps, putrefaciens was not recovered. Experimental

unsalted butter washed with the two samples displayed serious
flever deterioration at 3 days. The satisfactory sample did
not contain ccliform organisms, the total bacterial count was
6 per ml, on nutrient ager and was 85 per ml. on T.G.E.M.
agar, proteclytic and lipolytie counts did not exceed 1 per

ml. and Ps. putrefacliens was not iaclated, When the sample

was used to wash experimental unsalted butter there was no
noticeable flavor deterioration at 7 days.

The first and third of three city water samples were
satisfactory while the second was unsatisfactory. With the
gsatisfactory samples ecoliform organlsms were absent, total
bacterial counts were 14 end less then 1 per ml. on nutrient
agar and 100 and 3 per ml., on T.G.E.M. agar, prcteoclytic
counts were 5 and less than 1 per ml,, lipolytiec counts were 2

and less than 1 per ml. and Ps. putrefacliens was not 1sclated,

In experimental unsalted butter washed with the samples there
was no noticeable flavor deterioration at 7 days. The un-
gatisfactory sample did not contaln colliform organisms; the
total bacterial count was lsss then 1 per ml, on nutrient
agayr but was 200 per ml. on T.G.E.Y. agar. Proteolytle

and lipolytie counts did not exceed 2 per ml. and Pg. putre-
faclens was not 1scolated. Experimental unsalted butter

washed with the semple showed & flavor defect at 4 days,



Plant 28

At plant 28 thers are two wells, Water from well A
commonly 1s employed while that from well B is used only in
times of shortage.

The first two of the three samples of water from well
A were satisfactory but the third was unsatisfactory (table
28). With the satisfactory samples coliform organisms were
absent, total bacterial counts d1d not exceed 3 per ml. on
nutrient agar and were 10 and 29 per ml, on T.G.E.M. agar,
proteolytic and lipolytiec counts did not exceed 4 per ml, and

Ps. putrefaciens was not lsolated. There was no notliceable

flavor deterioration at 7 days when experimental unsalted
butter was washed with the samples. The unsatlsfactory sample
did not contain coliform organisms and the total bacterisl
count on nutrient agar was less than 1 per ml.; however, the
total count on T.G.E.M. agar was 230 per ml. The proteolytic
count was 3 per ml., the lipolytic count was 4 per ml, and

Ps. putrefaciens was not detected. When experimental unsalted

butter was washed with the sample, no serious flavor defect
was evident at 7 days.

The first two of the thres samples of water from well B
were satlsfactory; the third was objectionable since coliform
orgenisms were present in the 50 ml. portion and also in s
gsecond 50 ml. portion studied with a special medium*. With

* See page 185.



Table 28

Resultes on zamples of water from plant 28

e e = e : ‘ = e
H H t Test for ¢ Bacteris per ml t Test t Aetion in
Sam~ : Type @ : Escher- @ 8. !¢ 8. & ¢ for : experimental
ple : sam~ : Date : “Johia- : at 37°C, 1 21°C, on t Ps. 1 unsalted
no. ¢ ple ¢ examined t Asro= : on t T,G.E.M, agar : §§§§gy : butter
: : : “baéter : nutrient ¢ y Taolens : at 21°C,
g 3 3 apecies : agar : Total *p, #I., :
: g $ s H : s
1, tbwell ! lelbS~4l - : <1 : 20 1 K1 : - ¢ musty 5 da,
: : $ s : 3 3
2, tfgell ¢ 1-15-41 : - t 3 : 10 4 1 - : 0.K. 7 da,
: : t : 2 : :
3. tPwell :  5aT-4l : - : 1 t 20 1 1 : - : 0,K., 7 da.
: s H H : : :
4, t8well : 5SaT=4l : - s <1 T 20 1 <1 - : 0.K, 7 da,
: s s 3 : : :
5, tPwell : 11l~1le4l : # 50 ml, : 2 : 70 1 8 - $ 0.,K. 7 da,
t : s : H s 3
6. t2well : llelle4l @ - H {1 : 230 3 4 - t 0.K. 7 da,
t : : 2 2 : :

§F. » proteclytic
L, = lipolytic
8yell = well A
byell x well B

- 98 -
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the three samples total bacterial counts did not exceed 2 per
ml. on nutrient agar and were 20, 20 and 70 per ml. on
T.G.E.M. agar, proteolytic counts dld not exceed 1 per ml, and
the lipolytiec counts were leas than 1, 1 and § per ml. [Fs.

putrefaciens organisms were not isolated. In experimental

unsalted butter washed wlth the samples, there was no flavor
deterioration at 4 days; with one sample a musty flavor was
evident at 5 days, while with the other samples the butter
wasz satlsfactory at 7 days.

Plant 29

The two samples of water from the well at plant 20 were
satisfactory (table 298). Coliform organisms were not detected.
On nubtrient agar total bacterlal counts were both less than 1
per ml., while on T.G.E.M. agar they were 5 and 2 per ml,
Numbers of proteclytlc and lipolytle organisms did not exceed

1 per ml, Ps. putrefaciens was not isolated. In experi-
mental unsalted butter washed with the samples there was no
noticeable flavor deterloration at 7 days.

Three samples of water that had been through a wooden
storege tank were examined. The first two were unsatisfactory
and the third was satisfactory. With the unsatisfactory
samples coliform organisms were absent. Total bacterial
counts on nutrient agar were less than 1l and 42 per ml. but on
T.G.E.M. agar they were 200 and 400 per ml., proteolytic
counts were 9 and 40 per ml., and lipolytie counts did not



Table 29

Results on samples of water froz plant 29

] [ : : K] !
. H t Test for Baecteris pey ml. : Test : Action inp
Sam- t Type 3 t Escher~ ! 24 hrs. ¢ 96 hrs. &t t for ! experimental
nle ¢ sam- : Date : “ichia~ @ at 379C. : 21°0C., on ¢ s, ¢ unsalted
no. ¢ ple : examined : Aero- ! on ¢! T.G.E.M, agar ¢ putre-~ ! butter
: : : "bacter : nutrient i~ : gacIena s at 21°¢,
: H : specles ! agar : Total ¥P. #L. : :
1o ¢ well ¢ 12+4-40 : - : <1 H 53 1l 1 - : 0.K, 7 da.
2. ;"tank s 12-4-40 @ - : {1 : 200 9 1 - : musty 4 da.
3. : well ¢ 4-23-41 : - : <1 : 2 <1 <1 : =  10.K. 7 da.
: : : H : : :
4, : tank : 4-83-41 : - : 42 : 400 40 2 : F : putrid 3 da.
5. : tank : 1-13-42 : = : 1 i 38 2 (1 : = 3 0.E. T da.

¥pP., ® proteolytic
#1. = 1ipolytic
"tank = wooden tank

- 8g -
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exceed 2 per ml. s, putrefacliens was isolated from one

sample. Experimental unsalted butter washed with one asample
had a musty flavor et 4 days, while similar butter washed
with the sample ylelding Ps. putrefaciens was putrid at 5

days., The satisfactory sample did not show the presence of
coliform organisms, the total bacterial count was lesa then
1l per ml, on nutrient agar and 38 per ml, on T.G.E.M. agar,
proteolytic and lipolytic counts did not exceed 2 per ml, and

Ps. putrefaciens orgenisms were not found, When the sample

was used to wash experimental unsalted butter, no flavor

defect was noted at 7 days.
Plant 30

The two samples of water from the well at plant 30 were
unsatisfactory (table 30), Coliform organisms were present
in the 50 ml, portion of each sample. On nutrient agar total
bacterial counts were 20 and 100 per ml,, while on T.G.E.M.
agar they wers 350 and 250 per ml, Proteolytic counts were
30 and 3 per ml. while lipolytic counts were 70 and 40 per ml.

Pa, putrefecliens was not isolated. The experimental unsalted

butter washed with the samples was rancid at 4 days and 2
daysa.

The three samples of weater that had been through a metal
storage tank were unsastisfactory. Coliform organlsms were
present in the 50 ml, portion of each sample. Total bace-

terial counts on nutrient agar ranged from 2 to 5 per ml,



Table 30

Resgults on ssmples of water from plant 30

Bacteria per ml, t Test
¥4 nr ;U6 %F at ¢ for

. ve]

[ 2

Test for

1 T T
H H t : Actlion iIn
Sam~ ¢ Type ¢ . : Easchere : rg, ¢ 8, ¢! experimental
ple : sam= : Date t 11a~ : at 37°C, : 21°C, on 3 P8. : unsalted
nos ¢ ple : examined : Aero- t on ! TeG.E.M, agar tre~ ¢ butter
: : t “bacter : nutrient : 7 —1 ¥%a!ens : at 219C,
: 3 3 specles : agar : Total ¥p, #L, ¢ ™ :
: : H H H H H
1, : well : 1~15-41 : £ 50 ml, 20 : 350 30 70 @ - t rancid 4 da,
$ H H : H H H
2, t"tank : 1-15«41 1 £ 50 ml, @ 4 : 280 20 256 - : off 5 da,
H : : : H H H
3, 1 woll : 3-26=41 : £ 50 ml, : 200 : 280 3 40 - ! raneid 2 da,
: : : : H : :
4, : tonk : 3=26.41 t £ BO ml, : 2 : 200 10 18 - ! putrid 4 da,
H : : H : : :
5., : tank : 1l=l1l-41 : £ 50 ml, : 5 : 550 B0 4 - ! cheesy 4 da.
H $ H H ‘ H H

*P. = proteolytic
#L. = lipolytie
"tank s metal tank
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and on T.G.E.¥. agar from 200 to 550 per ml, Humbers of
proteclytic organlsms ranged from 10 to 5C per ml, and those
of lipolytic organisms from 4 to 25 per ml., Ps. putrefaciens
was not isolated., Experimental unsalted butter weshed with
one sample displayed nc notlceable flavor deterioration at 4
days but was off at 5 days; butter washed with two samples
was putrid at 4 days in one instance and cheesy at 4 days in
the other,

Plant 31

The three samples of water from the well at plant 31
were satisfactory (table 31}, Coliform organisms were absent.
On nubtrient agsr total basterial ccunts ranged from less than
1 to 12 per ml., while on T.G.E.M, agar they varied from 2 to
20 per ml, Proteolytisc counts did not exceed 2 per ml, and
lipolytic counts did not exceed 3 per ml. Ps. putrefsciens
was not 1scolated. Experimental unsalted butter washed with
the samples showed no flavor deterioratlion st 7 days.

The first of three samples of water that had been through
a metal storage tank was satisfactory but the others were
unsatisfactory. With the satisfactory sample coliform organ-
1sms were absent, the totsl bacterial count was less than 1
per ml. on nutrient agar and 6 per ml. on T.G.E.M. agar,
proteclytic and lipolytie counts did not exceed 2 per ml. ﬁnﬂ
Ps. putrefsciens was not 1solated. There wers no flavor
defects at 7 days when experimental unsslted butter was washed



Table 31

Results on samples of watsr from plent 31

s : 3 ¢ : :
: H ¢ Test for : Baeteria per nl, : Test : Action in
Sam=- ¢ Type @ : Escher~ ¢ 24& nrs. : 96 nrs, at : for : experimental
ple : sam- : Date : {chia~- : at 37°C. : 21°C. on : Es. : unsalted
no. ¢ ple : examined : Aeroe t on : T.G.E.¥, agar : putre- : butter
: : : “baeter : nutrient : : %aafena : at 219¢C.
: : : apecles : agar s Total *p, #1, : :
1 : : ' i ¥ :
1. ¢ well : 2~12-41 : - : 12 : 2 2 <1 - s 0.K. 7 da.
: 3 H : : : 3
2, :"tank 1 2«12«41 - : <1 H 6 2 <1 - : 0.K. 7 da.
H : H : : : :
3, ¢ well : 5=-21~41 - H <1 H 20 1l 3 i - s 0.X. 7 da.
: : : : : : :
4, : btank : 5-21-41 - : 4200 : 7000 300 200 : - t cheesy 3 da.
H H : : : : :
5, 1 well ¢ 2-24-48 : - : {1 : 12 l 1 - : O.K. 7 4a,
: s s : : : :
6. ¢ tank : 2-24-42 : - H 230 ;125 5 17 : - s raneid 6 da.
: : : : t 3

8

#P. = proteolytic
#L, = lipolytie
"tank = metal btank

-3
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with the sample., With the unsatisfactory samples coliform
organisms were sbsent, total bacterlal counts were 4200 and
230 per ml. on nutrient agar and 7000 and 125 per ml. on
T.G.E.M. agar, proteolytic counts were 300 and § per ml,,
lipolytic counts were 200 and 17 per ml. and Ps. putrefaciens
was not 1solated. When experimental unsalted butter was
washed with one sample, a cheesy flavor was evident at 3 days;
with the other ssmple no flavor defect was notlceable at 4
days but the butter was rancid at 6 days.

Plant 32

" Both samples of water from the well at plant 32 were
satisfactory (table 32). No coliform organisms were detected.
On nutrient ager total bacterisl countz were less than 1 per
ml., while on T.G.E.M. agar they were £ and 33 per ml.
Proteolytic counts were 1 and 3 per ml, and lipolytie counts

did not exceed 1 per ml. Ps. putrefsciens was not recovered.

Experimental unsalted butter washed with the samples showed
no noticeable flaver deterioration at 4 days; one lot was
satisfactory at 7 days while ths other was rancid at € days.
One of the two samples of water that had been through a
wooden storage tank was questlonable because of a high total
count, while the other was satisfactory. The samples showed
no coliform organisms, Total bacterial counts on nutrient
ager were 4 and less than 1 per ml., and on T.G.E.M. agar they
were 120 and 7 per ml.; numbers of proteoclytic and lipolytile



Table 32

Results on samples of water from plant 32

= o = R .
: s t Tast for Bacteria per ml : Test ! Actlion in
Sam~ ! Type @ t Eschor- ¢ 24 hra, : 06 Era. at t for { experimental
ple 1 sam- : Date :  3chla- : at 370C. : 21°C, on : Ps, : unsalted
no., ¢ ple ¢ examined : Aero- t on ! ToG.E.M, agar ! putre-~ : butter
H 3 H cter : nutrient = - : gac!ens ¢ at 21°C,
t ) t species ! agar : Total *P, #I, : :
t : t 3 : : t
1, ¢ well : 11-27-40 - t {1l H e 1 <1 : - : Q.K, 7 da,
1 g : : H s :
2, t"tank : 11.27.40 : - : 4 : 120 <1 1 : - t 0.K., 7 da,
3 ¢ 2 s : : :
3. 1 clty t 112740 3 - H 1 : 18 1 <1 ¢ - t 0K, 7 da.
s : H : 2 3 H
4, : city 1 4-23-41 : - H 13 : 125 2 4 ¢ £ : putrid 4 da,
: : H : : : ]
B, ! well ! lel3«42 : - : (1 t 33 3 : - ¢ rancld 6 da,
: : : : H t s
6s ¢ tank : l1wl3-42 @ - : <l : 7 1 <1 @ - ! 0.Ks 7 dae
: : : : : : :

*P. = proteolytic
#L, & lipolytic
"tank « wooden tank



organisms did not exceed 1 per ml. and Ps, putrefaciens was

not 1solated. When the samples were used to wash experimental
unsalted butter there was no significant fleavor deterloration
at 7 days.

One of two samples of clty water was satisfactory while
the other was unsatisfactory. With the satisfactory sample,
coliform organisms were absent, the total bacterlal counts on
nutrient agar was 1 per ml, and on T.G.E.M. agar it was 18 per
ml., proteolytic and lipolytic counts did not exceed 1 per ml,

and Ps. putrefaciens organisms were not found. When experi=~

mental unsalted bubtter was washed with the sample no flavor
deterioration was observed at 7 days. The unsatiafactory
sample contained no coliform organisms and the total bacterial
count on nutrient agar was 13 per ml.; the total count on
T.G.E.M. agar was 125 per ml. The proteolytic count was 2

per ml., and the lipolytle count was 4 per ml, Ps. putre-
faclens organisms were isolated and when experimental
unsalted butter was weshed with the water, a putrid flavor

wag evident at 4 dayse.
Plant 33

The firast two sampleas of water from the well at plant 33
were satisfactory, while the third was unsatisfactory (table
33). With the satisfactory samples, coliform organisms were
abgsent, total bacterial counts on nutrient agar 4id not exceed

2 per ml., while on T.GC.E.M. agar they were 1 and 7 per ml.,



|
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Tabla 33

Results on samples of water from plant 33

] : 'z : ! T
H H t Test for : Baecteria per ml. : Teat : Action in
Sam- : Type : t Escher~ i 24 Ars. ¢ U0 hrs, &t : for ! experimental
ple : sam- : Date : lenla~- : at 37°C. : 210C. on : Ps. : unsalted
no. : ple : examined : Asro-~ : on : T.G.E.M. agar : putre- : butter
: : ¢+ bacter : nutrient : : gacIens s at 219¢C,
: : : gpecies : agar : Total *P, #L. : :
3 : 3 : T 3 :
1, : well : 2-5-41 : - : 2 : 1 <1 K1 ¢ - : musty 4 da.
L : : : H $ :
2., 1"bank 1 2«5-41 : - : 40 : 440 40 & : - ¢+ putrid 4 da.
H H H : H : H
3. : well : 5-21-41 : - : 1 : 7T 1 <1 - ¢ putrid 5 da,
: s H : : 3 H
4, 1 tank : E-21-41 : - : (1 3 80 3 11 ¢ - ¢ raneid 4 da,
: : H 3 H : 3
5, 1 well ¢ 1l~-4-41 : - s <1 s 325 8 1 - : 0.K. 7 da.
t H : : : : :
6, ¢ tank : 1l-4~41 : - : 5 1 326 5 5 - : rancid 6 da.
: : : : t H :

#P. = proteolytio
#L. = lipolytiec
"sank = metal tank




proteolytic and lipolytic counts d1d not exceed 1 per ml. and

Ps, putrefsclens was not lsolated. Experimental unsalted

butter washed with one sample developed & musty flavor In 4
days; similar butter washed with the other sample showed no
flavor deterioration at 4 days but had s rancid flavor at 5
days. The unsatlsfactory sample contained no coliform organ=
1sms and the total bacterial count was less than 1 per ml. on
nutrient sgar; however, on T.GC.E.M. agar ths total count was
325 per ml. The proteolytic count was 8 per ml. and the

lipolytic count was 1 per ml. and Ps. putrefaclens organisms

were not detected, There was no flavor deterioration at 7 days
when the sample was used to wash experimental unsalted bubter,
The three ssmples of water that hed been through & metal
supply tank were unsatisfactory. Coliform organlsms were
sbsent. On nutrient agar total bacteriesl counts ranged from
less than 1 to 40 per ml,, while on T,G.E.l. agar they varied
from 80 to 440 per ml., Froteolytle counts ranged from 3 to
40 per ml. and lipolytic counts from 5 to 1l per ml. Psa.

putrefacliens was not detected., In experimental wmsalted

butter washed with the first two samples, there was a putrid
defect at 4 days in one instance and rancidity at 4 days in
the other. Similsr butter washed with the third sample showed
no noticeables flavor deterloration at 4 days, but was rancid

at 6 daysa,
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Plant 34

The three samples of water from the well at plant 34
weres satisfactory (tsble 34). Coliform organisms were absent,
total bacterisl counts on nutrient agar were 3, less than 1
and less than 1 per ml, and on T.G.E.M. agar they were 1, 3
and 6 per ml., proteolytic and lipolytic counts did not exceed
1 per ml., and Ps. putrefaclens was not 1solated. In experi-

mental unsalted butter washed with the water there was no
sericus flavor deterioration at 4 days; one lot showed a musty
flavor at 6 days, while the other two were stlll satisfactory
at 7 days.

Plent 35

All four of the water samples from the well at plant 35
wore satisfactory (table 35). No coliform organisms were
detected. On nutrient sgar total bacterial counts did not
exceed 1 per ml., while on T.G.E.¥M. agar they varled from 4
to 60 per ml. Proteolytic counts dld not exceed 2 per ml, and
lipolytie counts ranged from less than 1 to 8 per ml, Ps.
putrefacliens was not isolated. Experimental unsalted butter
washed with the samples showed no noticeable flavor deteri-

oration at 4 days; one sample was muasty at & days, while the
others were still satlsfactory at 7 days.

Four samples of water that had been through & wooden
supply tank were examined. The first two were unsatisfactory,



Table 34

Results on samples of water from plant 34

: : : 3 ! :
: H ! Test for : Paeteris per ml. ! Test : Acktlion in
Sam- : Type t Eacher- : 24 hrs. ¢ 98 hrs. ab : for t experimental
prls § sam~ : Date : fchia- : at 379¢C. : 219C, on : Ps, $ ungalted
no. ! ple t examined : Aero~ t on t T.G.E. M. agar : tre~ : butter
: : : “bacter : nutrient : : : gaeiena s at 210¢C.
: : , : specles ! agar : Total *P. #1. 3 :
1 : 3 : ] : ]
1. 1 well ¢ 1-22-41 : - : 3 : 1 <1 <1 : - : maaty 6 da.
: : : H H H :
2. : woll : 4-16«41 : - : <1 s 3 1l l - ¢ 0.K., 7 da.
s : : H 3 : !
3¢ ¢ well 10-20-41 - : <1 : 6 1 <1 - 0.K. 7 d&a.,
: : H 3 $

s e

- aw

*P. = proteolytic
#L. = lipolytie



Results on samples of water from plant 35

Table 35

! : : ! :
: H : Test for : Bacteria per ml. : Test : Action in
Sam- : Type @ t Escher~ : 24 nrs. 3 hrs. at : for s experimental
ple : same- : Date 3 cnia~ : at 379C, : 219C. on : Ps. 3 unsalted
noe. ¢ ple : examined ; Aero- i on : T.G.B, M., agar : putre- : butier
: s : “bacter : nutrient : s gaeiena s at 219¢.,
: : : species : agar : Total *p, #L. 3
: : : 1 s : :
1, : well ¢ 2-12-41 : - : <1 H 4 1 1 : - : musty 5 da.
H : H : : : H
2, 1"tank : 2-12-41 : ¥ 50,10, : 600 : 1000 300 100 - : rancid 2 da.
H : : 1l ml. : H :
3. s woll ¢ 4-16-41 : - H (1 H S2 2 8 1 - s 0,K., 7 da.
s : H s 3 : H
4. ¢ tank : 4-16-41 : £ 50 ml, : 180 : 320 10 11 - : putrid 3 da.
: : H ot H $ H
5. $ well : 1l-4~41 ; - H 1 : 60 1 4 : - : 0.XK. 7 aa,
! H : : : H H
6. : tank ¢ 1ll-t~41 : - : 2 H 58 1 1 : - : masty 4 da.
: : : : : : :
7 : well 3 4&-7-42 - $ 1 : 7 <1 <1 3 - : 0.K. 7 da.
: H : 3 : $ :
8, t tank : 4-T=42 : - H 2 H B <1 K1 - : 0.K. 7 da.

#p. = proteolytie
#L, = lipolytie
"tank = wooden tank

- 00T =
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whille the last two were satisfactory. With the unsatisfactory
samples, ¢olliform organisms were present in the 50 ml.‘porticn
of each and in the 10 ml, and 1 ml, portions of one sample.
Total bacterial counbs were 600 and 180 per ml. on nutrient
agar and 1000 and 320 per ml. on T.G.E.¥. agar, proteolytic
counts were 300 and 10 per ml. and lipolytilc counts were 100

and 11 per ml. Ps., putrefaciens was not isolated. Experl-

mental unsalted butter washed wlith the ssmples showed ran-~
cldity at 2 days In one instance and a putrild condition at

3 days in the other. The satlsfactory samples did not contain
coliform orgenisns, total bacterial counts did not exceed 2
per ml, on nutrient agar and were 55 and 5 per ml, on T.G.E.H.
agar, proteolytic and lipolytic counts did not execeed 1 per

ml, and Ps. putrefacliens was not detected. A4 rmsty flavor

was evident at 4 days when one sample was used to wash butter,
and no flavor defects were observed at 7 days when the other

sample was used.
Plant 36

The five samplea of water from the well at plant 36 were
unsatisfactory (table 36). Coliform organisms were detected
in the 50 and 10 ml. portlons of each sample and in the 1 ml.
portions of two samples. On nutrient agar total bacterial
counts ranged from & to 9 per ml., while on T.G.E.¥. agar they
varled from 220 to 500 per ml. Numbers of proteolytic organ-
1sms ranged from 3 to 120 per ml. and those of lipolytic



Table 38

Results on samples of water from plant 38

) : s 3 : :
H : : Teat for : Baoteria per ml, t Test : Aotion in
Sam- : Type ! t Escher~ i 24 Brs. : OB hra. ab : for : experimental
ple 1t sam~ : Date : “1cnla~ : abt 37°¢C, : 219C. on : Ps. : unsalted
no., : ple : examined : Aero- ! on : T.G.BE. M, agar : putre- : butter
: : : baeter : nutrient t E&Eﬁﬁﬁi ¢ at 219¢,
: : : species : agar : Total *P, #L. 3 :
H : : H : : : '
1. : well ¢ 1-8-41 : 4 50,10 : 6 ¢ 300 20 1 - : 0.K. 7 da.
H : : ml . : : : : '
2. :"tank : 1-8«41 : £ 50,10, : 6 : 325 40 6 - : musty 7 da.
: H : 1 ml. : : : :
3., t well : 4-2-41 : £ 50,10, : 6 : 500 120 5 - : rancld 2 da. S
: : : 1 ml. H : : '
4, : tank : 4-2-41 1 £ 50 ml., : 80 : 1300 300 24 : - ¢ putrid 3 da.
H H : 3 : 2 :
5. : well : 10-15-41 ; £ 50,%0, : 6 : 220 5 <1 - : rancid 4 da.
$ : : 1 m., : : 3 :
6. : tank : 10-15-41 : ¥ 50,10 100 : 550 60 40 : - ¢ raneid 3 da.
: s : ml. s : : :
7. : well 3 3-24-42 : ¥ 50,10 : 5 : 250 3 1 : - : rancid 3 da.
: H H ml. : : : :
8, t well : 3-24-42 : £ 50,10 : 9 : 20 6 4 - : rancid 3 da.
t H H ml ., : : : H
9. : tank ¢ 3-24-42 : # 50,10, : 10 : 400 20 5 3 - : rancid 3 da,
: : : 1 ml., : : : .
. = proteolytic "tank = wooden tank

P
L. = 1lipolytic

He
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organisms from less than 1 to 5 per ml. Ps. pubtrefaciens was

not isolated. ZExperimental unsalted butter washed with the
one sample showed no notlceable flavor deterloration at 7 days
whlle bubtter washed with the other four samples was rancid
at 2, 4, 3 and 3 days, ‘
With the unsatisfsctory well the four semples of water
that had been through a wooden supply tank naturslly were
ungatisfactory. Coliform organisms were present in the 50
ml. portions of esch sample, in the 10 ml, portions of three
semples and in the 1 ml, portion of two samples. Total bac-
terlal counts ranged from 6 to 100 per ml. on nutrient agsr
and from 325 to 1300 per ml, on T.G.E.M. agar. Proteolytice
counts ranged from 20 to 300 per ml. and lipolytic counts

varied from 5 to 40 per ml. Ps. putrefaclens was not iso-

lsted., Fxperimental unsalted butter washed with the first
sample showed no notloeable flavor deterlioration at 4 days but
was musty at 7 deys. With the other samples the bubtsr was
putrid or rancid at 3 days.

Plant 37

All three samplss of water from the well at plant 37 were
satisfactory, although one sample had a comparatively high
count on T.G.E.M. agar, (table 37). Goiiform organisms were
absent, On nutrient agar total bacterlal counts were less
than 1 per ml, with two samples end 5 per ml, with one, while
on T.G.E.¥, agar they varled from 22 to 100 per ml. Neither



Table 37

Results on samples of water from plant 37

: t 3 : : :
H t ¢ Teat for : Bacteria per ml. : Test : Action in
Sam- : Type : : BEscher- : 24 hrs, ¢t U6 hrs, at : for : experimental
ple : sam- : Date : chia~- : at 37°C. : 21¢C. on ¢ Ps. : unsalted
no. : pls : examined : Aero- : on : T.G.E.¥. agar : tre~ : butter
: : : “bacter : nutrient : : : gaciens : at 219cC,
: : : specles : agar : Total ¥*P, #L. : : :
: : : : 3 : :
1. : well : 2-19-41 : - H <1 s 30 2 4 - : musty 7 da., l‘é
: t : : : : H
2. :"tank : 2~19-41 : - : <1 i 40 2 2¢ - ¢ 0.K. 7 da. t
3. ¢t well 1 4-30-41 : - : <1 s 100 4 4 - : 0.K. 7 ds,
4, : tank : 4-30-41 : - : 16 : 650 20 20 : -  : rancid 7 da.
t : H : : : :
6. : well ¢ 12«22«41 : - : 5 H 22 (1 <1 - : 0.K. 7 da.
: H : : : : :
6. : tank ¢ 12«28«41 3 - : 2 : 40 20 (K1 : - : unclean 5 da.
: : : : : : :

%p. = proteolytic
#1. = lipolytie
"gank = metal tank
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the proteolytic or lipolytlic counts exceeded 4 per ml. Ps.
putrefaciens was not isolated. Experimental unsalted butter

washed with the samples showed no noticeable flavor deteri-
oration at 4 days; one sample was musty at 7 days, while the
others were stlll satlisfactory at 7 days,

Three samples of water that had been through a metal
supply tank were examined; two were satisfactory while one was
unsatiasfactory. With the satisfactory samples coliform organ-
isms were absent, total bacterial counts were less than 1 and
2 per ml, on nutrient agar and were sach 40 per ml, on T.G.E.M.
agar, proteolytic counts were 2 and 20 per ml., and liﬁolytic

counts were 24 and less than 1 per mi. Ps. putrefaciens was

not isolated, When the samples were used to wash experimental
unsalted butter, there was no flavor deterioration at 4 daysj
one lot had an unclean flavor at 5 days, while the other was
8t1l1l satisfactory at 7 days. The unsatlsfactory sample con-
talined no coliform organisms and the total bacterial count

on nutrient agar was 16 per ml.; however, the total count

on T.G.E.M, agar was 650 per ml, Proteolytic and lipolytie

counts were each 20 per ml, Ps. pubtrefaclens was not 1solated.

When the sample was used to wash experimental unsalted butter
no flavor defect was evident at 4 days, but rancidity was

evident at 7 days.
Plant 38

At plant 38 there are two wells. Water from both well



Table 38

Results on samples of water from plant 38

E )

K T 3 T '
$ H : Test for Bacteria per ml. : Test : Action in
Sam~ : Type : : Escher- : 24 hrs. : 96 hrs, at : for t experimental
ple : sam~ : Dsate : “ichia~ : at 37¢C. : 219¢C. on : Ps. : unsalted
noe. : ple : examined : Aero-~ : on : T.G.E.¥. agar : ggﬁre- : butter
s : : “bacter : nutrient : : Taclens : at 21°C,
: : :_species  : agar : Total ¥P, #L. 3 3
1. :"tank : 11-20-40 : / 50 ml, : 2 11000 26 8 : = : off 4 da.
: : : : : : :
2. : tank : 11«20-40 : - : 8 : 1000 100 13 - : off 6 da.
: : : : : : :
3. :Pwell : 3-19441 : - : 100 : 1200 300 200 : - ! cheeay 3 da.
: : : : $ : :
4. :8well : 3-19-41 : - : 2 ¢ 100 3 <1 - ¢ 0.K. 7 da,
$ : : : : s :
B, : tank ¢ J3«18-41 : - : 850 : 1500 300 S50 : - : cheesy 3 da.
6. :bwell : 10-8-41 : £ 50,10 5 : 400 10 8 : 4 : ranoid 7 da.
: : : ml, : : : :
7. Bwgll ¢ 10-8-41 : - : 2 $ 18 2 2 - : 0.K. 7 da.
: : : : : 3 t
8, : tank : 10-8-41 : # 50,10 : 88 : 80O 80 32 A t sl, raneid
! ' L3 ml. : 3 3 3 7 da.
#p, 2 proteolytie 8yell = well A
#L. = lipolytic brell = well B

"tank = wooden tank
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A and well B is pumped into & wooden supply tenk for use in
the plant.

The two samples of water from well A were satisfactory
although one had & relatively high count on T.G.E.M. ager
{table 38). Coliform organisms were absent, on nutrient agar
total bacterial ecounts were 2 per ml., in each case while on
T.G.B.¥. agar they were 100 and 16 per ml., proteclytile counts
were 3 and 2 per ml, and lipolytic counts were less than 1 and
2 per ml. Fs. putrefaclens was not laclated. In sxperimental
unsflted butier weshed wlth these samples there wes no defin-
ite flavor deterioration st 7 days.

The two samples of water from well B wers unsatisfactory.
Coliform organisms were present in the 50 ml, &nd 10 ml.
portions of one sample, Total bmcterisl counts were 100 and
5 per ml. on nutrlent agar and 1200 end 400 per ml. on
T«G.EJM. agar., proteolytic counts were 3C0 and 10 per ml. and
lipolytic counts were 200 and 8 per ml. Pa. refociens was
isolated from the one sample, Experimental unsalted butter
washed with one sample was cheegy st 3 deys, while bubtter
washed with the other sample showed no noticeable flavor
deteriocration at 4 days but was rancid at 7 days.

The four samples reprasenting mixtures of water from the
two wells that had been through a wooden supply tank were
unsatisfactory. Colliform organisms were present in the 50 ml.
portions of two pamples and in the 10 ml. portlon of one of

these, Total bacterisl counts on nutrient agar ranged from 2
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to 65 per ml., while on T.G.E.M. agar they varied from 800 to
1500 per ml, Proteolytic counts ranged from 25 to 300 per ml.
and lipolytic counts from 8 to 50 per ml, Fs. putrefaciens
was lsolated from one sample. Experimental unsalted butter
washed with two samples displayed definite flavor deteri-
oration at 4 and 3 days; similar butter washed with the other
samples showed no noticeable flavor deterioration at 4 dsys,
but one lot was off at 6 days and the other wes elightly
rancid at 7 days.

Plant 38

All three samples of water from the well at plant 39 were
satisfactory (table 39), No coliform organlams were detected,
Tatgl bacterial counts on nutrient agar were less than 1, lesa
than 1 and 8 per mls while on T.G.E.¥M. agar they were 12, 12
and 40 per ml., Proteolytic counts ranged from less than 1 to
7 per ml., lipolytic counts did not excesd 2 per ml. and Ps.
putrefaciens was not isolated. Experimental unsalted butter
washed with the samples showed no seriocus flavor deterioration
at 4 days; however, one lot was musty at 3 days, one was muaty

at 5 days and one was putrid‘at 5 days.
Plant 40

The four samples of water from the well at plant 40 were
satisfactory (table 40). Coliform organisme were absent,

total bacterial counts d4id not exceed £ per ml, on nutrient



Table 39

Results on samples of water from plent 39

: ? : : : 3
H s t Test for : Bacteria per ml. : Test t Action in
3am- ¢ Type : :* Escher- : Z4 hrs. ¢ “hrs. at : for : experimental
ple : sam- : Date : 1ehia- : at 379C. : 219C. on : Ps. : unsalted
no. ¢ ple : examined : Aeroe- t on : T.G.E.¥. agar : putre~ : butter
H : : baeter : nutrient : e § gaa!enn : 8t 219¢C.
: : : 8p6Cies : agar : Total *p, #L, 3 :
e : : t s : s
l. ¢ well ¢ 1~8-41 : - : <1 ¢ 12 7 K1 - : masty 5 da.
! : : : H : !
2. ¢t woll ¢ 4-2-41 : - ¢ <1 : 12 <1 <1 - : musty 3 da,
: : : ¢ H : :
3. : wall : 10-15-41 : - : 8 : 40 2 2 - : putrid 5 da.
: : 3 : s : :

*p. = proteolytic
#L. = 1lipolytie

- 60T -



Table 40

Results on samples of water from plant 40

¢ H

; ; t Test for : Bactorie r ml,. : Test ; Aetion in
Sam~ : Type : : Escher~ ¢t 24 hrs, : 95 grs. at : for ¢ experimental
ple ¢ sam- : Date ¢t “Iehia~- : at 379C. : 21°C. on : Ps. t unsalted
no, ¢ ple : examined : Aero- : on $ T.G.E. M, agar : tre- 3 butter
: : : “bacter : nutrient : : gaoIens t at 21°cC.
3 ¢ t specles : agar : Total *p, #L, : 3
: : 1 : T ; :
1. 2 woell ¢ R2-26-41 : - H 2 : 4 <1 <1 : - ¢t 0.K. 7 ds.,
: H H : : : H
2., t"tank : 2-26~41 : - : 1 : 8 5 1 : - : putrid 4 da.
: : : s : H H
Be 3 WOll 3 5-14~41 - : <1l H 34 1l 1l - : rancid 7 d4a.
H H : : : : : o
4. ¢ tank : 5-14-41 - : <1 t 68 3 <1 - ¢ cheesy 7 da.
H H : 3 : H ¢
B, 1 well : 10«28-41 : - H <1 : 19 2 1 - t 0.K. 7 da.
H : H H H : ¢
6. t tank : 10-28=-41 : ¥ 50 ml, s 7 s 220 9 <1 - ¢ cheesy 3 da.
: : s : : : 2
7. 1t well ¢ 4-21-42 : - : 2 : 28 1 <1 : - t 0.K. 7 da.
H : H : H : :
8, 2 tank ! 4-~21e42 : - s 1100 s 1500 100 <1 @ - t unclean
: : H H : : H S da,

¥P. ® proteolytic
#1, = lipolytic
"tank = wooden tank

- 01T -~
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agar while on T.G.E.M. agar they varied from 4 to 34 per ml.,
proteolytic organisms did not exceed 2 per ml., lipolytie
organisms did not exceed 1l per ml. and Ps, putrefaciens was
not detected. Experimental unsalted butter washed with the
samples diasplayed no flavor deterloration at 4 days; one
sample was rancid at 7 days, while the others were still
satisfactory at 7 days,

| Four samples of well water that had been through a wooden
supply tank were examined., Two samples were satisfactory on
the basis of general bacteriocloglecal Informmtion, although
when butter was washed with ons of the samples a putrid defect
was evident at 4 days. The other two samples were unsatis-
factory. With the two satisfasctory samples coliform organisms
were not detected, total bacterial counts did not exceed 1 per
ml. on nutrient agar and were 8 and 65 per ml, on T.G.E.M.
agar, proteolytic counts were 5 and 3 per ml. and lipolytie

counts did not exceed 1 per ml. FPs. putrefaciens was not

isolated., When the samples were used to wash experimental
unsalted butter & putrid flavor was evident at 4 days in one
case; no flavor defect was evident at 4 days iIn the other
but the butter was cheesy at 7 days. The unsatisfactory
samples showed coliform organisms in the 50 ml. portion of
one sample, total bacterial counts on nutrient agar were 7
and 1100 per ml. and on T.G.E.M. agar they were 220 and 1500
per ml., proteolytiec counts were 9 and 100 per ml, and

lipolytic counts were less than 1 per ml. in each case.



Pa. putrefaciens was not found. When the water was used to

wash experimental unsalted butter, a cheesy flavor was present
at 3 days Iin one lot and an unclean flavor st 3 da&s in the

gther.
Plant 41

Four of five samples of well water from plant 41 were
unsatisfactory, while one was satisfactory (table 41)., With
the unsatisfactory samples coliform organisms were found in
the 50 ml., portlion of three and in the 10 ml, portion of one.
Total bacterlal counts on nutrient agar varied from 2 to 3
per ml, while on T.G.E.M. agar they ranged from 1l to 325 per
ml, Proteoclytic counts varied from 2 to 5 per ml, and
lipolytic counts from less than 1 to 4 per ml, Ps. putre-
faciens was 1solated from one sample, When experimental
unsalted butter was washed with the samples, three lots were
putrid or cheesy at 4 dsys whlle the other lot was still
satisfactory at 7 days., The satisfactory sample did not
contain coliform organisma, the total bacterial count was 1
per ml, on nutrient agar and 40 per ml, on T.G.E.M. agar, the
proteolytic and lipelytic counts did not exceed 1 per ml, and

Ps, putrefaciens was not detected. When experimental unsalted

butter was washed with the sample it was satisfactory at 7
days.
Of the five samples of water that had been through s

metal supply tank, four were unsatisfactory and one was satis-
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Table 41

Results on samples of water from plant 41

s
-

|

H s 3 i 3 :
: H t Test for : Bacteries per ml, t Test $ Action in
Sam- : Type ¢ : Egcher~ ¢ 24 hra, ¢ 96 hrs. at : for t experimental
ple 1 sam- : Date :+ Ichia- : at 37°C. : 219, on ¢ Ps. ¢ unsalted
no. : ple : examined : Aero- ! on : T.G.E.M. agar ! putre~ ! butter
: t : “bacter ! nutrient i , : %aalena : at 21°C,
t 3 : species : agar : Total *P, ¥L., :
: : 1 ! H t :
l. : well : 1-15-41 : - : 2 : 11 2 <1 £ : putrid 4 da.
: : : : H s :
2. :"tank : 1l«15-41 : - : 30 : 200 5 30 : - : musty 5 da,
H : 2 : : : :
3. ¢ well : 3-26-41 : - : 1 1 40 1 <1 : - ¢t O.K. 7 @a,
: : : t t : :
4, : tank ¢ J=26~41 : - : 3 : 60 1 3 ¢ - : O.K. 7 da,
] H : s : s :
5. ¢ well ¢ 11-11-41 : £ 50,10 3 : 325 B 3 - t O.K. 7 da..
: t H ml, : : : :
6o § tank : 1llell-4l : £ 50 ml, : 3 t 200 20 3 - ¢ unclean
: H H : H H : 7 da.
7e t Well t 4-14-42 3 £ 50 ml, : 3 : 80 3 <1 - ¢ cheesy 4 da.
: $ g s : : :
8¢ @ tank 1 4-l4-42 : - : 16 ¢ 160 <1 10 - : cheeay 5 da.
: : : 3 : : :
9. : well ¢ 4-14-42 : £ 50 ml, : 2 : 110 4 4 3 - : cheesy 4 da.
: H : : 3 H :
10, : tank : 4-14-42 : - : 11 : 200 1 7 : - ¢t rancid 4 ds.,
! : : 3 : : g
*pP. = proteolytic "tenk = metal tank
#L.. = lipolytic

- ¢l -
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factory. With the unsatisfactery samples ceoliform organisms
were present in the 50 ml, portion of one sample. Total
bacterial counts ranged from 3 to 30 per ml. on nutrient agar
and from 160 to 200 per ml, on T.G.E.M. agar, proteolytic
counts varied from less than 1 to 20 per ml. and lipolytic

counts ranged from 3 to 30 per ml. Ps. putrefeclens wes not

recovered, When experimental unsalted butter was washed with
the mamples, three lots were unclean, cheesy or rancld at 4
days; one lot showed no defect at 4 cdays but was musty at &
days. The satisfactory sample did not contain coliform organ-
isms, the total bacterial count wes 3 per ml, on nutrlent agar
and 60 per mls on T.G.E.}M. agar, the proteolytic and lipolytic

counts did not exceed 3 per ml. and Ps. putrefaclens wes not

isolated., Experimental unsalted butter washed with the sample

showed no defect at 7 days,
Plant 42

At plant 42 there are two wells, Water from well A 1s
most frequently used while that from well B 1s used only in
emergencles.

All four samples of water from well A were unsatisfactory
(table 42). Coliform organisms were present in the 50 ml,
portion of each sample and in the 10 ml., portions of two
samples. On nutrient agar total bacteriasl counts ranged from
less then 1 to 90 per ml., while on T.G.E.M. agar they varled

from 35 to 650 per ml, Numbers of proteolytlic organisms



Table 42

Results on samples of water from plant 42

: : 3 : : : ,
: : : Teat for : Bacteria per ml, + Test ¢t Action in
Sam~ : Type : : Escher- : 24 hrs. : 96 hrs. at : for : experimental
ple : sam~ : Date :+ 1chia- : at 37°C. : 219C, on : Ps. : unsalted
ne. : ple : examined : Aero=- : on ¢ T.G.E.M. agar : putre- : butter
: : : “bacter : nutrient : ; : gac!ana : at 21°¢C,
: H : species : agar 1 Total *P, #L., :
7 t t : : : :
1. :8well : 12-11-40 : £ 50,10 : 5 : 65 9 20 : - : rancid 3 ds.
: ] : ml. : : : :
2, 19%well : 4-2-41 : £ 50,10 : 90 : 650 30 12 - : putrid 2 da.
H : : ml ., : : : H :
3, :Dwell : 4-2-41 : £ 50 ml. : 30 : 325 25 8 - : cheesy 3 da.
4. :8well : 10-15-41 : £ 50ml. : <1 : 46 2 1 : = sl, rancid
: : : : s : H 7 da.
5. t%well : 4~14-42 : £ 50 ml. : 2 : 35 2 <1 - : 0.K. 7 da.
: : : : : : :
6. :Pwell : 4-14-42 : - : 60 : 300 20 40 : - : fruity 4 da,
: : : : : : :

¥P, = proteolytic
#L. = 1lipolytic
Swell = well A
byell = well B
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ranged from 2 to 30 per ml. while those of lipolytic orgenisms

varied from less than 1 to 20 per ml, DIs. putrefacliens was

not 1solated. Experimental unsalted butter washed with two
samples was rancid at 3 deys In one case and putrid at 2 days
in the other; butter washed with the remeinlng samples showed
no serious {lavor deterlioration at 7 days, although one lot
showed slight rancidity at 7 days.

The two samples of water from well B were unsstisfactory,
Coliform orgsnlsms were present in the 50 ml. portion of one
sample, the total beseterlal counts on nutrlent agar were 30
end 60 per ml. and on T.C.E.ll. agar were 325 and 300 per ml,,
proteolytic counts wers 25 and 20 per ml,, lipolytic counts

were 8 and 40 per ml, and Ps. putrefaclens was not 1solated.

When the samples were used to wash experimental unsalted
butter, one lot wes cheesy at 3 days and one was frulty at 4

daysd.
Plant 43

All three samples of water from the well at plant 43 were
satisfactory (table 43). No coliform organisms were detected,
On nutrient agar total bacterial ccunﬁs d1d not exceed 1 per
mle., while on T.C.E.M. agar they varied from 8 to 50 per ml,
Proteclytic counts rangéd from less than 1 to 5 per ml,., and
lipolytic counts from less than 1 to 3 per ml. PFPs. putre-
faclens was not recovered. Experimental unsalted butter

wasghed with one sample was rancld at 4 days; aimilar butter



Table 43

Results on samples of water from plant 43

Teat for

3 H s :
H : : : Bacteria per ml. t Test : Action in
SBeme~ : Type @ : Escher- ¢ 24 hrg, @ hrs. at : for : experimental
ple : sam- : Date : “fehia- ¢ at 37°C, : 21°C, on t Ps, : unsalted
no. ¢ ple ¢ examined : Aero- : on : T.G.E.M. agar ¢t putre- : butter
: H : bacter ! nutrient : H Eaciens : at 21°C,
: : t species : agar : Total *P, #L. : :
: : H : : : :
1. ¢ well ¢ 121140 @ - H {1 H 16 1l g - : 0.XK, 7 da.
: H H : : : :
2., "tank : 12«11-40 - : 1 ] 30 5 1 - t 0.KE. 7 dsa,
H : H s : : :
3e ¢ well 3 4aled]l 3 - H £1 H B8 <1 <1 : - : C.K. 7 da,
H : : : H : :
4, tBtank ¢ 4-2-41 : - : 2 T 24 1 1 : - : cheesy 4 da,
s H ¢ : H : :
5. & well ¢ 11-18-41 : - : 1 H 50 5 3 - : rancid 4 da,
H 3 : : : : :
6, tB2tank : 11l-18-4) : £ 50,10 1 <1 : 35 3 3 @ - ¢ rancid 7 da.
H H H ml. H H H H
7, Btank 1 3-24-42 @ - 1 1 : 11 <1 <1 - t 0.K. 7 da,
: : s 3 : s : :

%

#

P, = proteolyt
L. = lipolytie

ic

"tank = metal btank
8tank = glass-lined tank

- 4IT =
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washed with the remalning samples was still satisfactory at
7 days.

The one sample of well water that had been through a
metal supply tank was satisfactory. Coliform organisms were
absent, the total bacterial count on nutrient agar was 1 per
ml. and on T.G.EM. agar it was 30 per ml,, proteolytic and

lipolytic counts did not exceed 5 per ml. and Ps, putrefaciens

wes not isolated. In experimental unsalted butter washed with
this sample there was no flavor deterioration at 7 days.

Two of the three samples of water that had been through
a glass-lined supply tank were satiasfactory on the basis of
general bacteriological condition, but when one sample was
used to wash experimental unsalted butter there was serious
flavor deteriorstion at 4 days for no evident reasonj; the
remaining sample was unsatisfactory. With the satlisfactory
samples, coliform organisms were absent, total bacterial
counts dld not exceed 2 per ml, on nutrient agar and were 24
and 11 per ml, on T.G.E.M. agar, proteolytic and lipolytic

counts did not exceed 1 per ml. and Ps. putrefaciens was not

recovered. Experimental unsalted butter washed with one
aample showed a cheesy condition at 4 days; the total count
on T.G.E.M. agar with this sample was only 24 per ml, and
fluorescent organlams were not noted. Butter washed with the
other ssmple was still satlisfasctory at 7 days. The unsatis-
factory sample contained coliform organisms in the 50 ml, and

10 ml., portlons, total bacterial counts were less then 1 per
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mnle on nutrient agar and 35 per mles on T.G.E.HMH. agar,

proteolytic and lipolytle counts were each 3 per nml., and

Fs. putrefaciens was not isolated, DButter washed with the

sample was satlsfactory at 4 days but was rancid at 7 days,
Plant 44

One of the two samples of water from the well at plant
44 was satlsfactory while the other was unsatisfactory (table
44), With the sstisfactory sample coliform organisms were
absent, on nutrient agar the total bacterial count was less
than 1 per ml. while on T.G.E.M. agar it was 8 per ml,, the
proteolytic count was less than 1 per ml, and the lipolytie

count was 7 per ml. FPs. putrefacliens was not lsoclated. In

experimental unsalted butter washed with the sample there was
no flavor deterioration at 7 days. The unsatisfactory sample
did not contain coliform organisms, the total bacterial count
was less than 1 per ml, on nutrient agar but was 1000 per ml.
on T.G.E.M. agar, the proteolytic and lipolytiec counts did

not exceed 1 per ml. and Ps. putrefaclens was not found.

Experimental unsalted butter washed with the sample was satis~
factory ét 4 days but had an unclean flavor at 5 days,

Of the three samples of water thet had been through a
metal preasure tank, one was satlsfactory and two were
unsatisfactory. The satlsfactory sample did not contain
collform orgenisms, the total bacterial count on nutrient agar

wag less than 1 per ml, and on T.G.E.M. agar it was 40 per



Table 44

Results on sanmples of water from plant 44

e ’4uﬁ““ : Sl = T S T
: : : Test for : Bacterla par ml, : Taat ¢ Actlion in
Sam- : Typo t Eacher~ 1t 24 hrs, ¢ 96 OrE,. at : for t experimental
ple : sam- ; Date ¢+ ichia~ 3 abt 379C. s 219C. on : Ps. t unsalted
no, ¢ ple 1t examinad : ferow t on ¢ T.G.RB. M, agar : pubtre- ¢ butter
: : : “bacter : mutrient : - : fsciens t at 210C,
: : : 8pooLes ! agar i Total *P. #1. : :
: ? : 3 : 1 :
1. ¢ well : L2eHm-4l @ - 2 <1 : 8 <1 T 1 - : 0.K. 7 da,
$ H : : : H 1
2. :"gank 1 Rub=4l 3 - ! <1 : 40 1 7 - : musty 7 da.
3. : tank :  5e7e4l : = : 1 : 450 5 10 : = 1 0.K. 7 da.
] : : H H : :
4. @ well : 10-15=41 : - : <1 : 1000 (1 l - t unelean 5 da.
: t : : H H :
5. ¢ tank : 10-15~41 : - : <1 ¢ 800 40 10 - : unclean 4 da,
3 t 3 : : 3 )

®p. = proteolytic
#L. = lipolytie
Teank %= metal pressure tank

ncg'[a
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ml., the proteolytic count was 1 per ml. and the lipolytic

count wes 7 per ml. Ps., putrefaciens was not recovered.

Experlimental unsalted butter washed wlth the sample showed no
flavor defect at 4 days, while a musty flavor was evident at
7 days,., With the unsatisfactory samples coliform organlsms
were absent, Total bacterial counts did not exceed 1 per ml,
on nutrient agar but were 450 and 800 per ml, on T.G.E.M.
agar; proteolyblc counts were 5 and 40 per ml., lipolytic

counts were each 10 per ml. and Ps., putrefaclens organisms

were not recovered. When experimental unsalted butter was
washed with the samples 1t showed serious flavor deterlorstion

at 4 days.
Plant 45

0f the three samples of water from the well at plant 45
one was unsatisfactory while two were satisfactory (table 45).
With the unsatisfactory sample coliform organisms were not
detected, the total bacteriél count was 2 per ml. on nutrient
agar and 200 per ml., on T.G.E.M. agar, the proteolytic count
was 100 per ml., the lipolytic count was 2 per ml. and Ps.

putrefaciens waes not isolated. Experimental unsalted butter

washed with the sample showed a cheesy'flavor at 4 days, With
the satlsfactory samples coliform organlsms were not re-
covered, total bacterial counts did not exceed 1 per ml. on
nutrient agaer and were 3 and 14 per ml, on T.G.E.M. agar,

proteolytic and lipolytlie counts did not exceed 3 per ml, and



Table 45

Results on samples of water from plant 45

: 3 T 1 [y :
: : : Test for : Bacteris per ml. : Test t Actlion in
Sam~ : Type @ ; Escher- : 24 hrs. : U6 nrs, at : for ¢ experimental
ple : sam~ : Date : Iebia~ : at 37°C. : 21°C, on : Ps. : unsalted
no. : ple : examined : Aero- t on : T.G.E.M. agar : putre- : butter
: : : “bacter : nutrient : : gaaians : at 219¢.
: ¢ : species : agar : Total *P. #L. 1 :
1, : well : 1-2~41 : - : 2 : 200 100 2 : - : cheeay 4 da.
: H : H : : :
2. : well : BH-14=41 : - H <1 : 3 1 <1 : - s 0.K. 7 da.
: : H H : : H
3¢ 3 well : 10-28B-41 : - : 1l H 14 3 L1 - : 0.X., 7 da.
: : $ 3 3 : :

*P. = proteolytie
#L. = lipolytie

- 3T -



- 123 -

Ps. putrefaciens was not isolated. Experimental unsalted

butter washed with the two samples was still satisfactory at

7 days.
Plant 46

At plant 46 water from the well commonly is used,
although water from the city mains occaslonally is required,

The three samples of water from the well were unsatis-
fasctory (table 46), Coliform organisms were present in the
50 ml, and 10 ml, portlions of one sample, total bacterial
counts ranged from less than 1 to 120 per ml. on nutriént
agar and from 150 to 375 per ml., on T.G.E.Y. agar, proteolytic
counts varied from 22 to 125 per ml, and lipolytlc counts

ranged from 3 to €5 per ml. Ps. putrefaciens was lsclated

from the sample yilelding coliform organisms. Ixperimental
unsalted butter washed with one sample was rancid at 2 days.
Butter washed with the other two samples showed no noticeable
flavor deterioration at 4 days; one of the samples was still
satlisfactory at 7 days but the other was off at 7 days.

One of the four samples of city water collected at the
plant was satisfactory, but the other three were unsatis-
factory. The satisfactory sample did not contain colliform
organisms, the total bacterisl count was less than 1 per ml,
on nutrient agar and was 80 per ml. on T.G.E.M. agar, the
proteolytic count was 24 per ml, and the lipolytlec count was

1 per ml. Ps. putrefaciens was not detected. The experi-




Table 46

Results on samples of water from plant 46

x : . s o

t : : Test for : Bacteria per ml, t Test t Action in
Sam~ $ Type : : Escher~ : 24 Br8. @ rs, at ; for : experimental
ple : sam- : Date : Ychia- : at 379C. : 2190, on s Ps. t unsalted
no., ¢ ple : examined : Aero=- s on : T.G6.B. M. agar tre~ ! butter
: H t “bacter : nutrient : : facliens : at 2100,
: : : species i agar : Total *p. #L. s
7 : H i T T :
1., ¢ well : 2«26-41 : - : <1 : 180 BO 32 : - $ rancid 2 da.
: : : : : 3 ¢
2. : clty 1 2-26-41 : - : <1 H 80 24 1 - : rancid 6 da.
: H 2 3 H : :
3., 3 city : 2426-41 : - H 3 1000 78 24 - : rancid 7 da.
: : : 3 H 3 :
4, t well ¢ Beld=41 ¢ - H 3 t 220 28 3 - ¢ 0.K, 7 da,
$ ] : : H : 3
$. : eity : 5-l4-41 : 4 50 ml, : t 20 39 3 I : raneid 7 da.
: ! : H t : :
6. ¢ city 3 10-28~41 1 ¥ soilo 1 28 : 210 60 15 F 3 raneld 7 da.
$ : : ml, H H H H
7. : well : 10-28-41 : ¥ 50,10 : 120 t 375 125 65 ' : off 7 da.,
: : : mi, ¢ $ : :

#P., = proteolytic
#L, = lipolytic
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mental unsalted butter washed with the sample showed no flavor
defect at 4 days, but & rancid condition was evident at 6
days. With the unsatisfactory samples coliform organisms were
present in the 50 ml., portlions of two samples and in the 10
mle, portion of one sample. On nutrient agar total bacterial
counts ranged from 1 to 28 per ml., while on T.G.E.M. azar
they varied from 210 to 1000 per ml., Proteolytic counts
ranged from 39 to 75 per ml, and lipolytic counts from 3 to

24 per ml, Ps. putrefaciens was isolated from the two samples

vislding coliform organisms. Experimental unsalted butter
washed wlth the samples showed no seriocus flavor defect at

4 days but each of the samples was rancid at 7 days.
Plant 47

All three samples of water from the well at plant 47 werse
satisfactory (table 47). Coliform organisms were absent. On
nutrlent agar total bascterial counts ranged from 1 to 3 per
mle, while on T.G.E.M. agar they varlied from 1 to 14 per ml.
Proteolytic and lipolytic counts dild not exceed 1 per ml. and

Fs. putrefaciens was not lsclated. TIn experimental unsalted

butter washed wilth the samples no ncticéable flavor deteri-
oration was observed at 4 days; one lot had a musty flavor
at 7 days while the others still were satisfactory.

Of the three samples of water that had been through a
metal supply tank, two were unsatisfactory while one was

satisfactory. W1th the unsatisfactory samples collform



Table 47

Results on samples of water from plant 47

:
: Test for

Bacteria per ml. 3 Pest t Action in

3 :
H 2 t
Sam~ : Type ¢ Escher~ 1 24 hrs, ¢ 8. & t for experimental
ple 1t sam- : Date : “Ichia- 1 at 379C, : 21°C. on : Ps. : unsalted
noe. : ple ¢ examined : Aero- : on : T.G.E.M, agar : putre~ 1 butter
: : : “bacter ¢ nutrient 1 I_——— gae!ans : at 21°C,
3 3 : gpscles 3 agar : Total *p, #1. : t
t : s : t : H
1, : well : 1-8-41 : - H 1l : 2 <1 1 : - ! 0.K. 7 da,
H t : s H : :
2, "tank : 1841 : - : 30 : 475 & 3 ¢ - : musty 5 da,
H : s H H : :
3. t woll t 3-26=41 ; - H 2 : 1 <1 <1 - ¢ musty 7 da.
t : : s H 1 s
4, 1 tank ¢ J-26-41 : - : : 20 2 4 @ - : musty 4 ds.
: H : s s : t
5., 1 well : 11«18«41 - t 3 : 14 <1 <1 : - 3 O0.K. 7 da,
: H t : H : 3
6. t tank ! 1l-18«41 : - H 70 : 660 & 1 : - ! rancld 6 da.
: 3 : ? : s :

®pP. 3 proteolytic
#L., = lipolytic
"tank g metal tank
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organisms were absent., Total bacterial counts were 30 and
70 per ml, on nutrient agar and 475 and 650 per ml., on
T.G.E.M. agar, proteolytic counts were 6 and 5 per ml,,

lipolytic counts were 3 and 1 per ml. and Ps, putrefaclens was

not detected. Lxperimental unsalted butter washed with the
samples showed no flavor defects at 4 days; one lot was musty
at & days, whlle the other was rancld at 6 deays, The satise
factory sample dld not contain coliform organisms, total
bacterlal counts were 1 and 20 per ml, on nutrient agar and
TeGaE.Me agar, respectively, the proteclytic count was 2 per

ml., the llpolytic count was 4 per ml, and Ps. putrefaciens

was not recovered. When the sample was used to wash experi-

mental unsalted butter there was a musty flavor at 4 days,
Plant 48

Of the four samples of water from the well at plant 48,
two were unsatisfactory; the other two were satlsfactory on
the basis of general bacteriolozical conditlon but when one
sample was used to wash experimental unsalted butter s rancid
flavor was evident at 4 days (table 48),., With the unsatia-
factory samples coliform organisms were present in the 50 ml.
portion of one sample (also in & second 50 ml. portlon used
in a special mediun™). Total bacterial counts were each 1 per
ml, on nutrient agar and 120 and 27 per ml. on T.G.E.M. agar,

proteclytic counts were 30 and 1 per ml., and lipolytic counts

* See page 105,



Table 48

Results on samples of water from plant 48

=t o8

Teat for

: : : : :
: : : Bacteria per ml, t Teat ¢ Astion in
S8am- : Type ¢ : Escher~ : &4 Brs, : U8 hrs. &t s for : experimental
ple : sam- : Date : “Yenia~ : at 37°C. : 21°C. on : Ps. : unsalted
no. : ple t examined : Aero- t on : T.G.B. M, agar : putre~ : butter
: : : “bacter : nutrient : —— : ! gaeiano : at 21°c,
: : : species : agar t Total *P, #L. :
3 : : : : 1 :
1., 3 well ¢ 2-12-41 3 - t 1l : 120 30 15 - : rancid 2 da.
: : : H H : :
2. t"bank : 2-12-41 : - : <1 $: 100 24 3 ¢ - : chessy 4 da.
H H t s H T :
3, ¢ well : 5-21l-41 : - t <1 : 31 1 4 - : rancid 4 ds.,
: s : : : : s
4., : tank : Be21-41 : - 2 <1 : 32 2 <1 - : 0.K. 7 da.
: : 3 : : : 3
5. 3 well : 10-20-41 : # 50 ml, : 1 : 27 1 < - ! rancid 7 da,
: : : : : : :
6. : tank : 10«20«41 : - : 140 : 275 100 1 - : mesty 4 da.
-3 : : : 3 : :
7. t well : 4~7-42 3 - H 1 : 2 1 <41 - : 0,K. 7 da.
: : H H H 3 t
8. 5 tank 1 4-7-42 ¢ - : 200 : 380 <1 120 : - : ranecid 2 da.
: : H : : 3 :
9. ¢t eclty @ 4-T=42 3 - s <1l t 830 ¢ K1 : - t 0.KE. 7 da.
:- : 3 : : 3 :
*p. = proteolytic "tank = metal tank

L. = lipolytie

- 8381l -
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were 15 and less than 1 per ml. DPs. pubtrefaciens was not

detected. Experimental unsalted butter washed with the one
sample was rancid at 2 days whille simlilar butter washed with
the other sample was satisfactory at 4 days but rancid at 7
days. The satisfactory samples contelned no coliform organ-
isms, total bscterlial counts were each less than 1 per ml, on
nutrient agar and were 31 and 2 per ml, on T.G.E.M. egar,
proteolytic counts did not exceed 1 per ml. and the lipolytie

counts were 4 and less than 1 per ml. FPs. putrefscliens was

not found. When the samples were used to wash experimental
unsalted butter one lot was rancid at 4 days whlle the other
showed no defect at 7 dsys.

Four samples of water that had been through s metal
supply tank were examlned; three were unsetisfactory while one
was sabtlsfactory. With the unsatisfactory samples coliform
orzanisms were absent. On nutrlent agar total baeterisl
counts ranged from less than 1 to 200 per ml,, while on
TeG.EsM. agar they varied from 100 to 380 per ml. Proteolytic
counts ranged from less than 1 o 100 per ml, and lipolytic

counts from 1 to 120 per ml. Ps. putrefacilens was not re-

covered. IExperimental unsalted butter washed with one sample
was rancid at 2 days, butter washed with one sample wes cheesy
at 4 days and butter washed with one sample was musty at 4
daya. The satisfactory sample did not contain coliform
organlsms, the total bacteriasl count was less than 1 per ml,

on nutrient agar and 32 per ml. on T.G.E.M. agar, proteolytic
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and lipolytic counts dld not exceed 2 per ml, and Ps. putre-
faclens was not 1solated. No flavor defect was evident at 7
days when the sample was used to wash experimental unsalted

butter,

The one city water sample from this plant was unsatis-
factory, Coliform organisms were sbsent and the total bac-
terlal count on nutrient agar was less than 1 per ml.;
however, the count on T.G.E.M. agar was 230 per ml, The
proteolytic count was 9 per ml., the lipolytic count was less

than 1 per ml. and Ps. putrefaciens was not found., When the

sample wes used to wash experimental unsalted butter rancidity

was evident at 2 days.
Plant 49

All four samples of water from the well at plant 49 were
unsatisfactory (table 49). Coliform organisms were present
in the 50 ml. and 10 ml. portlions of each sample and in the
1 ml. portions of three samples. On nutrient agar total baec-
terial counts ranged from € to 140 per ml. while on T.G.E.M.
agar they varled from 15 to 1200 per ml., Numbers of
proteolytic organisms ranged from 2 to 100 per ml, and numbers
of llipolytic organisms from less than 1 to 75 per ml., Ps,.

putrefaciens was lsolated from two samples. Experimental

unsalted butter washed with one sample developed a musty
flavor in 4 days while similar butter washed with the other

samples showed serious flavor deterioration at 4, 3 and 4



|
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Table 49

Results on samples of water from plant 49

; H ¢ Test for : Bacteria per ml, s Test : Action in
Sam- : Type : ¢+ Escher- : 24 hrs, : 96 Qrs., &t : for : sxperimental
ple : sam- : Date : “Tohia- : at 379C. : 21°C, on : Pa, : unsalted
no. : ple : examined : Aero- 1 on : T,G.E. M. agar : putre- : butter
: : : “bacter : nutrient : _ B ?aciens s at 21°cC.
: : : specles : agar : Total *P, L, @ :
: : : : : : :
1, : well : 12-11-40 : £ 50,10 : 6 : 18 2 3 - : musty 4 da.
: : : ml. : : : H
2. "tank : 12-11-40 : K 50,10, : 20 : 700 4 5 F : putrid 4 da.
: : : lml, : : : :
3. : well : 3-26-41 : £ 50,10, : 80 : 1200 100 40 : F : putrid 4 da.
: : : 1l ml. : H :
4, : tank : 3-26-41 : # 50,10, : 170 : 1000 100 80 : £ : putrid 2 da,
: : : mle 3 : H H
5. : well : 11-18-41 : # 50,10, : 140 : 700 5 K1 : 7 : off 3 da.
H : : 1l mlse ¢ : : :
6. : tank : 11-18-41 : # 50,10, : 150 : 550 6 <1 : F : off 3 da.
: : : l ml., : : :
Te : Well 1 3-24-42 : ¥ ?0,%0, ¢ 100 : 1000 100 75 - : unclesn 4 da.
: : : ml., : $ :
8, : tank : 3=24=-12 : # 50,10, : 125 : 1400 100 100 : - : cheesy 4 da.
3 H H 1 mle 3 : : ¢

*Pe = proteolytic
#L. = lipolytic
"tank = metal tank

- TeT -
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days.

The four samples of well water that had been through a
metal supply tank were unsatisfactory. Coliform organisms
were present In the 50 ml., 10 ml., and 1 ml, portions of each
sampls., On nutrient agar total bacterlal counts ranged from
20 to 170 per ml, while on T.G.E.M. sgar they varied from 550
to 1400 per ml, Protsolytle counts ranged from 4 to 100 per
ml. and lipolytliec counts from less than 1 to 100 per ml. Ps.
putrefacliens was 1solated from three samples. In experimental

unsalted butter washed wlth the samples there was serious,
but asomewhat wvarilable, flavor deterlioration at 4, 2, 3, and

4 dayss
Plant 50

The water supply of plant 50 is obtained from the city
mains, there belng no wells at the plant.

The five samples cf clty water from the plant were
unsatisfactory (table 50); one was unsatisfactory primarily
because the butter washed with it was rancid in 4 days and the
T.G.E.M. agar plates showed fluorescent organisms, Coliform
organisms were present in the 50 ml, portions of three
samples. On nutrient agar total bacterial counts ranged from
less then 1 to 5 per ml. while on T.G.E.M. agar they wvarled
from 12 to 150 per ml. Proteolytic eocunts ranged from 1 to
6 per ml, and lipolytiec counts from 1 to 3 per ml, Ps. putre-

faclens was not isolated, Experimental unsslbed butter washed



Table 50

Results on samples of water from plant 50

: ) : ! :
: : ¢t Tast for Bacteria per ml, : Teat ¢ Action in
Sam- : Type @ : Escher- : 24 nrs. : 96 hra, at : for ¢ experimental
ple : sam- : Date + Yobla~ : at 379C. : 21°9C. on : Ps. : unsalted
no. : ple : examined : Aero~ : on : T.G.E.¥. agar : gutre- ¢ butter
: H : “bacter : nutrient : : faclens : at 210C,
: : : specles : agar : Total *P, #L. : :
: : : : : : :
1. :"tank : 11«13-40 : £ ?0,%0, : 1100 : 10000 300 45 - : cheesy 4 da.
: H : ml. ¢ : : H
2. : city : 11-13-40 : - : <1 : 150 6 3 : - : putrid 6 da.
Se ; city : S=-5~41 3 - : 5 : 28 1 1 : - : rancid 4 da.
: : : : H : :
4. : oity : 11-18-41 : £ 50 ml. : 2 : 90 3 2 - ¢ rancid 6 da.
H : H : : H H
5. : olty : 4~14-42 : £ 50 ml. : 1 : 26 5 3 - : 0.K. 7 da.
: : t H : H ¢
6. 3 olty : 4~14~42 : # 50 ml, : 3 : 12 5 1 : - : 0.K. 7 da.
: : : ¢ 3 :

3

#p, = proteolytie
#L. = lipolytie
"tank = metal tank

- o¢T -
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with four samples showed no significant flavor defects at 4
days; two lots had off-flavors at ¢ days. Simllar butter
washed wlth one sample that contalned fluorescent bacteris was
rancld at 4 davs.

One sample of clty water that had been through a storage
tank was examined and found unsatisfactoéy. Coliform organ~
1sms were present in the 50 ml., 10 ml, and 1 ml. portions,
Total bacterial counts on nutrient agar and T.G.E.M. agar were
1100 and 10,000 per ml., respectively, and there were 300
rroteolytic bacteria and 45 lipolytlc bacteria per ml. Is.

putrefaciens was not isolated. Experimental unsalted bubtter

washed with this water showed a limburger flavor at 4 days,
Plant 51

All five samples of water from the well at plant 51 were
unsatisfactory (table 51). Coliform organlsms were present
in the 50 ml. portlon of each sample and in the 10 ml.
portions of two samples. On nutrient apgar total bacterial
counts ranged from 2 to 10 per ml. while on T.G.E.M. agar
they varied from 42 to 1000 per ml. Numbers of proteclytic
organisms ranged from 5 to 600 per ml. and those of llpolytie

organisms from 1 to 65 per ml. IFs. putrefaclens was not iso-

lated. Experimental unsalted butter washed with four samples
showed no significant flavor deterioration at 4 days; two of
the lots had defects at 5 davs, one at 7 days and one was

st1ll satisfactory at 7 days. DButter washed with the other



Table 51

Results on samples of water from plant 51

: : : : : :
: : : Teat for : Baoterla per ml. ¢ Test : Aection in
Sam~ : Type :@ : Escher- i 24 hra, : U6 hrs. &t : for : experimental
ple : sam~ : Date : fenia- : at 37°C. : 21°9C. on : Ps. : unsalted
no. : ple : examined : Aero= : on : T.G.E.M. agar : tre- : butter
: : : “bacter : nutrient : : gae!ena : at 21°cC,
: : : specles ¢ agar : Total *p, ¥1. 1 :
3 : : : : : :
1. : well : 1-29-41 : £ Sgilﬁ : 2 : 80 5 2 - : 0.K., 7 da.
: : : s 8 : : !
2, :"tank : 1-29-41 : £ 50,10 : 20 : 700 200 100 - : cheesy 4 da.
: H H ml. s : : :
3. ¢t well : 3-5-41 : £ 50 ml. : 10 : 1000 300 65 : - ¢ putrid 3 da.
$ : H : : : :
4, : tank ¢ 3-5-41 : £ 50,10 4 : 1000 85 10 - : putrid 3 da.
: : : ml, : : : :
5. : well : 5w27«41 : £ 50 ml, ¢ 5 : 80 12 5 - : rancid 7 da.
: : : : : : :
6. : tank : 5-27-41 : £ 50,10 : 1 :+ 110 15 7 : - : off 7 da.
: : : ml. H H H :
7, : well : 11-25-41 : £ 50 ml, 3 2 1 42 B 1 - ¢ raneid 5 da.
: s : t : : :
8., : tank : 11-25-41 : £ 80 ml, : 7 : 400 24 <1 - ¢ cheesy 5 da.
: : : : : : s
9. : well : 4-2-42 : £ 50,10 : 2 ¢ 700 600 1 - : unclean 5 da,
: : : ml, : : : :
10, : tank ¢ 4-2-42 1 £ 50,10, : 300 : 1200 100 100 : - : rancld 4 da.
¢ : : l mi, : ¢ :
#*p. = proteolytic "tank = wooden tank
7L. = 1ipolytie

- ge1 -
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sample was putrid at 3 days.

The five samples of water that had been through a wooden
storage tank were unsatisfactory. Coliform organisms were
present in the 50 ml, portion of each sample, in the 10 ml,.
portions of four samples and in the 1 ml, portion of one
sample, On nutrient agar total bacterial counts ranged from
1 to 300 per ml, while on T.G.E.M. agar they varied from 110
to 1200 per ml, DMNumbers of proteolytic organlsms ranged from
15 to 200 per ml, and thogse of lipolytic organisms from less
than 1 to 100 per ml. Ps., putrefaciens was not lsolated,

Ixperimental unsalted butter waghed with three samples had
serious flavor defects at 4, 3 and 4 days. Butter washed with
the other two samples had no flavor defects at 4 davs; one was

off in flavor at 7 days and the other was cheesy at 5 days.
Plant 52

Two of the gix samples of water from the well at plant
52 were satlsfactory, while the other four were unsatisfactory
(table 52). The satisfactory samples did not contain coliform
organisms, total bacterial counts did not exceed 2 per ml., on
nutrient agar and were 2 and 32 per ml., on T.G.E.M. agar,
proteolytlic counts were less than 1 and 25 per ml., lipolytic
counts did not exceed 1l per ml, and Pa. putrefaciens was not
isolated. VWhen the samples were used to wash experimental
unsalted butter no flavor defects were evident at 7 days.

With the unsatisfactory samples coliform organisms were



Table 52

Results on samples of water from plant 52

1 : 3 :
5 : T H H %oag for ¢ Bacteria r mle : ?cst H Actior{m 1nt 1
am~ : Type 3 t Escher~ 1 £4 Nrs, ! U8 %i"a at ¢ for ¢ experimenta
ple : sam~ : Date : “Tohfs- : at 37°C, : 219C, on ¢ Pa. ¢ unsalted
no, : ple ! examined : Aeroe ¢t on - ¢ TeGsE.M. ngar ¥3§re— ¢ butter
: H : “bacter : mutrient - - : faciens : at 21°C,
: : : specles : agar : Total *P, #L. : :
t H H H H H H
1., ¢ well ¢ 1-20+41 - : £l : 2 <1 (1 : - ¢ O0.K. 7 dr,
H 3 : : : : H
2. 2 well ¢ 1-20-41 ¢ - : 2 H 32 25 1 - ! 0K, 7 da,
H H H : : : H
3., 2 well : 5«27=41 @ - 3 L1l : 130 24 5 @ - ¢ rancid 7 da.
H : H H : : :
4, t woll ¢ 11-25+41 : ¥ 50i10 : 27 : 270 10 6 - t muaty 3 da,
t : H nl. H : H :
5, : well ¢ 4=2=42 : 4 50 ml, ¢ 2 : 90 5 & : - ! OuK. 7 da,
? H $ H H H H
6o 3 Well ¢  4-2+42 1 £ 50,10 3 t 24 4 2 : - : 0.K. 7 da,
H H H ml, H] : H H
*P‘
+ = proteolytic
#1.. = 1ipolytie

- L2T -



- 138 =

present in the 50 ml. portion of each of three samples and in
the 10 ml, portions of two samples., Total bacterial counts
ranged from less than 1 to 27 per nl. on nutrient agar and
from 24 to 270 per ml, on T.G.E.M. agar. Proteolytic counts
varied from 4 to 24 per ml, and lipolytie counts from less

than 1 to 6 per ml, Ps. putrefaciens was not found, Experi-

mental unsalted butter washed with one sample was musty at 3
days. Butter washed with the other samples showed no flavor
defects &t 4 days; one lot was rancid at 7 days, while the
others were stlll satisfactory at 7 dsys.

Plant 53

Two of the three samples of water from the well at plant
53 were satlsfactory, while one was unsatisfactory because of
the presence of coliform organisms (table 53), With the
satisfactory samples coliform organisms were not detected,
total bacterial cbnnts on nutrient agar did not execesed 2 per
ml., while on T.G.E.M. agar they were 48 and 35 per ml.,
proteolytlc counts were 2 and 8 per ml., lipolytic counts did

not exceed 1 per ml. and Ps. putrefaciens was not isolated,

Experimental unsalted butter washed with the samples showed
no notliceable flavor deterloration at 4 days; one lot was
cheeogy at 7 days. The unsatisfactory sample showed coliform
organiams in the 50 ml. and 10 ml., portions, the total baec-
terial count was 3 per ml, on nutrient agar and 55 per ml. on

TeG.E.M. agar, the proteolytic count was 2 per ml., the



Table 53

Results on samples of water from plant 53

: T T "1 :
H H s Tent for : Bacteria per ml, : Test t Action in
Sam- : Type : : Bscher- : 24 hre, i UG Ors, at : for ¢ experimental
ple : sam~ : Date : nla- : at 37°C, : 21°C. on : Ps, : unsalted
no. ¢! ple : examined : Aero~ : on : T.G.E.M. agar : tre~ 3 butter
H 1 t “bacter : nutrient 3 H gaciena : at 21°(, '
: 3 : species : agar : Total *p, #L, i : iy
1 : : : 3 [} T
1. : well : 2-26-41 : - : 1 : 48 2 1 - : 0.K. 7 da. 3
: : : H H : : t
2. "tank : 2-26-41 : # 50 ml, : <1 : 180 32 1 - ¢ putrid 4 da.
[} : : H : : 2
3., t well : 5=l4-41 : - H 2 : 35 B K1 : - ¢ cheesy 7 da.
: : s : : : H
4, 3 tank : 5~l4-41 : - : 24 : 85 6 1 - 1 ranocid 8 ds,
: s : : : : H
5., : well : 10-8-41 : / 50i10 H 3 H 85 2 4 1 - t 0.K. 7 da.
: : : ml. 3 g H H
6. : tank : 10-8«41 : /# 50 ml, : : 700 1850 150 - ¢ rancid 4 da.
: : : : s : 3

¥p, = proteoclytic
L, = lipolytic
"tank = wooden tank
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lipolytic count was 4 per ml., and Ps. putrefaciens was not

found, 1In experimental unsalted butter washed with the sample
no significant flavor defects were cbserved at 7 davys,

Two of the three samples of water that had been through
e wooden supply tank were unsatisfactory and one wes satis-
factory., With the unsatisfactory samples coliform organisms
were present_in the 50 ml, portion of each. Total bacterial
counts did not exceed 3 per ml. on nutrlent agar and were
150 and 700 per ml, on T.G.E.M. ager, proteolytic counts were
32 and 150 per ml, and lipolvtie counts were 1 and 150 per ml,

Pse. putrefaciens was not lsolated. When the samples were used

to wash experimental unsalted butter a putrid conditlon was

evident at 4 days In one case and rancidlty at 4 days in the
other. The satisfactory sample showed no coliform organisms,
the total bacterial count was 24 per ml. on nutrient agar and
85 per ml. on T.G.E.¥M. agar, the proteolytic count was & per

ml., the lipolytic count was 1 per ml. and Ps. putrefaclens

was not isolasted. Experimental unsalted butter washed with
the sample showed no flavor defect at 4 days but was rancid

at 6 days,
Plant 54

Two of three samples of water from the well at plant 54
were satisfactory, while one was unsatlisfactory (table 54).
With the satisfactory samples coliform organisms were sbsent,

total bacterlial counts were less than 1 and 1 per ml., on



Table 54
Results on samples of wabter from plant 54

Bacteris per ml
24 hrs, 1 06 %ﬁs. 8t

: : : 3 3
: H H Tegg for : ¢ Test 1 Aetlon in 1
Sam~ : Type ¢ t Escher~ ¢ for ¢ experimenta
ple : sam~- t Date : “Jehim~ : at 37°C, : 210C, on : Ps, : unsalted
no., ¢ ple ¢ examined : Aero- : on t T.G.E.M. agar @ tre-~ : butter
: t : “bacter : nubtrient : H gac{ens : at 21°C.
s : : specles : agar t Total *P, #L. 3 :
H : : s : 2 g
1. 2 well : 2«12«41 13 - : 1l 3 6 3 2 : - t masty 5 da.
: : H H H 3 : ‘
2. : well ¢ 5=~21e4]1 3 - : <1 : 28 3 <1 1@ - 3 off 7 da.
: : t s 3 : 3
3, 1 well : 1led=4l ¢t 4 52510 : 6 ¢ 700 100 <1 £ : unclean 7 ds.
: g 3 . 3 $ 3 3

;P. a proteolytie
L. & 1ipolytie

- I%1T =~
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nutrient agar end 6 and 28 per nl, on T.G.E.l. ager,
proteolytic counts were 3 and 3 per ml., lipolytic counts

were 2 and less than 1 per ml. and Ps. putrefaclens was not

isolated., Experimental unsalted bubtter washed with two
samples showed no noticeable flavor deterloration at 4 days;
one lot was musty at & days while the other was off at 7 days,
The unsatisfactory sample showed coliform organisms in the

50 ml, and 10 ml, portions, total bacterial counts were 6 and
700 per ml. on nutrlent and T.G.E.M. agar, respectively, the
proteoclytic count was 100 per ml., the lipolytic count was

less than 1 per ml, and Ps. putrefaclens was isolated.

Experimental unselted butter washed with the sample showed no
noticeable flavor deterloration at 4 days but had an unclean

flavor at 7 days,
Plant 55

Both samples of water from the well at plant 55 were
ungatisfactory, one primarily because 1t produced rancidity
In the experimental butter and contained fluorescent organisms
(teble 55). Coliform organisms were absent from one sample
but present in the 50 ml, and 10 ml. portions of the other,
On nutrient agar totsl bacterlal counts were 6 and 3 per ml,
while on T.G.E.M. agar they were 40 and 140 per ml.,
proteolytic counts were 5 and 42 per ml., lipolytle counts

were 3 and 18 per ml. and Ps. putrefaciens was not isolated.

Experimental unsalted butter washed with the samples was



Table 55

Results on samples of water from plant 55

: : T : : ?
H : t Test for @ Bacteria per ml, ¢ Test : Action in
Sam- : Type @ : Escher- : 24 hrs, ¢ Ob hrs, at t for : experimental
ple : sam~ ! Date ¢ Ychia- : at 37°C, : 219, on : Ps. t unsalted
no. ¢! ple ¢ examined : Aero- : on : T.G.E.M. agar : putre~ : butter
: : t “bacter & nutrient : 7 gacfens : at 21°C.
: : :_species : agar : Total *P, 71, : :
H H t H 3 : :
1, : well : 1-20-41 : - : 8 T 40 5 3 : - ¢ rancid 4 da.
t t : : : : H
2., s"tank : 1-29-41 : - H 150 : 180 3 20 : - ¢ putrid 4 da,
: $ : : : H :
3. : well : 5-27-41 : £ 50,10 : 3 : 140 42 18 ¢ - : rancid 4 da.
3 ¢ : ml, : : : :
4, : tank : 5-27=41 1 £ 50,10 : 9 : 200 55 12 @ - : off 4 da.
: : : ml, : : : :
+*

#P. = proteclytle
L. = lipolytic
"tank @ metal tank



- 144 -

rancid at 4 days in each case.

The two samples of water that had been through a metal
storage tank were unsatisfactory. Coliform organlisms were
absent from one sample and present in the 50 ml, and 10 ml,
portions of the other. Total bacterlial counts on nutrient
agar were 150 and @ per ml, while on T.G.E.l. agar they were
150 and 200 per ml., proteolytlic counts were 3 and 55 per ml,

and lipolytle counts were 20 and 12 per ml. Ps, putrefaciens

was not laclsted. Experimental unsalted butter washed with
the samples was putrid or off at 4 days.
T«G.E.M, agar plates poured with each of the four samples

ghowed fluorescent colonles,
Plant 56

Three of the four samples of water from the well at plant
56 were satisfactory, while one was unsatisfactory (table 56).
With the satlsfactory samples coliform organlsms were absent.
Total bacterial counts were each less than 1 psr ml. on
nutrient agar and ranged from 2 to € per ml, on T.G.E.M. agar.
Proteolytic and lipolytic counts did not exceed 1 per ml,

Ps. putrefaciens was not detected. Experimental unsalted

butter washed wlth one sample displayed a musty flavor at 4
dava, while butter washed with the other samples showed no
flavor defects at 7 days. The unsatisfactory sample contained
no coliform organisms, the total bacterial count on nubtrient

agzar was less than 1 per ml, and on T.G.E,M. agar it was 230



Table 56

Results on samples of water from plant 56

Action in

3 ; ,
Test for @ Bacteria per ml,
Escher- ¢ 24 hy T 06 %?s. at

3 ) ? 3 3
s : t t H
Sam~ : Type @ H ' : for : experimental
ple : sam- : Date : “Ichia- : at 37°C. : 21°C, on : Ps. : unsslted
nos, ¢ ple 1 examined : Aero- t on : T.0.E.M. agar @ tre~ : butter
H : : “baoter ¢ nutrient : : gaeiona :t at 219C,
: : : species : ager i Total *P, #L, : :
: : ! 3 ) H s
1, Mtank :  1-8-41 : - : 80 : 200 20 40 - t off 4 da.
! H H 5 $ : s
2e ¥ well ! 4=B=4l - s <1 H 2 1 <1 : - : musty 4 de,
H : H : : : t
3¢ : well ¢ 10-15-41 : - H <1 : 230 4 1l - P 0.K. 7 da,
: : : : s : :
4, ¢! tank ¢ 10«15«41 : - : L1 t 650 150 10 - ¢ 0,K¢ 7 da,
: : ? s : H t
B¢ 2 well ¢ 2«3«42 : - : {1l H 2 <1 K1 : - ¢ OKe 7 des
s : : $ : 3 $
Be ! wall ¢t 3-24-42 @ - H <1l : 6 <1 <1 - t O0.,Ko 7 da,
: s 2 H H H :
Te 2 tank 1 3=24-42 @ - H <1l H 8 <1 K1 : - : O0.K. 7 da.
: t 3 z H 3 :

¥p. = proteolytic
#L. = 1ipolytic
ftank » metal tank

- G%T -
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per ml,, the proteolytic and lipolytie counts did not exceed

4 per ml, and Ps. putrefaciens was not found. In experimental

unsalted butter washed with the sample there was no signifi-
cant flavor deteriorstion at 7 days.

Of the three samples of water that had been through a
metal supply tank two were unsatisfactory and one was satis-
factory, With the unsatisfactory samples coliform organlisms
were absent, the total Lacterlal counts on nutrlent agar were
80 and less than 1 per ml, and on T.G.E.}M. agar they were 200
and 650 per ml., proteolytic counts were 20 end 150 per nl,

and lipolytic counts were 40 and 10 per ml. Ps. putrefaciens

was not isolated. Experimental unsalted butter washed with
one sample wasg off in flavor at 4 days; butter washed with the
other sample wss still satisfactory at 7 days. The satise
factory sample did not show coliform orgenisms, the total
bacterlal count was less than 1 per ml. on nutrient agar and
was & per ml, on T.G.E.M. agar, proteolytlic and lipolytic

counts were each less than 1 per ml, and Ps. putrefaciens was

not isolated, lhen the sample was used Lo wash experimental

unsalted butter there was no flavor defect at 7 days.
Plant 57

At plant 57 water from the well commonly 1s used,
although water from the city mains occasionally is wvequlred.
The one sample of city water from the plant was unsatls-

factory (table 57). Coliform orgenisms were present in the



Table 57

Results on samples of water from plant 57

-

: : : : 3
H H ¢ Test for : Baeterias per ml. : Test : Action in
Sam- : Type @ : Esocher- : 24 hrs. : U6 hrs. at : for ! experimental
ple : sam~ : Date : chia- : at 379C., : 21°C. on : Ps. ¢ unsalted
no. ¢ ple : examined : Aero- : on t T.G.E.M. agar : putre- : butter
: : : “bacter : nutrient : s gacIens : at 21°¢C,
: : : specles agar : Total *p, 7L, : : '
3 : s : : : : -
1. ¢ eity : 1-29-41 : £ 50 ml. : 240 : 90 10 10 - : putrid 2 da. 3
: : H : : : :
2. 3 well : 5-27-41 : - H 1 ¢ 100 5 5 : - ¢ 0.K. 7 da.
: : t : t H :
31 : tank : 5"’27"‘1 : - H <1 : 50 <1 <1 H - : O0.K, 7 d.a.
: H : : $ : H
4. 3 well : 1l=25-41 : - : 1 ¢ 110 2 K1 : - ¢ 0.K. 7 da,
: : H : t $ H
5, ¢ tank : 11«25«41 : - ¢ 90 : 330 6 9 - : cheesy~
3 : H $ : : : rancld 3 da.

%p. = proteolytic
L. = lipolytie
"tank = metal tank
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50 ml. portion, the total bacterial count on nutrient agar wsas
240 per nml, and on T.G.E.M. agar it was SO per ml., there were
10 proteolytic and 10 lipolytlc organisms per ml. and Ps.
putrefaciens was not lsolated., Ixperimental unsalted butter
washed with the sample showed a putrid condition at 2 days,
The two samples of water from the well were questionable
because of the relatively high total bacterial counts on
TeGsEMe agar. Coliform organisms were absgsent. wun nutrient
apar total counts did not exceed 1 per ml,, but on T.G.E.H.
agar they were 100 and 110 per ml. Proteolytic counts were b
and 2 per ml, and lipolytic counts were 5 and less than 1 per

ml. Ps. putrefaciens was not isolated., In experimental

unsalted butter washed with the samples there was no signifi—
cant flavor deterioration at 7 days.

Cf the two samplesa of water thaﬁ had been through a metal
supply tank, one was satisfactory and the other was unsatls-
factory. With the satisfactory sample coliform orgenlsms were
abgent, the total bacterial count was 1 per ml. on nutrient
agar and 50 per ml, on T.G.E.M. agar, the proteclytic and
lipolytic counts were eaéh less than 1 per ml, and Ps. putre-
faciens was not 1solated. Experimental unsalted butter washed
with the sample was not defective at 7 days. The unsatise
factory ssmple did not contain coliform organisms, the total
count was 90 per ml. on nutrient agar and 330 per ml. on

T.G.E.M. agar, the proteoclytic count was 6 per ml., the

lipolytic count was 9 per ml. and Ps. putrefaciens was not



- 149 -

detected, Experimental unsalted butter washed with this

sample was cheesy and rancid at 3 davs.
Plant 58

Two of the four samples of water from the well at plant
58 were satisfactory, while the other two were unsatisfactory
(table 58). The satisfactory samples did not contain coliform
organisms, total bacterial counts dld not exceed 2 per ml, on
nutrient agar &nd were 9 and 34 per ml, on T.G.E.M. agar,
proteolytic and lipolytic counts did not exceed 2 per ml, and

_gg,‘putrefaciens was not recovered. When the samples were

used to wash experimental unsalted butter, one lot was musty
at 4 days while the other was still satisfactory at 7 days.
With the unsatisfactory samples collform organisms were
absent., Total bacteriel counts were 3 and 900 per ml, on
nutrient agar and 260 and 500 per ml. on T.G.E.M. agar,
proteolytic counts were 20 and 8 per ml, and lipolytlec counts

were 10 and 8 per ml., Ps. putrefaciens wes not found. In

experlimental unsalted butter washed wlth the samples, a musty
flavor was evident at 3 days in one instence whlle there was

no flavor defect at 7 days in the other.
Plant 59

One of the three samples of water from the well at plant
50 was unsatisfactory and two were satisfactory (table 59).

The unsatisfactory sample showed collform organisms in the 50



Table &8

Results on samples of water from plant 58

b et e e e At i AR .5 Tl Pl Pt 4Rl b A D 3 e P K AP a0 A BT IS T AR PN i 1A Lt A At R

:

o
»

>4 o0

3 1 ' :
H 2 t Test for : Bacteria ml, : Teat t Aotlion iIn
Sam~ : Type 3 1 Bscher~ ! o4 hrs, ¢ 06 %%a. at t for t axperimental
ple : gam~- : Date : “Jehla- ¢ at 379C, : 219C, on t Pa. ! unsalted
no, ¢! ple ! examined : Aero- : on t TeG.,E.M. agayr ! putre~ : butter
H H : “bacte t mabtrient @ : p's : gae!ens ¢t at 21°¢C,
3 3 ! specles : agar : Total #*P, ¥L, ¢ N
H $ t H s $ H
1, @ well : 1lle27-40 : - : 1 : 9 1 2 : - : masty 4 da,
3 H 3 : 3 $ s
2. ¢t woll : D5B-27-41 3 - s 3 t 260 20 10 @ - ! O.,K. 7 da,
: : H : s : :
3, 3 well ¢ 11-25-41 : - : 900 ¢ BOO 8 8 - ' musty 3 da,
! : H H : 3 H
4, ¢ well : 4eR=q2 3 - H 2 H 34 1 b O - t 0,K, 7 dae
? : $ s 3 s :

*p. = proteolytic
‘L. = lipolytic

- OG8T =



Table 59

Results on samples of water from plant 59

: 2 : : K 3
: H : Test for Bacteria per ml. t Test t Action in
Sam- : Type @ : Escher- : 24 hrs. : 96 hrs., at : for 1 experimental
ple : sam- : Date H a- 3 at 379C. : 219¢C, on : Ps. ! unsalted
no. : ple : examined : Aero- ¢ on : T.G.E.M, agar : putre~ : butter
: : : bacter : nutrient : ) ?aoiens t at 21°
: : : specles : agar : Total ¥*p, #L. :
: 3 : : : : :
1. : well : 11-13-40 : ¥ 50,10, : 2 : 80 8 5 : - : limburger
H H : 1l m. : : s H 4 Qda.
2. 3 well : 3-5~41 3 - : 5 H 28 3 K1 3 - ¢ rancid 5 da.
: : : : : : :
3. ¢t wall : 1-20-42 : - : 1 : 80 12 K1 : - : 0.K. 7 da.
s : : 3 : : :
¥p, = proteoclytic
L. = lipolytic

- I8T -
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mle, 10 ml, &and 1 ml. portions, total bacterial counts were 2
per ml, on nutrlent agar and &0 per ml, on T.G,E.M. agar, the
proteolytic count was 8 per ml., the lipolytic count wes 5 per
ml, and Ps. putrefaciens was not lsolated. Experimental
unsalted butter washed with the sample showed a limburger
flavor at 4 days. With the two satisfactory samples coliform
organisms were absent, total bacterisl counts were 5 and 1 per
mle on nutrient agar and 28 and 80 per ml. on T.G.E.M. agar,
proteolytic counts were 3 and 12 per ml., lipolytic counts

were each less than 1 per ml, and Ps. putrefaclens was not

isolated. When the samples were used to wash experimental
unsalted butter there was no noticeadble flavor deterioration
at 4 days; one lot was rancld at 5 days and the other was

gtill satisfactory at 7 days.

Plant 60

At plant 60 1t was not possible to . obtain samples
directly from the well because of the lack of an outlet be~
tween the pump and tank.

The three samples of water that had been through the
metal storage tank were unsatisfactory (table 60). Coliform
organisms were not detected in one sample but were present in
the 50 ml. portions of two samples and in the 10 ml. portion
of one of these. Total bacterial counts on nutrient agar
ranged from 1 to 100 per ml. and on T.G.E.}M. agar from 400 to
1000 per ml., proteolytiec counts varied from 5 to 300 per ml.



Table 60

Results on samples of water from plant 60

:

: 3 : $ 3
H H : Test for Baeteria per ml, ! Test : Aetion in
Same- : Type : i Escher- i 24 hrs. § U6 Drs. 8% 1 for : experimental
ple : sam- t Date : a- ¢ at 379C, : 21°C. on : Ps. : unsalted
no. ¢: ple : examined : Aero~ : on : T.G.E.M, agar : putre-~ : butter
: : : bacter : nutrient : : gaeienx : at 219C,
s : : species : agar : Potal *p, #L. : :
3 H H 3 ¥ H H
1, :"tank : 11-20-40 : - s 20 : 400 5 11 : - : musty 4 ds.
$ : H : : : :
2. : tank : 3-19-41 : £ 50,10 : 100 : 1000 300 65 : - : rancid 3 da,
H : H ml, H : : s
3. t tank : 10~20-41 : ¥ B0 ml, : 1 t 800 40 118 - : rancid 7 da.

an

*P. = proteolytie
#L. = lipolytie
"tank = metal tank

- 29T -



whlle lipolytic counts ran.ed from 1l to 65 per ml. Ps.

putrefaciens was not isolated. Experimental unsalted butter.

washed with one sample was rusty at 4 days, that washed with
one sample was rancid at 3 days while that washed with one
sample showed no notlceable flavor deterloration at 4 days but

was rancid at 7 davs,
Plant 61

One of the two samples of water from the well at plant 61
was unsatisfactory, while thoe second was satisfactory (table
681). ‘The unsstisfactory sample did not contain coliform
organisms. The total bacterial count was less than 1 per nl,
on nutrient ager but on T.G.E.l. agar 1t was 1000 per nml, The
proteoclytic count was 160 per ml,, the lipolytiec count was 24

per ml, and Pg, putrefaciens was not isolated. Experimental

unsalted butter washed wlth the sample was cheesy at 2 days.
In the satisfactory sample coliform organisms were not found,
the total bacterial count was less than 1 per ml. on nutrient
agar and 48 per ml, on T.G.E.M. agar, proteolytic and

lipolytic counts did not exceed 3 per ml. and Ps. putrefaciens

was not detected., When the sample was used to was experi-
mental unsalted butter, no slgnificant flavor defects were
evident at 7 days.

The one sample of well water that had been through a
concrete supply tank was unsatisfactory. Coliform organisms

were absent and the total bacterlal count on nutrient agar was



Table 61

Resulta on samples of water from plant 81

: : :
: H s Test for : Bagteria per ml, : Test ¢ Acetion in
Sam- : Type : : Escher- : 24 hrs. ¢ %r8. 8% : for : experimental
ple 1t sam~ : Date : a- : at 37°9C, 3 219C. on t Ps. 1 unsalted
no. ¢! ple : examined : Aero~ t on t T.G.E.¥. agar : putre- : butter
t : : “bacter : nutrient : g gac!ena : at 219¢C,
: 3 :_sPecies : agar : Total *p, #L, @ :
T 3 ¥ H : T 3
1., 1 well 1 2«12«41 - : <1 : 1000 160 24 - : cheesy 2 da.
: : : : : : :
2. : well ¢ S5«T=41 3 - : <1 : 48 3 2 - t 0.K. 7 da,
3 t 3 3 : H :
S 3“tank : Rw24-42 3 - 4 2 H ‘00 34 <1 : - t 0.K. 7 da.
] 3 g : ) 3

S

¥p. = proteolytic
#1., = lipolytie
"tank ® concrete tank

- GST =



- 156 -

2 per ml, but on T.G.E.M. agar the total count was 400 per nl.
There wers 34 proteolytic and less than 1 lipolytic organisms
per ml. and Ps. putrefaclens was not lsolated. In experi-
mental unsalted butter washed with the sample there was no

flavor deterioration at 7 days.
Plant 62

Two of the three samples of water from the well at plant
62 were unsatlafactory, while one was satisfactory (table 62).
With the unsatisfactory samples coliform organisms were present
in the 50 ml. and 10 ml, portions of one. On nutrient agar
total bacterial counts were 100 and 12 per ml,, while on
T«G+E.Ms agar they were 120 and 200 per ml. Proteolytic counts
wore 4 and 5 per ml. and lipolytic counts 33 and 3 per ml. Ps.
putrefeciens was not recovered. Experimental unsalted butter
washed with one sample had e cheesy flavor at 3 deys; that
washed with the other saﬁpl& showed no flavor deterioration
at 4 days bubt was rancid at 7 days. The satlsfactory sample
showed no coliform organisms, the total basterial count was
less than 1 per ml, on nutrient sgar and 25 per ml. on
T.G.,E.M. agar, the proteolytic and lipolytic counts were sach

less than 1 per ml, and Ps, pubrefaciens was not isolated,

When experimental unsalted butter was washed with the sample
there was no significant flavor defect at 7 days.
Three of the four samples of water that had been through

& wooden supply tank were unsatisfactory, while one was satis~



Table 62

Results on samples of water from plant &2

: : 3 1 : :
: : : Test for : Bacteria per ml,. : Test : Aetion in
Sam~ ¢ Type : : Escher- : 24 hra, ¢ 9¢ hrs, at 1 for ¢ experimental
ple : same : Date :+ ic¢hia- : at 379C. : 210C. on : Pg. : wnsalted
no. ¢ ple : examined : Aeroe ! on : P.G.E.M, ager : putre~ : butter
! : : backer : nutrient : 3 gaclans : at 219G,
: : : species : sgar : Total ¥P. L. 3
t : 1 ' : : :
1. :"tank : 1-82-41 3 £ 50 ml, : 3 : 4200 300 10 # : putrid 2 da.
! : : $ : : :
2, : tank : 3-19-41 : # 50 ml, : 22 : 300 25 <1 - ¢ cheeay 6 da.
3. : well : 5-21-41 : = : 100 : 120 4 33 : = i rancid 7 da.
4. : well : 10-20~41 : = : <1 1 2 <1 <1 i~ 1 0.K. 7 da.
: ! : : : : :
5. 3 tank : 10-20-41 - ! {1 H 41 1 <1 - : 0.K. 7 da.
6. 1 woll 1 4=7~42 : ¥ 50i10 : 12 : 200 3 3 - : chessy 3 da,
: : : ml, : : : :
7¢ ¢ tank :  4-7-42 : £ 50,10 : <1 : 15 <1 <1 s - : O.K, 7 da.
: 3 : : : : :

-

*p, = proteolytic
#1,, » 1ipolytioc
"sank ® wooden btank

- LGT =
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factory. With the unsatisfactory samples coliform organisms
were present Iin the 50 ml, portion of each and in the 10 ml.
portion of one. Teotal bacterial counts ranged from less than
1 to 22 per ml, on nutrient agar and from 15 to 4200 per ml.
on T.G.E.M. agar. Proteolytlc counts varied from less than 1
to 300 per ml. and lipolytle counts from less then 1 te 10
per ml. FPs, putrefsclens was 1solated from one sample.
Experimental unsalted butter washed with the sample ylelding
Ps. putrefaciens was putrid at 2 days; butter washed with the

other samples showed no flavor deterioration at 4 days, but
one lot was cheesy at 6 days, while the other was still satls-
factory at 7 deys. The satisfactory sample did not contain
coliform orgenisms, the total bacteriml count was less than 1
per ml, on nutrient agar and 41 per mi, on T7.G.E.M. agar, the
proteolytic and lipolytlc counts did not exceed 1 per ml, and

Ps. putrefaciens was not recovered., When the sample was used

to wash experimental unsalted butter no significant flavor

defect was obgerved at 7 days.
Plant 63

Of the four samples of water from the well at plant 63,
three were unsatisfactory and one was satiafactory (teble 63).
With the unsatisfactory samples coliform organisms wers
present in the 50 ml, and 10 ml, portions of two. Total
bacterial counts ranged from 1 to 35 per ml, on nutrient agaf

and from 7 to 200 per ml, on T.G.E.M. agar. Proteolytie



Table 63

Results on samples of water from plant 63

: : : Test for 1 Bacteria Egr mMle ! Test : Action in
Sle | semc fDate  : IoBTe- i at 5700, 1 230Cs en . i bey  + waseltea
no. : ple : examined : é%%ﬁ%ar : ggtrient : 7.0.8.M. sger : %E%%%;s : :gtggge.
$ 1 i _specles : agar : Total *P, #L. 3 :
1, : well : 11~13-40 : £ 50,10 .§ 38 : 50 6 <1 : - : cheesy 4 da,
2, i"bank § 11-15-40 § /£ 50,10 : 2 : 80 8 5 ; -t cheesy 4 da.
5. b owell : BeBedl i o 2 ; 200 2 % - ; putrid 5 da,
4. & bank ; Be5edl ¢ £ 5O ml, & 2  : 150 7 4 g - putrid 3 da,
B. + olty ! DBeBedl { = : 2 i 225 80 <1 : - ¢ rancid 3 da.
6.+ well i 1.20-42 : = P <1 1 46 <1 <1 ¢+ = 1 0. 7 aa.
7o i tank § 1-20-42 § = P <1 i 40 2 <1t = 10K 7 da.
8. : well : 4ulmd2 : £ 50,10 ! : 7 {1 : - : 0.K. 7 da.
O, i tank ! 4=2-42 1 £ 50,30 1 2 1 12 1 1 % - 10K 7 da.
! 3 ; : ml, ¢ : : :
%*p, = proteclytic Ytank « metal tank
#L. » lipolytie

- 69T



- 160 -

counts varled from 1 to 6 per ml. and lipolytic counts did

not exceed 1 per ml. Pa. putrefaclens was not lsolated,

Experimental unsalted butter washed with one sample showed a
cheesy flavor at 4 days; butter washed with the others dis-
played no noticeabls flavor detericration at 4 days, but one
lot was putrld at 5 days, while the other was still satis-
factory at 7 days. The satisfactory sample did not contain
coliform orgenisms, the total bacterisl count wes less than
1 per ml. on nutrient agar and 46 per ml. on T.G.E.HM. agar,
the proteolytic and lipolytle counts were each less than 1

per ml. and Pa. putrefsciens was not recovered, When the

sample was used to wash experimental unsalted butter no
algnificant flavor defect was observed even at 7 days.

Four samplea of water that had been through a metsal
supply tank were examined; three were unsatlsfactory, while
one was sabtlsfactory, With the unsatisfactory samples
coliform organisms were present in the 50 ml, portion of
each, in the 10 ml, portions of two of these, Total baectsrisl
counts on nutrient agar did not exceed 2 per ml., while on
T.G.E.¥. agar they ranged from 12 to 150 per ml. Proteolytic
counts varied from 1 to 8 per ml. and lipolytic counts from 1

to 5 per ml. Ps. putrefaciens was not detected. When ex~

perimental unsalted butter was washed with the samples one lot
wes cheesy at 4 deys, ons was putrid at 3 days, whlle one was
still satisfactory at 7 days. The satisfactory sample did not

contain coliform organisms, the total bacteriasl count was
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less than 1 per ml. on nutrient agar and 40 per ml, on

T.G.E.¥. agar, the proteolytic and lipolytic counts did not

exceed 2 per ml, and Ps. putrefaciens was not found, When
the sample was used to wash experimental unsslted butter there
was no serious flavor deterioratlion at 7 days.

The one sample of city water from this plant was unsatisw
factory, Coliform organisms were absent, the total bsecterial
count on nutrient egar was 2 per ml, and on T.G.E.¥. agar it
wag 225 per ml., there were 80 proteolytiec and lessg than 1
lipolytic organlisms per ml, and Pa. putrefaciens was not
isolated, In experimental unsalted butter washed with the

sample a rancid condition was evident at 3 days.
Plant 64

The four samples of water from the well at plant 64 were
satisfactory (table 64)., Coliform organisms were sbsent. On
nutrient agar total bacterlal counts ranged from less than
1 to 19 per ml., while on T.G.E.M. agar they varied from 3
to 60 per ml, Proteolytiec counts &aried from less than 1 to
6 per ml, and lipolytic counts from less than 1 to 3 per ml,
Ps. putrefaclens was not lsolated. In experimental unsalted
butter washed with the samples there was no noticeable flavor
deterioration at 4 days; one lot was rancld &t 6 days while
the others showed no defect at 7 days.



Teble 64

Results on samples of water from plant 84

H
*
-

: : : t :
3 s Test for : Bacteris per ml, : Test 1 Aetion in
Sam- ¢ Type : ¢t Escher- : & r8. hrs., ab : for ¢ experimental
ple : sam~ : Date s+ “Tenla- ¢ at 379C, s 2190, on t Ps., : unsalted
no. ! ple ¢ examined : ASPO~ t on t T.G.E.M. agar : putre- : butter
3 : t "Pacter : nutrient : : gsaIann : at 219¢C,
: t : speclies : agar : Total *p. #1. $
: : [ : : B :
1, : woll : 12«4-40 : - : <1 : 15 4 3 - : 0.E. 7 da.
H : : 2 3 H t
2, t"tank : 12-4-40 : - 3 15 s 1000 100 12 : - t O.K. 7 da,
¢ : ] : : g :
3. ¢t woll ¢ 4-30-4) : - : <1 s 3 K1 2 - ¢t rencid 6 da.
: : H H 1 : H ,
4. 1 tank : 4«30-4) 1 £ 50,10 3 200 t 1000 200 50 1 # : putrid 2 da.
: H : ml, H s H H
5, ¢ well : 12-2-41 : - : 19 H 12 <1 1 : - t 0.K. 7 dsa.
: H : H : : : '
6., : tank : 12«22«41 3 £ 50,10 : 70 : 650 10 <1 : # : unolean
: H H ml. H : H : 6 da.
Te 2 Well 1 4-21-42 : - 3 4 H 60 6 <1 : - t 0.K. 7 da. -
: H H H : : 4
8. ¢ tank 1 4=21-42 3 £ 5oi10 : 800 t 1800 456 70 - : cheesy 2 da.
H 3 $ - Mla : $ H : )

¥P. = proteolytic
#L, = lipolytie
"tank = wooden tank

- 391 -~
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The four samples of well water that had been through a
wooden supply tank were unsatisfactory. Coliform organisms
were present in the 50 ml, and 10 ml. portions of three
samples. Total bacterlal counts on nutrient egasr ranged from
15 to 800 per ml. whfae on T.GQE.M. agar they varled from €50
to 1800 per ml, Numbers of protéblytic organisms ranged from
10 to 200 per ml, and those of lipolytic organisms varled from
less than 1 to 70 per ml. Ps, pubtrefacliens was 1solated from

two of the samples. Experimental unsalted butter washed with
the two samples was putrid or cheesy at 2 days. Butter washed
with the other samples showed no defect at 4 days; one lot was
unclean at € days and the other was stlll satisfactory at 7

days.
Plant 65

All three ssmples of water from the well at plant 65 were
gatisfactory (table 65). Coliform organisms were absent.
Total bacterial counts on nutrlent agar were each less than 1
per ml, and on T.C.7%.M. agar they varied from 22 to 70 per ml.
Numbers of proteolytic organisms ranged from 5 to 20 per ml.
and those of lipolytie organisms from 1 to 8 per ml, [Ps.

putrefaclens was not lsolated, Experimental unsalted butter

washed with the two samples showed no significant flavor
deterioration at 7 days, while similar butter washed with one
sample was nusty at 4 days.

Two of the thrsee samples of water that had been through a



Table 65

Results on samples of water from plant €5

3 2 :
s vy H H gesg for @ Bacterls ml : ?est : Action in 1
Sam» pe ¢ ! Eschepr~ ! 24 553. : 96 §§s. at t for ! experimenta
ple : sam= : Date s “Iehia- : at 379C, : 219, on : Ps. ¢ unsalted
no, ¢ ple ! examined : Aero~ : on ¢! ToG.EJM, agar ¢ ggggg« : butter
s : : o%gg ¢ mutrient 3 : facTens : at 219C,
: : : species : agar t Total *p, #1, : T :
) ) ? s : s :
le 2 woll @ 2«5«41 3 - 3 <1 : 22 6 1 @ - : 0.K, 7 da,
H 2 1 H H H H
2, "tank : 2-5-41 : - : <1 $ 28 10 K} @ - : putrid 4 da,
H : : H : : H
3, t well t . 5-7-41 - H <1 t BO B 8 : - : 0.K, 7 da,
H H : : : H s
4, ¢ tank t  5-7-41 : - s <1 : 300 46 5 : - ! rancid 5 da.
H s H : : : :
S5¢ t well ¢ 1lwd=dl ¢ - : <1 t 70 20 6 - ¢ musty 4 da,
: H : H : : :
6, ¢ tank 7 1ll=d4«4d]l 3 - : <1 H 656 256 4 : - : cheesy 3 da,
3 : H $ ¢ : :

;P. = proteolytic
Le m» lipolytic
"tank = metal tank

- %91 -
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metal suppiy tank were satlisfactory on the basis of general
bacterliological information, but butter washed with the
samples developed serious flavor defects at 4 and 3 days. The
other samples was unsatisfactory. With the two satisfactory
samples coliform organlisms were not detected, total bacterial
counts were each less than 1 per ml, on nutrient ager and were
28 and 65 per ml, on T.G.E.M, agar, proteolytlic counts wers

10 and 25 per ml, and lipolytic counts dld not exceed 4 per

ml, Ps. putrefaclens was not found, When the samples were
used to wash butter a putrid flavor was evlident at 4 days in
one case and a cheesy flavor was evident at 3 days in the
other, The unsatisfactory sample did not econtain coliform
organisme, the total bacterlal count was less than 1 per ml,
on nutrient agar and 300 per ml. on T.G.E.M. agar, the
proteolytic cﬁunt was 45 per ml., the lipolrtic count was 5

per ml., and Ps. putrefaclens was not isolated. In experi-

mental unsalted butter washed with the sample no flavor defect
was notlceable at 4 dsys; a rancid flavor was evident at 5

daysg.
Plant 66

All four samples of water from the well at plant 66 were
unsatisfactory (table 66). Coliform organisms were present
in the 50 ml. portion of one sample. On nutrlent agar total
bacterial counts did not exceed 1 per ml. while on T.G.E.M.

agar they varlied from 90 to 500 per ml. Proteolytic counts



Results on samples of water from plant 66

Table 66

: : : : H :
s : : Teat for : Bacteria per ml, : Test : Aetion in
Sam~ : Type 3 : Escher- 3 24 Bra, 1t 96 hrs, ab : for : experimental
ple ¢ sam- : Date : hia~ : at 379C. : 21°C. on : Ps. t unsalted
no. ¢t ple : examined : Aero- ! on : T.G.E. M. agar : g&tra- t butter
: : : “bacter : nutrient : faciens @ at 21°C,
3 i : specles : agar s Total %*F. 7L. @ ‘ N
3 : : : : : : ‘
1, : well : 2«12«41 : - : L1 : 500 60 8 : - : 0.K. 7 ds.,
! : 3 : : : :
2, :"tank : 2-12-41 : ¥ 50,10 : 150 t 1600 75 70 3 - : cheeay 2 da.
H H : ml. : : : :
e : well ¢ 5-21-41 13 - : {1 : 200 1 - : cheesy 4 da.
3 : : : ' : :
4, : tenk : B~2l-4l : ¥ 50 ml, : 3 : 1900 90 14 - : cheesy-
: : : : : : : rancid 4 da.
5, : well : 1l-4~41 : - 5 <1l : 475 11 <1 - : masty 7 dQa.
6. : tank : 1lle-4-41 : - : 1 : 580 8 £ : -t rancid 7 da.
: s H : : : :
Te : Well ¢ 4-7-42 : £ 50 ml. : 1 i 80 19 <1 - : unelean 5 da.
B, : tank : 4-7-42 : £ 50 ml. : 2 i 110 12 <1 : -  : unclean § da.
¥P. = proteolytie
#L., = lipolytie

"tank = metal tank

- 991 =
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ranged from 9 to 60 per ml. and lipolytic counts from less

than 1 to 8 per ml. Ps. putrefaclens was not isolated.

Experimental unsalted butter washed with three samples showed
no notliceable flavor deterlioration at 4 days; one lot was
unclean at & days, one lot was musty at 7 days while the third
lot showed no defect at 7 days. Similar butter washed with
the fourth sample was cheesy at 4 days,.

The four samples of water that had been through a metsl
supply tank also were unsatisfactory. Coliform organisms were
present in the 50 ml. portions of three samples and in the 10
ml, portion of one of thess. Total bacterlial counts on
nutrient agar ranged from 1 to 150 per ml, while on T.G.E.}.
agar they varied from 110 to 1900 per ml, Proteolytic counts
ranged from & to 90 per ml. and lipolyrtic counts from lesa

than 1 to 70 per ml. DIs. putrefaclens was not lsolated.

Experimental unsalted butter washed wlth the two samples was
cheesy at 2 days in one case and cheesy and rancid at 4 days
in the other. Butter washed wlth the other samples showed no
noticeable flavor deterioration at 4 days but one lot was
rancid at 7 days and the other had an unclean flavor at 5

days.
Plant 67

One of the three samples of water from the well at plant
67 was satiafactory, the other two being unsatisfactory (table

67). The satisfactory sample did not contain coliform



Table 67

Results on samples of water from plant 67

: : e 1 : 3 =
$ : : Test for : __Bacteria per ml, : Test ¢ Actlion in
Sam- : Type ¢ : Bscher~ 3 24 nrs, & 90 Brs, at : for ¢ experimental
ple : sam~ : Date : “Ichia~ : at 37°C. : 219C. on t Ps. t unsalted
no, : ple : examined : Aero- t on t T.G.E.M. agay ! tre~ : butter
: : : “bacter : nutrient : : gac!ena : at 219¢C,
: : _: specles 3 agar : Total ¥P, #L. : H
? : ¥ H T : 3
1. ¢ well : 11-20-40 ¢ - ! 2 : 12 2 1 : - ¢ 0.K. 7 da.
: : 3 3 : ¢ :
2., 1"tank : 11-20~40 : 4 50 ml. ¢ 200 + 1100 350 20 - : off 4 da,
: : 3 t H H : ~
3. ¢t well : 3-19-41 : ¥ 50 ml, 3 4 : 90 8 15 - ¢t putrid 6 da.
: t H H : : :
4, t tank 1 3-10«41 1 ¥ 50,10 5 : 200 30 25 - t rancid 7 da.
: ¢ : ml. H t : : t
B. t well ;1 10-8-41 ¢ ¥ 50 ml. <1 : 24 2 <1 13 - t 0.K. 7 da,
: ¢ : s : : $
8, ¢ tank : 1lO-8«41 : - : 7 : 85 3 10 - : rancid 5 da.
? : 3 : : : $

¥p, ® proteolytie
#L. ® lipolytie
"tank = wooden tank

- 39T -
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organlsms, the total bacterial count was 2 per ml, on nutrient
agar and 12 per ml, on T.G.E.li. agar, the proteolytic and

lipolytlc counts did not exceed 2 per ml. and Ps, putrefaciens

was not isolated. There was no flavor deterloratlon evident
at 7 days when the sample was used to wash experimentsal
ungalted butter. With the unsatisfactory samples coliform
organlisms were presené‘in the 50 ml, portion of each, Total
bacterial counts on nutrient agar dld not exceed 4 per‘ml.
‘while on T.G.E.M. agar they were 90 and 24 per ml.,
proteolytic counts were 8 and 2 per ml, and lipolytic counts

15 and less then 1 per ml., Ps. putrefaciens was not found.

Sxperimental unsalted butter washed with the samples showed
no noticeable flavor deterioration at 4 days; one lot was
putrid at 6 days, whille the other was stlll satiafectory at
7 days. »

Two of the three samples of water that had besn through
a wooden supply tank were unsatisfactory, while one was satisge
factory., With the unsatisfactory samples colliform organisms
were present in the 50 ml. portion of two an@ in the 10 ml.
portion of one of these. On nutrient agar total bacterial
counts were 200 and 5 per ml., and on T.G.E.M., agar they were
1100 and 200 per ml., proteolytic counts were 350 and 30 per
ml. and lipolytic counts 20 and 25 per ml. Ps. putrefaciens

was not detected. In experimental unsalted butter washed with
the samples one lot was off at 4 days; the other showed no

defact at 4 days but was rancild at 7 days. The satlsfactory
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sample dld not contaln collform organisms, the total bacteriml
count was 7 per ml, on nubrient agar and 55 per ml. on
T.G.E.M. agar, the proteolytic count was 3 per ml,, the

lipolytie count was 10 per ml, and Ps. putrefaciens was not

isclated, VWhen experimental unsalted butter wes washed with
the sample there was no observable flavor deterioration at 4

days but a rancid flavor was evident at & days.
Plant 68

At plant 68 water from the well commonly is used,
although water from the clty mains cccasionelly ls required.

All three samples of water from the wall at plant 68 were
gatisfactory (table 68), Coliform organisms were ébsent, on
nutrient agar total bacterial counts did not exceed 2 per ml.,
while on T.G.E.H. agar they ranged from 4 to 80 per ml,,
proteolytic counts varied from 2 to 30 per ml., lipolytie

counts each were leass than 1 per ml, and Ps. putrefaciens was

not 1solated, In experimental unsalted butter washed with the
samples there was no slgnificant flavor defeet at 7 days.
Three of the four samples of water that hed bsen through
a conerete supply tank were unsatisfactory while the remaining
sample was satlsfactory. With the unsatisfactory samples
coliform organlsms were absent. Total bacterial counts on
nutrient ager did not exceed 3 per ml,, while on T.G.E.¥. agar
they ranged from 125 to 160 per ml., Proteclytie counts were
100, 80 and 40 per ml, and lipolytle counts did not exceed 1



Table 68

Results on samples of water from plant 68

14
-8

Action in

: $ ) 2 s
$ t ¢ Tesat for : Baeteris per ml, : Test :
Sam-~ : Type : : Escher- 1 24 hrs. : hrs. 2t : for : experimental
ple : sam~ : Date ¢+ “Tchia~ : at 379C. : 219C, on : Ps. : unsalted
no. t ple : examined : Agro~ ! on : T.G.B. M, agar tre- : bubter
: H t "bacter : nutrient : : Fnc!onn : at 21°cC,
: : :_specles : agar : Total *p, #L. 3 :
: : : : 1 : :
l. 2 well ¢ 1-2-41 : - : 1 : 20 18 <1 - ¢t 0,K. 7 da. '
H 2 : H : : t
2., t"tank 1 1le2-41 ; - : 2 : 150 100 1 : - : msty 6 da., 3
: : : : H : : L
3. t well : 5«l4-41 : - : <1 : 4 2 <1 : - ¢ 0.KE. 7 da. '
$ H : : : : $
4. : tank : DBe=l4=4l : - : <1 : 38 6 <1 - ¢ cheesy 6 da,
: : : : : 3 :
5. ¢ city : 10-28-41 : - : 95 1 680 T0 14 - t cheosy 3 da.
H H : H : H :
6, 3 well ¢ 4-21-42 : - H 2 : 90 30 K1 : - ¢t 0.K, 7 da,
: : s : H : :
7« 3 tank : 4-21-42 : - s 3 : 160 80 K1 : - : unclean
H : : s H H H 4 da,
8. ¢t tank 1 4~21-42 : - : <1 : 128 40 <1 : - ! unclean
: 1 $ : : : 2 4 da,

*p. = proteolytic
#L. = lipolytie
"gank = concrete tank
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rer ml., Ps. pubrefaciens was not detected. Experimental

unsalted butter washed with one sample displsyed no serious
flavor defects at 4 days but was musty at 6 days; butter
washed with the other samples had an unclean flavor at 4 days,
The satlisfactory sample showed no coliform organisms, the
total bacterial count was less than 1 per ml, on nutrient agar
and 33 per ml, on T.G.E.M. agar, the proteolytic count was 6
per ml., the lipolytic count was less than 1 per ml, and Ps.

putrefaciens was not found. When the sample was used to wash

experimental unsalted butter there was no serious defect at
4 cdays but a cheesy flavor was evident at 6 days,

The one sample of city water from this plant was unsatis-
factory. Coliform organisms were absent, the total bacterial
count on nutrient agar wes 95 per ml., end on T.G.E.l. agar 1t
wag 550 per ml,, there were 70 proteolytic and 14 lipolytic

organisms per ml., and Ps, putrefaclens was not recovered. In

experimental unsalted butter washed with the sample & cheesy

flavor was evident at 3 days,
Plant 69

Two of the three samples of water from the well at plant
69 were satisfactory, while one was unsatisfactory (table 69).
With the satlsfactory samples coliform organisms were absent,
Total bacterial counts were each less than 1 per ml., on
nutrient agar and were 7 and 3 per ml., on T.G.E.M. agar,

proteolytic counts did not exceed 1 per ml. and lipolytic



Table 69

Results on samples of water from plant 69

-

: : : 1
: : : Teat for : Bacterias per ml. : Test : Action in
Sam- : Type : : Escher- : 24 hrs. ¢ hrs. at ¢ for : experimental
ple : sam~ : Date : a- : at 379C, : 2819C. on : Ps. : unsalted
noc. ! ple : examined : Aero= : on : T.G.E.M. agar : putre- : butter
H : : “bacter : nutrient : : gaciens : at 21°c.
: : : specles : agar : Total *p, #L. : :
L i H : 1 : :
1, : well : 2~19-41 : - 3 <1 : 7 1l 2 - : 0.K. 7 ds,
2., :"tank : 2-19-41 : - : 70 t 600 24 30 : - : putrid 6 da.
3. : well : 4-30-41 : = : <1 i 240 25 2 : = i 0.K. 7 da.
: : s : : 3 :
4. : tank : 4-30-¢1 : 4 50 ml., : 18 : 130 16 3 # : putrid 7 da.
: : : H H : 3
BS. : well : 12-2-41 3 - : <1 s 3 1 <1 - : 0.XK. 7 da.
H H s s : H :
6., ¢ tank : 12-2-41 - H 2 : 45 1 <1 - : 0K, 7 da,
s : : : : : :

¥P, = proteolitia
#L, = lipolytic
"tank = metal tank

- QLT =
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counts did not exceed 2 per ml, Ps. putrefaciens was not

recovered, Experimental unsalted butter washed with the
samples showed no noticeable flavor deterioration at 7 days,
The unsatlsfactory sample did not contaln coliform organisms.
The total bacterial count was less than 1 per ml, on nutrient
agar but was 240 per ml, on T.C.E.}M. agar. The proteolytic
count was 25 per ml., the lipolytic count was 2 per ml, and

Pss putrefaclens was not detected. ithen the sample was used

to wash experimental unsalted butter there was no serlous
flavor defect at 7 days.

Two of the three samples of water that had been through a
metal storage tank were unsatlisfactory; one was satlsfactory.
With the unsetlsfactory samples coliform organisms were
present in the 50 ml., portlon of one sample. Total bacterial
counts were 70 and 16 per ml., on nutrient agar and 600 and
130 per ml. on T.G.E.l. agar, proteclytic counts were 24 and
16 per ml, and lipolytie counts were 30 and 3 per ml. PFPs.

putrefaciens was isolated from one sample, In experimental

unsalted butter washed with the samples there was no flavor
deterioration evident at 4 days but the butter was putrid

at 6 days and 7 days. The satisfactory sample did not contain
coliform organisms, the total bacterlal count was 2 per ml,

on nutrient ager and 45 per ml. on T.G.E.H. agar, the
proteolytic and lipolytic counts di1d not exceed 1 per ml., and

Ps. putrefaciens was not recovered. When the sample was used

to wash experimental unsalted bubtter nco significant flavor
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defects were evident &t 7 davs.
Plant 70

Both samples of water from the well at plant 70 were
unsatisfactory (table 70). Coliform orsanisms were present
in the 50 ml, portion of each sample, total bacterial counts
were €6 and 7 per ml, on nutrient agar and 125 and 150 per ml.
on T.G.E«is agar, proteolytic counts were 100 end 2 per ml.

lipolytic counts dild not exceed 1 per ml. and Psg. putrefaclens

was not lsolated., Experimental unsalted butter washed with
one sample showed no noticeable flavor deterioration at 7
days, while butter washed with the other sample had an unclean
flavor at 3 days.

The two samples of water that had been through a wooden
storage tank also were unsatisfactory. Coliform organisms
were present in the 50 ml. portion of one samplé, total bac-
terial counts were 4 and 200 per ml. on nutrient agar and 340
and 3850 per ml. on T.G.E.M. agar, proteolytic counts were 100
and 35 per ml., lipolytic counts did not exceed £ per ml., and

Ps. putrefaciens was not detected. Ixperlmental unsalted

butter washed with one sample showed no noticeable flavor
deterioration at 4 days but was rancid at 6 days, while butter

washed with the other sample was rancid at 4 days,



Tablae 70

Results on samples of water from plant 70

>N
]

= s =
$ : : Test for @ Basteria per ml, : Test ¢ Asction in
Sam~ : Type @ : Eschey~ 8. ¢ ars . &t : for ! experimental
ple : sam~ : Date : iEEIa~ : at 379C. : 219C, on : Ps. ¢ unsalted
no. : ple : examined : Aeroe t on : 7.G.B, . agar ggtrow : butter
H $ : ter ¢ nutrient @ : Taclens : at 210C, !
s 3 : species : agar ¢ Total *P. #L. : s -
: 3 : ) : : )
1, :well t 1-13-42 : /50 mi, ¢ 6 : 126100 <1 : =~ : O.K. 7da.
: H 3 t : 3 ‘ :
2. :"tank : 11342 : # 50 ml, : 4 : 350 100 2 - : rencid 6 da.
: : H 2 H : H
3. : well : 4~21-42 3 £ 50 ml, : 7 : 150 2 1 - ¢ unclean
: : ¢ : » t H 3 3 da.
4. ¢ tank : 4-21-42 @ - : 200 t 340 35 1 : - { raneid 4 da,
: : : $ ! 2 z

¥p, = proteolytie
#L. = lipolytic
"gank ® wooden tank
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Coliform Orgeanisms in Creamery Water Samples

Distribution of eoliform organlasms in water from wells,
storage tanks and municipal supplles

Alnumber of the samples of water from wells, storage
tanks and munlicipal supplies contained colifcrm organisms
(table 71),

Of 224 well samples from 64 plants, 132 samples from 38
plants having satisfactory supplies did not contaln coliform
organisms, Of the 92 samples from 26 plants having unsatls-
factory supplies, 54 samples from 22 plants showed coliform
organisms; 21 samplea showed the organlsms only in the 50 ml,
portion, 25 in the 50 ml, and 10 ml. portions and 8 in the 50
ml., 10 ml. and 1 ml, portions. The 54 posltive samples in-
cluded 24 per cent of the 224 well samples, and the 22 plants
from which they came comprised 34 per cent of the 64 plants
repregsented by the well samples or 85 per cent of the 26
plants having wells considered unsatisfactory.

The 185 tank samples came from 55 creameries. The 28
samples from 9 plents having satisfactory wells and tanks
showed no coliform organisms. There were 24 plants which had
satisfactory wells but were storing water in unsatlsfactory
tanks. Of 80 gamples from these tanks, 25 showed coliform
organisms; 13 showed the organisms in only the 50 ml, portlion,
10 in the 50 ml, and 10 ml., portions and 2 in the 50 ml., 10
ml, and 1 ml. portions. The 25 positive samples included 14



Table 71

Distribution of coliform organisms in water from wells, supply tanks and municipal

supplies
1 ) t ‘ 3
s : : No. samples containing ¢ No., plants
¢ No, ¢ No. : coliform organlsms : repregented
Type of sample : sam- : plante : ¢ by samples
! ples : repre~ : [ : : t ¢containing
: : sented : in t in : in s ¢ coliform
: : $ 50 ml,: 50,10 : 50,10,: total : orgenisms
3 : $ : ml. : 1 ml, 3 3
t : 1 ) ' : 3 t
Well s : H : : : !
H H : : : : :
gatisfactory well t 132 : 38 : o 0 : 0o 0 : 0 :‘
H t : : : : :
unsatisfactory well : 92 26 3 21 25 1 8 54 1 22 >
: 3 : 3 : : H '
Tank : : : : s : :
: : H H : : :
satisfactory well s H H s : H :
and tank : 28 : 9 : o : 0 ¢ 0 0 0
gatisfactory well- H : : : 3 : :
unsatisfactory tank : 80 : 24 H 13 13 10 2 25 @ 14
unsatisfactory well H H : 3 : : :
and tank : 77 s 22 : 21 16 9 1 46 by
3 H s : H H :
City t 27+ 11* 5 1 1 0 : 6 38
: 3 3 : 3 : 3

* Including two plants using city water entirely.
& Including one plant using city water entirely.
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per cent of the 185 tank samples, and the 14 plants from
whiech they came made up 25 per cent of the 55 plants repre-
sented by the tank samples or 58 per cent of the 24 plants
having unsatisfactory tanks but satisfactory wells, Of the 77
tank samples from 22 plants having unsatisfactory wells, 46
samples from 17 plants showed coliform organisms; 21 samples
showed the organisms only Iin the 50 ml. portion, 16 in the 50
ml, and 10 ml. portions and 9 in the 50 ml., 10 ml. and 1 ml,
portions, The 46 positive samples comprised 25 per cent of
the 185 tank samples and the 17 plants from which they came
made up 31 per cent of the 556 plants from which tank samples
came or 77 per cent of the 22 plants using unsatisfactory
wells,

Of the 27 samplea from 11 plants using city water (two
used only c¢ity water) 6 samples from 3 plants, one of which
used clty water entirely, showed colliform organisms; & samples
showed the organlsms only in the 50 ml. portion and one in the
50 ml, and 10 ml, portions, The 6 positive samples included
22 per cent of the 27 clty water samples,

Distribution of coliform arggnisms in water and in experi-
mental butter washed W e _water

In elght trlials experimental butter made In the usual way

and washed wlth water samples known to contain coliform organ-
isms was examlned for the presence of these organisms, about

24 hours after it chuwrned. In two trials the organisms were



_prregsent 1n 50 ml., in three trials they were present in 50 ml,.
and 10 ml. and in three trlals they were present in 50 ml,., 10
ml, and 1 ml, In each trial a portion of the butter remalned
unsalted while to the other portion 1.5 per cent salt was added,
Thé presence of coliform organisms in butter was determined
by inoculatien of 1 ml. and 0,1 ml., portions of melted butter
into tubes contalning 10 ml, of standard lactose broth. To
the tubes showing llberation of gas after 24 and 48 hours, the
"eompleted test", as listed in "standard methods" (83), was
applied. The results are shown in table 72,

In unsalted butter washed with the contaminated water,
coliform organisms were present in 1 ml, in eight trials and
in seven of the elight trials they were present in 0,1l ml, 1Imn
salted butter the organlsms were present in 1 ml, in four
trials and in 0.1 ml, in one trial, Evidently the coliform
orgenisms in water are more widely distributed in unsalted
butter washed wilith the water than in salted butter.

There was no ¢lose correlation between the distribution
of the organisms in the water and In the butter; in trial 1
the water contained collform organisms in 1 ml, and the
unaalted butter contalined the organisms in 1 ml, but not in
O.1 ml., while in trial 3 the water showed coliform organisms
only in 50 ml. but the unsalted butter showed the organisms
in 1 ml., and 0,1 ml,
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Table 72

Distribution of coliform organisma in water and in experi-
mental butter washed with the water

(L]

Test for epliform

Test for coliform

Trial : orgenisms in water : organisms in butter
noe : Unsalted i  Salted®
: 50 ml. 10 ml. lml, i1 ml, 0.l ml 1 ml, O,1 ml,
Lo o N -
2. i f S A : /-
Be 1 # - - : ¥ # P -
“ i S A I
8. 1 f £ £ : ¢ Aoy F -
6. : ¢ - - ¢ £ - £ -
e : I # - ¢ £ Poo- -
8o 1 S ¢ - F # - -
® On baslz of 1.5 per cent added to the butter.
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Distribution of coliform organlisms in conmercisl butter

Thirty-two samples of commercial butter wers exsmined,
within 48 hours after churning, for the presence of coliform
organisms, using 1 ml., 0,1 ml. and 0,01 ml. amounts, 8ix
samples were unsalted, while 26 were salted, In each case the
quality of the water used by the manufacturing plant was known.

With three samples of unsalted butter washed with water
not containing coliform organisms, the organisms were not
found in 1 mi., O.1 ml, or 0,01 ml, All three gamples of
unsalted butter washed with water containing coliform organisms
showed the organisms in 1 ml, two slso shcwed the organisms in
0,1 ml, and one contained the organisms in 0,01 ml,

With 15 samples of salted butter that had been washed
with water not containing coliform orgenisms, the organisms
were not found in 13 instances and were found in two instances}
one showed the organisms only in 1 ml., while the other showed
the organisms in 1 ml, and 0.1 ml, The positive samples
presumsbly were caused by contaminatlion from sources other
than wash water. With 11 samples of sslted butter that had
been washed with water contalning colliform orgenisms, the
organisms were found in 6 cases and not found in 5 cases., All
6 positive samples showed the organlams In 1 ml.; two also
showed the organisms in O.1 ml. The 5 negative samples

presumably were due to the inhibitory effect of the salt,.



Relationship between distribution of coliform organisms in
water and total baetarial counts on the water

The relatlonshlp between the distribution of coliform
organiams in water and the total bacterlal counts on the water
was tested with the first 385 samples as follows: The samples
were divided into four groups, (a) those showing no coliform
organisms in 50 ml., (b) those showing the organisma in 50
mls, {¢) those showing the organisms in 50 ml. and 10 ml. and
(@) those showing the organisms in 50 ml. 10 ml, end 1 ml,

For each group the total bacterial counts (on T.G.E.¥. sagar,
96 hours at 21°C.) were transferred to logarithms (a count

of less than 1 was considered as 1) and the mean logarithm and
corresponding number for each group were obtalned (table 73)%,

There are significant differences among the mean
logarithms for the groups. Clearly, the outstanding difference
is that between group a and the other groups, but the dif-
ferences betwesen groups b, ¢ and 4 are of considerable
magnitude. The trend upwards from group b to group 4 1s
almost exactly linear. The data show that as the coliform
organisms become more numerous in water, the total bacterlial
counts on the water tend to increase.
¥ The caleulations wers made in the Statistical Laboratory

under the direction of Prof. G. W. Snedecor.



Table 73

Relationship between the distribution of ceoliform organisms in water and the total
bacteriasl counts on the water®

Water samples

: :
t H
: : : Mean logarithm : Corresponding
Group : Coliform organisms in : No. : of total : total bacterial
H : samples : bacterlial counts count ;
$ S5O0 ml. 10 ml, 1 ml. : : : H
: : : : &
a. - - - s 273 : 1.537 3 34 Ly
H : : H t
b, : K - -2 50 : 2,289 : 195
: : H H
c- : f / - : 43 H 2044‘7 H 280
: : : H
s PO 7 £ 19 : 2.645 : 442
#*

Total bacterial counts on T.G.E.M. agar after 96 hours at 21°C.
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Comparison of standard lactose broth and tryptose la 1=

sultate Droth a8 presumptlve media ror detecting coliform
OPCanLsns in WALer

The deta included in tables 1 to 70 relative to the

presence of coliform organisms in creemery water supplies were
obtalined by use of standard lactose broth as the presumptive
medium. Plantings of the samples in tryptose lauryl-sulfate
broth also were made. The comparative resulta obtalined with
the two medla are given in table 743 only the tests with 50
ml. portions of water are considered.

With the 436 samples of water examined, standard lactose
broth gave 147 positive presumptive tests, of which 131 tests
(89.1 per cent) were completely confirmed. With the same
samples, tryptose lauryl-sulfate broth gave 138 positlve
presumptive tests, of which 131 tests (94.9 per eént) were
completely confirmed. The completely confirmed tests included
two samples with whilch the lactose broth tests were positive,
while the tryptose broth tests were negative; on the other
hand, two samples gave negative tests with lactose broth and
positive tests with tryptose broth., With 129 samples, both
the lactose broth and tryptose broth tests were positive.

The 16 non~confirming positive presumptive teats with lactose
broth and the 7 with tryptose broth included 5 samples which
gave positive tests with both medla, 1l sanples which gave
positive tests with lactose broth and negatlve tests with
tryptose broth and 2 samples which gave negative tests with



Table 74

Comparison of standard lactose broth and tryptose lauryl-sulfate broth as presumptive
media for detecting coliform organisms in water

h——

L2 3

3 H H
: Ko. ¢ No, positive : Positive presumptive ¢ HKo. positive
Madium : gssmples : presumptive tests confirmed :  presumptive
: examined : tests : : t teats not
: (50 ml,) : : No. : Per cent :  confirmed
Standard : ! H : $
lactose H : : H H
broth : 436 : 147 : 131% : 89.1 : 168
Tryptose : : ¢ : :
lauryl- : : : :
sulfate : H . H :
broth : 436 : 138 : 1317 : 84,9 : 7@
® Includes 2 lactose broth ¥ tryptose broth -
2 lactose broth - tryptose broth ¥
129 lactose broth #  tryptose broth ¢
2 Includes 11 lactose broth ¥ tryptose broth =
2 lactose broth - tryptose broth #£
5 lactose broth £ tryptose broth ¥

- 98T =~
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lactose broth and posltive tests with tryptose broth,

Jdentification of ecliform orzanisma found in some Iows

creamery wate) suggliea

During the examinstion of one sample of water from the
supply of each of 70 creameries, 51 1sclatlions of coliform
organlsms were made. Each 1golation represented the main
colony type appearing on an eosin methylene-blue agar plate
streasked from laectose broth showlng gas formstion after
inoculation with 50 ml, of water.

Using Bergey's 1939 system of classification (1), the
51 cultures were identified as follows: 12 cultures (24 per

cent) as Escherichia coli, 12 cultures (24 per cent) as

Escherichia freundil, 16 culturss {31 per cent) as Aercbacter

aerogenes and 1l cultures (21 per cent) as Aercbacter cloacas.

A large number of other coliform cultures were isolated
but not identifled. Presumably those obtained during a
single examination of each supply were representative of the
total number of samples studled,

Comparlson of Average Total Bacterial Counts Msde Under

Various Conditions

Total bacterial counts on 436 samples of water were
obtained under three sets of conditions; with esch set two
incubation periods were employed. The detalled conditions
used were (&) nutrient agar at 37°C. for 24 and 48 hours,

(b) T.G.E.%. agar at 370C, for 24 snd 48 hours and (c) T.G.E.M.
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agar at 21°C, for 48 and 96 hours.

Examination of data included in tables 1 to 70 suggest
that, in general, T.G.E.M. agar counts at 37°C. were higher
than corresponding nutrient agar counts at 379C,, total counts
on T.G.E.M. agar after 48 hours at 37°C. were higher than
those on the same medium after 48 hours at 21°C, and counts
on T.G.E.M. agar after 96 hours at 21°C. were the highest of
any of the counts obtalned. However, some variations from
the general relationships were evident in that certain
nutrient sgar counts were higher than corresaponding counts
on T.G.E.M. agar under the same Incubation conditions,
certain T.G.E.M. agar counts after 48 hours at 21°C. were
higher than the corresponding T.G.E.M. agar counts after
48 hours at 37°C. and certsin T.G.E.M. agar counts after 96
hours at 21°C. were not higher than other counts obtained.

The total bacterilal counts were transferred to logarithms
(a count of less than 1 was conaidered s&s 1) and thsAmaan
logarithm and corresponding number were obtained for each of
the plating conditions (table 75).

The average count on T.G.E.M. agar at 37°C. was higher
than on nutrient agar, with both 24 and 48 hour incubation
perioda. The average count on T.G.E.M. agar after 48 hours
at 37°C, was higher than on T.G.E.M. agar after 48 hours at
21°9C. The average count on T.G.E.M. agar after 96 hours at
21°C. was the highest obtained with any of the conditions

employved and presumably included verious slower-growing
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Table 75

Average total bacterial counts on 436 samples of water plated
under various conditions

Averege bacterial counts
obtained by logarithms®

: Incubation : Aversge total
Medium : : bacteriasl count

: temp., time ¢
nutrient agar % 37°¢, 24 hras. % 4

: 48 hrs. 11
T.G.E.¥. agar : 370°¢, 24 hrs. g 6

: 48 hrs., % 21

: 219, 48 hra. 11

; 96 hrs. 63

* ¥M11k ordinance and code. U. S. Public Health Service
Bul. 220. 19839.
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orgenisma found in water.

Organisms of the Genus Pseudomonas in Creamery Water
Supplles

Relationshlip of presence of Ps. putrefeciens in water to
Presence of ceiigorm organisms, to total and proteciytic
sounts and £o spollage In unssited butter

Of 436 water samples from the 70 plants, 22 samples,
representing 14 plants, ylelded Ps. putrefeciens (table 76),

The positive samples included 6 well samples from 5 plants,

12 supply tank samples from 9 plants and 4 city water samples
from 3 plants; of the supply tenks involved 1In the 12 samples,
some were wood and some were metal. In the case of plant 49,
two of the four well samples and three of the four supply tank

samples ylielded Ps. putrefaciens; one negative well sample

and the one negative tank sample were collected on the same
day and presumably represent a perlod when the water was free
of the organlisms., The other water suppliea ylelding Ps.

putrefaciens contained the organisms only in a relatively

small percentage of the samples,

Of the 22 samples ylelding Ps. putrefaclens, 6 (27 per

cent) did not show coliform organisms in 50 ml., 4 (18 per
cent) contained them in the 50 ml, portion, 7 (32 per cent)
contained them in the 50 ml., and 10 ml, portlions and 5 |

(23 per cent) contained them in the 50 ml., 10 ml, and 1 ml,
portions. Eighteen (82 per cent) of the 22 samples had total

bacterial counts on T.G.E.M. agar after 96 hours at 21°C,



Table 76

Data on water samples ylelding Ps. putrefaclens

v
whono

—
—

S ——

—
st —-—"

|

-

: : : :

H : Test for : Bacteria per ml, ¢ Action in

H : Escher- : 24 hrs. t expsrimental
Plant : Source of @ Tchia- : at 37°C. : 96 hrs. at 219°C, : unsalted
no. ¢ sample ! Aero- t on : on T.G.E.M. agar : butter

t : " bacter ¢ nutrient : : at 210¢C,

$ : specles : sgar $ Total Proteolytic 3

: : 3 : :

5. : wooden tank - H 15 : 1000 300 : putrid ¢4 da.
11, : oity : - : <1l H 55 3 : 0.K. 7 da.
16, : wooden tank : - s <1l H 18 3 : masty 4 da.
17. : metal tank : 450 ml. : <1 : 17 3 ¢ 0.K. 7 da.
29. ¢ wooden tank : - H 42 : 400 40 : putrid 3 da.
32. ¢ city : - : 13 s 125 2 : putrid 4 da.
38, : well B : £50,10 ml, 5 : 400 10 ¢ rancid 7 da.

: wooden tank : £50,10 ml, : 55 : 800 80 : rancid 7 da.
41, : well : - : 2 H 11 2 : putrid 4 da.
46, : oity : F50 ml., : 1 : 260 39 ¢ rancid 7 da.
: cit t #50,10 ml, 28 3 210 60 : rancid 7 da.
: wel t 450,10 mi, : 120 : 375 125 : off 7 da.
49, : well : £50,10,1 ml,: 80 : 1200 100 ¢ putrid 4 da.
t well t #50,10,1 ml.: 140 : 700 5 . : off 3 da.
: metal tank 1 £50,10,1 ml,: 20 : 700 4 : putrid 4 da.
: : : $ :
: metal tank : 450,10,1 ml.: 170 : 1000 100 ¢ putrid 2 da.
: metal tank : #50,10,1 ml,: 150 : 580 6 t off 3 da.
54. : well t 450,10 ml, ¢ 6 : 700 100 : unclean 7 da.
62, : wooden tank : #50 ml, 3 3 : 4200 300 : putrid 2 da.
64. : wooden tank : #£50,10 ml, : 200 : 1000 200 : putrid 2 da.
: : : $ :
: wooden tank : #50,10 ml. : 70 : 650 10 t unclean 6 da.
69, : metal tank : ¥50 ml. : 16 : 130 16 : putrid 7 da,

- I81
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in excess of 100 per ml., while only 5 (23 per cent) had total
bacterial counts on nutrient agar after 24 hours at 37°C. in
excess of 100 per ml. Proteolytic counts on the 22 samples
ranged from 2 to 300 per ml.; of these counts 6 (27 per cent)
were less than 5 per nl,

Nineteen (86 per cent) of the 22 samples ylelding Ps.

putrefaciens produced spollage to some degree when portions

of experimental unsslted butter were washed with them and
held at 21°C, for 7 days. Of the 19 lots of butter showing
spollage, 10 were putrid, 4 were rancld, 2 had an unclean
flavor and 3 were criticized as being off in flavor with no
particular defect consplcuous encugh to be clted., One of the
22 lots of butter was musty at 4 days, while two showed no
defect even at 7 days; the water samples used to wash three
lots of butter comprised three (75 per cent) of the four
samples of water having total bacterlal counts on T.G.E.H.
agar of less than 100 per ml., In 11 (58 per cent) of the
19 lots of butter showing spollege the defect was evident

at 4 days or earlier.
Relatlonahip of presence of various Pseudomonas species in
wash water to spollage In experimental unsalted Eggﬁer

Certain Pseudomopss specles are known to bs relatively

abundant in water and to reveal thelr presence through charac-
teriastlic fluorescent colonles on agar plates and through
undesirable flavors in dalry products contaminated with the
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water.

Of 436 water samples from the 70 plants, 105 samples
representing 23 plants gave typleal fluorescent colonies on
T.G.E.M. agar plates held at 21°C, for 96 hours. At present

these would be considered colonies of Pseudomonas fluorescens

or closely related species, but CGarrison (17) has shown that
1dentification is not feasible using the present descriptions
of the organiams (1).

Of the 105 wster samples containing fluorescent bacteris,
97 (92 per cent) produced flavor defeots in experimental
unsalted butter held at 21°C, for 7 days. The 97 samples
showing flavor deterioration included 42 (43 per cent) that
wers rancid, 25 (26 per cent) showing a putrid condition, 20
(21 per cent) that were cheesy and 10 (10 per cent) that were
eriticized s unclesan, off‘nr otherwlse defective, Seventy-
one (73 per cent) of the 97 butter samples showed one or more
defects at 4 days or earlier. In a number of samples, more
than one flavor was evident when the butter was criticized,
with different defects becoming more prominent as the holding
period progressed. Only 25 (60 per cent) of the 42 samples
that were rancld at 7 days were notlceably rancid at 4 days or
earlier, On the other hand 46 {84 per cent) of the 55 samples
that showed & cheesy, putrid or unclean flavor at 7 days were
defectivs at 4 days or earlier.

From three samples of experimental unsslted butter

showing & fruity or rancid odor, crganisms 1dentifled as
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Pgeudomonas fragi were easily isolated. Although no par=-

ticular sffort was made to isclate these organisms from the
various samples of water, it 1s probable that a number of them
contelned the organisms since litmus milk tubes inoculated
with water and held at approximately 3°C. sometimes gave a
typleal May apple odor,

When expsrimental unsalted butter was washed with one
sample of water and held at 21°C,, a potato odor was evident

at 4 days., An organism resembling Pseudomonas graveolens

{62) was isolated, Sterile water inoculated with & pure
culture and used to wash & portion of experimental unsalted
butter reproduced the potatc odor,.

In one lot of experimental unsalted butter held at
21°C, a skunk-like odor was noted at 4 days. After
considerable difficulty, an organism resembling Pseudomonas

mephitics (6) wae isolated; it reproduced the skunk-like

odor ln butter when a pure culture was used to inoculate

sterile wash wster,

General Consideration of Significance of Totel Bacterial
Counts on Creemery Water Supplies
With the veriety of types of bacteria encountered in
creamery water supplies, two samples of weter having es~
sentially the same numbers of bacteria per ml, might have
' very differemt effects on butter, Certailn types of organisms,

such as the fluorescent bacteria, are known to be generally
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capable of causing serious flavor deterioration in butter,
while many other types are not belleved to be concerned with
butter deterioration. Some organisms, such as Pgs. putre-
facliens, apparently may bring about a putrid condition in
butter when present initially in small numbers. Since this
apecles frequently fails to grow on the media commonly used
1t may be present in water without being included in the
total bacterial count.

The effects on butter keeping quality of 181 samples of
water having total bacterial counts of 100 or more (on
7.G.E.H. agar, 96 hours at 219C,) are summarized in table 77;
the samples are divided into six groups on the basis of the
bacterisl counts.

The percentages of the samples that produced no flavor
deterioration in butter at 4 days Ilncreased from group 1 to
group 2 but decreased from then on throughout the remaining
groups; the maximum percentage was 63 for group 2 and the
minimum was 36 for group 6. When the data are considered
from the standpolint of no productlion of flavor defects at 7
days there was the same general trend in the percentages but
the values were smmller; the meximum percentage was 37 for
group 2 and the minimum was 9 for group 6.

While some samples of water having high bacterial counts
d1d not cause flavor deterloration when used toc wash experi-
mental unsalted butter even at 7 days, the tendency was for

water samples showing Increased counts to be more generally



Table 77

Relationshlp of total bacterial counts on water to deterloration in experimental
unsalted butter washed with the water

Bacteriesl counts

H

-

No. samples

e

Per cent of samples in group

-

: ¢t in group ¢ produceing no ¢ producing no
Groups ¢ Range per ml. : ¢ flavor : flavor
H : ¢ deterioration : deterioration
: : : _at 4 days 3 st 7 days
: : : :
1. H 100 to 200 : 52 H 54 : 35
: H : :
2e s 201 to 300 : 27 : 63 H 37
3, i 301 to 400 : 22 : 50 : 23
"4, t 401 to 75O : 33 : 48 : 18
: H H :
5. H 751 to 1500 H 36 H 30 : 11
: : H H
e H over 1500 H 11 H 36 s 9
t 3 : :

= 961 -
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assoclated with greater deterioration in the butter.

Chlorination Studies on Some Samples of Iowa Creamery
Water

In the studies on the effect of chlorination on Iowa
creamsry water, a number of plants having unsatisfactory
supplies were selected and samples of water obtalned in them.

To a 250 ml, volume of each of 30 samples of water from
the supplies of 16 Iowa creamerie; were added 2.5 ml., 12.5
ml, and 25 ml. of a hypeqplorite gsolutlion made up from B«K
powdsy and contalning 100 ppm. of chlorine. Tﬁe amounts
added were expected to glve & chlorine content of approxi-
mately 1, 5 and 10 ppm., respectively, to the sample. The
chlorine content was determined immedilately after the addition
of the hypochlorite solution to the water, using the starch
1odide titration listed in "standard methods" (83) on a 50 ml.
portion, and again after a holding period of 15 minutes at
approximately 10°C. Total bacterial counts, the presence of

coliform organisms and the presence of Ps. pubtrefaciens were

determined on the unchlorinated and the chlorinated water,

In order to stop the action of the chlorine at the completion
of the holding period, 5 ml. portions of chlorinated water
were transferred to dilution bottles contelning 45 ml. of
sterile water and an amount of sodium thiosulfate just in
excess of that required to destroy the chlorine present,

Duplicate 10 ml, &nd 1 ml. portions of the resulting 1:10
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dilution were added to lactose broth tubes of suitable
concentration to test for the presence of coliform orgsnisms.
Duplicate 1 ml, portions of the 1:10 dilution were plated to
determine the numbers of bacteria, Duplicate 3 ml., and 1 ml.
portions of chlorinated water were added to sterile litmus
milk tubes; the tubes were held at approximately 3°C, and
examined at the end of 2 and 4 weeks for the presence of
Fs. putrefaciens. DPa. putrefaciens was not found in any of
the original samples so results with reference to it are not
glven.

The date on 16 of the 30 samples are presented in Table
78, The 16 samples included 13 from supply tanks, 2 from
wells and 1 from a municipal supply. The other 14 samples
were well samples from 14 of the 16 plants; except that the
bacterial counts on the water before chlorination were lower,
the 14 samples gave essentlally the same results as the 16
samples and detalled results are not included.

8ix of the 16 samples originally contained coliform
organisms In 1 ml. amounts. Additlons of approximately 1, &
and 10 ppm. of chlorine to the samples, with holding for 15
minutes at approximately 10°C., eliminasted coliform orgenisms
from the volumes of water studled. The chlorine treatment
greatly reduced the numbers of bacteria present in all samples
except 49T which contalned relatively large mumbers of aserobic
sporeformers; these were the organisms surviving treatment

even with 10 ppm. of chlorine. With all except sample 6T,
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Table 78

Chlorination studles on some samples of Iowa c¢reamery water

Bagcteris per ml,

Sam-~ : Chlorine content : Test for :
ple : ¢ coliform :
no. : initial final* : organisms : after after
: (ppm.) (ppm.) : : 48 hrs. 96 hrs.
: : : at 37°C, at 21°C,
6T, - —-— H -2 : 150 180
: .91 91 $ - s <10 <10
: 4,12 1.83 : - ¢ {10 <10
: 89.06 6.95 2 - : <10 <10
9T - - : £ 1 mlB 100 350
: +98 «98 H - H 10 <10
s 4,91 4,70 : - : <10 <10
s 10,18 10.11 : - 3 <10 <10
18T ¢ - - : - : 80 375
: +98 +98 : - : <10 <10
: 4,63 4.42 2 - : 10 20
1 0.69 Q.41 : - : {10 - <10
: : H
257 -— - H - : 350 800
H .98 91 : - : 10 <10
t 5,12 4,84 : - : {10 <10
s 10,39 9.98 : - : <10 <10
26T @ - - : - : 13 45
: 1.12 '98 : e M <10 (lQ
t 4,56 4,14 : - 3 <10 <10
: 9.41 8.21 : - : <10 <10
36T 3 - -t A 1ml, 50 400
: D.4l 5,12 : - H <10 <l0
: 10,98 10,53 : - H <10 <10
40T : - - H - : 1800 1500
s 1,06 1.05 s - : 10 20
: 4.91 4’.91 : - : <10 <10
: 10.60 10.53 3 - : 10 {10
41T : - - : - H 190 180
H 91 «921 : - : 20 <10
2 4,91 4,77 : - : <10 <10
: 10,53 10,39 : - : <10 <10
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Table 78 {(econtinued)

Sam- : Chlorine content : Test for Bacteria per ml.

ple : : coliform

no. : initial final® : orgsnisms : after after
¢ (ppme.) (ppm.) : 48 hrs, 96 hrs,
: : : at 37°C, at 21°C,

42W 3 - - : - H 260 320
H +84 .84 3 - : {10 €10
: 5,61 4,77 H - : <10 {10
t 9,77 9.56 H - : <10 {10
H : :

487 3 - ——- : - 3 300 350
: +84 +84 : - 4 {10 <10
2 9084 9;54 H - . <10 (10
3 : :

49T — — : £ 1lml., : 1700 1400
: 98 B4 H - : 400 10
¢ 5,12 5.05 H - : 40 50
? 10446 10.26 : - s 30 30

50C : - - 3 - : 3 18
3 .98 +98 : - : <10 <10
¢ 5,08 4,49 : - : <10 <10
: 9,01 9.20 H - 2 <10 <10
H : H

51T -— e~ 3 A 1lml. 600 1200
: 1.05 «98 : - : <10 10
: 5,54 5,05 : - : 10 £10
: 11,16 11.02 : - : <10 <10

52W ¢ — we t £ 1ml, : 150 90
H «98 091 : - H (lO <10
: 4,91 4,683 : - : <10 <10
4 10.67 9098 2 - : L10 £10

64T - e= 3 £1lml, : 1200 1800
: 1,65 298 : - H {10 <10
t 4,98 4,91 H - H £10 <10
: 8.75 .75 b4 - H £10 410

70T : - o H - : 260 360
: 098 cgl : - H €10 £10
3 4.84 4,34 : - : <10 £10
t 10,19 9,62 H - : {10 <10

#* After 15 minutes at approximately 10°C,

T = tank, W = well, C = city
& Duplicate 1 and 0,1 ml, portions employed.
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there was relatively little difference between the initisl
and the final chlorine contents; with thls sample and also
with the well sample from plant 6 there was considerable
decrease in the chlorine during the holding. However, sven
with the decressze, satisfactory reductlions of numbers of

bacteria were obtalned,
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DISCUSSION

Results of the examination of ssmples of water from lowa
ereamery supplles show that some of them need improvement.
This situation obtains when the suppllies are considered from
the standpoint of public health and 1s equally evident when
they are consldered from the standpoint of butter menufacturs.
Water contalning collform organisms 1s potentially dangerous
and 1s definltely undesirable for human consumption, dlrectly,
or indirectly through the medium of a food product. Water
containing organisms capable of causing spollage in butter
is serlous from sn economic standpoint.

The data show that coliform organisms present in water
used to wash butter may carry over to the finished butter and
that, while the presence of salt has a definitely inhibltory
sction on the organlsms, some of them may survive. Thils
relationship 1s in agreement with the resultas of Hammer and
Yale (23). It clearly indicates that from 2 public health
standpoint, and from the standpoint of preventlon of butter
spoilage, some of the value of efficlient pasteurization of
cream and of other sanitery precautions is nullified if
contaminated wash water is used in a plant.

In general, the total bacteriel counts obtalned on

T«G.E, M. agar after 96 hours st 21°C, tended to increase as
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coliform organisms became more numerous 1in water. However,
some water samples containing coliform organisms in the
smallest portion tested (1 ml,) showed comparatively low
total becterial counts. No such general relationship appesared
to exist between the distribution of e¢oliform organisms in
water and total bacterial counts on nutrient agar after 24
hours at 37°C. Riddieck (72) suggested that ¢oliform bacteria
are assoclated with high total bacterisl counts on water
samples and that the total count can be uszed as an index to
control the incidence of the intestinal group of organisms in
water.

The Inhibition of coliform organlisms in some water
samples by selective media, when the organlsms have been shown
present by a completely confirmed standard lactose broth test,
has sometimes resulted Iin the discarding of such selective
medis. According to the deta obtalned, tha number of water
samples containing coliform orgsnlams thet were "missed” by
the tryptose lauryle-sulfate broth test was comparatively small
and was balanced by an equal number that were "missed" by the
lactose broth test but "pileked up" by the tryptose broth test.
Mallmann and Darby (48) and Levine (39) have shown the wvalue
of the latter test in reducing the number of false presumptive
tests encountered in water analysis. Apparently further study
slong this line 1s advisable; such data will accumulate with
more widespread use of the medium in routine analysis.

It appears that the change from nutrient agar to T.G.E.Y.
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agar for the determination of numbers of organisms present in
milk could advantegecusly be extended to water analysis. Due
to the variety of nutrlents present in T.G.E.M. sagar, the
numbers of organisms would be expected to be higher with it
then with nutrient agar under the same conditions of incubae
tion. The larger counts cbtained with the medium give a more
complete pleture of the numbers of orgenlsms actually present
in & sample of milk or water. Additionsl comparative studies
would appear to be of value, continulng the use of the 37°C,
incubation temperature and including 24 and 48 hours incuba-
tion periods. The 37°C. count is of value especially from
the public health standpoint; a 21°C, count is advisable where
information is required concerning the value of & water supply
for use in a butter plant since certaelin specles not particu-
larly significant from & public health standpoint grow better
at the lower temperaturs. ’

Although water conbtaining colliform organlisms may not
cause serlous flavor defects in butter, the fact that other
undesirable organlsms usually are present in water along with
coliform organisms makes its use inadvisable, entirely aslide
from the public health standpolnt. However, water not
containing ecoliform organisms often contalns certain unds-
sirable speclies capable of produecing defects In butter, and
1t 1s for this reeson that the ususl public health anmalysis
does not suffice; most of these undesirable orgenisms,

particularly those belonging to the genus FPseudomonas, grow
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better at relatively low temperatures. In this connection
the totsl bacterial count on T.G.E.l. agar after 96 hours

at 21°C, 1s of added value in that 1t not only gives an
indication of total numbers of organisms present in water
but alsoe furnishes Iinformation on types of organisms present.

The fact that & sample of water contalns relatively large
numbers of organisms does not signify that butter will spoill
after being washed wilth the water. To produce spollage, the
organisms must be ¢apable of causing objectlonable changes
in the presence of certaln inhibiting factors, such as salt
or acid, or after dispersion of the molsture and nutrisents.
However, water showlng high total, proteclytlic and lipolytie
counts commonly willl contaln a variety of bacteria and ususlly
will include aome of the mors harmful species, The oc-
currence of fluorescent organisms, whose relationship to
butter spollage is well estebllished, in approximately 25 per
cent of all the water samples examined, including some of
relstively low counts, 1s sufficlent svidence of the need for
adeguate control of water supplies.

From the public health angle and from the standpoint of
the butter manufacturer, the gquestlion is inevitably raised,
what can be done to improve water suppllies?

There sre a number of possibilities offerling considerable
promise, New wells could be constructed at some plants, but
there is no quarantee that the quallity of water obtalned
would be astisfactory, Repair of welis is difficult.
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Sterilization of wells has been practiced with apparent
success (80). In some plenta the supply tanks have been
eliminated. Thls was possible In certain plants in the
section of Iowa covered, but 1t would not be feaslible every-
where and would be of value only where the well water was of
satisfactory quality. Frequent cleaning of tanks should
reduce the contamination of well water in supply tanks and
must be followed where the use of a supply tank is considered
to be necessary. The use of water tank coatings designed %o

give no odors or tastes to stored water requires investi-
gatlon, In most c¢ases, and particulsrly in butter manu=~
facturing plants where water 1ls tempered in a tank or vat, it
appears that the treatment of such water by c¢hlorine is the
most economical and practicable method available., The |
varlable quality of some of the wells studled emphaslizes the
need for some type of treatment.

Chlorinstion is In use in many cities for treatment of
nmunicipal water supplies and has glven conslstently satis-
factory and reliable results., It has been demonstrated that
water containing falrly large concentrations of chlorine
(up to 25 ppm.) causes no noticeable off=-flavors when used to
wash butter (27). The concentration of residual chlorine in
mmicipal water supplles, while suffilclient to ki1ll pathogenle
and coliform organisms, needs to be studied from the stand-

point of species undesirable in butter msnufecture, particu-

larly those of the genus Pseudomonas. Most sporeforming
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organisms probably are not appreciably affected by con-
centrations up to 10 ppm., but they are not often 1n§olved in
butter spollage since they probably grow very little, 1f at
all, at the temperatures ordinerily used for transportation
and storage of butter, Althoush the questlions of extreme
dissipation of chlorine by some types of water and possible
chlorine resistance of certain organisms must be kept in
mind, it appears that water to be used to wash butter can be
satisfactorlly treated by addition of 1 to 5 ppm. of an
active hypochlorite sQlution and holding for 15 minutes at
the washing temperature. Since hypochlorlte solutions are in
use in msny dairy plants, the development of satisfactory
procedures for chlorinastion of creemery water supplies

ahonld not be diffieult.
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SUMMARY AND CONCLUSIONS

An examination of 436 unchlorinated water samples
from 70 butter plants, using the usuel types of bacterl-
ologlcal tests and s few sddltional ones, Iindicated that
some plant supplies regularly were satisfactory, some
regularly were unsatisfactory while others varied in
quality from one examination to snother. Certain supplies
that would have been considered acceptable from & public
health standpoint were not suitable for use in butter
manufacture. Over one-half the plant wells regularly
gave satisfactory water, but many of these supplies were
contamineted in storage tanks. Various city water
supplies woere unsatisfaetory for butter manufacturing
purposes,

Coliform organisms regularly were absent from some
plant supplies (well and tank), regularly were present
in others and sometimes were found In still others.
Two-thirds of the plant wells regularly were fres of
coliferm organisma in the volumes examined, but in many
cases the organisms were being added in storags tanks.
Some of the city water supplles contained coliform organ-

lams.

When experimental butter was washed with water known
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to contain coliform organisme, the organisms regularly
were found in 1 ml, of unsalted butter and usually were
found in 0.1 ml,; they sometimes were found in these
amounts of salted butter, Commercial butter, from plants
using water that commonly contained coliform organisms,
regularly contained the organisms when unsalted and
sometimes contalned them when salted.

As coliform organisms became more numerous in waber,
total bacterlial counts on the water tended to be higher.

The use of tryptose lauryl-sulfate broth on the 436
water samples reduced somewhat the number of spurious
presumptive tests, in comparison with the use of standard
lactose broth,

The average total bacterial count, after 24 or 48
hours at 37°C., was higher on T.G.E.M. agar than on
nutrient ager. The average T.G.E.M. agar count after 48
hours at 37°C. was higher than that after 48 hours at
21°C., but the average T.G.E.M. agar count efter 96 hours
at 21°C, was the highest count obtained.

Approximetely & per cent of the water samples ylelded

Es. putrefacliens; most of the positive samples contained

coliform organisms, had total counts (T.G.E.M. agar, 96
hours, 21°C.) in excess of 100 per ml. and produced
spollage in experimental unsalted butter,

Approximately one-fourth of the water samples con-

tained typlcal fluorescent organismsj; most of the positive
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samples produced spollage in experimental unsalted butter.
O Some Pseudomonas specles known to produce undesirable

flavors in butter were 1soclated from certaln water

samples; these included Ps. fragi, Ps. graveolens and Ps,

mephitica.
10. While some samples having high bacterial counts did

not cause flavor deterioration when used to wash experi-
mental unsalted butter, the tendency was for samples
showing high counts to be more generally associsted with
serious deterioration in butter than samples having low
counts.

11. Addition of 1, 5 or 10 ppm. of chlorine to samples
of contaminated water, wilith holding at approximstely
10°C. for 15 minutes, resulted in satisfactory destruction
of non-sporeforming organisms, Apparently, sporeformong

specles were not appreclably affected.
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