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A SANITARY AND BACTERIOLOGICAL STUDY 
OF FARM BULK MILK SUPPLIES 

IN LINN COUNTY, OREGON 

INTRODUCTION 

The bulk tank method of handling milk on the farm can 

be compared to tne introduction of mechanical milking 

machines as an econom.ieally valuable labor saving device. 

The conversion to bulk tanks as a means of handling milk 

on the farm has been extensive in California , Oregon and 

Washington. 

Pick-up of the milk from these installed tanks in 

Oregon usually has been on an alternate day schedule or 

after four milkings have been consolidated in the tank. 

In Linn County , Oregon, all tanks are serviced by one 

tanker operating on a 24 hour schedule that also covers 

pick•ups in Marion , Polk , Benton and Lincoln Counties. 

Little is known of the day to day variation of the 

quality of the milk held in farm holding tanks in Oregon. 

Marth , Hunter , and Frazier (21, p . 90) reported on a 

supervised study of two farm bulk milk tanks on University 

of Wisconsin farms that indi·cated satisfactorily low plate 

counts of milk could be obtained when holding milk on an 

every other day pick-up schedule. 
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Buress (5, p .lO) states that "It is not uncommon for 

bacteria counts to drop from 200,000 per ml . in cans to 

20,000 or less in t h e bulk method . For example, the 

California milk code limits the bacteria count to 75,000 

and with the bulk piek-up method the count in the Los 

Angeles milk shed is only about s,ooo." This last figure 

probably represents an everyday pick-up schedule. Oregon 

state regulations limit bacterial counts on raw milk for 

pasteurization to 80 ,000 per ml . 

The objectives of this project were to establish: (1) 

whether the milk as produced on the various state licensed 

grade A dairy farms maintained a low bacterial count; (2) 

effect of added storage time on the psychrophilic count; 

(3) effect of increased holding on the pasteurized count; 

(4) any unknown or not generally recognized sanitary and 

bacteriological problems existing in the bulk method of 

han<iling milk•. 



REVIEW OF LITERATURE 

Psychrophiles 

In a study on the distribution of psychrophilic 

bacteria, Morrison and Hammer (24, p. 9-ll) found that 

Pseudomonas tragi, a particularly objectionable organism 

capable of growing at 41°F. and producing bitterness and 

various other flavor defects in milk, was present in 29 

of 176 samples of milk delivered to an Iowa plant. This 

organism was also found in samples of soil, bedding, 

water. dairy u~ensils and feed, which explains its fre

quent occurrence in milk. It can easily be seen that 

subsequent refrigeration of contaminated milk at 40°F. to 

50°F. will permit the growth of t h is organism. 

Burgwald and Josephson (6, p.378 ) reported that the 

psychrophilic bacteria which developed in milk during 

refrigeration were primarily responsible for deterioration 

and acid developed at 40°F. Further studies showed that 

34 of 105 samples of milk incubated at 42°F. showed 

increased counts, wh ile Leete (21, p.74) showed that 27 

per cent of milk samples tested in another study, when 

stored for 5 days below 40°F., s howed an increase in 

b.acterial count. Leete's work also indicated that between 

40°F . and 45°F., 37 per cent of t he samples showed 
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0 0increased counts. and from 45 F . to 51 F . , 74 per cent of 

the samples stored showed increases . 

The effect of pasteurization on psychrophilic bacteria 

was studied by Sherman, Cameron, and White (30, p . 526) who 

found that pasteurized milk would keep for 8 to 12 weeks 

at 320 
F ~, while raw milk of approximately the same 

bacterial density would keep only 4 weeks . The difference 

was thought to be due to the fact that most of the 

psychrophiles were destroyed by pasteurization. If the 

pasteurized milk was inoculated with a small amount of 

raw milk , it spoiled as quickly as if it were all raw 

milk. 

Thomas and Chandrasekhar (31 , p . 47- 50) also made a 

study of the psycbrophilic bacteria in raw and pasteurized 

milk . Samples were held at room temperature for 24 hours 

before placing in the refrigerator . Some raw milk samples 

developed an off- flavor in 5 days . They also found that 

the keeping quality of pasteurized milk varied from 14 to 

33 days when held at 40°F . to 45°F . Both raw and 

pasteurized milks were found to contain large numbers of 

bacteria capable of growing at low temperatures . Organisms 

isolated and studied were found to belong to the genera 

Achromobaoter , Flavobacterium, Alcaligenes, and Pseudomonas , 

all gram negative, non- spore-forming rods . Various species 
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of unidentified micrococci were observed quite frequently 

in such samples. 

Kennedy and Weiser (19, p.355•356) studied 15 cultures 

isolated from milk and then grown at 50°F. Pasteurization 

was effective in reducing populations 96 to 100 per cent, 

50 to 76 per cent, and less than 25 per cent in a, 5, and 

2 of the cultures, respectively . Optimum growth tempera

tures for 7, 5, and 3 of the cultures were 50°F., 68°F. 

and 77°F. respectively. Twelve of the cultures failed to 

grow at 98°F. Higher plate counts were observed for raw 

milk than for pasteurized milk when each was incubated for 

72 hours at 50°F. 
... . 

Psychrophilic bacteria are important as the cause of 

high counts at low temperatures and of various flavor 

defects. Olson and Hammer (26, p.l25) isolated 

Pseudomonas graveolens from an outbreak of potato odor 

in milk. They were able to reproduce this defect by 

inoculating the organisms into aseptically collected milk. 

A pronounced potato odor was present when the count was 

5.5 million organisms per ml. It failed to grow at 98°F., 

but grew well at 46°F. and it did not survive pasteurization. 

Claydon (8 , p.588 ) investigated an outbreak of a 

medicinal flavor in market milk caused by Aerobacter 

aerog enes. The flavor changed from cowy, through bitter, 

to strongly medicinal, and finally was intensely unclean. 
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The flavor development at 50°F. was more typical and more 

intense than at 80°F., and was very intense after 6 days. 

Improved washing and better refrigeration eliminated the 

defect. 

Jezeski and Macy (17, p.442-445) plated milk samples 

and incubated each at 98°F. for 2 days, 68°F. for 5 days, 

and 46°F. for 7 days to ascertain growth characteristics 

and the bacterial populations. The plates held at 68°F. 

usually produced the maximum counts for each sample, 

however, the lowest temperature showed almost comparable 

results. The lowest temperature counts usually exceeded 

the count for the highest temperature. Identified 

isolates included one yeast and species of the genera 

Aehromobacter, Flavobacterium, Alcaligenes, and Pseudomonas. 

The water supply of the dairy plant, which may contain 

many of these organisms, should be carefully cheeked to 

insure their absence. Water which is acceptable by public 

health standards is not necessarily satisfactory for dairy 

use. Jezeski and Macy (17, p.446 1 450) also found that 

only 6 of 41 cultures were able to survive 150.°F. for 30 

minutes. The odor produced by many of these psychrophiles 

was more intense in cream than in skim milk. 

Watrous, Doan and Josephson (32, p.5•6) reported that 

psyehrophilic counts made on fresh raw milk samples 

exhibited no relationship to the total counts. In most 
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cases they were considerably lower . After 10 and 20 days 

of refrigerated storage there was still no correlation 

between the 2 types of counts , but in general the 

psychrophilic counts were conclusively h igher after 20 

days . 

Rogick and Burgwald (29, p . l85) showed during a one

year study of :fresh raw milk obtained from various sources 

in the Columbus market that the mesophilic counts were 

approximately 3 times greater than the psychrophilic 

counts. This relationship did not hold for the pasteurized 

samples . 

In a study on raw milk and pream in Edmonton, Canada, 

Erdman and Thornton {13, p . 232) reported the presence of 

important numbers of bacteria capable of growing at 

temperatures of 10 . 5°0 . and 4 . 5°G . The major source or 

these bacteria was non- sterile utensils . The psychrophilic 

counts paralleled the standard plate counts rather closely. 

As the psychrophilic bacteria rarely survive pasteurization, 

their presence in freshly pasteurized milk indicates 

inefficient plant sanitation. Psychrophilic counts on raw 

whole milk varied from 10 , 000 to 3 million per ml . in a 

study reported by Kaufman and Andrews (17, p . 320) . 

The effect of low temperatures on the growth of 

bacteria has been reported by Lawton and Nelson (20 , p . ll71) . 
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They contend that rapid cooling of mi lk to below 5°C. and 

holding at or below that temperature will retard growth of 

low temperature bacteria. When milk is cooled to only 

l0°C., initiation of growth may be expected in an appreciably 

shorter period of time. At 21°C., and above, t h e lag phase 

is almost completely eliminated. After growth has been 

initiated, a return to lower temperatures would only slow 

down the growth rate of the bacteria which already had 

left the lag phase. 

Prouty (28, p.251,253) reporting on farm bulk milk 

tanks, showed that at the time of plating , the facultatlve

psyohrophilio and standard plate counts paralleled one 

another rather closely. Low facultative -psychrophilic 

counts were accompanied by low standard plate counts and 

vice versa. In t h e majority of the samples t he standard 

plate count exceeded the faoultative-psyehrophilic count. 

At the initial plating period the facultatlve•psyebrophilic 

t ypes were not present a·t high enough levels to induce the 

presence of abnormal flavors and odors. 

In 40 per cent of the samples t he facultative

psychrophilic count did not exceed 10,000 p er ml. as 

compared with 34 per cent for t h e standard plate count. 

Ten per cent of t h e samples had a facultative-psychrophilic 

count exceeding 100,000 per ml. as compared with 13 per 

cent for the standard plate count. 
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Nelson and Baker (25, p .lOO) recommended incubation 

of plates at 21°C. for 4 days or 25°C. f or 3 days for the 

detection of high numbers of bacteria in milk due to 

growth during refrigeration. 

Morris {23, p .A245) reported that water was the 

source of Pseudomonas types of organisms isolated from 

milk samples that failed to pass the methylene blue test 

after overnight storage at 40°C. The water supplies on 

some of the farms contained the Pseudomonas types, which 

grew rapidly in milk at 4°C., and contaminated the 

equipment. 

Erdman and Thornton (14, p .. 238) isolated 722 psychro 

philes from Edmonton milks and creams. The cultures, when 

grouped according to morphology, Gram reaction, and 

certain cultural and biochemical characteristics, were 

found to be of a more heterogeneous nature than was 

expected. Seasonal variations did not affect the types of 

organisms present, however, such heterogeneity could be 

demonstrated by increased incubation temperature . Thus, 

storage of milk and cream at temperatures well below 10°C. 

has qualitative as well as quantitative advantages. 

Identification was made of 190 cultures which fell into the 

following genera with decreasing frequency: Pseudomonas, 

L.actobacillus, Streptococcus, Aerobacter, Flavobacterium, 

and Escherichia, while there was one culture of Alcaligenes 
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contain large numbers of micrococci , results in marked 

decrease in the number of bacteria surviving high

temperature pasteurization. 

Dotterrer (12, p.270) reported on heat resistant 

organisms in milk supplies and stated, "The elimination 

of all thermoduric organisms from a milk supply requires 

careful and constant cleaning and sterilization of all 

dairy equipment; this applies to the pasteurizing plant 

as well as to the farm. The plant cleaning problem is 

not so difficult to handle , since there are practically 

always adequate facilities for the work . It is not easy 

to provide proper cleaning facilities on the farms, 

especially in cold weather. In spite of the physical 

difficulties in the way of proper care of far.m utensils, 

the greatest problem is to get the producer to understand 

the need for such great care. The farmer who is not 

trained in bacteriology can see the dirt in his utensils 

but he cannot see the bacteria which remain after the 

utensil appears clean to sight and feel." 

The source of some bacteria and the bacterial genera 

of the common thermodurics was reported by Doetch 

(10, p.36). The most common, in t he fo~lowing order, are 

the Micrococci, Streptococci, Sarcina and spore-forming 

mesophilic bacilli. Members of the genus Microbacterium, 

which occur occasionally in raw milk , are among the moat 



1S

i:.est reess*ant &s$*spore*fs::mln$! beeterts. kn*x:r,

Hllemsn tl$, p"ll$?) ttcta,g *he ep**i.oe of S&SI*Sggg&

kxrcwn t* *ee*r trr mtlk amd *o be hsat*raelstsnt, aa

S*agq*ssq.x*, s}}s&, Sfl rrqpe.psps. ps$lS,S$Bg * &I-&{s$.*$$}*&

s?.Sffi]"gm$rq$q$, S&gxg,Sggffig. pplaefg{*}p, 4{gqq eqsqq }&t,p}re '
and, Klsr*6se*ug rarj.anp.

6tr*yd*n {$, F,ISS} e*ud$"cd ths ef,f*st sf lneonep*.sugu*

brsakdown of the milk gr.rfa*es *f t*et eup lLnere *xt

hss,terlal e*unts of, xnJ.}k, Under e*ellar trrr**t5"ea} esfid.r'*

tLona of maslilno $&r& and open*t*eerr mtlk frsm rrn*.ts

equlpped wtttrt r.lsed Llxrara *.ppearlng J,n reaesnably go*d

phyol*al eondJ.i*.sn bnt h.antng mlerasesptr* braekdown,

esmet*nes had cstrsid.erably htgher eounte th*n :nJ.lk frsm

an!"te wlth ;rew LSn*ra hevL$g $o reJ"arxreceple d"eteri.*ratten.

Fr*guerltly* the s&ffis eendS,tl*ns titat r"selr1te& ln
s#!r*ldorable *entarnl.*et1*n ln m{Lk frsw *ho u*ed }tn*r
unLta stl.13" produ*ed gqo*d rssalts wlth the n*lr }J*ner

unLte* H*lettvely hlgh e*ntsmfs*tLon ln &he lLs*rs was

ness$e&ry *s ee$se a pnactl*a}" lnereas* tn t'l*.e ssu$t *f
the mtl"k" !}r:der eondlti.ons wh*re tlre c*ata&l.natlen leveX

was r*J.a*lv*ly 3"ow* *here was ltttLe eon*lstont dtffel4$nc6

ln m3,l,k onr*nte., Surlng eaeb trS"*L perisd, ba.etorl"a

l"ncr*a**d mqrre naptdly ar:d *o a xrruo}: ht6h*r ].ere}. Ln used

ll.nera &}:an ln new }l-aera.



13 

Alexander and co•workers (1, p.308) reported the 

results of 3 seasons of study on the effect of sanitation 

of 3 different pipelines in dairy barns on bacteriological 

quality of milk produced. One pipeline that was allowed 

to develop milk deposits through poor cleaning and 

sanitizing methods also resulted in high eount milk. 

It was easily put back into sanitary condition without 

disassembling by improving conditions of cleaning and 

sanitizing . 
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METHODS AND MATERIALS 

Dairy Farms 

Nine Ore gon grade A milk farms equipped with bulk 

holding tanks were chosen so as to obtain a cross section 

of bulk milk supplies. All of the farms were located in 

Linn County and were chosen in part on the basis of 

convenience in collection of the samples. It was essential 

that the total time involved be held to a minimum to insure 

proper sample refrigeration. 

All of the tanks had capacities ranging from 150 to 

300 gallons, and were equipped with direct expansion 

refrigeration, side and bottom cooling surfaces, single 

speed agitators, and 3-A t ype approved sanitary valves. 

One tank was square and was equipped with an agitator 

comparable to that of a washing machine . This agitator 

could not be removed for cleaning .. The balance of the 

tanks were either half-cylindrical or semi-elliptically 

shaped on all 4 sides. These tanks had removable top 

mounted agitators. 

Milking Areas 

All nine producers milked in stanchion type or the 

three-cow-in-line parlors . The loose or loafing s hed type 
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houa1 was utiliz d on all th ta Two of the tar• 
were equip d with pipelin milking t mo . 

Collection Times 

Seven of the tanka were serviced by t he pick•up t nkeF 

betwe n 9:30 P. M. and 6:30 A. M. and the other 2 on the 

alt ~nate day at around 10:00 P . M. Due to the piok• up 

aehedules , the s mples were collected b tween 7 and 10 P. M. 

nd the plating was done the following morning . 

s plins 

Sampl a were ithdrawn septieall from the tanks 

after minimum a git tion time of 90 second (22, p . 90) . 

During agitation, milk temperatur and any bnor 1 milk 

conditions were recorded . Sterile paper sampli~~ tubes 

furnished b the aet1- K1t Company were 8Ubstituted for the 

standard aluminum tubes recommended in the lOth Edition of 

Standard M thode for the Examination of Dairy Produ eta 

(2, p . 82) . Only one aampl was withdrawn for bacteriological 

and t ste test1 t the beginning o.f the p:roj ct . However , 

2 e mple , one far e oh analysis . were ithdrawn later. 

T~ nsporting and Ret>rigeration or S mples 

All sample bottles ere tr ns port d in an inaulat d 

ample box that contained either frozen bags or gel tin 
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or ice cubes. Prior to the sampling, the box and its 

contents were refrigerated at -10°F. for several hours . 

This method of cooling kept the milk at temperatures of 

lese than 38°F. hile in transport.0 

The samples of milk were kept in the insulated box 

which was stored in a walk•in refrigerator at 40°F. until 

plated. 

Pasteurization 

Ten ml. aliquots of each sample were transferred to 

sterile test tubes, rapidly heated to 161°F.• , held for 16 

seconds, and then rapidly cooled to 40°F. or less in ice 

water. The milk samples remained at this temperature until 

plated. 

Flating Media 

Standard Plate Count agar (Difco) was used for making 

the standard plate counts, thermoduric counts and psychro• 

philic counts. Violet Red Bile agar (Difco) was used to 

count coliform organisms. 

Plating Procedure 

Plating techniques were as described in the lOth 

Edition of Standard Methods for the Examination of Dairy 

Products (2, p . 91•113). Buffered distilled water dilution 
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blanks were used in making 1:100 and 1:1000 dilutions for 

the Standard Plate Count, and 1:10 and 1:100 dilutions for 

the thermoduric and psychrophilic counts. All plates were 

poured in duplicate . Milk for coliform counts was plated 

with l ml . directly and with a 1:10 dilution. All plates, 

except coliform samples, were counted on a Quebec Colony 

Counter . 

Taste Testing 

The raw milk samples also were analyzed for flavor . 

The practice of using separate samples for taste testing 

and bacterial analysis was begun after it was realized 

that the use of the well agitated sample could induce 

hydrolytic rancidity . The samples were tasted after 

warming to 70°F . without agitation. 

Farm Equipment Clean•up Procedures 

To help evaluate the results of the bacterial 

analysis of the milk samples obtained from the 9 bulk 

milk tanks, each of the producers was interviewed to 

determine the procedures used in cleaning the tank and 

the milking equipment. 

Commercial dairy cleaners were used on all of the 

farms . These were used in milking machine and' utensil 
•

clean• up in all cases, the only exception be~ng producer 

E who used a non-ionic detergent for all phases of 
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equipment cl ean-up . These same cleaners were generally 

used in tank cleaning except for producers F , H and I, 

who used a chlorine bearing paste cleaner, a chlorine 

bearing orthophosphate cleaner, and a household scouring 

powder respectively. 

Following the last series of high standard plate 

counts and pasteurized counts, producer A used the 

following procedure to effectively reduce the bacterial 

populations: The tank was was hed with a 120°F. cleaner 

solution and rinsed out with warm water . This was 

followed with a chlorine rinse of more than 500 ppm. 

concentration. All of the equipment was disassembled and 

given a thorough rinsing night and morning , except the 

teat cups which were .taken apart only in t he mornings . 

All parts were brushed with a solution of the cleaner, 

rinsed and then chlorinated before use. In addition to 

the daily scrubbing, the teat cup liners were boiled in 

lye once each week. This procedure, which required no 

more than 10 additional minutes , eliminated the thermo

duric problem. 

Farm B was the only one to have a pipeline milker 

all during the survey. At night the pipeline and the 

three milker units were rinsed with lukewarm water and 

then with hot water. The units were sanitized before 

using in the morning . After use in the morning , the 
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sequence of rinses was followed with a commercial dairy 

cleaner solution and a final hot rinse. The pipeline was 

washed by pulsation type circulation cleaning once a week. 

It had not been apart in over 3 years. yet showed no 

visible signs of milk stone. 

A second pipeline on farm F was removed after the 

first winter sampling period. It was washed by circula

tion cleaning each morning, however only a warm water 

flush followed the evening milking. A chlorine sani

tizing solution was used before each milking. 

Chlorine was the most widely used sanitizing agent, 

although 2 producers preferred a quatenary ammonium 

compound, and one a chlorine bearing commercial bleach. 

The ID:ilking equipment-sanitation methods used on test 

farms were as follows: 

Producer A. The milking machine proper and other 

utensils received a warm water flush, brushing with warm 

cleaner, and a hot water rinse morning and evening. The 

teat cup assemblies were brushed daily and never 

disassembled. No sanitizer was used. The tank received 

a warm rinse, a brushing with a warm cleaner, a hot rinse 

and no sanitizing. 

Producer B. The pipeline and milker units were 

flushed with warm and hot water, respectfully, morning and 

evening. A warm cleaner and a hot water flush were also 
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used in the morning. The teat cup assemblies were dis

assembled and brushed weekly. Other equipment was rinsed 

with warm water . brushed with warm cleaner and g iven a 

warm rinse in the morning only. A warm rinse was employed 

at night. The tank was given a cold water rinse, a 

brushing with warm cleaner, and a cold water rinse. A 

quatenary ammonium compound of variable concentration was 

used on all equipment as a sanitizer. 

Producer c. All milking equipment was given a warm 

water rinse, a warm eleaner brushing. a hot water rinse 

and then chlorinated with a 125 ppm. sanitizer solution. 

Th e teat cups were .never disassembled. The tank was 

rinsed with warm water, brush~d with a warm cleaner 

solution and rinsed with warm water. No sanitizer was used. 

Producer D. The milking machines, milking equipment 

and tank were rinsed with warm water , brushed with warm 

cleaner, and rinsed with warm water. The teat cup 

assemblies were never disassembled. A 200 ppm. chlorine 

sanitizer solution was used on all equipment. 

Producer E. Warm water rinses and warm cleaner 

solutions were used on all equipment. The teat cup 

assemblies were disassembled and washed in the mornings . 

The machines were only flushed with warm water. a warm 

cleaner solution and rinsed again with warm water after 

the evening milking. The tank was washed in the same manner 
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as the balance of the equipment . A 125 ppm. quatenary 

ammonium sanitizing solution was used on all equipment 

prior to use . 

Producer F. The milking equipment was washed night 

and morning with a warm cleaner solution, however, the 

milking machines were just given a warm water flush in 

the evenings. Warm water rinses were employed before and 

after washings . The teat cup assemblies were disassembled 

and brushed in the mornings . A 250 ppm. chlorine solution 

was used as a sanitizer on all of the equipment . The 

tank was rinsed with cold water , a chlorine bearing paste 

cleaner was rubbed on all milk contact surfaces and then 

the tank was rinsed with cold water . No other sanitizer 

was used on the tank . 

Producer G. The milking machine was completely 

disassembled after the morning and evening milkings, and 

like the other equipment , was rinsed with warm water , 

washed with a hot cleaner, and rinsed again with warm 

water . All equipment was rinsed with a chlorine solution 

of variable concentration. The tank was cleaned in a like 

procedure . 

Producer H. The milking equipment was flushed with 

warm water , brushed with a warm cleaner solution and rinsed 

with warm water . The milking machine was not disassembled 

after evening use, however, it was flushed out with warm 



22 

water 1 a warm cleaner and then warm water. All equipment 

was sanitized with a chlorine bearing tri-sodium-phosphate 

compound. A cold rinse followed by a brushing with a 

chlorine bearing orthophos phate cleaner and another cold 

rinse completed the tank olean-up program. 

Producer I. A cold water rinse of all equipment 

followed by a warm cleaner and another cold rinse was the 

usual morning routine. The teat cup assembly was dis

assembled only in the morning and like the other equipment, 

just given a cold rinse at night. The tank was rinsed 

with cold water before and after brushing with a warm 

cleaner. The tank and equipment was sanitized with a 

chlorine solution of variable concentration. 
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RESULTS 

General Bacteriological Results 

Standard Plate Count 

The Oregon milk code states, "Compliance with the 

bacterial standard for a specifie grade of fluid milk or 

milk product shall be determined by computing the loga

rithmic average of the number of bacterial organisms ~ 

the agar plate method or direct microscopic count method 

upon examination of the last four consecutive samples 

taken on separate days during the sampling period . The 

bacterial standard shall be deemed met providing the 

logarithmic average does not exceed t he logarithm of the 

maximum number of bacteria permitted for the particular 

grade of milk or milk product . " (27, p . 5) 

The maximum numbers of bacteria per ml . permitted 

for grade A raw milk for pasteurization is 80 , 000 

(27 , p . 7) . Therefore , an arbitrary standard of 80 , 000 

bacteria per ml . of sample was established to facilitate 

examination of the accumulated data to be found in 

Figures 1 to 9. 

At this maximum count , 31 of 302 samples were above 

the arbitrary limits . Of the 31 samples, producer A 

contributed 8 consecutive high count samples , while 12 
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samples (of which 10 were consecutive) were supplied by 

producer E. Six excessively high count samples were 

received from producer F during t he year period. Producer 

C contributed 3 high count samples and producer I contri

buted 2 which accounted for the balance of t he samples 

that were in excess of ao,ooo bacteria per ml. 

Viewing all of t he r esults as a group, most of the 

counts were higher t han expected. Of the 9 tanks sampled, 

only 2 producers had logarithmic average standard plate 

counts of 10 1 000 or less. Two producers had counts close 

to 10,000 and 3 others averaged less t h an 25 1 000 bacteria 

per ml. Th e two remaining producers produced milk with 

average counts within t h e proximity of 40 1 000 bacteria 

per ml. 

TABLE 1 

One-year logarithmic average standard plate count for 
various producers 

Producer 
Average 

count 
Maximum 

count 
Minimum 

count 
No./ml. No./ml. No./mi. 

A 24;000 246,000 2,600 
B 10,700 50,000 4,900 
c 18,000 108,000 1,900 
D 5,000 12;800 1,500 
E 41,000 1,300,000 3,600 
F 37;200 102,000 13,000 
G 2,900 10,400 900 
H 10 ·,500 35;200 4,500 
I 14,500 150,000 4,200 
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The first 11 samples of milk from each tank were 

composite samples of 4 consecutive milkings (Figures 1 to 

9). Th ese samples reveal only t h e numbers of bacteria 

present after a 48 hour holding period on the farm• . Twelve 

individual samples were collected from each tank ai'ter the 

addition of 2 milkings . Twelve more individual samples 

were collected from each tank after the addition of the 

fourth milking. Each sample represented either 24 or 48 

hours of storage for a portion of the milk held in the tank 

at each sampling period . 

In order to provide greater continuity of data, it was 

necessary in some oases to count plates of less than 30 

colonies and to estimate counts in excess of :300 colonies 

per plate . 

No consistent pattern of increase or decrease of 

eount during the second 24 hour storage period was 

determined . It is evident that after sample series 26 1 

a marked change occurred in the bacterial count of the 

samples . This might be attributed to a milk sample 

collection by the state sanitarian, followed by a general 

laxity in sanitation by the producers . This upward trend 

continued ~til the producers were notified of the results 

of these samples . Apparently t hose that received high 

counts cleaned up their equipment, while some of those 

receiving lower counts relaxed their sanitation programs . 
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Thermoduric Counts 

The Oregon milk code limits the bacterial count or 

pasteurized milk to 20 , 000 bacteria per ml . (27 , p . l3). 

The processor is responsible ror the quality or the milk 

he distributes and since many of t h em are equipped to run 

control counts on each producer's milk , t hey are in a 

position to advise t h e farmer of high thermoduric counts . 

Forty - one or 177 samples were in excess of 1 , 000 

thermoduric bacteria per ml . Eighteen or these samples 

were greater t han 10,000 t h ermoduric bacteria per ml . , with 

the maximum count being 100 , 000 . Th is shows a definite 

need for better understanding of sanitation procedures by 

the producers . Assigning the r esponsibility of this 

teaching program to either t he processors or the Extension 

Service represents a problem. 

No consistent increase or decrease in thermoduric 

counts occurred between the second and fourth milkings . 

This would indicate that t h e milk was contaminated by the 

equipment and t he holding of the milk in the tanks for t h e 

extra 24 hours had a negligible effect on the thermoduric 

count . In checking for t he source of t he contamination, 

a general survey of t h e equipment was made . At farms A 

and E t he equipment, and especially t h e old and cracked 

rubber teat cup liners , appeared to be t he principal 

sources of contamination. 
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TABLE 2 

One•year logarithmic average thermoduric count for 
various producers 

Average Maximum Minimum 
Producer count count count 

No .?ml . No ./ml . No ./ml. 

A :3,200 120,000 15 
B 370 16,000 8 
c 170 1,210 40 
D 260 990 40 
E 3,200 46,000 132 
F 190 2,170 8 
G 22 1 90 
H 350 1,010 30 
I 65 850 7 

Psychrophilic Count 

Of 232 samples collected, 133 had more than 1,000 

psychrophilic bacteria per ml. This would indicate that 

the producers have a psychroph1lic problem. It is 

interesting to note that the curve of the psychrophilic 

count usually follows that of the mesophilic count. No 

definite numerical ratio of psychrophilic to mesophilic 

populations can be drawn except that a higher mesophilic 

count is usually accompanied by a higher psychrophilic 

count. A temperature of 40°F. was used for incubating 

plates for psychrophilie counts because it more nearly 

approximated the temperature at which the various milks 

were held during farm storage. 
< · 
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TABLE 3 

One-year logarithmic average psychrophilic count for 
various producers 

Average Maximum Minimum 
Producer count count count 

No./ml. No./ml. No./ml. 

A 240 1,210 20 
B 690 3;800 50 
c 5,250 47,500 260 
D 810 3,780 112 
E 8,300 800,000 10 
F 2,780 100,000 50 
G 170 2,900 
H 650 5,200 30 
I 910 11,000 100 

Coliform Counts 

Coliform counts are used as an index of sanitation 

for pasteurized milk but not for raw milk. However, this 

does not limit their value as an index of sanitation, 

because eoliforms are usually present in proportion to the 

sanitary methods used on the farm. 

In this study almost 50 per cent of the samples had 

no more than 10 coliforms per ml. and 80 per cent of the 

samples had 100 or less eoliforms per ml ., which indicated 

that excessive coliform counts are not necessary. 

Low coliform counts are not indicative of low 

bacterial counts. Producer A had high standard plate and 

thermoduric counts, but a remarkably low coliform count. 
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This might be attributed to the use of a sanitizing 

solution for the washing of the cow's udders . 

Producer C had extremely high coliform counts, which 

might be traced to improperly cleaned udders. The water 

supply on this farm was free of eoliforms. 

Producer I had a contaminated water supply and 

introdueed1 these organisms into the milk by using water 

to rinse all milk out of the eold wall distributor trough 

of the tank after each milking. The elimination of this 

practice reduced the coliform counts. 

TABLE 4 

Distribution of coliform counts of samples of raw milk 
produced by nine grade A dairy farms equipped with bulk 

milk holding tanks 

No . of samples showing coliform counts/ml. in the 
range of: 

11 to lOl to 301 to more than 
l'roducer 0 to 10 100 300 1000 1000 

A 30 1 1 -o -o-
B 14 14 1 2 1 
c 2 1 7 11 11 
D 15 17 -o -o -o-
E 14 11 2 4 2 
F 22 9 1 -o -o-
G 23 6 2 -o -o-
H 11 9 1 -o -o-
I 5 17 8 l -o
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Individual Tank Results 

Tank A (Figure 1) 

The direct results of inadequate sanitation pro

cedures are clearly evident in this analysis. The total 

bacterial population was comprised predominantly of 

thermoduric bacteria as evidenced by the paralleling of 

standard plate count on the raw milk and thermoduric count 

on the pasteurized milk. Conversely, the psychrophilic 

count is consistently low, only twice being above 1,000 

PR~. 

The low standard plate count values of samples 

(23•26 and'l 33•35) are the direct results of general 

equipment plean-up. The use of a sanitizer was dis

continued during the period between samples 25 and 26, 

this is indicated by a rapid rise in the standard plate 

count. A£ter receiving the results of the Department of 

Agriculture sample taken just prior to sample 26, the 

clean-up procedure discussed under Methods and Materials 

was initiated. The direct result of this program is 

clearly indicated on the chart by the final rapid drop in 

the standard plate count and thermoduric counts of 

samples 33-35. 

. . 
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Tank B (Figure 2) 

A logarithmic average of 10 , 700 bacteria per ml . for 

the standard plate count was obtained by this producer 

with some counts ranging up to 50 , 000 per ml . The high 

counts were sporadic in o.ccurrence rather than commonplace . 

An increase in plate count is evident following sample 

26 , bu t after the result of t he Department of Agriculture's 

sample was received, a sharp decrease in all 3 counts 

occurred . A slight reversal of t h is trend is apparent in 

the last 2 samples . 

The greatest variation is evident in the psychrophilic 

and thermoduric counts . The psychrophilic count average 

is below the arbitrary standard even though 12 of the 

samples were above 1 , 000 bacteria per ml . The t hermoduric 

count was reduced following the clean- up of t h e equipment, 

but not significantly below 1 , 000 per ml . 

Tank C (Figure 3 } 

This producer s howed a rather h i gh logarithmic 

standard plate count average, probably due to unsanitary 

conditions existing in the bulk storage tank and milking 

equipment . The psy chrophi l ic counts closely paralleled 

the trends of the standard plate count . The t hermoduric 

count , for no explainable reason , usually followed a 

reverse trend . 
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The psychrophilic count of the milk was high, at times 

bein~ greater t han 40,000 per ml . Since t he tank was never 

sanitized and the chlorine solution used on t h e balance of 

the equipment was weak, t he high psy cbrophilic count can be 

attributed to poor sanitation. The coliform counts of 

this milk ranged from less than 10 to more than 3 , 000 per ml . 

Tank D (Figure 4) 

One of t he lowest average standard plate counts for 

milk obtained on this project was from this produqer•s 

milk. The temperature at wh ich the milk was held could 

have contributed to t hese counts . Milk temperatures of 

35°F. or less were frequent . Frozen milk occurred on 22 

separate days . 

The average psychrophilic count was low, and as a 

rule t he psyehrophilic count varieq with t h e standard plate 

count. Parallel results were obtained on the thermoduric 

count . Th is producer might have improved his average count 

by using a s anitizer solution of proper strength. 

TankE (Figure 5) 

The highest average for all 3 types of plate counts 

occurred with this tank . A definite problem existed in 

sanitation methods especially during t h e last 10 sampling 

days . Even though the equipment was cleaned up after 
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receiving the bacteriological report from the State 

Department of Agriculture, the total count was not reduced 

to less than 80 1 000 bacteria per ml . 

An increase in counts during the winter months is 

apparent in most of the various tank samples, and this 

increase was larger than most. A corresponding increase 

in the psychrophilic and thermoduric counts can be 

observed. 

Tank F (Figure 6 ) 

This represents another high average standard plate 

count milk tank. No sample of less than 13,000 bacteria 

per ml. was obtained. The accompanying high psychr.ophilic 

count possibly can be attributed to the slow cooling of 

the milk. Twenty-four temperature readings of 40°F. and 

above were recorded. Two-thirds of these readings were 

above 45°F. and several times a reading of 50°F. was 

noted 3 hours after completion of the milking . No attempt 

was made to ascertain the reason for the slowness in 

cooling of the milk by this tank. At 50°F., facultative

psyohrophiles may multiply rapidly. Oddly enough , a 

decrease in the psychroph111c count occurred between the 

second and fourth milkings. 
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Tank G (Figure 7) 

The best plate count average of t he 9 producers milks 

was obtained from this tank. The winter months seemed to 

be conducive to higher bacterial counts, which probabl3· 

could be attributed to relaxation in sanitation methods by 

the producer during the colder months of the year. 

The excellent counts obtained on this farm were the 

result of prompt clean-up of equipment, complete clean-up 

of all parts of the milking machine and to strong enough 

sanitizer solution. 

Tank H . (Figure 8 ) 

The bacterial counts on the milk from this tank are 

quite variable, but maintain relatively low averages. The 

thermoduric count fluctuated, but the average was very 

good. The average psychrophilic count was less than 1 1 000 

bacteria per ml., however, 6 samples were in excess of this 

number. In this ease, the trend of the psyehrophilic count 

closely paralleled the total plate count. 

Tank I (Figure 9) 

The practice of rinsing equipment only at night might 

be the cause of this producer's high standard plate and 

psyehrophflic counts. These counts again show the parallel 

trends for each type of bacteria. 
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Figure 2 
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Figure 3 
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Fioure 4 
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Figure 6 
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Figure 1 
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Figure a 
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Flavor Tasting Analysis 

In this survey, 21 classifications of flavors ·were 

noted, some occurring in varying degrees of intensity 

(Table 5). Less than 50 per cent of the milk samples were 

classified as good flavored milk. Slight feed and definite 

feed flavors were the most common. Sixteen samples were 

either rancid or slightly so. 

TABLE 5 

Frequency of occurrence of various flavor defects in 
samples of milk collected from bulk milk tanks of nine 

different producers 

No . of samples showing various flavor 
defects in following tanks: 

Flavor defect A B 0 D E F G H I 

Good milk 
Slight feed 
Definite feed 
Objectionable feed 
Slightly rancid 
Rancid 
Metallic 
Salty 
Slightly Oxidized 
Definitly Oxidized 
Slight utensil 
Definite utensil 
Coarse 
Fair 
Unclean 
Musty 
Medicinal 
Unidentified (very 

obj actionable) 
Foreign 
Stale 
Old 

11 19 19 22 14 6 8 10 10 
5 2 l 2 5 3 1 4 4 
7 2 1 6 2 9 

1 1 
1 1 1 3 1 1 

1 1 6 
1 

2 4 
1 1 1 1 2 

4 3 3 
1 5 5 

1 1 
1 1 2 

1 
1 

1 
1 

1 1 

1 
2 
1 1 1 
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The predom.inating number of the rancid samples were 

from one pipeline milker system and occurred consistently. 

The elimination of the riser in the pipeline and finally, 

the removal of the pipeline did not eliminate the 

rancidity. It was noted that milk samples of this producer 

showed 10 different flavor defects. 

Milk from tank G had a large number of oxidized and 

utensil-flavored samples that could possibly be traced to 

a bronze lid on the milking machine in direct contact with 

the milk . 

Temperatures of Milks and Frozen Milk 
at Collection Times 

The Oregon State Milk Code specifies that milk be 

cooled to 50°F. or less within one hour after completion 

of milking and held at this temperature until delivery to 

the milk plant {27, p .lo). Ideally, the milk should be 

cooled to 40°F. or less within one hour after milking is 

completed and held at 35-36°F. until the following milking . 

At 40°F., the facultative•psychrophiles would be materially 

inhibited for the 48 hour storage time, while at 50°F., 

they could multiply quite rapidly during the same time 

period. 

A glance at Table 6 indicates that 40°F . or less would 

be easy to attain and maintain. Tanks A and I distort the 
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picture slightly as both producers milked late and 

invariably were in t he process of mi l king when the tanks 

were sampled . Even so, the maj ority of t heir samples were 

40°F. or lower . 

Several thermometers were found to be inaccurate , one 

being 10°F. too low, the other 4°F. low . In adjusting the 

tank refrigeration controls , the use of these thermometers 

could lead to the use of h i gher storage temperatures than 

would be desirable . 

Temperatures of 30°F . and 31°F. may be explained on 

the basis of partially frozen milk in t h e tank. Tank D 

was frequently frozen . The degree of freezing varied from 

a thin layer of ice on the booster coil, to an approxi

mation of 5 to 10 per cent of the milk in the tank . In 

all, this frozen condition occurred 21 times . Once, it 

was frozen so solidly that the ag itator would not rotate . 

This last example explains one of the two 30°F . tempera• 

ture readings . Frozen milk was observed for the entire 

group of producers on 43 different occasions . Freezing 

occurred most often in two tanks and occasionally in 

others . Tanks H and I each were found with ice on the 

· booster co1ls one and 3 t!mes respectively. Tank H once 

was estimated to be frozen to the extent of 50 per cent . 

Milk of tank G was found in a frozen condition 13 times, 

twice to the extent of 50 per cent of t h e milk in the tank. 
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TABLE 6 

Temperatures of milk in bulk tanks at time of collection of 
samples for analysis 

No . of samples from following tanks Total no.of 
at different tem;eerature ranges: samples at 

Temperature different 
ra!!Bes A B c D E F G H I temp.ranges

oF. 

Above 50°F. -o- ~o- -o- -o- -o- -o- -o- -o- 2 2 
46 to 50°F. -o- -o- 1 -o- -o- 6 -o- -o- 1 8 
41 to 45°F:. 14 5 6 -o- -o- 8 2 1 9 45 
36 to 40°F'. 24 35 15 16 24 22 3 8 19 166 
32 to 35°F. 2 -o- 18 18 16 1 24 20 7 106 
31°F. J -o- -o- ...o- 3 -o- -c- 11 1 -o- 15 
30°F. -o- -o- -o- 2 -o- -o- -0·· -o- -o- 2 

On tank A, like many of the others, the side cooling 

coils were turned on during milking to sharply chill the 

milk as it trickled down the wall. This tended to freeze 

the milk if a constant supply of warm milk was not 

available. One night , when the operator failed to turn 

off the booster coil for several hours after finishing 

milking, a four-inch bank of ice was built up over the 

coils. The tanker driver followed his usual routine in 

collection that night , but did not rinse down the tank. 

The operator, not wanting to lose this " milk", just added 

the next 4 milkings into the tank without washing the tank. 

As the driver did not reduce his weight to compensate for 

the ice bank, it was added to the second tankful as milk. 
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Water Analysis 

Two water samples were taken from eaeh farm (except H) 

and were analyzed at the state licensed water testing labora

tory, Department of Bacteriology, at Oregon State Colleg e . 

Sampling was done according to Standard Methods for the 

Examination of Water, Sewage and Industrial Wastes, lOth 

Edition (3, p . 372) . These are summarized in Table 7 . 

Sample H was i gnored at t h e first sampling since t he pro 

ducer had stopped selling h is milk to the pooling agency. 

It was decided to include it in t he second sample since the 

milk samples had been included in the final results . 

The primary purposes of t he water samplings were to 

ascertain t h e potability , t h e standard plate, and psychro

ph ilic count s of t he farm water supplies . The ef fect of 

wet weather upon t he water s upplies may be noted in the 

first series of samples . Three wells of series one were 

contaminated with coliforms and h i gh psychrophilic counts 

were general . 

The second series of samples was taken following a 

dry period and shows a reduction in the psychrophilic 

populations . Two water supplies were contaminated at this 

time: one was unpotabl e at t he time of the first sampling. 

Sample B was found to contain organisms capable of 

producing musty odors on agar plates at refrigeration 

temperatures . 
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TABLE 7 

Bacterial condition of water supplies of nine bulk tank 
farm.s 

Standard plate count, psychrophilic count and 
coliforms in farm water samples 

Series 1 Series 2 

Standard Psyehro- Coli· Standard Psychro• Coli• 
plate philie forms plate philie forms 

Farm count count count count 
No./ml. No./ml . No ./ml . No ./ml ~ No ./ml . No ./ml. 

A 70 340 Yes 18 -o- No 
B 800 2600 Yes TNTC* llOOir* Yes 
c 60 -o- No 21 2 No 
D 120 700 Yes 20 -o- No 
E 90 650 No -o- 22 No 
F 14 50 No 11 -o- Yes 
G 45 18 No 300 -o- No 
H No sample . 1 ·0- No 
I 85 5000 No 115 173 No 

* Too numerous to count 
~k The psychroph111c plate samples had the musty odor of 

a root cellar in the spring of the year . 
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DISCUSSION 

Samples of the product of 9 bulk milk holding tanks 

were analyzed bacteriologically at specified intervals for 

a period in excess of one year . The sampling period 

included 2 winter seasons, one spring season and one fall 

season. One tank was discontinued after the producer 

stopped shipping to the pooling agency. The overall 

results of the project indicated higher than expected 

bacterial counts from the majority of- the producers . 

O~y 2 logarithmic average standard plate counts were 5,000 

or less bacteria per ml . The cold-rainy winter seasons 

surprisingly showed higher standard plate counts than the 

drier spring and fall seasons. 

The psychrophilic counts of most samples were high. 

These organisms can be controlled easily by proper 

cleaning procedures followed with proper strength sani

tizing solutions. Several producers demonstrated that low 

psychrophilic counts could be maintained through such 

practices. It was noticed that high standard plate counts 

were usually accompanied by high psychrophilic counts. 

Thermoduric bacteria, predominately micrococci , 

provided a high percentage of the populations of several 

milk samples. These organisms were easily eliminated from 

the equipment by proper cleaning and the use of a sanitizer 
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solution of at least 200 ppm. available chlorine. Since 

the thermoduric bacteria can create pasteurization problems 

in a dairy plant, it is important that they be kept at a 

minimum in the producer's milk. 

The coliform counts were low in most samples of the 

milks. One producer had consistently high coliform counts, 

which indicated either a laxity in washing the cow's 

udders, or gross carelessness in the handling of the milk 

and milking utensils. A coliform count of ten or less 

organisms per ml. probably can be termed an index of good 

sanitary quality of raw milk. 

Less than 50 per cent of the milk samples collected 

were classified as good-flavored. Th is indicates a need 

for vigorous promotional work on t h e farms in this area by 

the processors and regulatory officials in the prevention 

of abnormally flavored milks. Feed flavors, easily 

reduced in vacuum pasteurization systems, were the worst 

offenders. However, the preventive measures should be 

directed toward the chemically abnormal milks such as those 

with oxidized or rancid flavors, since these represent 

permanent flavor changes which cannot be removed by 

mechanical means. Twenty-one flavor classifications were 

noted, with feed flavors, rancidity, utensil and oxidation 

comprising the greatest percentage of the off-flavored 
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samples . Other chemical flavors comprised most of the 

remainder of the orr-flavored samples . 

Most of the milk temperatures observed were 40°F . or 

lower, which indicated that with proper equipment , it is 

possible to maintain milk at low temperatures in farm bulk 

milk holding tanks . One - half of the sample temperatures 

above 40°F. occurred during the milking process . These 

tanks were quickly cooled to less than 40°F . soon after 

completion of the milking . A study of the increase in milk 

temperatures during the addition of each milking was not 

attempted . 

One definite problem observed was that of frozen milk . 

Freezing of milk tends to make it flaky upon thawing and 

also disrupts the fat emulsion. Neither condition is 

desirable for either the processor or the producer . The 

unstable milk forms a precipitate that is visible on the 

bottom of glass milk bottles . This occurrence may affect 

milk sales adversely . The broken fat emulsion leads to 

inaccurate fat testing and possible economic loss to the 

producer . 

This survey indicated that approximately one - third of 

the water samples were not potable . Contaminated supplies 

did not always have high standard plate counts or 

psyehrophilie counts . Neither did a high standard plate 

count always indicate a high psyehrophilic count . Only one 
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water supply was contaminated at both sampling times . In 

both instances this supply had a h i gh standard plate count 

and very high psyehrophilic count . The last sample from 

this source contained organisms capable of producing strong , 

musty odors on agar plates at low temperature storage . 

Results indicate that some farm water supplies may cause 

contamination of milk with spoilage bacteria. 

The general sanitary appearance of the milk houses, 

the milking equipment and the stainless steel holding tanks 

might be improved with consequent raising of quality of 

milk. The exteriors of the tanks were usually quite dusty 

and water spotted . Esthetically, this resulted in a poor 

impression of the farm. Most of the milk houses are located 

in dusty areas , however little extra time spent in washing 

the exteriors of stainless steel tanks at the same time the 

interiors are washed would result in better all-around 

sanitary conditions . 
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SUMMARY AND CONCLUSIONS 

To ascertain the quality of milk produced under the 

bulk handling method , milk samples from 9 bulk tanks were 

analyzed bacteriologically for standard plate count, 

thermoduric count , psychrophilic count and coliform count. 

Further observations included flavor analysis, milk tempera~ 

tures at the time of sample collection, examination for 

frozen milk and general sanitary condition. Farm water 

supplies of producers under study were analyzed for 

standard plate count, psychrophilic count and potability. 

The logarithmic average standard plate counts were 

relatively high with only two exceptions . Most producers 

with high average standard plate counts, however , 

demonstrated that they could provide milk with low counts 

when proper sanitary precautions were observed . No marked 

differences occurred in most instances between counts of 

samples taken after 24 and 48 hours of storage in farm bulk 

tanks . 

The thermoduric bacterial counts varied from 

negligible to very high. In some samples , these bacteria 

comprised the greatest percentage of the total bacterial 

population. When samples were removed after 24 and 48 

hours of storage in farm bulk tanks , the results indicated 

that the added storage time did not result in an increase 
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A second problem of importance was that of abnormally 

flavored milks . Some light feed flavors gave the milk a 

pleasing flavor, however, strong feed and chemically 

abnormal flavors were undesirable . A program of education 

of farmers in the precaution of off-flavors is needed to 

insure the production of pleasing flavored milk. 

There is a general need for standardization and 

improvement of methods of cleaning and sanitizing bulk 

tanks and milking equipment on the farm. Evidence indicates 

that some producers are not using information they now have 

to best advantage . 
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