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I. IITODUCTIOII 

A recently conducted survey (1) by the Oregon Agricultural xperi- 
I 

ment Station has shown that a large percentage of the butter made in 

Oregon is of a mediocre Quality and that considerable of the butter is of 

a lavi grade. The survey indicated that if there is to be made any great 

improvement in Oregon's butter it must be brought about through improved 

methods of manufacture and the improvement in the quality of the ra't 

mater ial. 

A large amount of the cream received at the Oregon creameries comes 

from small or medium size dairy herds. Very often it is not possible or 

economical because of high transportation costs to ship the cream to the 

creamery oftener than once, tvd.ce, or thrc times a week. Holding the 

cream for long periods of timo on the farm nay cause a lowering of the 

quality of the cream because most of the farms do not have facilities for 

properly cooling and storing it, and it may mean a reduction in the price 

which the producer is receiving for cream, especially when he is sending 

cream to a creamery which pays a premium for higher grade crean. In 

order to maintain a high quality it is necessary either to increase the 

size of the herds so that frequent deliveries, such as daily or every 

other day, are possible, coupled, of course, with the observation of 

proper sanitary methods of production and the protection of cream during 

transit, or to use improved methods of cooling and storing of cream on 

the farms. If cream can be kept at temperatures which will largely 

prevent the development of bacteria, yeasts and molds, the growth of vrhith 

may cause serious deterioration in the quality of the cream through the 

deve1oent of acidity and undesirable flavors and odors, it vrould seem 
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that it would be possible to hold cream for -three to four days without 

any significant decrease in the quality. 

The average score of Oregon's butter is navi approxiiiately 90.5. 

(2) The derns.nd for higher scoring butter is increasing, especially in 

California, and higher prices are paid for the higher grades. The pro- 

duction of butter in Oregon in 1930 was 26,725,350 pounds (3). The 

avorage vrholesale price for 92 score butter, according to the United 

States Department of Agriculture, on the San Francisco narket, for the 

year 1930, was 3.04 cents higher than the average price for 90 score 

butter. If one-half of Oregon's butter scores 90.50 and below, and. the 

score of this amount was raised to a uniform 92.00, on the basis of 3.04 

cents per pound difference between the two scores it would result in an 

increased incorie to the creaaneries of over 4O6,000. The production of 

higher quality butter would probably stiirnilate consumption and create a 

greater demand for it on out of state markets. 

The California market is tho principal outlet for surplus butter 

fron the 1ort1Trest and Iritermountain states. Oregon ships most of its 

surplus butter to San Francisco or Los Angeles. It comes in-bo competition 

there with butter manufactured in California and in other states. The 

buyers are anxious to secure representative lots of butter scoring 

92.00 and higher. 

Sweet cream, if of a good flavor, using the best manufacturing 

methods, shold result in the production of butter scoring 92.00 to 

93.00, whereas high acid, yeasty, or othex-rise badly fermented cream 

usually results in butter scoring 88.00 to 89.00. There was an average 

difference of 3.74 cents in the price paid for 88.00 and 92.00 score 



butter on the Tevr York and Chicago rnarkets in 1930 (4). This means a 

difference of 4.64 cents in the value of a pound of butterfat. The 

proper checking of microbial fermentations in cream by refrigeration may 

mean the raising of the quality of much of the second-grade cream, which 

is now received at the creameries, and bringing it into the first grade 

and sweet cream classes. 
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II. HISTORICAL AND RF1TThW OF LITERATURE 

A. Refrigeration 

1. History of refrigeration 

The following references to the early use of refrigeration were 

mentioned by Rick (5) and liuli (6). 

"The word refriCeration is derived froi the Latin word "frius", 

meaning frost. Present usage has it, however, that refrigration is the 

cooling of a body by the transfer of a portion of its heat to another, 

which needs to be, of course, a cooler body. The ancient Egyptians, 

Greeks, and Romans made use of this fact by placing their jars of wine 

and water in porous water filled vessels which extracted some of the heat 

froni the liquids through evaporation." 

"Sirnonides of Keos, an early Greek lyric poet, who lived abit 

500 B.C., mentioned, in one of his odes, the cooling of wine." 

"Alexander the Great, King of Macedon (B.C. 336-323), had trenches 

dug and then filled with snow. He used this to cool hundreds of kegs of 

wine which were given to his soldiers on the eve of battle." 

"The use of salt potro for cooling liquids was 1own and practiced 

at an early dato in India. Tancrelus, in 1607, mentions the freezing of 

water by a mixture of salt petre and snovr." 

"Iced fruits were brought to the table in Italy during the begin- 

ning of the Seventeenth Century." 

"Lord Francis Bacon, prominent English philosopher and statosrnsn 

(1561-1626), realized the importance of refrigeration andwhat a boon to 



rnankind ± would he, once control could be iade of It." 

"In the early part of the 19th century, the Ice box canie Into use. 

1aturally frozen Ice obtained fron ponds was placed in the ice compart- 

ment, and the nelting of the ice produced a circulation of cold air whiòh 

cooled the foods." 

"Reference is made In 1799 to the first cargo of Ice sent from 

iTew York to Charleston," 

"Credit for one of the first cormercial nac1iines to freeze water 

is given to the Carre' Brothers, This was the armonia absorption type 

and appeared about the middle of the 19th century." 

"In 1824 reference is made to a miachine by Valiance of France 

is closely followed in 1834 by Jacob Perkins. Perkins' ether- 

compression machine is the forerunner of the modern compression type." 

The next iraportant step was the use of manufactured ice. In 1922, 

dairy refrigeratixm plants alone produced 126,000,000 tons of ice, as 

reported by ul1 (5). Euh (5) stated, "during the last twenty-seven 

years, the household refrigerating machine has been under rapid develop- 

ment. It is only wfthin the last twelve years, however, that machines 

have been manufactured in quantities and proven a conercial success." 

The use of cooling processes on dairy farms has been restricted 

to the use of water, natural ice, and ice and salt, though at an early 

date the value of snall artificial refrigerating machines for cooling 

milk and creamwas recognized and their use predicted for the future. 

Stewart and Atwood in 1908 (7) stated that "small refrigerating plants 

have a big field of usefulness on the better class of dairy farms which 

supply milk and crean to our towns and cities for direct consumption." 



This i the earliest mention found of the refrigeration of cream. Since 

that time several 7rorkers h.ve recognized the value of the small 

frigrator on the farm. Bowen in 1914 (8) discussed size and cost 

plants, cooling cream on the farm and at the receiving stations, and 

keeping the cream cold during transportation. 

Studies were made by Hunziker, Mills, and Switzer (9) in 1916 on 

the cooling of cream by running water on the farm. The cream produced 

on twenty farms located near Purdue University was used in this work. 

Half of the Producers held the cream on the farms in cooling tanks with 

water at temperatures ranging from 54 deg. to 68 deg. Fali. and averaging 

58.3 deg. Fah, while the other half held the cream under atmospheric 

temperature conditions with the temperature ranging from 42 to 37 deg. 

Fah., and mean daily temperature ranging from 56 dog. to 75 dog. Fah. 

The cream was gathered by the creamery truck taice weekly. The tank 

cream had an average acidity durmn the experiment of .38 per cent, and 

the no-tank cream an acidity of .52 per cent. The tank cream contained 

an average of 147,125,000 bacteria per cc. when delivered to the croam- 

ery, and the no-tank cream contained 226,750,000 per cc. The average 

score of the butter made from the tank-cooled cream was 90.69 and that of 

the butter made from the no-tank cream was 88.36. There was a difference 

of one cent a pound in the price obtained for the two classes of butter. 

The investigators sta-Ucd, "the quality of the butter on the market de- 

pends more on the quality of the cream from which it is made than on any 

other condition incident to production, manufacture, and transportation 

of the butter. In order that the cream may arrive at the creamery in 

good condition it rust be cooled promptly and be kept cool until it 1ees 
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the f.rm.Tt 

The literature reveals tha-'c very little experimena1 vork has 

been conducted to ascertain the influence of Iceeping cream on the farm 

at various temperatures upon the bacterial flora and upon the butter 

me.de from it. There 1:as also been a reiar1:ablo lack of experimental data 

on the use of the small refrigerator on farms for the cooling of milk 

and apparently none on the cooling of cream till the year 1928. The 

reason why more experimental work in this field has not been done can be 

atbributed to several causes: (1) high cost of refrigeration equipment, 

(2) competition in the field of buying cream, (3) a grnieral lack of the 

purchase of cream accordiig to grades, (4) the basing of cream quality on 

the physical condition, chemical composition (including acidity), and 

flavor, rith little regard to the tyes of microoranisz present. There 

is at present a tendency to improve the quality of cream and to manu- 

facture a higher scoring butter. Cream producers are therefore becom!ng 

interested in the methods to uso in the production and storing of cream so 

as to obtain the highest price. 

The improvement in quality of the cream through the use of a 

mechanical refrigerator may be limited in the high altitude sections of 

the state to from three to five months during the warm season of the year, 

because of the availability of naturally cold water and lo'r atrspheric 

temperatures in those sections for a large part of the year. Tith a 

combination household and cream refrigerator, hovrevcr, farmers in those 

sections vrould undoubtedly find it adnagéous to use a mechanical 

refrigerator of that type. Price and Hurd (10) of the Oregon Agricultural 
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Experiment Station have designed a combination household and cream 

refrigerator which has an investment cost of very little more thi the 

dairy refrigerator alone. 

2. Object of refrigeration. 

As mi.lk and cream are cooled, bacterial rates of increase are 

diminished accordingly until, at about 40 degrees to 50 degrees Fali., 

iltiplication is so slow that at or below these temperatures reasonably 

long periods of storage are practical. 

"Bacterial growth", stated White (11), "is most rapid at tempera- 

tures of from 70 degrees to 100 degrees Fah., and while such gromth 

practically stops at the freezing point of water or 32 deg. Fah. (very 

fe'r beine killed), a few even at this temperature continue to develop 

although rather slowly. When temperature conditions again become favor- 

able activity is resumed. Actual freezing of milk must, of course, be 

guarded against because of resulting changes in physical characteristics 

and greatly impaired quality. On many farms the time bereen cream ship- 

merits is close to a week and the coolirg and storage temperature under 

such conditions is about 33 deg. Fah." 

Price and Third (12), who have made an intensive sbdy of cream 

refrigeration, reported that crema must be cooled below 40 dog. Fah. in 

two to four hours if excessive bacterial grovrth during the first day is 

to be prevented; in fact, even with rapid cooling to 40 deg. Fah. and 

storage at 36 deg. Fah. the bacterial counts increased greatly at the end 

of 90 hours. However, cream in wet storage below 40 deg. Fah. for 4 days 



could not be distinCuished " flavor and general quality from tiic same 

grade 6 1IOUÌS old. Cream cooled to 3G deg. Fah. in 3 hours and stored at 

33 deg. Fah. or less had a bacterial count below the initial count at the 

end of 90 hours. Even whom cream vras cooled slovrly ( to 44 deg. Fah. in 

12 hours and held at 36 deg. Fah. after 24 hours) it graded "lic. 1 sweet" 

for butter at the end of 90 hours. .'[hen cream is held for tvrice weekly 

delivery, as stated by the workers, rapid cooling and low temperature 

storage is essential if the best quality cream is to be produced. 

"where milk or cream is shipped in cens for any considerable 

distance the temperature rise in uninsulated cans may be excessive. In 

such cases cans which are jacketed or othei-rise insulated should be used," 

concluded Gamble and Bowen (13). 

3. T,rces of milk and cream cooling boxes and tanks and refrigerat- 

ing units. 

Refrigerated storage, as described by 7hito (11) and nicholas 

( 14) , may be either of the "dry" or "wet" type. The use of tanks contain- 

Ing refrigerated water is especially favored by dairymen who wholesale 

their milk or cream in cans, considerable refrigeration being stored, and 

the first cost being lower than for equivalent dry storage. Available 

data does not indicate any necessity for forced circulation of water, but 

milk cools more rapidly when water agitation is employed. Milk also cools 

more rapidly in the viet type cooler when the ratio of water to mill: is 

large. 

"A dry storage box should have an allowance in floor space of 15 
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x 15 inches for each 10 gallon container that is to be stored, or where 

the milk is in quart bottle cases a space of 16 x 20 x 21 inches for 

each caso," stated .7hito (li). 

';!hite (11) explained that dry storage boxes are cooled in o 

general ways: (a) by the brine system, and (b) by the direct expansion 

system. The direct expansion system is generally more efficient than the 

brine system, but since it does not build up a reservo of cold as does 

the brine system, it has a lower rating under ordinary operating condi- 

tion. Under the first system there should 'ce from 1.5 to 2 gallons of 

brine per gallon of milk cooled daily; the strength and nature of the 

brine (usually calciun chloride) is specified by the refrigeration equip- 

ment aimfacturers. 

In describing refrigeratiig inedia VThito (il) mentioned that dairy 

cooling units coiaohly use sulfur diomride, methyl chloride or amnonia as 

the cooling medium or refrigerant, but arunonia plants are generally the 

most efficient. Vhere a moderate and dependable supply of cool water is 

available, and a fair sized installation is needed, equipment with a water 

cooled condenser should be purchased as this tyte is higher in efficiency 

than the air cooled type. 

"For sanitary reasons, stated Uhite (11), all dry storage boxes 

should be coated inside with at least 1/2 inch of concrete. A heavier 

coat (2 inches) is more desirable as it is less apt to crack, but in any 

case it is desirable to use some reinforcement such as coarse chicken 

netting tacked on to the frame. A proper coating vll also protect the 

insulation from moisture." (Another cornon method of lining boxes of both 

dry and wet type is with galvanized iron sheeting.) 
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4. Methode of 0001in nilik and cream. 

Two General nethods of cooling and siorin milk and cream were 

studied by Price, -Iurd, and Copson (15): (a) the viet method, vrhere the 

cans of milk or creaiì were iiruiìerscd in refrigerated water, and (b) the 

dry method, whore the cane of milk or cream were placed in a dry refrig- 

eraed chest. Under many circumstances they found precooling by immer- 

sion of the cans of milk or crean in a tank of flowing water or by run- 

ning the mill: or cream over a surface cooler was an essential prelirnin- 

ary for dry storage, but not necessary with the wet type of refrigeration 

boxes having proper size and. depth and operated at temperatures of 35 

deg. Fah. to 40 deg. Fah. Neither was precooling found necessary by 

Price and urd (12) with the dry storage method having forced air oir- 

culation when small cans (5 gallon) of milk or cream were used and the 

average box temperature was kept at 33 deg. Fali. (aie to the greater 

conductivity of water, it is 21 times as efficient for cooling as air 

at the same temperature.) 

Cream in 5 gallon cans submerged in refrigerated water at a temp- 

erature of 35 deg. Fah. could be cooled from 80 deg. to 37 dog. Fah. in 

4 hours, according to Price and Third (12). Cooling cream in a dry chest 

held at 34 dog. Fah. by mechanical unit was very slow, they found, tak- 

ing 9 hours to cool the cream from 80 deg. Fai. to 50 deg. Pali. 

Newlander (16) reported that milk in 10 gallon cans imiersed in 

water at 32 deg. Fah., not stirred, required i 1/4 hours to cool from 90 

deg. to 50 deg. Fah. The most rapid fall in temperature occurred during 

the first 15 minutes. In a dry chest with an air temperature of 3 deg. 

to 12 deg. Fah., .5 1/2 to 6 hours were needed to lower tl temperature 
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of the riilk from 90 deg. Fali. to 50' deg. Fah. 

There are a great many different procedures vrh±ch are followed in 

coo1i.nr and storing ni1k. "Vlhere dry storaGe boxes are used for 10 

gallon cans or cases of bottled milk, explained hito (11), precooling to 

about 10 degrees bolotr the teraperature at which the rn11: is to reach the 

distributor or customer is quite important. Cooling to about 40 deg. 

Fah. was generally found to be satisfactory. The storage teniperature 

shoulc be belov: that to wlüch the product is cooled, especially vdth 

cream where temperatures not above 33 deg. Fah. are essential to best 

results -- storage for a week or more." 

Ordinary baffled boxes are only satisfactory for storage, as found 

by Price and Hurd (12), but with forced air circulation using small cans 

(5 gallons), cream and niilk could be both cooled and stored with an air 

temperature of 34 deg. Fah. 

7[here wet storage is used the refrigerated water nerature should 

riot be above 40 dog. Fah. (35 to 40 deg. Fah.) if the milk is to be sold 

raw, and not above 50 deg. Fah. if it is to be pasteurized; the actual 

milk temperature reouirements are the same as for dry storage, as reported 

by arquardt and Dahlberg (17) and C-amble and Bowen (ls). These tempera- 

tures refer to the water boforo the milk is placed in the tank and give 

ample leeway for irregularities. This assumes a vieil insulated tank 

(3 to 4 inches of cork) or such depth (22 inches) that the water reaches 

the neck of the cans; ample refrigerating water (2 gallons of water to 

one gallon of milk), and a refrigerating unit of adequate capacity. 

Price, Hurd, and Ccpson (15) found the stirring of milk unnecessary 

and stated that there was considerable danger of contamination from the 
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stirring implement used. They found that stirring hastened the rate of 

cooling very slightly and what little advantage there was may be gained 

by stirring once at the end of one or two hours of cooling. 

5. Povrer requirements and energy consumption. 

"The size of motor and compressor required to handle a particular 

dairy refrigeration job will depend upon many factors such as the amount 

of ice required, gallons of milk cooled and method used, t,'pe of cooling 

system, and whether the unit is air or water cooled," explained White 

(11). 

The energy consumtion of dairy refrigerating equipment would veiy 

greatly with such factors as amount of ice used for other purposes than 

the cooling of milk, gallons of milk cooled and methods used, and qualy 

and size of storage box or tank. Moses and Tavernetti (18) reported that 

-the average for wet storage (tanks) was around 1.0 kilowatt hour per 10 

gallon can of milk cooled and stored. For dry boxes, according to the 

investigators, where the brine systemwas used thegop'l0 gallons 
of milk was around 1.2 kilowatt hours for cooling and storing; 1.7 kilo- 

watt hours where the milk was cooled and then stored in bottles, and 0.9 

. kilowatt hour where the milk was cooled but not stored. For dry boxes 

equipped with direct expansion units the average energy consumption was 

around 0.5 kilowatt hour per 10 gallons of milk, regardless of whether 

the milk was merely stored or both cooled and stored. Obviously in eveij 

case the requirements variedgreatly with the outside temperature. 

Five household refrigerators and combination household and dairy 

refrigerators were studied by Ackerman (19) who found that the average 
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current consumption was 41 kilowatt hours per month. 

6. Cost of dairy refrigeration. 

Acl:errian (20) compared the ces-b of natural ice and rohanica1 

refrigeration and gave the following results of his investigttions. As 

a general thing a good ice house would cost nearly as much as a rofriger- 

ating unit with its boz or tank, and when the labor and sawdust, 

required to fill the ice house were considered, the operating costs for 

electrical1 cooled dairy refrigerators were considerably belavr those for 

ice refrigeration. Some actual farra costs from N Hampshire shavred ice 

refrigeration costing a total of 45 to 156 per cent more than electric 

refrigeration, even though the average cash cost of electric refrigeration 

was 137 per cent greater than for ice refrigeration. The average yearly 

cost per cubic foot of total contents was ?l.l8 for the ice methods, and 

.O.62 for the electric. The cost per lOO quarts of milk handled (based 

on a year's operation) was 30 cents for the ice method and 15 cents for 

the electric. 

Under the favorable conditions for ice storage found in Vermont, as 

shown by Ellenberger (21), mechanical refrigeration (dry storage type) 

was generally more economical, there being little difference with ice at 

.2.00 per ton in the ice house when electricity vías 5 cents por kilowatt 

hour, but with ice at 3.00 per ton in the ice house and electricity at 

5 cents per kilowatt hour the latter was materially cì-aper. 

L'ioses andTarnetti (is) estimated electric power at 2 cents per 

kilowatt hour, depreciation at 10 per cent, interest at 7 per cent, and 
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upkeep at 3 per cent per annum, and calculated that a milk-cooling plant 

would cost fron 1/2 to i cent per gallon cooled, depending on the size 

and typo of plant and the method of handling the milk. 

Price, Hurd and Copoon (15) found it less expensive to cool milk 

below 50 deg. Fah. in a tank type cooler with mechanical refrigeration 

using electricity at 5 cents per kilowatt hour than with ice at 1/2 clt 

per pound. 

B. The L!anu.facture of Butter 

i. History of the manufacture of butter. 

References to th early manufacture and use of butter were made 

by llannay (22). "Butter ias been used by the }ivan race since the 

earliost days from which records have been left. Ancient Egyptian 

civilization left many records of dairying. In one of the pictures 

believed to have been made 4,000 B.C., the first churning scene is found 

and butter is found in finished rolls ver'r much like those made on 

farriz in .Anerica today. The pracioe of storin butter began at an 

early day in Ireland whore Irish peasants made a practice of burying 

butter in the peat bogs to hide it from invaders. In 1695, Jchn 

oughton, an Eng1ishian, visited Ireland and later wrote a thok in whih 

he spoke of the habit fornd by the. Irish of burying butter in the peat 

bogs. It was also the habit of the people of Dardistan, Asia, where 

butter was kept for one hundred years before it was used." 

"Science was first applied to butter making in the middle of the 

19th century, the barrel churn was invonted and experimentation in 
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churning methods Lmproved the product. Beb~een 1840 and 1850, Denmark 

beca."'le famous for its fine dairies and high grade butter • 11 

"The first creamery in the United States was erected in Orange 

County, New York, in 1856. Since that date rapid strides have been made 

in the development of the creamery butter industr.Y in this country." 

Mechanical refrigeration found wide usage in the dairy industry 

and made possible the holding of large quantities of butter for long 

periods of time. 

The shipping of butter from the producing areas to the centers of 

population and holding the butter for distribution, and t.he storing of 

surplus butter until it was needed presented the industry with a diffi­

cult problem, namely, to produce butter of high quality and butter which 

would retain its quality during storage. Investigators carried on 

experL"'lents. to determine methods of treatment whi ch would result in the 

highest quality butter and the butter with the best keeping quality. The 

research work of this early period was noted for its.lack of uniformity 

in results. Due to the insufficien·c nUm.ber of trials made, the failure 

of some workers to take all factors into consideration, and the difference 

in opinion as to what constituted high quality butter, the workers 

presented diverse and very often conflicting statements of their results. 

One of the methods which has been under investigation since the 

early days of the butter industry in this country, is the use of butter 

culture, or starter, for developing a desirable flavor and aroma in the 

cream to be used for butter. Arguments have been presented by research 

vtorkers both for and against ripening cream through the souring of cream 

naturally or by the use of a culture, many times in the past 43 years. 
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The earlier workers in the United States their reports upon the use 

' 
of starter ermhasized the physca1 advantages of the use of starter 

with riinor emphasis upon the flavor developed. During the earliest days 

of the creamery butter industry in the United States, crearieryrnen and 

research workers ripened the cream by allowing it to stand at a favorab 

temperature until the desired acidity had been reached, or more 

frequently, until the cream was ripened until it was distinctly acid 

without regard to the degree of acidity. 

Ladd in 1889 (23) reported that by churning sweet cream at the 

seine or a higher temperature than is required for ripened cream there was 

a large loss of butterfat but by lowexing the temperature from 68 deg. 

Fali. for ripened cream to from 50 deg. to 54 deg. Fah. for sweet cream 

there was no greater loss in the buttermilk. Manns (24), Penney (25), 

and Curtis (25) in 1890, and Robertson (27) in 1891 found that a greater 

yield of butter was obtained by ripened cream than from svroot cream. 

Patrick, Leighton, and 3isbee in 1892 (2f) noted that: (a) the yield 

of butter from sour cream was usually larger than from sweet; (b) Sour 

cream usually churned quicker than sweet; (c) The butter from sour cream 

usually contained less fat and more water than did tim-b from svreot cream 

( d) The butter from sour crean usually contained a trifle more casein 

than did that from sweet; (3) th losses of fat in churning, washing,aü 

working were less with sour than with sweet cream. hills in 1893 (29) 

also found that the most complete churning was attained with thick ripe1- 

ed cream at lavi temperatures. H. H. Dean in 1895 () wrote, "Vie must 

churn sweet cream at very low temperatures (45 deg. Fah. or below) in 

order to obtain all the butter. Churning at ordinary temperatures meis 



a great loss of fat in the buttermilk." 

In later years, horevcr, it was decided that tI difficulties 

encountered in churning sweet crea. vrere of small importance, and the 

additional loss of fat in the buttermilk through the churning of sweet 

cream instead of ripened crean was not great enough to be considered. 

iork was then directed toward the development of butter with the desirable 

flavor and keepin quality. Sorr of the early investigators also ir.de 

coiments upon the flavor and keeping quality of butter. 

Ladd in 1889 (23) corriented upon the flavor of sweet cream and 

ripened cream butter and stated that "the flavor of the butter from svieet 

crean is quite different from that of butter made from ripened cream." 

Manns in 1890 (24) reported that increase in acidity of cream 

beyond a certain point broug}t risk of injury to the quality of the butter 

due to a different fermentation setting in after a certain stage in 

ripening had been reached. Penney in 1890 (25) stated that sweet cream 

butter "lacks the stand up quality of sour cream butter, and it i 

considered by croamerymen not to stand shipment, handling, or warm weather 

as well. In a word, sweet cream butter is less profitable to make and 

harder to sell than the sour crean butter." Curtis in 1890 (26) after 

seven trials with sweet and ripened cream butter from split churnins 

found scarcely a noticeable difference between the vo types of butter, 

the difference if any being in favor of the sweet cream butter. Dean in 

1891 (31) and again in 1392 (32) found that in his comparison of sweet 

cream and ripened cream butter, after eping it for three or four vreeks 

the sweet crean butter was reported off in flavor and of inferior quality 

to the ripened cream butter. Patrick, Leighton and Bisbee in 1892 (28) 



-19- 

and with repeated trials in 1893 when Bisbee vas replaced by Heileìian 

as co-investigator (33) discovered soire interost±ng data. In these 

trials with butter from sweet and ripened cream, the creai 'vías ripened 

from 17 to 46 hours before being made into butter The butter was then 

stored at 50 deg. Fah, and examined at the end of 3 months, 4 months, 

6 months, and 7 months. They concluded that "svtoet cream butter suffered 

less deterioration from keeping than did the ripened cream product, 

and in soue measure acquired the flavor characteristic of the latter." 

Hills in 1893 (29) stated that the finest butters were attained with 

thick ripened cream at low temperatures and Dean in 1895 (30) reported 

as the result of eighteen trials that "sweet cream butter does not 

possess keeping quality the same as ripened cream butter. We have found 

that it quickly goes off in flavor and does not improve or take on the 

flavor of ripened cream butter, as claimed by some." 

The use of pasteurization of crean and the use of starter for bft- 

ter making began in this country about 1900. In 1903, Farrington and 

Russell (34) mentioned the use of pasteurized cream and "pure culturo 

starter" which began in Demnark in 1890 and stated that "uniformity of 

product is one great advantage. ihere the type of fermentation is the 

same from day to day instead of subject to natural variations, tuìe 

quality of the butter must be moro uniform." Beach in 1906 (35) made a 

comparison of naturally soured skimailk and "pure culture" starters in 

14 trials and found the average scores of the resulting butter aLrnost 

identical. High acidity was suspected by Roers to cause fishy flavor 

in butter. The cause of fishy flavor in butter was described by him in 

1909 (36). He reported, "In the opinion of the writer, fisir; flavor is 
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caused by a slow spontaneous, chemical change to which acid is essential 

and which is favored by the presence of small aaounts of oxygen. Fishy 

flavor :riay be prevented with certainty by riaking butter from pasteuriz- 

ed sweet cream. Butter made from pasteurized sweet cream with a starter 

but witbout ripening seldom if ever becomes fishy." Michels stated in 

1909 (37), "Indeed, the highest qualir of butter is not possible with- 

out the use of pure cultures." :Ielick in 1909 (38) while trying to aid 

Maryland creameries, in improving the quality of their butter asserted 

that "while as a whole grading was beneficial the pasteurization and use 

of starter was still more beneficial." Roers and Gray in 1909 (39) 

stated, tt1J generally taught by instructors and writers on dairy 

subjects that to produce good butter it is necessary to develop a certain 

amount of acid in the cream. T'ne reason for this is twofold -- first, 

to develop a desirable flavor; and, second, to improve the keeping 

quality by suppressing the undesirable bacteria. It is recognized, 

however, that if the feruentation is carried too far the keeping quality 

of the butter is injured." The investigators found no undesirable 

bacteria in the cream or butter and heated the crean to destroy possible 

unfavorable enzymes. Since they added lactic acid directly to the crean 

as well as developing a high degree of acidity in the crean by aneans of 

nicroorganisms and found the same injury to the flavor of the butter 

after holding it at ry low temperatures, they concluded that the un- 

desirable flavor was due to the presence of acid whether developed 

naturally or addea directly. 

Rogers, Thompson, and Keithley in 1912 (40) obtained interesting 

data on 259 samples of exprimental butter from cream of lmovrn acidity 



in which comparison 1.5 per cent of 137 samples of butter nade from 

cream with an acidity of below .3 per cent at time of churning were 

described as fishy, vrhile 49.2 por cent of 122 samples from cream with 

an acidity of .3 per cent or over were fishy. It is also of interest to 

note in this experiment that all of the samples of ripened cream had 

acidities of .5 per cent to .62 per cent. This per cent acidity is 

excessive. 

2. Efficiency of pasteurization and the effect of asteurization 

on the keeping quality of the butter. 

Mortensen, Gaecsler, and Cooper (41) reported the results of 

holding cream in a vat at l'15 deg. Fah. for 20 minutes. They stated, 

lithe pasteurization efficiency varied from 99.864 to 99.994, with about 

one-third of the samples running 99.990 or over." They also noted that 

the sample with which the lowest efficiency rias obtained was the sample 

showing the sallect initial count and "accordingly very probably had 

the smallest percentage of Bacterium lactis acidi forms." lhmziker, 

Spitzer, 1iills and Switzer (42) in a comparison of the flash and holding 

method of pasteurization found the holding process at 145 deg. Fah. was 

most efficient, averaging over 99.9 per cent in its germ killing effect 

on all types of microorganisms. They used holding periods of 10, 15, 

20 and 40 minutes and found that from the standpoint of keeping quality 

of the butter, the 20 minute holding period proved best. The greatest 

reduction in microorganisr.s occurred when the cream was held at 145 deg. 

Fah. for 40 minutes. Vfl-uite and Campbell (43) made a comparison of 116 

- 
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churriings of sweet creen butter for storage in which the cream was 

pasteurized at 145 deg. Fah. for 25 minutes, 145 dog. Fah. for 30 minutes, 

155 deg. Fali, for 30 minutes, and 145 deg. to 1Q5 dog. Fah. for 30 

minutes. Samples of the butter were stored at zero deg. Fah. for 7 1/2 

to 9 months. Scores of the butter after storage indicate the keeping 

quality was not influenced by these teiper&th.rcs of pasteurization of 

the cream. 

3. Object of the use of starter. 

In butter, flavor is the most important point considered in 

determining the quality of the product. Butter is composed of the 

triglycerides of a nur±er of fatty acids. These acids are as follows: 

butyric (5.45), caproic (2.09), caprylic (O.49), capric (0.32), 
laurie (2.577e), iiyristic (9.c9,), palmitic (38..I'o), stearic (1.83%), 

oleic (32.50%), dhydrostearic (i.oc) (44). minziker (45) stated, 

however, that "the intensity and character of the flavor and aro of 

butter will vary widely, and will depend to a large extent on the charact- 

er of the cream received. The production of a uniform flavor from day 

to day and season to season is difficult." It becomes necessary, 

therefore, in the production of butter with uniformly high quality to 

add a flavoring material which will impart to the butter that highly 

desired and characteristic flavor and. aroma, described as sweet and 

"nutty". The su'ostance added is a culture of acid, flavor, and aroma 

producing organisms laiovm in the butter industry as starter. 

Starter as used in the nanifacture of butter is defined by 
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Hunziker (45) as "a mixed culture in ii1k or skim milk of lactic acid 
bacteria (S. 1acis), and associated species capL'ble of developing in 
milk, cream and butter the flavor and aroma characteristic of Cood 

butter." He stated that a good starter contains predominantly lactic 
acid bacteria of the type Streptococcus lactis. This fact has lead to 
the early conception by many that a good starter is a pure culturo of 

lactic acid bacteria. It has since been learned that S. lactis produces 

lactic acid chiefly vrhich is non aroiaatic and that the production of 

flavor and aronia requires the developrnt of volatile acidity produced 

by bacteria other than S. lactis growing associatily. liciuner (46) (47) 

(48) isolated bacteria other than S. lac-Uls fron good butter cultures 
and divided these "associated" organisms into two types, Streptococcus 
citrovorus, and Streptococcus paracitrovorus. He reported that "the 

fundamental difference between tile associated organisns is that S. para- 
citrovorus produces soe lactic acid in milk, while S. citrovorus does 

not. Both organizrn produce volatile acid from lactic acid and, 

accordingly, in pure culture S. paracitrovorus develops more volatile 
acid than S. citrovorus because of its lactic acid production. S. Para- 
citrovorus reddens litmus milk and occasionally even coagulates it, uhile 
S. citrovorus produced little change in litrn.is milk other than a slavi 

reduction. The outstanding character of the associated organisms is 
thoir fermentation of citric acid with the formation of volatile acid." 

4. Relation of starter to the control of undesirable flavors 
caused in butter by microorganisms. 

In addition to the development of a desirable flavor and aroi, 
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the use of starter has the further advantage of the checking of the 

growth of certain undesirable bacteria which produce disagreeable 

f lavors and odors in butter. 

a. Surface taint. Derby and Haner (49) Hanner (51), and Russell 

and Hastings (so) described surface taint as a defect in which the odor 

and flavor more or less definitely suggest putrefaction. It is first 
evident at the surface and then gradually ponetrates to the center. 

The defect occurs in butter tade fron good as well as fron poor raw 

naterial. For control of surface taint they suggest: (a) Efficient 

pasteurization, (b) Creeiiery sanitation, (c) Cleanwater in. the creamery, 

C ci) Salt content of the butter of 1.5 per cent or over, (e) The use of 

butter culture, (f) Low storage temperatures. "The value of butter 

culture," stated Jerby and Haimner, "in the control of surface taint 

should be recognized. Vfhen such a culture is employed either with or 

without actual ripening of the cream, the number of butter culture 

orCanisms in the fresh butter is coi.parative1y high. The chges in the 

nuirer of butter culturo organisms in butter are greatly influenced by 

the salt content but under any condition the organisms would be expected 

to influence the developnont of the types found capable of producing 

surface taint, since these belong to a general group of organisms that 

is sensitive to acid." 

Russell and Hastings (50) further reported that development of 

lactic acid has a protective action against putrefaction. The restrair- 

ing action of acid on the putrefactive organisms is well knovrn and 

illustrated by many types of food products. 



Hunziker (52) concluded that low acid cream butter î particularly 

susceptable to surface taint. He reported, "A condition that appears 

to favor the developrnent of surface taint in butter is low acidity cream 

that has never been subjected to acid development. These facts suggest 

that lactic acid bacteria or lactic acid itself, or in case of sour cream 

neutralized, the sour cream lactic acid constitutes an unfavorable medium 

for the activity of the germs that are responsible for the offensivo 

odor or surface taint. Experience in the coinercial manufacture and in 

the nrnrketing of butter shows that the factories that have had the most 

trouble from surface taint are those that receive a comparatively high 

grade of cream, the factories whose supply is predominatinly sweet and 

do not ripen their cream, nor use starter in any form. Plants receiving 

svreet cream and practice cream ripening and those receiving mostly sour 

cream, on the other hand, have been relatively free from surface taint 

in their butter. In the manufacture of unsalted butter, starter and 

cream are almost indispensable." 

Eckles (52) reported an outbreak of putrid butter that occurred 

in 1900 and lasted about tvro weeks. The defect mas so pronounced the 

local sale of butter -'ras stopped and what had been sold was returned. 

The milk received at this plant was of an unsatisfactory quality. Changes 

involving the rejection of poor quality milk, better care of utensils, 

and the use of a butter culture ':rere instituted at the plant and about 

the same time a long dry period was broken by hear rains. The butter 

improved at once and no further trouble was experienced. The putrid 

butter contained an abnormally high nu±er of gelatin liquefiers which 

included so forms that had a very injurious effect on butter. Eckles 
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concluded the putrid condftion was brought about by contaiìnztion of the 

nil 1h 

Hood and YIhite (54) made a study of lutter that had surface taint, 

found in the Provinces of Queboc, Ontario, Manitoba, Saskatchewan, and 

Alberta in Canada. All of the samples ;';ere found to be abnornaily high 

in yeast and bacterial content, and of the bacteria there was a considor- 

able nunbercapab1e of deconposing curd. in butter. The water supplies 

of the various creameries were found to introduce large nuners of 

undesirable organisms. 

b. Miscellaneous objectionable flavors. Hunziker (52) declared 

that the devloprnent in the cream and in the butter of a pronounced 

culture flavor is a great hclp in keeping such butter fresh until it is 

consumed and in retarding if not entirely preventing the successive 

development of a stale, cheesy, and rancid flavor and the appearance of 

noi d. 

McKay (55) stated that it is fully recognized by the leading 

authorities who have given the subject of keeping qualities of butter 

sorne study that a certain amount of free acid is necessary to assure 

good keeping quality. "Butter containing no acid," he asserted, "will 

turn rancid." 

c-rimes (56) declared that where deterioration of butter occurs 

in cold storage at -6 deg. Fah. it is not due to the normal flora of 

pasteurized cream, nor to S. lactis or S. paracitrovorus, nor to the 

lactic acid formed during the ripening of cream by starter. A proof that 

S. lactis and S. paracitrovorus are not a direct cause of deterioration 

is shown by the keeping quality of the butter made freni cream to whic 
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starter had been added but not ripenod. It was found that the bacterial 

count of the ripened cream had little or no relaon to the acidity of 

the cream. Grimes concluded that the quality of the cream when delivered 

at the creamery is îrobably the main factor that detemines the keeping 

quality of butter in cold storae. 

5. Acidity of cream and development of fisfrr flavor. 

1here starter is used in ti-io creamery it is of the uost import- 

arice that only a moderate degree of acidity is devoloped in the cream. 

Hunziker (45) emphasized that even in the case of sweet cream, the keeping 

quality of the butter is less uniform and less dependable ïhen the ripen- 

ing process has been carried to a point where the acidity of the cream 

at churning time exceeds .32 per cent, and the higher the acidity above 

this point the more marked is the tendency of the butter to deteriorate 

with age and to develop fishy flavor and relatod flavor defects. This 

fact is cifirmed by many research workers. 

Gibson (44) advanced two main theories for tho cause of fishiness, 

namely, that ±t is brought about through biological agencies, and as 

the result of a purely chemical reaction. The bioloical agencies 

mentioned as being concerned are yeasts, molds, bacteria, and bacterial 

enzymes. The following three objections seem to discountenance largely 

the biological theory: (a) Inoculation experiments with the orgonisms 

supposed to cause fishiness have in Cenerai been unsuccessful, ('b) 

Pasteurization does not absolutely prevent fishiness, (c) Fishiness is 

favored by a high salt content and develops at low temperatures, 'Condi- 
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tions vr'nicil favor the development of fishiness in butter are, (a) high 

acidity of the crean, (b) high salt content in butter, (c) over -bIorkinC 

the butter, (d) the presence of iron and copper salts. 

Sonuner and Sinfl (57) and Supplee (58)reported results which show 

that the presence of a certain amount of lactic acid is required for the 

devolopaent of fishy flavors. Further studies of the biochemical action 

of Bacterium icthyosmius indicated that it would decompose cholin with 

the liberation of trime-bhylamine. Sorniaer and Smit found that the addi- 

tion of 100 parts of trinethylamine lactate to 1,000,000 parts of butter 

caused a fishy flavor, and chemical analysis showed that fishy butter 

contained trimet}jlamine, but that it was absent in fresh butter. Other 

experiments indicated that Bacterium icthyosniius and a fishy crean 

organism can produce trimethylamine under favorable conditions not only 

from lecithin but also from proteins. The bacterial action is inhibited, 

hovrever, in the presence of salt or lactic acid, or at the usual storage 

temperatures for butter. Larger amounts of hydrolyzed lecithin were 

decomposed into triinethylaxaine by both chemical and bacterial action thi 
occurred when unhydrolyzed lecithin was used. The results of the tests 

with lecithin thus show that it is decomposed into trimethylainine under 

niuch the same conditions as fishiness develops in butter. This is 

probably a chemical action on proteins. 

Fryhofer (59) asserted, "One thing conuRonly agreed upon is that 

acid in cream is essential to the development of a fishy flavor." 

Hommer and Baier (60) made various investigations on the acidity of 

cream and found that, in general, butter churned from cream with consider- 

able acid has poorer keeping qualities than butter made frai low aci 
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cream. The re1aionship beivreen acid in ache cream and keeping qualities 

of the butter made froni it is not a constant one, since occasional lots 

of butter nde fror high acid cream keep very well, but it is definite 

enough so that it has materially nodified the rthod of using starters. 

Lovr acidities developed in cream by good starters are now cornrionly used, 

since butter produced from satisfactory ravi materials by this nthod has 

cosiderablo f li.vor and aroma and also keeps very well. 

Bouska (61) stated, "The acidity of the cream comes to effect as 

acidity in the butter. It is the acidity in the butter that affects its 

flavor and keeping quality." 

White, Trimble and wilson (62) studied the effect of the acidity 

of the cream on the quality of the butter produced from it. Their results 

show that when butter, made from cream with acidities of .14 to .5 pr 

cent, was stored at from zero to 20 dog. Fah. for 3 and 1). months the 

deterioration was greater in the butter made from cream of greater 

acidity than in that made from the less acid cream. 

Rogers, Thompson, and Keithley (40) reported that the almost 

uniform occurrence of storage and fishy flavors in the ripened cream 

butter and the absence of these flavors in the sweet cream butter should 

not be overlooked. The acidities of all the ripened cream in their data 

varied from .5 per cent to .62 per cent, which acidities are excessively 

high. 

Haìer (63) concluded that any disadvantage that starters may 

have, such as causing a rapid deterioration in butter, seem to be ô.ie to 

high ripening and accordingly can be quite readily overcome. He also 

states, "It is probable that in spite of the opposition to them on the 
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part of certain individualz starter$ are more f irrüy established in the 

.Arnerican butter industry than ever before." 

Bouska (64) suggested keeping the acidity of 'tter at a miniim 

by controlling churning conditions so that the butter granules formed -ff111 

be the size of wheat and thoroughly washing the butter granules to remoce 

as ruch adherent buttermilk as possible. 

ffamer and Jensen (65) investigated the influence of butter 

culture acidity on the quality of the butter. Their results indicate 

that the acidity of the butter culture has no significant influence on the 

quality and keeping quality of butter made with the following procedures: 

(a) 10 per cent butter culture, prepared from milk pasteurized at 185 

deg. Fah. for 30 minutes, added to pasteurized sweet cream without 

ripening, (b) 10 per tent butter culture, prepared from milk pasteurized 

at 185 deg. Fali. for 30 minutes, added to pasteurized and neutralized sou.r 

creem without ripening. 

6. Corroborative material on the value of starter in butter making. 

liunziicr (45) reported that the fundamental objects of cream 

ripening are to produce butter with a.easing, pronounced butter flavor 

and aroma, and to produce this flavor and aroma uniformly year in and 

year out. Butter that contains the pronounced "nutty" Claver desired, 

invariably has a high aroma. Butter devoid of aroma is usually flat in 

flavor. The appearance of aroma requires changes that lead to the devel- 

opmont of volatile acidity. 

Bouska (66) stated, "The advantages and disadvantages of using 
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starters in butter making were under discussion for a long time. Today 

practically all butter makers appreciate their valuo and almost all the 

large creameries use them." 

llminer (67) asserted that while butter secured from cream in 

which there has been no acid development is pleasing to the taste, it is 
lacking in the flavor that is regarded as so desirable in a high grade 

piece of butter. The flavor of the fat gives it a definite butter taste 
but it is not one than can be considered entirely satisfactory according 
to our present standards. It seems that seme of the products formed in 
the souriní of cream must be present in butter to give it the most 

desirable flavor and, accordingly, it is evident that the desirable 
flavors ofbutter are, in part, the result of the action of microorgan- 

isms It is nrobable that in high quality butter churned from naturally 
soured cream, the flavor is due to the action of a considerable number 

of different bacteria. The method of securing flavor by tì natural 
fermentation, hovrever, can not be depended upon because bacteria pro- 
ducing undesirable flavors are very apt to develop and accordingly at 
the present tae the fermentation of the cream is controlled by t1 use 

of starters. while it is entirely possible that organisms other than 
those found in starters might be advantageous from the standpoint of the 
flavor developed in butter, it is certain that the bacteria found in 
good starters are capable of Producinß a flavor that is very satisfactory 
vrhon they are gro''m under suitable conditions. Good starters contain at 
least tvto types of organisms and the proper balance betvreen them results 
in the formation of products that give cream and the butter made from it 
a oleasing flavor. It is necessary that the proper relationship beivei 
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these io organisìz be maintained if a satisfactory flavor is to develop 

and suitable temperatures are very important in accomp1ishin this. The 

bi factor, hovrever, in developing the desirable flavor in butter is the 

skill of the btterma1r. 

Hammer (c8) also reported that the manufacture of butter from sweet 

cream has taught the people using starters a very valuable lesson, since 

it has shown that butter made from low acid cream has better keeping 

qualities than butter made from cream with considerable acid. This 

information has been profitably used and has changed the rthod of 

employing starter, Creaai is no longer ripened to high acidities, as it 

fornrly was, but the starter is either added to the cream and the cream 

held at lovr temperatures so as to prevent any appreciable increase in 

acid or a short period of growth for the starter organisms, which permits 

of a small increase in acid is allowed. These procedures yield products 

which have more flavor than if no starter had been used and which at the 

same time, have very good keeping qualities. Vfith this revision in the 

method of using starter the assumed advantages of sweet cream butter in 

the matter of keeping qualities has largely disappeared. 

In the same reference Hanmer describes the use of starter in the 

manufacture of Danish butter. In England, which is the worlds' most 

discriminating butter market, Danish butter brings the highest prices. 

This is nado with starter and cos into competition th sweet cream 

butter from SUdI countries as Ireland, New Zealand, Australia, Canada, 

and the Argentine. The sweet cream butter is recognized as having 

excellent keeping qualities but its lack of flavor is objectionable to 

the critical &iglish consur. iTith their generous supply of very f:c 



crearn the Danish butter plants are advanageous1y s1'cuated for the 

nianufacthre of sweet crean butter but they have continied to use starter 

and have retained connand of their i.r1ts in the face of conipetition 

frani countries making butter without the use of cultures. Sorne of the 

countries shipping butter for long distances experienced serious 

deterioration when starters were used to develop high acidities in the 

crean but with the more recent nthods of usine starter deterioration ci 

be quite successfully controlled. 

Hunziker (9) declared, "It is important to bear in mind that 

developing flavors in the cream means fermentation and fermentation 

means decomposition. Some of the constitu-bents are broken dm. Develop- 

ing flavor in the cream, or cream ripening, represents the early stages 

of decomposition of sorne of the constitutents. It so happens that during 

these early stages of deconiposition the flavors produced are desirable, 

but when these changes continue, a point is finally reached beyond which 

the flavors produced are no longer pleasant, t1-y are objectionable. On 

the other hand, if butter is made from cream that has not been ripened, 

but in which the flavor has been incorporated by adding it to the crean 

in the form of a good starter, instead of developing it in the cream by 

ripening, then the butter taken from the churn has not reached that 

critical point of decomposition by a long margin. Changes can go on in 

ib for a considerable period of time without the appearance of off- 

flavors, in fact, the flavor may improve with those changos, and that 

kind of butter has keeping quality, while at the same time it has real 

flavor and aroma." 
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Olson (70) studied the effect of starter on the quality of fresh 

and stored butter. Lots of cream were churned without the use of 

starter, after ripening with starter, and after washing buttor with 

starter. The starter butter was found to he.ve a sow}mt higher score 

when fresh and also after six months' storage. 

waits (72) found that butter made with starter averaged 2.3 

points higher in score than that made without starter when street cream 

was used in the experiment. Then a levier grade of cream was used; 

namely, sour cream that had been first neutralized and pasteurized, it 
was found that starter improved the quality .48 and 1.73 poi::s respect- 

ively in ro sets of experiments. Ile also ir.de a comparison of the effect 

of many different types of starters on the quality of the butter and 

suimarized the results as follows. "In so far as the flavor of the butter 

vías a basis of comparison, any of the particular butter cultures studiod 

should prove equally efficient in the hands of en experienced buttermaker 

in improving the flavor of butter made from either neutralized or sweet 

cream." 

Reid (73) stated, "Starters are being used today by the manufactur- 

ers of Americas' best butter because the properties of a high quality of 

starter impart tile greatly desired aroma and flavor to the finished 

butter. The introduction of the use of starters in butter manufacture 

represents one of the distinct advances made in the field of dairy manu- 

factures. It now stands as a proven fact that butter made of equally 

good cream will possess an improved quality when a good starter is used 

than if the cream is churned without the use of a starter. Cream ripened 

to a high degree of acidity is no longer tolerated by the manufacturers 
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of quality butter. That high acid concentration in crow for butter 

irianufacture is detriniental to the quality of the finished butter is no 

longer a debated issue." 

Wilster (74) reported that thc results of his exprirnts show 

that if a high quality raw material is used while still in a fresh and 

sweet condition and this is carefully pasteurized and ripened with a 

fine flavored culture to a levi acidity and then nade into butter according 

to the nost raodern methods, a high quality product possessing keeping 

qualities can be obtained. 

Uor-bensen (75) concluded as a result of his bials that the demar, 

as determined by the scores given by coruiercial judges, is still for 

butter made from ripened cream, as it possesses the most characteristic 

butter flavor. Butter de from cream ripened to an acidity of .44 

per cent deteriorated, hovMvcr, faster than either butter ide from 

svreet cream or frori sweet cream and starter, but in these trials vhcre 

levi ripening vías employed, the ripened cream butter at the end of a two 

months cold storage period was about of the sarr quality as the sweet 

crean butter and the sweet crean and starter butter. 

Johnson (76) explained that "unsalted table butter, to satisfy t1e 

consumer, must have u. decided high lactic acid rorna of good quality and 

a pronounced lactic acid flavor, pleasing to the taste. Unsalted butter 

of this type is much in demand, and pist experience proves that such 

butter is less apt to dewlop a cheesy or yeasty flavor .thich is 

undesirable 

Ii.icas, Ball, Vincent, and Trout (77) reported as a result of their 

findings that even under ±del conditions it was uie to ripen cream 
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if the butter is to be put into storage for eny long period. They 

stated, "It vrould further appear that the addition of a moderate amount 

of starter to crean before churning or to the butter at the time of 

vrorking caused the butter to score sonevrhat bctter after a three nonthz 

storage period than if none had. been used." 

The hew Zealand Departhent of Scientific and Industrial Research 

(78) asserted that there is considerable criticism of Iew Zealand butter 

or.. the English irket on the grounds that it has sometimes a flat, insipid 

occasionally "neutral" flavor and a lack of bloom due to long storage. 

A lack of keeping quality of unsalted butter 'ras also noticed. The 

principal difficulties are bad flavors present in manufacturing or 

arising during storage. The Departhent report continues, "Pasteurization 

cannot possibly restore to cream that part of the good flavor lost by 

previous action of the organisns, nor entirely restore the quality which 

iias been lowered by harmful bacteria arising fron insanitary conditions 

in sheds, milking machines, plant, and utensils. Pasteurization cannot 

entirely reraove food taints or absorbed taints fron cream. Cream can 

be readily recontamninated subsequent to pasteurization, from coolers, 

pumps, hlding vats, and froen the athosphere. Certain trades desire 

butter "fuller" in flavor than the typical 1o'- Zealand product. In the 

present state of haowledge, the only method of secu.rng this flavor is to 

develop in the cream a desirable degree of acidity by the uso of 

"starter" or by the lesser reduction of acidity in cream than at present." 

Barnard (79) declared, "There i in England a definite derind 

for a full fl:ored butter, and in parts of England where Danish butter 

sells particularly well, complaints are sometines nade that the ITew 



-37-. 

Zealand butter i.s too flat and insipid." 

?hen the Doninions' Prime Minister, the Honorable G. U. Forbes, 

vms in England last year, he found that there was a section of the trade 

there complaining of the flatness of Tevr Zealand butter and consequently 

arranged with our research department to conduct tests in New Zealand 

and nanufacturo butter in which a "starter" culture vías used. This test 

is navi under way and several lots of butter made with starter have been 

sent to England. Certain of the biggest dairy factories are testing 

tì matter out for themselves and making starter butter from specially 

selected cream. It will be seen, therefore, that a very deterrincd 

attack ou the starter bu-bber quo:tion is being mde by New Zealand, and 

that no stone will be left unturned to export at least a portion of our 

butter in the fori of full flavored article." 

Thorimen (80) asserted that the general understanding is that crema 

ripening is a method for producing flavor in butter unifornly from day 

to day. Incidentally such a practice will also affect the exhaustiveness 

of churning as well as the keeping quality of the butter. 

Haughdahl (81) stated, "During the last 25 years or so in all 

contests, as far as I lmow, where thousands upon thousands of samples of 

butter have been judged b:. different market judges as well as by bntter- 

makers, scientists, educators, in butterrnaking, etc., starter made butte' 

has al-ways won out by several poirrLs over no starter butter. It is rr 

belief that the starter made butter will core out winner even in keeping 

quality from like qualities of cream." 

In the 1924 cold storc.ge contest of the lat±onal Creanery But-sr- 

makers' Association (82) it was found that the averages of butter made 
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with starter and without starter were as follows: 

Average Score 

Into Storage t of Storage 

68 tubs nade with starter 93.44 92.90 

46 tubs nade without starter 92.51 92.03 

Difference in favor of starter butter .93 .87 

In the 1928 iational Creaiaery Eutternakers' Association (83) 

cold storage contest, the Jué and October averages of starter and. no 

starter butter viere as follows: 

Average Score 

June October 

165 tubs made with starter 92.95 92.83 

50 tubs of no starter butter 92.30 92.21 

Differences in favor of starter butter .65 .61 

The ten highest scoring tubs of starter butter averaged 94.63 

when fresh and the ten highest scoring tubs of no starter butter averaged 

93.83, a difference of 1.25 in favor of the starter butter. 

At the Pacific International Dairy Show (64) in 1931, 28 scp1os 

of contest butter nade with the use of starter averaged 93.54 in score 

and 20 samples nade without starter averaged 92.14 in score, a difference 

of 1.4 ir. favor of butter nade with starter. 

III STATEIIT OF T PROBLEM 

On account of the low production of crean on nny Oregon dairy 

farms arid hi,-h transportation cost per pound of fat, the farnrs have 

difficulty in getting their cre to the creaieries in such condition that 



it will lend itself to the production of the highest quality of butter. 

They hold their cream on the farm until sufficient quantity has been 

collected to allow it to be shipped economically. Under average condi- 

tions on the earns, the cream is held at favorable temperatures for the 

development of microorganisms. As a result of these conditions, the 

cream very often arrives at the creamery sour, jasty, and with undesir- 

able flavors developed in it. Lutter of mediocre quality only can be 

produced from such cream. 

The work herein reported was undertaken for the purpose of study- 

Ing the effect of holding cream in refrigerators on t producing fc.ins 

on the quality of tho butter made front it, when the cream was held in 

cans in refrigerated water at a temperature of from 35 deg. to 40 deg. 

Fah. (to retard the development of microorganisms) for twice weekly 

shipment. 

The following points are considered in this report: 

( a) Power requirements for the refrigerators and refrigera- 

tion costs. 

( b) Temperature at which the cream was received at the 

creamery. 

(e) Yearly average teierature of the cream received from 

each farm. 

(a) Acidity of the cream when received at t} creamery. 

(e) The manufacture of the butter made freni the refrigerated 

cream. 

(1) The germ killing efficiency of pasteur±ztion. 
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(2) The percentage of bacterial t:Tpes found 

before and after pasteurization. 

(3) Isolation and identification of bacteria found 

in the crean. 

(4) Yeast and nold counts in crean before and 

after pasteurization and in fresh butter. 

(5) The per cent butterfat lost in the buttermilk. 

(6) The quality of the butter manufactured using 

large equipment. 

(7) The contarative qua)Ly of the butter made by 

large equipment when starter 'eras used and when 

no starter was used. 

(8) The comparative qua]±y of butter with four 

methods of cream treatment before churning, 

using small equipment. 

( 9) Butter entered in contests. 

( lo) Butter made from refrigerated and non- 

refrigerated cream. 

( 11) Butter made from crean held in covered and 

uncovered cans. 

(12) Butter nade from cream rith higher than normal 

acidity. 

IV. 

A. Methods Used 



-41- 

At the beginning of th.s experiient,in June, 1930, three fariz 

vrere secured on rrhich to place refrigerators, and on June 24, 1930, the 

first shipment of cream Iron these farms vías received at the creamery. 

In choosing these farn's, the aim was to select three which vrould be 

representative of OreCon dairy farms. From the larcstherd, farm ITo. 1, 

there t-as received about 430 pounds of cream weekly; from farm No. 2 

there -:ras receivod about 320 pounds of cream weekly; from farm No. 3 

there was received about 140 pounds of' cream weekly. This cream was 

shipped twice a week, arriving at the creamery on Tuesdays and Fridays. 

The flavor of the cream was excellent at all tiios, with the exception 

of a few shipments which showed feed or weed flavor. 

A General Electric, model DRD4 refrigerator in which the cans of 

eressi are iiersed in water, with a capaci-r of four 10-gallon rias 

placed on farm ITo. 1. This farm is located two miles east of TUo]aeall 

which is twenty-five miles north of Corvallis. (Plate 1) 

On farm fo. 2, located on Kiger Island about 5 mi.los southeast of 

Corvallis, was placed a Victor refrigerator box in which the cans of cream 

are immersed in water with a capacity of four 10-gallon cans. The 

compressor unit on this farm was originally an electrically operated 

Frigidire, but was converted to be operatcd by a 1 1/2 horse-power 

aso1ine engine as there vias no electric service on the farLi. (Plate 2) 

Farm ITO. 3, located at Monmouth, 20 miles north of Corvallis, 

vías provided with a combination dairy aid household refrigerator. The 

section of the box wherethe cream was placed had a capacity of two 

10-gallon cans or four five-gallon cans imnersed in water. The section 

of the boz for household use was of the dry type. The box vias cooled by 
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Plate 2. Refrigerator on Farn No. 2 
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a Frigidaire coLpressor vritli a 1/3 horse-pc;ver e1eorc motor. (Plate 3) 

After separation of the cream on the fari the warm creani was 

placed in the refrigerator and cooled to below 40 dee. Fah. The cream 

from eac} succeeding separation was also cooled to below 40 dec. Fah. 

before adding it to the previously cooled creai. This was done to 

prevent an increase in teiperature of the creamzi prevouly cooled. A].1 

the cream T:as held in the refrigerators rith the covers on the cans. On 

all the farina the creazL was hcld at 36 deg. to 40 des. Fah., with the 

exception of the creati from the milld.ng of the riorning on ihich the creami 

was shipped from farne 1o. I and Uo. 3. Since it requires four hours for 

cream to cool from 80 deg. Fah. to 37 dog. Fah. (12), there was not 

sufficient time in which to cool the cream on farms ITo. i and 1o. 3 

betwecn separation of the cream and the tine for it to be taken to the 

station. 

The cream fron farm 1o. 2 and ITo. 3 vras delivered by the farmers 

to the station 15 to 20 minutes before train tiirø. It ;ras necessary 

for the farmers to transport the creamu a distance of approximately 2 

miles from each farm to the station. 

The cream was collected r a Southern Pacific train from farm ITo. 

J. at Derry at 10:13 A.L. and the cream from farm ITo. 3 at Independence 

at 10:30 A.M. every Tuesday and Friday. The creanwas unloaded at the 

station in Corvallis and delivered at 1:00 P.IT. to the creamry. The 

crea from farm 10. 2 was transported by truck directly to the creamery, 

also arriving there at 1:00 P.L. 

On receipt at the creamery, the temperature of each can of cream 

was recorded; the cream was weighed; samples viere taken for the butterfat 
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Plate 3. Refrigerator on Farm No. 3 

Lw, 
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and acidity tests; and the cream vías 

vat pasteurizer. It vías pasteurized 

dog. Fah. The cream rias always held 

following morning. 

In pasteurizing the cream, a 

emptied in-bo a 200 gallon capacity 

and cooled to from 35 deg. to 40 

over night to 1c churned the 

emperature of 145 deg. Fah. for 30 

minwbes vías used. 7hile briing the temperature up to that poirrb, care 

vías taken to keep the temperature of the hot waer circulating trirough 

the coils from exceeding the temperature of the cream by more than 20 

degrees in order to prevent the cream from gettii a scorched flavor. 

After pasteurization, the cream which was to 'ce ripened, was cooled to 

70 dog. Fah. The starter vías then added, and the cream was held at 70 

deg. Fah., until the desired acidity rias developed. The creamvras then 

cooled to from 35 deg. to 40 dog. Fah. to prevent further increase in 

ac idi.ty. 

1rhen s-barter was added to the cream vrithout r ipening and when no 

starter rias added to the cream, the cream was cooled promptly to from 

35 deg. to 40 deg. Fali. All cream vías held. over night to be churned tho 

following morning. 

1.7ith each batch of cream in 65 churnings, the germ killing offi- 

ciency of pasteurization was studied. The germ killing efficiency was 

calculated on the difference between the nu'oer of bacteria found per 

cubic centimeter before and the number found after pasteurization, for 

example--in one case 530,000 bacteria were found before pasteurization 

and only 300 per cubic centinter were found after pasteurization. The 

number des-red is the difference betwoen 530,000 and 300, or 520,700. 

This number divided by tI iniriber before pasteurization or 530,000 and 
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the result multiplied by 100 gives 99.943 per cent efficienoy. 

Example of Calculation 

530,000 - 300 
530,000 = 100 = 99.943 

Before plating out the cream for bacterial count, dilutions of 

l-1000, and l-10,000 viere made on the cream taken before pasteurization. 

ITo dilution id a dilution of l-100 were made on the cream taken after 

pasteurization. The dilutions viere plated on standard beef extract agar 

(agar -l.5, beef extract .3%, peptone .5 and muter 97.7%), (85) with 

a pH value of 6.6, and after incubation for 48 hours at 99 deg. Fab. the 

macroscopic colony count was made with the aid of a Buck colony counter. 

Selection of colonies for classification was made from these plates by 

picking contiguous colonies on a fractional area of t1 plate and inocu- 

lating them. into milk with litmus added. 

The types of bacteria before and after pasteurization were studied. 

Samples of the cream were taken from the vat before and after pasteuriza- 

tion in sterile test tubes and the cream was diluted before platinG. The 

plates were then placed in the incubator at 99 dog. Fah. for 48 hours, 

after which time the colonies were counted. The colonies were picked 

into tubes of sterile milk to which lius had been added and allowed to 

gravi at room. temperature for 10 days to two weeks when they were classi- 

fied according to the action of the bacteria on the milk. Seven classi- 

fications rerc made, acid coagulators, acid non-coagulators, alkali 

formers, inert, acid peptonizers, alkali peptonizers, and neutral pepton- 

izors. The percentages of these types found before and after pasteuriza- 

tion viere calculated. 855 litma.s cultures viere classified before 
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pasteurization and 682 1its cultures ;ere classified after pasteuriza- 

t ion. 

Eleven different organisms were isolated from the refrigerated 

sweet cream and identified. 

In 31 churnings, yeast and mold counts wore riade before arid after 

pasteurization and on the fresh butter. 

Platings for yeasts and molds were aade on malt agar (Bacto 

Dehydrated Malt Agar added to water, 45 grams per liter) with a pH value 

of 3.5. The agar was made acid in reaction to restrict the growth of 

ndcroorganisms to yeasts and molds only. Since the number of yeasts and 

molds appearin on the plates was small no dilution was used. These 

plates were held for 48 hours in an incubator at 99 deg. Fah. end for 48 

hours at room temperature (about 72 deg. Fali.) before being counted with 

the aid of a Buck colony counter. 

The per cent butterfat lost irr the buttermilk was determined and 

a comparison made between the average per cent butterfat lost when 

starter was added to the cream and the average por cent butterfat lost 

when no starter was added to the cream. The Babcock method of testing 

for butterfat in buttermilk was employed, using a 17.5 cc. portion of 

buttermilk and an equal quantity cf acid. 

During the first year of this experiment the equipment used for 

pasteurizing and churning was the type which is used in the average size 

creameries. A 7izard coil pasteurizer of 200 gallon capacity, stainless 

steel lined, manufactured by The Creamery Package lianufacturing Co., was 

used. The churn used was e. iTo. 6 Victor with a capacity of 600 pounds 

of butter, manufactured by The Creamery Package Manufacturing Co. 
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(Plale 4). 

At the beginning of the experiment several tds of riing 
butter with starter were used, na'ne1y, (a) t:o churnings uith 10 per 

cent starter added and the cream riponed,* (b) tvro churniris with 5 to 

7 per cent starter added and the crean ripened, (c) tro churnins with 

10 per cent starter added to the orean just before churning, and (d) 

two chirnings of sweet crean without starter. It was concluded that 
this proram covered too large a field for one experiment, so it ;ias 

reduced to two types of churnings, (a) 'rith starter added and the cresa 

ripened and (ò) sweet ereaiavrith no starter added. 

The last t;ro methods were adopted to give aore completo informa- 

tien and to en.ble more accurate conclusions to be drawn on the relative 
ierits of the 'ro methods of ia1dng butter. The trio nethod.s were 

alternated, imking thio churnings of butter with starter one week and two 

churnings without starter the next week. 

The use of the large equipont continued until May, 1931, when 

it was desired to vary the '2thod of butter manufacre. Operation of 

the large churn and pasteurizer had several disadvantages; first, a 

comparison of only two nthods of crean treatnent was feasible in the 

tie available; second, a different batch of cream wa used eac time, 

allowing for a variation in flavor, acidity, typos and nwthor of 

bacteria; therefore, the results were not exactly comparable. 

* 

The process of ripening as referred to in this paper means the hold- 
ing of cream, after the addition of starter, until the desirable 
flavor, aroma, and acidity are developed in the cream before making it into butter. 
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Large bquiprnent Useü in the Experiment 
Plate 4. 

Small Churns Used in the Experiment 
Plate 5. 
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In order to make a fair comparison, split churnings would bave 

to be niade, using the sane crean for each method. This could not be 

done with the large churn because of the lack of sufficient cneet cream. 

It was for the above reason that tvio small No. 2 lamietonna 

churns, manufactured by The Creamery Package Manufacturing Co., viere 

installod. (Plate 5). These each bad a capacity of 25 to 40 pounds of 

butter, were equipped with a roll or worker, and viere mechanically 

operated so that in all respects they viere similar to the larger creamery 

churns. The small churns made it possible to use four methods 

of treating the cream and to make four separate churnings from each lot 

of cream. The methods used were--(a) sweet cream with 8 per cent 

starter added and ripened at 70 deg. Fah. to an acidity of .27 per cent 

or .28 per cent, then cooled and held over night at 40 deg. Fali. or 

lower to prevent further development of acidity; (b) sweet cream with 8 

per cent starter added and the cream cooled innnediately to below 40 deg. 

Fah.; (e) sweet cream with 8 per cent starter added before churning; 

( a) sweet cream with no starter added, 16 comparisons were made with 4 

churnings in each comparison, or a total of 54 churnings. The same 

physical conditions have been maintained throughout for all the churn- 

ings in each group. The churning temperature, temperature of wash water, 

per cent salt, and revolutions of working have been uniform as possible 

for each comparison. 

From each of the churnings, both large and. small, three samples 

of butter were taken, one sample to be scored when fresh, one to be 

scored after holding for one month at from 35 dog. to 45 dog. Fah., and. 

the other to be scored after holding for six months at from zero deg. 
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to 10 dee. Fali. All saiples were held at from zero deg. to 10 deg. 

Fah. until the first subsequent ionth1y scorinr. Thus, all samples less 
than one month old. were scored as fresh. A nuther was used to designate 
each sinple, so the identity and method of manufacture of the butter was 

unaiovm to the judges. The judges usually numbered three from the follow- 

Ing selection and are qualified critics: !Sr. H. C. Raven of the Raven 

Dairy Co., Portland; r. R. E. Cavett of the Ideal Dairy Co., Portland; 
Lii'. J. E. Draper of the TJnited States Department of Agriculture, 
Portland; Mr. R. S. Smith of the United States Department of Agriculture, 
Portland; Mr. L. B. Ziemer, formerly of the State Deparient of Agri- 

culture; and Mr. George Jacobsen, of the Jacobsen Dairy, Portland. 

It has been observed that from month to month the standards for 
judging have fluctuated, the subsequent scoring occasorially being 

consistently higher or consistently lower than the preceding month. For 

exemple, one month the scores ry range from 91.00 to a ixinm of 

93.00 and the next month the scores may range from 92.00 to a rnaxinmm 

of 94.50. The scores of each time are consistent with the comparative 

quality of the butter which would indicate that the fluctuations are due 

to different standards for judging of flavor and aroma emloyod at each 

scoring. This fact may explain the increases in s9ore of several of the 

samles after holding for one month. 

Some of the butter manufactured from the refrigerated cream was 

entered in the 1930 Pacific International Dairy Products Show; the 1931 

National Creamery Buttermakers' cold storage contest at St. Paul, 

Minnesota; the 1931 Iational Creamery Buttonnakers' fresh butter contest 
at Madison, ïisconsin; the 1931 Pacific International Dairy Products 
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Shovr; and the 1931 Oregon Sta4;e Fair. 

Additional trials were conducted to make a comparison of the 

quality of butter made from refrigerated and non-refrigerated cream. 

For one week the farmers were instructed to place half of the cream 

separated from each milking in a can standing outside the refrigerator 

and to place the other ialf in a can inside the refrigerator. Tse cans 

were marked accordingly and on receipt at the crearry t} tvro classes 

of cream were churned separately in the Mirnetonna churns and the qualir 

of the butter made therefrom determined by the butter judges when the 

butter was fresh and after it had been held for one month at from 35 

deg. to 45 dog. Fah. 

mi additional study was made to determine the quality of the butter 

made from cream held in the refrigerator with the cover on the can and 

with the cover removed. The cream, when received in the creamery, was 

mixed, divided into two portions, and the lid of one canvras reived. 

Th tWO cans viere then placed in a large refrigerator located in t1 

creamery and held for an additional three days. A variety of products 

'ras also kept in the refrigerator, including cheese, and there was a 

noticeable odor from the other products present. This cream, at the end 

of three days, was churned into butter and the resulting butter was 

scored and examined for evidence of flavor absorbed from the fore in 

odors present in the box. This butter was also scored by the conercial 

butter judges from Portland. 

Three trials viere made to determine the effect of acidity in the 

cream on the keeping quality of the butter. For three chuiings the 

acidity of the cream in ripening was allowed to increase to a higher degroe 
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than is narrially practical in irtaking butter. The resulting butter was 

examined and scored when fresh, after one month at 35 deg, to 45 deg. 

Fah., and after six months at from zero deg. to 10 dog. Fah. 

B. Results Obtained 

1. Power requirements and cost of refrigeration. 

Table 1 shors the butterfat and power records for the three farms 

on which refrigerators wore used. From June 14, 1930 to August 10, 

1931, the period during which power records were 1:ept, farm No. 1 

produced 8,740 pounds of butterfat. The povrer used during this period j 
the refrigerator was 859 kilowatt hours, or an average of 2 kilowatt 

hours per day. On farm Io. 2, 3,981.9 pounds of .tterfat were produced 

from September 4, 1930 to September 5, 1931. The engine attached to the 

refrigerator on this farm consumed. 86 gallons of gasoline during the 

period in which po:rer records were kept or an average of 1/4 gallon of 

gasoline per day. On farm o. 3, 2,363,3 pounds of butterfat.vrere 

produced from August 13, 1930 to August 10, 1931. The power used during 

the year in which records were kept was 999 kilowatt hours, or an average 

of 2.8 kilowatt hours per day. 



Table 1. 

BUTTERFAT A]ID P7ER RECORDS FOR TI TiEE FARMS ON 

WHICH REFRIGERATORS '.ÏERE USED 

POErer used by 
Shipper Refrigerator Time Butterfa-1 (pounds) Refrigerator 

Farm ITo. i General Electric 4 can June 14, 1930 3740 859 K.W.H. 
immersion type, Model to 2.0 K.7.H. per 

DRD 4 ;;ust 10, 1931 day 
(14 months) 

c;ì 

Farm No. 2 Victor 4 can irnersjon Septembor 5, 1930 3981.9 86 gallons gas- 
type 1 1/2 H.P. gasoline to oiino,* 1/4 
engine. Type 0 September 5, 1931 gallon gasoline 
Frigidaire compressor (One year) perday 

Farm No. 3 Combination dairy and August 13, 1930 2363.3 999 K.VT.H., 
household refrigerator, to 2.8 K.71.H. 
A.'I. Frigidaire August 10, 1931 per day 
compressor. 1/3 H.P. (One year) 
electric motor 

* Quantity of gasoline estimated from 3 months test. 

Courtesy of F. E. Price 
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The electric dairy refrigerator on farm No. 1 used 2 k.vr.h. per 

day which at 3 cents per k.w.h. amounted to 6 cents a day, as shovm in 

Table 2. Estiiriated interest and depreciation of 20 cents per day 

brought the total daily cost to 26 cents. Vith a daily butterfat pro- 

duction of 20 pounds, the daily cost per pound of butterfat was 1.3 

cents. The daily premium amounted to 60 cents for the sweet cream with 

the premium at 3 cents per pound of butterfat. 

The average fuel consumption for the refrigerator operated by 

gasoline engine on farm No. 2, a shown in Table 2, was 1/4 gallon per 

day or about 4 cents per day for fuel. Interest and depreciation of 

20 cents per day brought the total cost to 24 cents. iith a daily 

butterfat production of 11 pounds, the daily cost per pound of butterfat 

was 2.2 cents, The daily premium amounted to 33 cents for the sweet 

creen with the premium at 3 cents per pound of butterfat. About 3 to 5 

cents per day should be added to the cost of operation for engine repar 

and replacement. 

The corthination dairy and household refrigerator on farm 1o. 3 

used an average of 2.8 k.w.h. per day which at 3 cents per k.w.h. 'rould 

amount to 8.4 cents per day. Interest and depreciation of 20 cents per 

day increased the total cost per day to 28.4 cents. With a daily butter- 

fat production of 6.5 pounds, the daily cost per pound. of butterfat was 

4.4 cents. The daily premium amounted to 19.5 cents for the sweet cream 

with the premium at 3 cents per pound of butterfat. The total cost 

included the household refrigerator service which was not available with 

the other tvro refrigerators. This would probably cost 8 to 10 cents a 

day for power, interest, and depreciation for an electric household 



Table 2 

COST SUL&RY FOR TI T.EE FAPS ON 'tIIIC1I 

REFRIGERATORS USED 

Average Fuel or Operating Interest and Total Daily premium Total cost Net Profit 
butterfat povrer used cost per depreciation cost at 3 per Lb. per pound per day 
per day per day day per day per day butterfat butterfat 
(lbs.) _________ ________ __________ ______ ___________ _________ _________ 

Farm No. 1 20.0 2.0 K.7.H. 6.0/ 20% 26.0/ 60.0/ 1.3/ 34.0/ 

Farm ITo. 2 11.0 1/4 gallon 4.0/ 20/ 24.0/ 33.0% 2.2/ 9.0/ 
gasoline 

Farm No. 3 6.5 2.3 K.Vf.H. 8.4/ 20% 23.4/ 19.5% 4.4% -8.9% 

Courtesy of F. E. Price 
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rofrierator. 

Ir the cost suiary it is noted that the total cost per day for 

the three farms was very nearly the sane, but the cost per pound of 

butterfat varied almost directly with the production. 

A premium of 3 to 5 cents is commonly paid for ITo. i sweet creati 

which grade was given all of this rearn. Dairies Jo. 1 and iTo. 2 would 

pay a profit on the refrigeration installation at a 3 cent premitun, but 

dairy No. 3 would not, particularly with t} household refrigerator 

service charged to the dairy refrigerator. The snall daily production is 

tue chief reason for high cost of refrigeration per pound of butterfat. 

2. Temperatures at which the cream was received at the creamery. 

The temperatures at which the cream was received, shown in Table 

3, ranged from 37 deg. to 66 deg. Fah. and averaged 50.61 deg. Fah. foe' 

the whole year and all farmz The average monthly temperature of the 

cream when it was received at the creamery was found to follot a reason- 

ably uniform curve. Starting with January at 45.75 deg. Fa}i., the 

temperature increased to a high point of 57 deg. Fa]. in July, from 

which point the temperature consistently decreased to another low point 

of 44.16 deg. Fah. in December. The months in which an average tempera- 

ture of over 50 deg. Fah. occurred were L!ay, June, July, .ugust and Sep- 

tember. The mean monthly a-aospheric temperatures at Corvallis for 

year shown in 'Table 3, were obtained from the United States Weather Threer.. 

These temperatures were plotted on a graph with the average monthly 

temperatures of the cream when received. (Chart 1) In an analysis of the 
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two curves i-b is seen that the curves bear a fairly definite relation- 

ship to each other. Since the mean temperature is merely a mid-point 

between the nnxi1mlm and minimrn temperatures for each month t} seeming 

inconsistencies between the two curves is easily explained. A tempera- 

ture curve ging the average monthly temperatures during the hours of 

the day when the cream was in transit would be mch more accurate, but 

these were not obtained. 

Table 3. 

A1TRAE MONTHLY TELPERATtJRES AT Yfl-IICH CREAM WAS RECEIVED FROM ALL 
FAR .Ai'ID RAIGE IN TEMPERATURES DURING EACH MONTH AD 

MONTHLY AN ATMOSPHERIC TF1RATtJRES 

I.ean Atmos- 
Average Temperature Rango in phe rie 

Month of crean (deg. Fah.) Temperature (deg. Fah.) Temperature 
(dog. Fai-i.) 

January 45.75 43.00 - 48.00 43.60 

February 46.25 4o.00 - 49.00 43.70 

Larch 47.57 45.00 -5.00 48.oO 

April 49.75 44.30 - 56.00 55.30 

1.ay 55.33 49.60 - 61.70 61.30 

June 55.92 52.50 - 63.30 62.00 

July 57.00 51.00 - 66.00 66.20 

August 56.00 54.00 - 58.00 68.40 

September 51.72 50.20 - 55.00 62.50 

October 47.50 43.00 - 53.00 5.O0 

Tovember 46.33 o9.00 - 5.0O 44.60 

Decemoer 44.16 37.00 - 51.00 40.00 
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3. Yer1y average temperatures of the cream from each farm. 

The yearly average temperatures at which the cream vras received. 

from each farm vrere calculated. According to Table 4, cream from farm 

No. 1, shipped a distance of 25 miles, ranged in temperature from 38.50 

dog. to 66.00 deg. Fah. and was received at an average temperature of. 

51.20 deg. Fah.; that from farm No. 2, shipped 5 miles in a non-covered 

truck, ranged in temperature from 37.00 deg. to 68.00 deg. Fah., and 

was received at an average temperature of 48.24 dog. Fah.; and that from 

farm ITo. 3, shipped a distance of 20 miles, ranged in temperature from 

36.00 deg. to 65.00 deg. Fah. and was received at an average temperature 

of 50.09 deg. Fah. The time in transit for the cream from farm o. i 

was approximately 3 1/4 hours; that from farm ITo. 2 was approxiina-.y 

3/4 of an hour ; and that from farm ITo 3 was aproxiitely 2 and 3/4 }irs . 

There seems to be a slight relationship, thouh not proportional, 

betvreen the temperature at which tI cream was received, (or the rise in 

temperature between shipping and receiving), and the distance the 

cream was shipped. Other factors may have influenced the temperature 

rise, such as, time left out of the refrigerator before shipping, amount 

of warm cream poured into cold cream before shipping, and type of convey- 

ance by which the cream was transported. 
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Table 4. 

YEARLY AVERAGE TELTEPATURES AT WHICH CREML WAS RECEIVED 
FROM EACH FARM AND RANGE OF TEMPERATURES 

Farm No. i Farm No.2 Farm No. 3 

Range in 

Temperatures (deg. Fali.) 38.50 - 66.00 37.00 - 68.00 36.00 - 65.00 

Average Temperature at 
Which Received (deg. Fah.) 51.20 48.24 50.09 

Distance Shipped 25 miles 5 miles 20 miles 

Approximate Time 
in Transit 3 1/4 hours 3/4 hours 2 3/4 hours 

4. Acidity of the cream when received at the creamery. 

Table 5 ShOWS that the acidity of the cream when received at 

the plan-b ranged during the year from .11 per cent to .23 per cent with 

an average of .135 per cent. On curvos in Charts 2 and 3, showing the 

average monthly acidities of the cream when received, w1n compared to 

the average monthly temperatures of the cream when received, it was fand 

that there was a correlation between the temperature of the cream when 

received and the acidity of the cream when received at the creamery. In 

general, high average monthly temperatures were accompanied by 

Íelative1y high average monthly aciditiês:and lavi average monthly tenip- 

eratures were accopanied by low average monthly acidities, though the 

lowest average acidity was not found. in the month with the lo':iest 

average temperature and the highest average acidity was not found in the 

month with the highest average temperature. The months in which average 

acidities of over .14 per cent occurred were i.rch, April, May, June, 
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July and August. 

Table 5 

MO1TTHLY AVERAGE ACIDITIES WH CREAM 1AS RECEIVED 
ATD RÀ13GE OF ACIDITIES 

Average Acidities Raige in Acidities 

January .136 .110 - .160 

February .126 .110 - .140 

March .144 .140 - .150 

April .142 .130 - .150 

May .151 .120 - .200 

June .147 .130 - .230 

July .144 .120 - .180 

August .152 .120 - .210 

Septeiaber .139 .110 - .170 

October .136 .110 - .170 

overther .132 .120 - .10 

December .138 .130 - .150 

5. The quality of the butter made fron the rcfrìgerated cream. 

a. The germ killing efficiency of pasteurization. The nurers of 

bacteria found before and after pasteurization, and the pasteurization 

efficiencies are listed in Table 6, The number of bacteria found before 

pasteurization ranged from 46,500 per cubic centimeter to 14,700,000 

per cubic centimeter and averaged 1,781,584. The number found after 

pasteurization ranged from 100 to 54,000 per cubic centimeter and averared 



5,700. For the series of 65 pasteurizations, the efficiency averaged 

98.299 per cent. (Plate 6.). 

It was noticed that, in general, a lov bacterial count before 

pasteurization was accompanied by a low efficiency of pasteurization and 

a high bacterial count before pasteurization was accompanied by a high 

efficienc7 of pasteurization. There were exceptions to this rule in the 

case of low bacterial counts before pasteurization, bu hig1 bacterial 

counts before pasteurization were accompanied by high pasteurization 

efficiencies in every example; this is due to the fact that high coun 

on raw cream usually include n.ny S. Lactis organisme which are rather 

easily killed by heat. 

Table 6. 

EFFICLCY 0F PASTEURIZATI0I 
.ÉLt 145°F. for 30 I1inutes 

65 Pasteurizations 

Ho. of Before Past. After Past. Germ Killing Effici- 
Sample ITo. of Bact. per cc. ITo. of Bact. per cc. ency of Pasteuriza- 

tion 

1 6,700,000 54,000 99.194% 
2 6,100,000 1,200 99.980 
3 2,860,000 36,300 98.730 
4 2,650,000 2,000 99.924 
5 5,540,000 300 99.994 
6 14,700,000 300 99.997 
7 4,500,000 12,500 98,722 
8 3,300,000 800 99.975 

9 9,600,000 1,300 99.986 

10 630,000 1,200 99.309 

11 8,300,000 5,000 99.939 
12 850,000 800 99.905 
13 630,000 900 99.857 

14 1,390,000 1,100 99.941 
15 1,100,000 600 99.945 



s. 

No. of Before Past. After Past. Germ Killing Efficiency 
Sample ITo, of Bact. per cc. No. of Bact. per cc. of Pasteurization 

16 1,940,000 4,100 99.788 
17 380,000 400 99 .894 
18 780,000 lOO 99.987 
19 1,800,000 4,600 99.744 
20 630,000 5,800 99 .079 
21 530,000 300 99.943 
22 50,000 9,200 81.600 
23 1,490,000 1,800 99.879 
24 180,000 13,700 92.388 
25 4,000,000 18,000 99.550 
26 120,000 10,000 91.666 
27 50,000 600 98.800 
28 110,000 1,300 98.818 
29 120,000 2,600 97.833 
30 80,000 14,800 81.500 
31 190,000 15,000 92.105 
32 930,000 2,500 97.731 
33 250,000 21,000 91.600 
34 210,000 3,000 98.571 
35 140,000 4,500 96.785 
36 2,000,000 6,800 99.660 
37 80,000 3,900 95.125 
38 80,000 600 99.250 
39 1,500,000 2,000 99.566 
40 485,000 530 99.890 
41 142,000 2'lS 99.827 
42 740,000 385 99 .947 
43 810,000 882 99 .891 
44 550,000 235 99.957 
45 900,000 385 99.957 
46 705,000 125 99.962 
47 265,000 295 99.888 
48 2,400,000 350 99.985 
49 1,160,000 265 99.977 
50 285,000 410 99.856 
51 380,000 235 99.938 
52 355,000 1,850 99.478 
53 600,000 1,010 99.831 
54 46,500 425 99.086 
55 59,500 2,235 96.243 
56 745,000 4,900 99.342 
57 245,000 7,300 97,020 
58 380,000 18,200 95.210 
59 1,145,000 5,750 99.497 
60 550,000 19,100 96.527 
61 1,875,000 14,650 99.218 
62 435,000 2,800 99.356 
63 3,950,000 9,00 99.762 
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No. of Before Past. After Past. Gern Killing Efficiency 
Sample No. of Bact. per cc. iTo. of Bact. per cc. of Pasteurization 

64 5,350,000 
65 4,750,000 

1,800 
11,900 

99.966 
99 .749 
0. 299 

b. Percentage of bacterial types found in cream before and after 

pasteurization (Classified by action on lithiiusmilk). Table 7 shors 

that of 855 litnus milk cultures obtained from colonies picked before 

pasteurization, 19.5 por cent were acid coagulators, 23.5 per cent acid 

non-coagulators, 10.4 per cent alkali foriiers, 7.4 per cent inert, 20.4 

per cent acid peptonizers, 0.9 per cent alkali peptonizers, and 8.5 per 

cent viere neutral peptoniers. (Plate 7). 

0f 682 litris cultures picked fr colonies obtained after 

pasteurization, 14.3 por cent were acid coagulators, 68.6 per cent acid 

non-coagulators, 4.1 per cent alkali foi-mers, 5.3 per cent inert, 4.1 

per cent acid peptonizers, 0.14 per cent alkali poptonizers, and 3.6 per 

cent viere neutral poptonizers. 

The results skow that both before and after pasteurization the 

acid non-coagulators viere in the majority. A greater percentage of the 

acid non-coagulators survived pasteurization than all the other types 

combined. All other types showed decreases as a result of pasteuriza- 

tion. 

Table 7. 

PERCENTAGE 0F BACTERIAL TYPES QCCU1RI1TG IN REFRIGERATED cRE1: 
BEFORE .UID AFTER PASTEIJRIZATION 

Acid Alkali Peptonizers 
Coagulators Ilon-coagulators Forners Inert Alkali Neutral 

Before 
Past. l9.5. 23.5% 19.4 7.4 .9 8.5 
After 
Past. l4.3 68,6 4.1 5.3% .l4 3.6 
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ITumber of litmus cultures before pasteurization -- 855 

Number of litmus cultures after pasteurization -- 682 

c. Isolation and identification of bacteria found in refrigerated 

cream. During the course of the exporiaent, several kinds of bacteria 

were isolated from the cream and identified. The bacteria viere maintain- 

ed on whey peptone agar slopes and later identified. The methods given 

in the Manual of methods for Pure Culture Study of Bacteria (87) viere 

used in studying the characteristics of the organisms. The organisms 

were identified by reference to Bergey's Lanual of Determinative 

Bacteriology. (88). 

The following organisms viere obtained from the cream before it had 

been pasteurized: 

1. L:icrococcus candicans F]iigge. 

2. Streptococcus citrovorus Haner. 

3. Escherichla oomiumior (Thirham) Bergey et al. 
4. Bacillus sub-tills (Ehrer.berg) Cohn. 

5. Esoherichia coli (Escherich) Castellani and Chambers. 

6. kchromobacter tiogense (.7right) Bergey et al. 

7. Achromobacter fermentationis (Chester) Bergey et al. 

8. Streptococcus glycrinaceous Orla-Jensen. 

9. Streptococcus lactis (Lister) L}rnis. 

lo. Bacillus tumescens Zopf. 

11. Achromobacter lipolyticum (miss) Bergey et al. 

It was observed that in addition to the bacteria usually found in 



Efficiency of Paseuriza-'cion of Cream 

Bacteria before pasteurization Plate 6. 
Colonies from 1/1000 cc. of 
cream before pasteurization 

Bacteria after Pasteurization 
Colonies from i/i000 cc. of 
cream before pasteurization 

(O 



Types of Bacteria Isolated from Cream Before and After Pasteurization (Classi- 
fied 'cv action in litmus milk. Also Streitococci from Starter 

Before iasteurization 
Acid peptonizer 

Streptococci from 
starter 

efore Pasteurization 
Acid peptonizer 
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Before Pa teurization 
Acid coagulator 

Plato 7. 

Aftor PasteurizatIon 
Acid peptonizer 
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AíLor Pasteurization 
Acid non-coagulator 

After Pasteurization 
Acid peptonizer 
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After Pasteurization 
Alkali peptonizer 
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milk and cream there were several additional species of bacteria 

present. No. 1, Liicrococcus candicans, named above, has its natural 

habitat in air, water, and milk; No. 2 is associated with S. lactis in 

starter; 1o. 4, Eo. 7, and No. 10 have their habitat in soil; No. 6 has 

its habitat in water. Those nearly always found in milk include No. 3, 

No. 5, No. 8, No. 9, and No. 11. 

d. Yeast and mold counts of cream before and after pasteurization 

and of fresh butter. 

The yeast and mold counts of 31 samples of cream before and after 

pasteurization and in the fresh butter are sho'.m in Table 8. The yeast 

counts of the cream before pasteurization ranged from zero to 6.00 and 

averaged 1.16 per cubic centimeter, and the mold counts ranged from zero 

to 18.00 and averaged 2.00 per cubic centimeter. In the cream after 

pasteurization, 30 samples were free from yeasts and one sample contained 

1 yeast per cubic centimeter, an average of .032 per cubic centineter for 

all samples. One mold per cubic centimeter was found in each of four 

samples, and 27 samples were free from molds, which was an average of 

.225 per cubic centimeter for all samples. In the fresh butter the yeast 

counts ranged from zero to 18.00 and averaged 5.29 per cubic centimeter, 

and the mold counts ranged from zero to 45 and averaged 2.52 per cubic 

centimeter. 

The data shovr that the yeasts and molde riere generally decreased 

during pasteurization. The yeast and mold counts were larger in the 

fresh butter than were those of the pasteurized cream in the vat, in 

nearly every churning. Since the cover of the vat 'tas closed until 

churning time, subsequent contamination must have occurred during the 
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Table 8. 

YEAST AiTD MOLD COUIITS OF CREA BEFORE iUD AFTER 
PASTEURIZATION D OF FRESH BUTTER 

Before Pasteurization After Pasteurization Fresh Buiter 

i:° Y M Y M Y M 

1. 1 1 0 0 0 3 

2. 0 1 0 0 0 0 

3. 1 4 0 0 16 6 

4. 0 2 0 0 5 3 

5. 3 5 0 ,O 2 1 

6. 5 18 0 1 1 4 

7. 1 2 0 0 0 2 

8. 1 0 0 0 10 0 

9. 1 0 0 0 1 0 

10. 6 0 0 0 8 0 

11. 4 3 0 0 1 0 

12. 3 5 0 0 0 3 

13. 0 1 0 0 2 4 

14. 1 0 0 1 0 0 

15. 1 0 1 1 2 0 
16. 0 1 0 2 0 0 

17. 0 1 0 0 5 0 

18. 1 7 0 0 0 0 

19. 0 4 0 0 13 0 

20. 1 4 0 1 17 1 

21. 0 0 0 1 6 0 

22. 0 1 0 0 6 0 

23. 0 0 0 0 9 0 

24. 0 0 0 0 12 1 

25. 0 0 0 0 4 0 

26. 0 0 0 0 9 45 

27. 3 0 0 0 18 0 

28. 3 0 0 0 1 5 

29. 0 1 0 0 12 0 

30. 0 1 0 0 1 0 

31. 0 0 0 0 3 0 

Average 1.16 2.00 .032 .225 5.29 2.52 
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transfer of the creaa from the pasteurizing vat to the churn and airing 

the cIn.u-ning process. The orgiisms ist 1ve been added to the cream 

in the pipe line, punp, strainer, and the churn. 

e. Per cent butterfat lost in buttermilk. From Table it is seen 

that in 53 ehurnings, the per cent butterfat in the buttermilk ranged 

from .06 to .50 and averaged .205 per cent. In 31 churnings of butter 

with which starter was used the per cent butterfat in the buttermilk 

ranged from .06 to .50 and averared .214 per cent. In 22 churnings of 

butter with which no starter was used the per cent butterfat in the 

buttermilk ranged from .07 to .50 and averaged .193 per cent. 

The results show that thore was very little difference between 

the butterfat lost when starter was used and when no starter was used. 

The difference of .021 per cent in favor of the butter with which no 

starter was used was insignificant as a basis for favoring one method 

of butter manufacture against the otler. 
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Table 9. 

PER CENT BUTTERFAT lIT BtJTTERLTILK 

Butter with which 
starter was used. 

Number of 
Churning 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

25 

26 

27 

28 

29 

30 

31 

Percent 
Butterfat Lost 

.10 

.10 

.10 

.10 

.10 
AZ 
td 

.10 

.20 

.10 

.10 

.20 

.10 

.45 

.30 

.20 

.40 

.20 

.06 

.30 

.23 

.24 

.26 

.25 

.15 

.09 

.15 

.07 

.42 

.22 

.40 

.50 

Average per cent 
butterfat lost .214 

Butter with which no 
starter was used 

liumber of 

Churning 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 
45 

46 

47 

48 

49 

50 

51 

52 

53 

Percent 
Butterfat Lost 

.10 

.10 

.10 

.40 

.10 

. lo 

s 50 

.45 

.20 

.20 

. lo 

.07 

s 08 

.11 

.17 

.14 

15 

.09 

.25 

. 2 

.19 

.40 

Average per cent 
butterfat lost .193 

Average per cent butterfat in buttermilk for all cIrnipgs = .205 
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f. The quality of the butter made by the large churn. There 

were 47,634 pounds cf cream received during the period in which the 

large churn was used. From this cream 17,684 pounds of butter viere 

manufactured in 93 churnings. 

Table 10 shows the average scores and range of scores of all 

butter made with this c1nirn. It was found that the scores of the fresh 

butter ranged from 90.50 to 95.00 and averaged 92.62. ASter holding 

the b..tter for one month at from 35 deg. to 45 dog. Fah. the scores 

ranged from 89.00 to 94.00 and averaged 91.90. The average decrease 

after one month of holding was .72 of a point. After holding it for 

six months at from zero deg. to 10 deg. Fah. the scores ranged from 

89.66 to 94.00 with an average score after six months of 92.11. The 

average decrease in score after holding for six minths was .51 of a 

point. 

From the frequency distribution in Tcble il it is seen that the 

majority, or 68.81 per cent, of the scores of the fresh butter were in 

the range between 92.00 and 94.00; 13.98 per cent of the scores were 

above 94.00; and 17.21 per cent of the scores were below 92.00. 

After holding the butter at from 35 dog. to 45 deg. Fah. for one 

month a slight majority, or 50.54 per cent, of t1 scores were also found 

to be in the range between 92.00 and 94.00, but only 6.45 per cent of 

the scores were above 94.00, and 43.01 per cent of the scores were below 

9 2 00. 

After holding the butter fer six months at front zero deg. to 10 

deg. Fah. the majority, or 64.52 per cent, of the scores viere found to 

be in the range between 92.00 end 94.00; 1.08 per cent of the scores 
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were above 94.00; and 34.40 per cent of the scores were below 92.00. 

The above data show that the quality of this butter ras uni- 

fônaly high, since over 82 per cent of the scores of the fresh butter 

were 92.00 or hgher. The keeping quality of the butter was quite 

good, since nearly 57 per cent of the saaples of the one month old 

butter scored 92.00 or higher, and over 65 per cent of the semples of 

the six months old butter scored 92.00 or higher. The decreaesn 

score during the holding periods were, in general, very slight. When 

the butter was held ab from zero dog. to 10 deg. Fah. for six months 

it kept better than it did when it was held at from 35 deg. to 15 deg. 

Fah. for one month. 



Table 10. 

AVERAGE SCORES AND RANGE OF SCORES THEN FRESH, AFT ONE MONTH, AND AFTER 
SIX MONTH S MADE III TItE LL'tRGE CHURN. 93 CHURNINGS 

Range in Scores Av. Score of Range in Scores Av. Score After Av. Decrease Range in Av. Score Av. de- 
of Fresh Butter Fresh Butter After 1 month at 1 Month at 35 in Score Scores After After 6 creasei 

35 to 45 deg. to 45 deg. Fah. After i month 6 L:onthz at Months at Score 
Fa1. O to 10 deg. O to 10 After 6 

______________ ___________ _______________ ______________ ____________ Fah. dog. Fah. Months 

90.50 - 95.00 92.62 89.00 - 94.00 91.90 .72 89.66-94.00 92.11 .51 



Scores 

94.5 - 95.0 

94.0 - 94.5 

93.5 - 94.0 

93.0 - 93.5 

92.5 - 93.0 

92.0 - 92.5 

91.5 - 92.0 

91.0 - 91.5 

Below 91.0 

Fresh Percent 
Butter of all 

Scores 

5 5.38 

8 8.60 

12 12.90 

18 19.35 

15 16.13 

19 20.43 

6 6.45 

9 9.68 

1 1.08 

Table 11. 

FREQTJE1ICY DISTRIBUT 10H. 93 CHURHLGS 

Percent 
Butter Held for i Month of all Butter Held for 6 Months 
at 35 to 45 deg. Fah. Scores at O to 10 deg. Fali. 

0 0.00 0 

6 6.45 1 

10 10.75 5 

5 5.38 22 

lO 10.75 13 

22 23.66 20 

13 13.98 11 

13 13.98 14 

14 15.05 7 

Per c eut 
of all 
Scores 

0.00 

i 08 

5.38 

23.66 

13.98 
(f 

21.50 

11.83 

15.05 

7.52 
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In Table 12 are shown the average monthlr scores of all butter 

made iii the large churn, vrhen fresh, after holding for one month at 

from 35 deg. to 45 deg. Fali., anc.i after holding for six months at froì 

zero deg. to 10 deg. Fah. It is seen fron hart 4 t}t the average 

monthly scores of the fresh butter viere uniformly above 92.00 with one 

exception vrhich occurred in January. It is noted that tl scores of 

the fresh butter, for the siier months, May, Juno, July, and August, 

were 92.70 or higher. Since the cows viere on grass pasture during 

these months the kind of feed may have influenced the quality of the 

butter favorably. The average monthly score of the fresh but-ter which 

was made in Septeither was lower than viere those of the previous f our 

mont:.s and was follovred by a high averag scor in October This 

fluctuation corresponds closely with the drying up of the pasture at 

the end of the swimer in the 1illanette Valley, followed by the feed- 

Ing of kale and silage on the producing farms in the early fall. The 

seasolial charge in feeding may have influenced the quality of the butter 

made during Sep-teraber and October. After the holding period of one 

month i-t was found that the scores were not as unifoni as the scores of 

-the butter when fresh. The average scores of the one month old butter 

made in January, March, July, August, and December were found to be 

below 92.00 and -the average scores of the other months were above 92.00. 

After the holding period of six monthz the average monthly scores of 

the butter viere found -to be more uniform than after the oxi mon-h hold- 

ing period. The average monthly scores of the butter made in January, 

February, May, August, and December were found to be belr 92.00, after 

the six months holding period and the average scores of -the other months 



Table 12. 

AVERAGE MONTHLY SCORES OF BUTT VflN FRESH, 
AFTER ONE IiONTH, AIID AFTER SIX MONTHS 

93 LarCe Churnings 

Month in Thieh Average Score Af-bor Average Score After 
Butter wa Average Score iolding for i !.onth Per cent Per cent Holding for G Per cent Per ceM 
Manufactured .1hen Fresh at 35 deg. to 45 deg. Decrease Increase Months at O deg. to Decrease Increase 
______________ ____________ Fah. - ________ 10 deg. Faix. ________ ________ --. 

January 91.66 91.50 .18 91.50 .18 

February 92.27 92.06 .23 91.93 .37 I 

March 92.39 91.90 .54 92.41 
1 

April 92.31 92.79 .52 92.65 ..il 

93.13 92.92 .28 91.54 1.77 

June 92.85 92.70 .17 92.60 .27 

July 93.14 91.21 2.08 92.50 .69 

August 92.70 90.60 2.27 91.96 .80 

Septemoer 92.44 92.11 .36 92.10 

October 93.25 92.20 1.13 92.10 1.24 

Novernoer 92.87 92.12 .81 92.67 .22 

Decenther 92.45 90.72 1.88 91.50 1.03 
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viere above 92.00. 

There seernz to be a similarity be-tvreen the average monthly 

scores of the fresh butter and the average nionthly scores after the 

ono month and. six nonths holding periods, since the curves showing the 

scores after the one ionth and six months holding periods, shown in 

Chart 4, correspond, in general, vrith the curve shovring the scores of 

the fresh butter. After the one month holding period, hovrever, the 

months with marked decreases in average monthly score were July, 

August, October, and December 'which had percentage decreases of 2.08, 

2.27, 1.13, and 1.88 respectivoly. The other months had sialler per- 

centage decreases in average monthly score, after the one month holding 

period. fter the six months holdthg period the months with rarked 

decreases in average monthly score were I..y, October, and December 'Thih 

had percentage decreases of 1.77, 1.24, and 1.03 respectively. The 

other months had sa1ler percentage decreases in average monthly score 

after the six months holding period. Tt is noted that April had an 

increase in average monthly score of .52 per cent after one month and 

an increase in average monthly score of .37 after six months, and that 
March had an increase in average monthly score of .03 after six months. 

This increase in score may be attributed to the differences in standards 

of judging employed by the judges at the separate scorings, since 

butter is not apt to increase in score during the holding periods. 
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g. The comparative quality of he butter iiade in the large churn 

vhen star-ter vías used and when no starter wasused. (93 churnings*). 

In comparing the scores of 59 larCe churnis with which starter 

was used and 34 with which no s-barter ;ras used, it is found that when 

starter was used the scores of the fresh butter ratwed frow 90.50 to 

95.00 and averaged 93.03 rhi1e the scores of the fresh butter made 

without starter raiwed freni 90.50 to 93.50 and averaged 91.96. The 

data are sho':m in Table 13. After holding for one month at from 35 des. 

to 45 deg. Fah. the scores of the butter made with starter ranged from 

89.00 to 94.00 and avcraCed 92.07 while the scores of the butter made 

without the use of starter ranged from 89,00 to 94.00 and averaged 

91.60. After six months at from zero deg. to 10 dog. Fah. the scores 

of the butter made with the use of starter ranged from 90.00 to 94.00 

and averaged 92.40 while the scores of the butter made without the use 

of starter ranged from 89.66 to 93.50 and averaged 91.63. This shows 

that butter nmde with starter scored 1.07 points higher when fresh, 

.47 of a point higher after one month at from 35 deg. to 45 dog. Fah., 

and .77 of a point higher after six months at from zero deg. to 10 

dog. Fah. than did the butter made without starter. 

The differences in average score after the holding periods of 

one month and six months are also shovm in Table 13. The average 

score of the butter made with starter was .96 of a point lower after 

holding for one month at from 35 deg. to 45 deg. Fah. and .63 of a 

point lower after holding for six months at from zero deg. to 10 deg. 

Fah. as compared to the average score of the butter made without starter 

* Mentioned previously 



Table 13. 

AVtAE SCORES IiID RWE OF SCORES TJN FRESH, AFTER ONE MONTH, 
AND AFTER SIX !.oNT: OF BUTTER 'iITi iICH STARTER rìs USED JID 

OF BUTTER WITh VHICH NO ST.ARTE2 WAS USED 

59 Large ohurnings of butter with which starter was used. 
34 Large churnings of butter with shich no starter was used. 

Range in Av. Score Range in Av. Score Av. decrease Range in Av. Score Av. decrease 
Scores of of fresh Scoros after 1 in score scores after after 6 in score 
fresh butter after 1 month at after 1 6 months at months at after 6 
butter month at 35 - 45 month O to 10 deg. O to 10 dog. months 

35-46 dog. Pali. Fah. Fah. _-_ __ _____ 
Butter made 
with the use 90.50 - 89.00 - 90,00 - 
of starter 95.00 93.03 94.00 92.07 .96 94.00 92.'.O .63 

Butter made 
without the 
use of start- 90.50 - 89.00 - 89.66 - 
er 93.50 91.96 94.00 91.60 .36 93.50 91.63 .33 

Difference in favor of butter 
made with the use of starter 

1.07 .47 .77 
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which tras .36 of a poinc and .33 of a point lower after the respective 

holding periods. It was observed that the decreases in score were 

greater each time in butter with starter used than in butter with no 

starter used. The division between "Extra" id "Standard" grade 

butter in Oregon is 92.00. Butter made with starter had an average 

score that was higher than 92.00 when the butter was fresh, and also 

after it had been held for one month and for six months, The butter 

with which no starter was used, on the other hand, had an average score 

which was slightly less than 92.09 when the butter was fresh, and less 

than 92.00 both after holding it for one month and after holding it 

for six months. 

Fron the frequency distribution in Table 14, showing the group- 

ing of th scores of the butter nade with starter and the groupirg of 

the scores of the butter made without starter, and in Chart 5, it is 

seen that 93.23 per cent of the scores of the fresh butter mad.e with 

starter viere above 92.00 as compared to 61.77 per cent of the scores 

above 92,00 for the fresh butter made without starter. Only 6.77 per 

cent of the scores of the fresh butter made with starter were below 

92.00 while 38.23 per cent of the scores of the fresh butter made 

without starter were below 92.00. These data show that the fresh 

butter made with starter was uniformly higher in quality than the 

butter made without starter, since a much larger percentage of the 

scores of the butter made with starter was above 92.00 -than was that 

of the butter made without starter. 

After the butter had been held for one monthì at from 35 deg. to 



Table 14. 

FREQUENCY DISTRIBUTION 

Butter with which Starter was Used 59 Large churnings 
Butter Leid for i month at Butter heid for 6 nonths at Fresh Butter 35 dog. to 45 doe. Fah. O to 10 deg. Fali. Scores No. cf Per cent No. of Per cent No. of Per cent 

sariples of all samples of ail samples of all scores scores scores 
94.5 - 95.0 5 8.47\ O O.00\ O O.00' 94.0 - 94.5 8 1Z.56 I 93.23 5 8.47 61.02 2 3.39 f 77.07 Per cent 93.5 - 94.0 iO 16.95 IPer cent 8 13.56 Per cent 6 10.17 above 92.00 93.0 - 93.5 14 23.73 )above 5 8.47 (above 19 32.20 

f 92.5 - 03.0 10 16.95 ¡92.00 3 5.09 J92.00 8 13.56J 92.0 - 92.5 8 L.57) 6.77 15 25.4oj li 18,65) 91.5 - 92.0 1 l.69\ Per cent S 13.56 38.98 4 6.781 22.O Per cent 91.0 - 91.5 2 3.39 be1ow 9 15.25 (Per cent 8 13.56bolcw 92.00 Below 91.0 1 1.69) 92.00 6 10.17 Jbeiow i 1.69) 
92.00 

Butter with which no Starter was Used 34 Large churnings 
94.5 - 95.0 0 O.oc O 0.00 0 94.0 - 94.5 0 0.00 J 61.77 1 2.94 49.98 0 93.5 - 94.0 2 5.86 Per cent 2 5,68 Per cent 1 2.94 44.12 Per cent 93.0 - 93.5 3 8.82 (above O 0.00 above i 2.94 ave 92.00 92.5 - 93.0 5 14.71 

( 
92.00 7 20.58 92.00 5 14.71 92.0 - 92.5 ii ù2.6) 7 20.58 8 23.53 91.5 - 92.0 5 14.71\38.2 5 14.71 50.02 7 20.58 55.88 Per cent 91.0 - 91.5 7 20.58 (,Per cent 4 11.77 Per cent G l7.65be1ow 92.00 Below 91.0 1 

2.94Jbelow 8 23,54 below G 17.65) 92.00 92.00 
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45 deg. Fah., 61.02 per cent of the scores of the butter made with 

starter were above 92.00 and 38.98 por cent were below. 48.98 por 

cent of the scores of the butter made without starter vrere above 92.00 

and 50.02 per cent were be1ov. It was noted that one score of the 

butter made without starter was above 94.00 after the one month holding 

period and that there were no scores above 94.00 when the butter was 

fresh. This apparent increase in score was probably due to a 

difference in the standards of judging used by the judges. 

After the butter had been held for six rths at from zero deg. 

to 10 deg, Fali., 77.97 per cent of the scores of the butter made with 

starter 'rere above 92.00, and 44.12 por cent of the scores of the 

butter made without starter were above 92.00. 22.03 per cent of the 

scores of the six months old butter made with starter viere below 92.00 

while 55.88 per cent of the scores of the six months old butter nade 

without starter were below 92.00. 

It is seen from these data t1t the butter made with starter 

and the butter made without starter viere both of high quality, since 

a large percentage of the scores of the butter made with the trio 

rithods was above 02.00. It is shown, however, that a better quality 

butter can be made with starter than without it, since a greater per- 

centage of the scores of the butter made with starter were above 92.00 

than were those of the butter made without the use of starter. 

I-t; appears that there was very little difference betrreen the 

keeping quality of the butter made with starter and that of the butter 

made without starter. The scores of the butter made with starter 

decreased the most after the one month holding period, and the scores 
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of the butter made ;rithout starter decreased the iiost after the six 

months holding period. At the end of the holding periods of one month 

and of six rionths, however, the butter made with starter had a larger 

percentage of scores above 92.00 than did the butter made without 

starter. 

The comients of the judges on the butter vrith which starter vras 

used were characterized by "fine starter flavor", "creamy flavor", 

tt3.7eet and clean", ttfine aroma", "fine flavor". The comments of the 

judges on the butter with which no starter was used were characterized 

by "flat", tilki ifl character", "insipid", "starter would improve", 

"tallowj-" 

h. Comparative quality of butter with four methods of cream treat- 
rient before churni. (64 churnings from 1G lots of cream). 

There were 4,426 pounds of cream received during the period in 

which the small churns viere used. From this cream 1,678 pounds of 

butter were manufactured in 64 small churnings. 

The scores of the butter vr}n fresh made from ripened cream, 

shown in Table 15 and Chart 6, ranged from 92.00 -to 94.00 and averaged 

93.29; those of the butter made from cream to which starter had been 

added and the cream irediately cooled ranged from 92.00 to 94.50 and 

averaged 93.24; those of the butter made from crean to which starter 

was added just before churning ranged from 92.00 to 93.75 and averaged 

92.73; and those of the butter made from cream to which no starter was 

added ranged from 91.70 to 93.50 and averaged 92.41. Thus, when fresh, 

the butter made from ripened cream scored an average of .88 of a point 

higher than butter with which no starter was used; the butter made f ri 



Table 

INFLUENCE OF STARTER 
BUTTER MADE FROT.i 

64 churnins from 16 

Starter added afternon before 
Ripened Cre and cooled 

No. of Lfter i no. Aftcr - Mter 6Tho. 

churning Fresh at 45° F. 6 mo. Fresh at 45° F. at O to 100 

atlO° F. 

F. 

1 93.50 94.00 93.25 94.00 94.50 93.00 

2 93.50 93.50 92.00 94.00 94.00 92.00 

3 94.00 94.00 92.75 93.50 94.00 93.25 

4 93.50 91.50 93.00 2.70 93.00 9.50 
5 93.20 9o.30 92.00 93.20 92.70 93.00 

t 93.00 93.20 92.50 92.50 92.70 9..o0 
7 9..50 93.50 93.00 92.50 92.70 93.50 
8 93.50 9.20 9o.00 92.70 92.80 9.50 
9 94.00 92.00 93.00 94.50 93.00 93.50 

10 93.50 92.66 93.50 93.00 92.50 93.00 

li 94.00 93.00 94.00 94.O 9.00 93.50 

12 92.80 92.00 90.50 93.20 92.00 90.lb 
13 92.50 93.00 88.16 93.00 93.50 91.00 
14 93.00 92.00 90.66 93.50 92,50 92.00 

15 93.20 92.50 90.66 92.00 93.00 90.00 

16 92.00 94.50 92.o3 93.00 94.00 91.66 

Average 
Score 9o.29 92.99 92.14 9.24 93.18 92.50 

ve rage 
decrease 
after 
storage 
for 1 mo. 
at 45° F. .30 .06 

Average increase after storage 
for 1 month at 45° F. 

A-v-orage decrease 
after storage for 

6 months at O - 

100 F. 1.15 7 
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15 

OIT T1 SCORE OF 
&ffEET CREA1 

lots of svreet croan 

Starter added to creat before No starter added to 

churning crean 

After i no. Aftor C mo. After i mo. After 6 ro. 

Fresh at 450 F. at loo - Fresh at 45° F. at O - 100 

100 F. F. 

93.00 93.00 92.00 93.00 93.00 92.75 

93.75 93.00 91.00 93.00 92.50 92.75 

93.50 92.50 92.00 93.00 92.00 92.25 

92.50 93.50 93.00 91.70 9.5O 92.50 

92.20 92.50 91.50 91.80 91.60 92.00 

92.50 92.00 92.50 92.00 91.80 9ù.00 

92.80 92.50 )2.00 91.80 92.00 92.00 

92.30 92.20 3.00 92.00 92.70 92.00 

93.00 91.50 2.00 92.50 92.50 92.50 

92.00 )2.2O 92.50 93.00 91.30 92.00 

93.50 9.00 92.50 92.50 92.50 92.00 

92.80 91.50 89.63 91.80 92.00 69.3o 

92.50 93.50 89.50 93.00 94.00 90.50 

92.50 92.00 92.00 92.00 92.50 89.66 

92.30 93.00 90.50 92.00 93.50 91.83 

92.50 93.00 92.66 93.50 93.00 92.50 

92.73 92.55 91.78 92.41 92.53 91.84 

.18 

.12 

.95 .57 
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cream to which starter had been added and the cream cooled scored an 

averaCe of .83 of a point higher than the butter with which no starter 

was used; and the butter made from cream to which starter was added 

just before churning scored an average of .32 of a point higher than 

the butter with which no starter was used. 

Table 15 and Chart 7 show that after holding for one month at 

from 35 deg. to 45 deg. Fah. the scores of the butter made from ripened 

cream ranged from 91.50 to 94.50 and averaged 92.; t:oseof the butter 

made from cream to which starter had been added and the cream iediately 

cooled ranged from 92.00 to 94.50 and averaged 93.18; those of the 

butter made from cream to which starter was added just before churning 

ranged from 91.50 to.93.50 and averaged 92.55; and those of the butter 

made from cream to which no starter was added ranged from 91.30 to 

94.00 and averaged 92.53. Thus, after one month at from 35 deg. to 45 

deg. Fah., the butter made from ripened cream scored an average of .46 

of a point higher than the butter with which no starter was used; the 

butter made from cream to -'ï1iich starter had been added and the cream 

cooled scored an average of .65 of a point higher than the butter with 

which no starter was used; and the butter made from cream to which 

starter was added just before churning scored an average of but .02 

of a point higher than the butter with which no starter was used. The 

difference of .02 of a point in the last case is insignificant. 

The average decreases in score after the one month holding 

period were .30 of a point for the butter made from ripened cream, .06 

of a point for butter made from crean to which starter had been added 

and the cream cooled, and .18 of a point for butter made from cream to 
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which starter had been added just before churning. In the case of 

butter made from cream to which no starter was added thcre was an 

average increase in score of .12 of a point. This increase is not 

large enough to be significaat and may be explained by the dilfercr;óo 

in scoring standards of the judges which caused sio of the samples to 

apparently increase in score. 

After holding for six months at from zero deg. to 10 deg. Fah., 

according to Table 15 and Chart 8, scores of butter made from ripened 

cream ranged from 68.16 to 94.00 and averaged 92.l4; those of the butter 

nade from cream to which starter had been added and the cream cooled 

ranged from 90.00 to 93.50 and averaged 92.50; those of the butter r.de 

from cream to which starter wasadded just before churning ranged from 

80.50 to 93.00 and averaged 91.78; and those of the butter made from 

cream to which no starter was added ranged from 89.33 to 93.00 and 

averaged 91.84. Thus, after six months at from zero deg. to lo deg. 

Fah., the butter made from ripened cream scored an average of .30 of 

a point higher than the butter with which no starter was used; the 

butter nade from crean to which starter was added and t} cream cooled, 

scored an average cf .GG of a point higr than the butter with which 

no starter was used; and the butter made from cream to which starter 

was added just before churni±g scored an average of .06 levier' thi the 

butter with which no starter was used. The difference noted in the 

last example of .06 of a 'joint is insignificant in value for determin- 

ing the relative orits of the 'o last mentioned methods of treating 

the crea. 
It would seem thcc the tro thods, making butter from ripened 
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cream and making butter frein cream to vrhich starter had been added and 

the cream cooled, viere of nearly equal value vrhen the average scores of 

the fresh samples are observed. llowever, it wrould appear that the butter 

made by the second method, vrith starter added to the crean and crean 

cooled and held, overnight before churning, had the best iepir quality, 

scoring higer both after the one month and after the six months hold- 

ing periods. 

Of the last two methods, making butter from cream to which 

starter was added just before churning and. making butter from cream to 

which no starter vías added, it would seem that there was little 
difference between them. The average socre when fresh was higher for 

the butter made from cream to which starter was added just before 

churning, but the scores after one month and six months viere approxi- 

matcly the saine for both samples. The only two ave:'age scores below 

92.00 were found in these two nethods of crear. tro&z'ent after holding 

for sc months at fron zero dog. to 10 deg. Fah. Apparently when the 

starter was added to the cream just before churning it was not allowed 

to be in contact with the cream for sufficient time to impart the full 
starter flavor to tho cream. 

L'i Chart 3, showing the trend of scores after the butter had 

been held for six months, it is noticed that the scores from nurithers 

12 to 15 inclusive viere considerably loier than the scores of the other 

butter held for the sane length of time. This butter was all manu- 

factured during the month of July and a seasonal influence may have 

affected the keeping quality of the butter when it was held for six 

months. 
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The frequency distribution in Table 16 shows the grouping of the 

scores of the butter rade with Cour ithods of cream treathent before 

churning when the butter was fresh, after it had been held for one ìonth 

at from 35 dog. to 45 deg. Fah., and after it had been held for six 

nonh a from zero deg. to 10 deg. Fah. Chart 9 illustrates the group- 

ing of the scores of the fresh butter; Chart lo illustrates the grouping 

of the scores of the butter after it had been held for one month at from 

35 deg. to 45 deg. Fah.; and Chart 11 illustrates the grouping of the 

scoresoof the butter after it had been held for six months at from zero 

deg. to 10 dog. Fah. 

In Table 16 and Chart 9, it is shown that no scores of the fresh 

butter Tiere below 92.00 when the crean was treated in the following 

ways: starter added to the cream and the cream ripened, starter added 

to the cream and the cream inediately cooled, and starter added to 

the cream before churning. Then no starter was added to the cream, 

hcvrever, four scores of the butter made from it were below 92.00. 

Table 16 and Chart 10 show that after one month at from 35 deg. 

to 45 deg. Fah., cno score of the butter niad.e from ripened cream was 

below 92.00; two scores of the butter de froii creamwith starter added 

before churning were below 92.00; and three scores of the butter made 

from cream with no starter added were belovï 92.00. 

From Table 16 and Chart 11, it is seen that after six months at 

from zero deg. to lO deg. Fali. four scores vrcrc below 92.00 when each 

of the three metho.s, adding starter and ripening the cream, adding 

starter and cooling the cream, and adding no starter, were used. Five 

scores of the butter were below 92.00 when starter was added to the 

cream before churning. 
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Table 1.6. 

FREQUENCY DISTRIBTJTIO1 
64 Churn.ings from 16 Lots of Sweet Cream 

Fresh Butter 

Ripened Starter Starter before 

Scores Cream Cooled Churning Sweet Cream 

94.5-95.0 0 2 0 0 

94.0-4.5 3 2 0 0 

9:.5 - 94.0 6 2 3 1 

93.0-93.5 4 5 2 5 

92.5 -93.0 2 4 7 2 

92.0-92.5 1 1 4 4 

91.5-92.0 0 0 0 4 

91.0-91.5 0 0 0 0 

1 Llonth Old Butter 

94.5-95.0 1 1 0 0 

94.0 - 94.5 2 4 0 1 

93.5-94.0 2 1 2 2 

93.0-93.5 5 3 5 2 

92.5-93.0 2 6 3 5 

92.0-92.5 3 1 4 3 

91.5-92.0 1 0 2 2 

91.0-91.5 0 0 0 1 

6 Months Old Butter 

94.5-95.0 0 0 0 0 

94.0-94.5 1 0 0 0 

93.5-94.0 1 6 0 0 

93,0-93.5 5 4 2 1 

92.5 - 93.0 2 0 4 5 

92.0-92.5 3 2 5 6 

91.5-92.0 0 1 1 1 

91.0-91.5 0 1 1 0 

Belovr 91.0 4 2 3 3 

. 
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(ith each method of treatinC the ore-ri and with each holding 

period the great majority of the scores iore above 92.00. 

It is shown by these daka that cn excellent quality of butter 

as niade by the four methods of creoi treatment used, since in all 

trials the majority of the sanples of butter scored 92.00 or higher. 

However, it is evident that irhen starter was used, a higher quality 

butter was iimde than whnn no starter was used, since a larger nuiiber 

of the scores of the butter made with the three ithods of using start- 

er viere in the higher scoring groups than when no starter tras used. 

The keeping quality of the butter made with the four methods of 

cream treatment was excellent, since very few scores were below 92.00 

after each of the two holding periods. The butter nade from crean vrith 

starter added and the crean cooled seemed to mve the best keeping 

quality for there were no scores below 92.00 after the one month hold- 

ing period, and after the six months holding period this butter had 

the sairte number of scores below 92.00 as the butter flade froxa ripened 

creajn and the butter made from cream with no starter added, and one less 

score below 92.00 than the butter made fron' cream to which starter was 

added before churning. 

i. Butter entered in contests. Butter from the refrigerated 

crean to which starter was added was exhibited at five contests during 

the period of the experiment, shown in Table 17. At the Pacific 

International Dairy Products show in 1930 it was entered for compli- 

mentary score and placed sixth high in a field of approxinately 50 

entries with a score of 94.50. 

In 1931 an entry was sent to the ITational Crery Butter.akers' 
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Cold Storage Contest rhere it obtained fourth place axroi 70 entries 

in the Junior Contest, scoring 93.50 in June on enterii cold storage 

and scoring 94.25 in October vrhen taken out of cold storage. The scores 

indicate that the butter increased.,75 of a point during storage, 

but this is not reasonable to believe. Since the butter v:as scored 

competitively the apparent increase in score thght have been duc to t1- 

fact that the score of the other entries decreased more than did that 

of this sanrle. 

Another entry was sent to the Iîational Creaaiery Buttermakers' 

Fresh Butter' Contest in 1931 at adison, ;iisconsin vrhere it again 

secured fourth place among 73 contestants in the Junior Contest with 

a score of 94.25. 

At the Pacific International Dairy Products show in 1931 two 

samples of butter were entered for complimentary score. Both samples 

were made from the sar lot of refrigerated cream. Starter vas added 

to the cream from which one sample was made whfle no starter was used 

with the second entry. The butter with which starter was used obtained 

a score of 94.00 and a Silver Ledal Diplona. The butter with which no 

starter vras used obtained a score of 92.50. 

Butter was also exhibited for complimentary score at the Oregon 

State Fair in 1931 where it placed sixth high with a score of 94.00. 
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Table 17. 

SCORES AID PLC Ii'TGS OF BUTTER EXHIBITED AT COITESTS 

ileme of Contest Score 

Pacific International 
Dairy Products Shor, 1930 94.50 

Ilational Creamery Butternakers' 
Cold Storage Contest, 1931, June Oct. 
St. Paul, Minnesota 93.50 94.25 

Placing 

6th place (comp.) 

Junior Class 
4th Place 

lational Creaiiory Buttermakers' 
Fresh Butter Contest, 1931, Junior Class 
Madison, 7isconzin. 94.25 4th Place 

Pacific International Starter used 94.00 
Dairy Products Shovï, 1931 Lo starter used 92.50 

Oregon State Fàir, 1931 94.00 Sixth high score 

: Butter raade fron rcfrigeratd and non-refrigerated cream. In 

comparison ITo. 1, presented in Table 18, of he cream held in the re- 

frigerator and the cream held. outside the refrigerator the fresh butter 

de from refrigerated crea:.i to whichstarter was added scored 93.70 

and the fresh butter made from non-refrigerated cream to rh'±ôh starter 

was added scored 93.40 or a difference of .30 of a point in favor of the 

refrigerated cream. The fresh butter ide from refrigerated crei to 

vrhich no starter v;as added scored 92.25 and the butter nade from non- 

refrigerated creai scored 92.67 or a difference of .62 of a point in 

favor of the butter from non-refrigerated creai. 

After one month at from.35 deg. to 45 deg. Fah. the butter nade 

from refrigerated creai to which starter was added scored 93.00 and the 

butter made from non-refrigerated crecn to which starter ;:as added 

scored 92.25 or a difference of .75 in favor of the butter froTa 
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refrigerated cream. The butter made from refrigerated cream to which 

no starter was added scored 92.00 aftcr one month and the butter made 

from non-refrigerated crean to which no starter vrac added scored 92.00, 

there being no difference in score. 

In comparison Io. E the fresh butter made from refrigerated crean 

to which starter uas added scored 94.25 and the butter made from non- 

refrigerated croan to which starter vrac added scored 93.75 or a 

difference of .50 of a point in favor of refrigerated cream. The fresh 

butter made from refrigerated cream to vhich no starter was added 

scored 92.00 and the butter made from non-refrigerated crean to which 

no starter vrac added scored 93.00 or a difference of i point in favor 

of non-refrigerated cream. 

After one month at from 35 deg. to 45 deg. Fah. the butter made 

from refrigerated cream to ihiôh starter was added scored 92.00 and the 

butter made from non-refrigerated cream to which starter vrac added 

scored 93.00 or a difference of i point in favor of non-refrigerated 

cream. The butter made from refrigerated cream to which no starter 

was added scored 92.00 after one month and the butter made from non- 

refrigerated cream to which no starter was added scored 92.00, there 

being no difference in score. 

On obsorving the average scores of ali butter it was found that 

the average score of ail fresh butter made from refrigerated cream 

was 93.05 and the average score of all fresh butter made from non-re- 

frigerated cream was 93.25 or a very slight difference of .20 of a 

point in favor of the butter from non-refrigerated cream. After one 

month at from 35 deg. to 45 deg. Fah. the average score of all butter 
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made fror refr.gerated crec was 92.25 and the arace score of all 
butter made from non-refrigerated cream vrac 92.31 or a difference of 

.06 of a point in favor of the butter from the non-refrigerated cream. 

There seemed to be an inconsistency in the scores of the re- 
frigerated and non-refrigerated cream, and there seemed to be no 

advar.tago in refrigerating tho cream. This may be explained b:,r t} 

fact that during the latter part of Ilovember and the first of December 

vïhen these trials were made there was a period of cold weatr at which 

time the average mean atmospheric temperathre for the week of the 

experiment was 35.31 deg. Fah. This temperature was levier than that 
maintained inside the refrigerator box. There was also an insufficient 
nurier of trials made to draw conclusions from the results, and. the 

trials were not made over representative periods of the year. 
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Table 18. 

BUTTER MkDE FROM REFRIGERATED ÌD NON-REFRIGERATED CREÌJ 

Average Mean Atmospheric Temperature 
for the week of the Trial -- 36.31 

Temperaire Laintained Inside the Re- 
frigerator -- 35 deg. to 40 deg. Fah. 

Refrigerated Cream 

No. of Score ii1en Score after 1 month at 
Comparison Fresh 35 deg. to 45 deg. Fah. 

Starter 
Used i 93.70 93.00 

2 94.25 92.00 

Starter i 92.25 92.00 
Used 2 92.00 92.00 

Average 93.05 92.25 

::on-Refrigerated Cream 

Starter i 93.40 92.25 
Used 2 93.75 93.00 

ire 

Starter 1 92.87 92.00 
Used 2 93.00 92.00 

Average 93.25 92.31 

k. Butter made from cream held in covered and uncovered cans. 

Table 19 shovrs that in one trial the butter made from cream which had 

been held in the refrigerator uncovered scored 89.G6 both when fresh 

and after one month at fr 35 deg. to 45 deg. Fah. The butter made 

from cream which had been held in the refrigerator with the co'r on 

scored 88.00 when fresh and 89.66 after one month at from 35 deg. to 

45 deg. Fak. or an increase of 1.66 points. 
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The one trial was very inaccurate in the results. Since the 

cream was held for 7 days altogether in the refrigerator and since 

there was no difference of value between the two classes of butter it 

would seem that the age of the cream influenced the quality of the 

butter more than did the fact -that one can of crea::: was covered and 

the other uncovered. 

Table 19. 

BUTTER MADE F0LI CREM.I EIELD III COVERED AND UTC0VERED CANS 

Score when Score after 1 month at 
fresh 35 deg. to 45 deg. Fah. 

Lid off 89.6e 89.66 

Lid o: 88.00 89.66 

1. Eutter nade from high acid cream. Then cream that had been 

ripened to acidities higher than arc normally practical was nade into 

butter it was secn, in Table 20, that butter nade from cream with an 

acidity of .36 por cent scored 93.00 when fresh, 87.00 after one month 

a from 35 dog. to 45 deg. Fah. or a decrease of 6 points, and 88.00 

after six months at from zero deg. to 10 deg. Fa1. or a decrease of 5 

points in score. Butter made from cream with an acidity of .48 per cent 

scored 93.00 when fresh, 90.00 after one month at from 35 deg. to 45 

deg. Fah. or a decrease of 3 points, and 92.00 after six months at 

from zero deg. to 10 deg. Fah. or a decrease in score of 1 point. 

Butter that was nade from cream with en acidity of .57 por cent scored 

90.00 when fresh, 88.00 after one month at from 35 deg. to 45 deg. Fah. 

or a decrease of 2 points, and 87 after six months at from zero deg. to 
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10 deg. Fah. or a decrease of 3 points. 

From the averages it was observed that the average cidity of 

the cram was .47 per cent, the ave:'age score of the butter when fresh 

was 92.00, the average score after holding for one month was 88.33 

or an average decrease of 3.66 points, the average score after holding 

for six months was 89.00 or an average decrease of 3.00 points. 

It would seem from these results that it was undesirable to 

ripen cream to a high acidity for the making of butter since the butter 

made from highly ripened cream had very poor keeping qua].ity. 

Table 20. 

c:-IuRi;I1TGs FROM HIGH ACID CREE.! 

3 Churnings 

Acidity of Score of Score of Decrease Score of Decrease 
crean at Butter Butter after in Butter after 6 in 

Churning when 1 month at Score months at 35 Score 
Fresh 35 to 45 tó 45 deg. Fah. 

deg. Fah. 

4 

__________ 
Points Pnts 

.36 93.00 87.00 u.00 88.00 5.00 

.48 93.00 90.00 3.00 92.00 1.00 

.7 90.00 88.00 2.00 87.00 3.00 

Av. .47 92.00 88.33 3.66 89.00 3.00 

Conmients by the judges after both holding periods on the 

three churnings of butter were "fishy" and tthigh acid". 
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V. DISCUSSION OF RESULTS 

The study of the cost of crear refrigeration shovred that the 

total cost per day for the three farms was very nearly the sne, but 

the cost per pound of butterfat varied almost directly vrth the pounds 

of butterfat produced. A premhun of three cents above the sour creaa 

price per pound of fat was received. Under this condition, farnis No. 

i and No. 2 showed a profit, after the refrigeration cost had been 

deducted. No profit vras shown by fami No. 3, hovrever, since the daily 

butterfat production was lavi and the household refrigerator service 

was charged. to the dairy refrigerator. Refrigeration perrnittod twice 

a week delivery of sweet cream, whereas more frequent delivery would 

ha been required without refrigeration in order to obtain the sazne 

premiums. This resulted in a saving in cost of transportation. The 

saving varied according to the distance of each farm from the creamery 

or from the local cream route. 

The averace monthly temperatures of the cream when it was 

received at the creamery followed a reasonably uniform curve for the 

year of the experiment and corresponded quite closely to the curve 

representirg the mean monthly atmospheric temperatures at Corvallis. 
The temperatures of the cream when received were quite levi. They 

ranged from 37 deg. Fah. to 66 deg. Fah. and araged 50.61 deg. Fali. 

The months in which an average temperature of over 50 deg. Fah. 

occurred were lay, June, July, August, and September. 

In comparing the yearly average temperatures of the cream from 

each farm, a relationship, though not proportional, was s1avrn between 

LI 
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the teriperature of the crean when received and the distance the crean 

was shipped. Other factors may 1ve influenced the temperature rise, 
such as, tine left out of the refrigerator before shipping, amount of 

fresh cream of a higher temperature mixed with the refrigerated crean 

on the day of shipping, and method of transportation. 

'.Then the average monthly acidities of the cream and the average 

monthly temperatures of the cream when received viere compared, it was 

noted that there was a correlation between them. In general, high 

average monthly temperaturès viere accompanied by relatively high 

average monthly acidities and low average monthly temperatures were 

accompanied b:r lavi average monthly acidities , though the lowest average 

acidity was not in the month 'iith the lowest average temperature and 

the highest average acidity was not in the month with the highest 

average temperature. The acidities of the cream ir. all shipments were 

low. In only tv:o shipments, the acidities of the cream were above the 

Oregon state standard for "First" grade cream. The acidities of these 

two cream shipments were .21 per cent and .23 per cent. For all ship- 

merits, the acidities of the cream ranged from .11 per cent to .E3 per 

cent and averaged .135 per cent. 

The nubers of bacteria were high in inny lots of cream received, 

but there was no noticeable evidence of off-flavors in the cream as a 

result of bacterial fermentation. 

7lith the pasteurization of 65 lots of cream, it was noted that, 
in general, a low bacterial count before pasteurization vías accompanied. 

by a low efficiency of pasteurization and high bacterial count before 

pasteurization .'ras accompanied by a high efficiency of pasteurization. 
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The high bacteria killing efficiencies :ith cream that contained a 

large number of bacteria i- be accounted for by the presence of many 

S. lactis organis which are relatively easily killed by heat. 

VThen the bacterial types found in cream before and after 

pateur±zation were isolated and classified according to their action 

in litmus milk, it was observed that both before and after pasteuriza- 

tion the acid non-coagulators viere in the majority. These organisms 

viere more resistant to the heating process than viere the other types 

present, since there vías a greater percentage of them in the pasteuriz- 

ed cream than there vrac in the raw cream. The percentage of the other 

typos showed decreases as a result of the pasteurization process. 

The cream before pasteurization contained some asts and 

molds. The counts made on the cream after pasteurization showed that 

these organisms were, in most cases, destroyed during t1 hoating 

process. The rcast and mold counts were higher in the butter taken 

directly from the churn, in nearly every instance, than viere those of 

the pasteurized cream. Since the cover of the vat was closed until 

churning time, t}e subsequent contamination must have occurred during 

the transfer of the cream from the pasteurizing vat to the churn and 

during the churning process. The yeasts and molds must have been added 

to the cream by the pipe line, rump, strainer, churn, and the air. 

The results of testing the buttermilk for butterfat showed that 

there was very little difference between the butterfat lost in the 

churnings when starter vrac use. and in the churnings when no starter 

vrac used. The small difference in favor of the butter with which no 

starter was used was insignificant as a basis for favoring one method 
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of butter manufacture over the other. 

It was found that the quality of the butter made by the large 

churn was excellent. It scored "Extra" grade, on an average, or 

higher, when fresh. Of the 93 churnings, only 17 scored be1vr 92.00. 

The heeping quality of the butter was very good, since the scores 

after the holding periods of one month and six months were only 

slightly less than when the butter was fresh. 

vrith the 93 large churnings, 59 viere made with startor, and 34 

were made without starter. '.'Then the quality of the 'tter made with 

starter and that of the butter made without starter were compared, 

the results showed that a better quality of butter was made with than 

without starter, since there was a greater percentage of the scores 

of the butter made with starter above 92.00 than there was of the 

butter made without the use of starter There was very little differ- 

ence in the 1:eeping quality of the butter made 1ith starter and that 

of the butter made without starter. The butter nade with starter 

decreased more in score after the one aonth holding period than did 

the butter made without starter The butter nade without starter 

showed the greatest decrease in score, however, for the six months 

holding period. At the end of the holdin periods of one month and of 

six months , the butter made with starter had a larger percentage of 

scores above 92.00 than did the butternade vrit}out starter, 

A comparison was made of the quality of the butter with four 

methods of making butter -- with starter added to the cream ar.d the 

crean ripened, with starter added to the cream and t1 cream iuuncdia- 

tley cooled, with starter added to the crean before churning, and with 
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svtect cream, no star-ter added. The serie lot of cream was used for 

each comparison. Of the four thods of making bu-b-ter, the data 

obtained shovr that the tITo methods -- n'a:ing butter fron ripened cream 

and making butter from cream -10 which s-carter had been added and the 

cream cooled -- were of nearly equal value when the average scores of 

the fresh samples were observed. It appeared, havrever, that the butter 

made by the second method, whore starter was added to the cream and 

the cream cooled and held overnight before c1irning, had the best 

keeping quality, since it scored higher both after the one month and 

after the six months holding periods. Of the other 7Q methods -- 

making butter from cream to which starter was added just before 

churning and making butter from cream to which no starter was added -- 

it would seem that there little difference in favor of one over 

the other. The average score of the butter when fresh, was slightly 

higher for the butter rade from cream to which starter was added just 

before churning, but the average scores of the butter after one month 

and six months viere approximately the sane with both methods. 

Apparently when the starter was added to the cream just before churn- 

ing it was not allowed to be in contact with the cream for sufficient 

time to impart the f\1l starter flavor to the cream. 

At the various contests in which the butter was entered, high 

scores and high placings were obtained. All butter entered in the 

contests was made by the large churn from the pasteurized refrigerated 

cream with starter added. One tub of this butter was entered in the 

1931 Ilational Creamery Butter Makers Association's Cold Storage Con- 

test at St. Paul, Minnesota, where it was exhibited in competition 



with 70 other tubs of butter froii all parts of the United States. 

This entry was given a score of 93.E0 when entering cold storage and 

a score of 94.25 when taken fron storage, after four rnontis. 

In a comparison of tile quality of the butter made from tvro lots 

of refrigerated and non-refrigerated crear, it would be expected that 

the quality of the butter made from the refrigerated creamwas superior 

to that of the butter made from the non-refrigerated cream. The scores 

of the fresh butter made rithout starter from the non-reftigérated 

cream were higher than the scores of the fresh butter made from the 

refrigerated cream. The probable reason for this is that during the 

latter part of iovember and the first of December when these trials 
were made the average moan atmospheric temperature for the week of the 

expriint iras lower than the temperature maintained inside the 

refrigerator box. There vías an insufficient nuither of trials made to 

draw conclusions from, and the trials were not made over representative 

periods of the year. 

The scores of the butter made from high acid cream indicate 

that it is undesirable to ripen cream to a high acidity, since the 

quality of the butter is riot uniform and does not keep well in storage. 
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VI SULRY .AiID COlIC LUS IONS 

(1) Refrigerators viere placed on three farmz at distances of 5, 20, 

and 25 miles from Corv11is. Crean was shipped to the College 

Creamery from each farm lvïice weekly for 15 months. 

(2) Povier records viere kept on the refrigerators and pc'rer roquire- 

ents and refrigeration costs viere studied. The total cost per 

day was very nearly the sane for each of the three farms The 

cost per pound of 'outterfat was 1.3 cents, 2.2 cents, and 4.4 

cents respectively for the three farms. The cost was greatest 

for the farm producing the least butterfat and 1o''rest for the 

farm producing the most butterfat. 

( 3) The temperatures of the cream when received at the creamery were 

recorded for each shipment. They ranged from 37 dog. Fah. to 

66 deg. Fah. and averaged 50.61 dog. Fah. for the year of the 

experiment. 

( 4) The acidities of the cream when received at the creamery viere 

recorded for each shipment. They ranged from .11 per cent to .23 

per cent and averaged .135 per cent. 

(5) The germ killing efficiency of pasteurization was studied in 65 

trials. The efficiencies averaged 98.299 per cent. 
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(6) The effect of pasteurization on thc types of 'cteria ras sud±ed. 

855 cultures of bacteria '.rere isolaLcd from the crean before 

pasteurization and 682 cultures of bacteria wore isolated fron the 

creaim after pasteurization. They were classified by their action 

in lithus milk. Both before and after pasteurization the ad 
non-coagulators viere in the majority. They were present in 

larger percentages after than before pasteurization. The other 

types showed decreases in the percentages present as a result of 

pasteurizati on. 

( 7) The following species of organisms vrere obtained from the cream 

before it had. been pasteurized: Licrococcus candicans Flgge, 

Streptococcus citrovorus Haimier, Escherichia conuiunior (Durham) 

Bergey et al, Bacillus subtilis (Ehrenberg) Cohn, .L'scherichia 

coli (Escherich) Castellani and Chambers, Achromobacter tiogense 

(Víright) Bergey et al, Achronobacter fernentationis (Chester) 

Bergey et al, Streptococcus glycerinaceous Orla-Jensen, 

Streptococcus lactis (Lister) L'dhnis, Bacillus tumescens Zopf, 

chromobacter 1ipo1rticum (Thss) Bergey et al. 

( 8) Iii 31 tests, yeast and mold counts viere made on the cream before 

and after pasteurization and on the fresh butter. The yeasts 

and molds present in the ravi cream viere, in st cases, destroyed 

during the heating process, but the yeast and mold counts were 

higher in the butter taken directly from the churn than viere those 

of the cream. In the 31 tests, the counts on the cream before 
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pasteurization averaged 1.1G yeasts and 2 io1ds; on the creai 

after pasteurization they averaged .032 yeast and .225 nold; and 

on the fresh butter they averaged 5.29 yeasts and 2.52 molds. 

Considerable care ;ras taken at all tfres to clean the equipment 

but it 'cras apDarently not. coLiplotely steriUzed since it caused 

a slight contamination in the fresh butter with yeasts and molds. 

( 9) TesUs were made to compare the per cent butterfat contained in 

the buttermilk when starter vías used and when no starter was 

used. The per cent butterfat in the buttermilk in the 31 churn- 

ings where starter was used ranged from .06 to .50 and averaged 

.214, and the percentages in the cìnirnings where no starter was 

used ranged from .07 to .50 and averaged .193. There was no 

significandifTbreC ir the butterfat content of the buttermilk 

with the two incthodz. used. 

(lo) The quality of the butter made from 93 lots of refrigerated 

cream when large equipment was used was determined by qualified 

commercial butter judges. The scores viere uniformly high. 82 

per cent of the scores of the fresh butter were 92.00 or higher 

and 18 per cent ranged from 90.50 to 92.00. The butter kept well 

in storage. 57 per cent of the samples of the butter after 

being held at from 35 deg. to 45 deg. Fah. for one mon-bk scored 

92.00 or higher and the balance scored from 89.00 to 92.00, 

with an average decrease of .72. 65 per cent of the samples of 

the butter after being held for sic months at from zero to 10 



deg. Fah. scored 92.00 - ier and the balance scored 39.6G 

to 92.00, rith an average decrease of .51. The decreases in 

score during the ho1dins periods vrere, in general, very slight. 

(ii) In the 93 churnings, nentioned above, the quality of the butter 

ìade ;ith starter and that of the butter nade vrithout starter 

were compared. The butter ;as made with starter in 59 churn- 

ings, and in 34 churnings it was riade without starter. Higher 

scoring butter was made with than without starter. The butter 

made with starter scored 1.07 points higher 'rhen fresh, .47 of 

a point higher after one month, and .77 of a point higher after 

six months than did the butter made without starter. There vías 

very little difference bereen the keeping quality of the butter 

nado vrith starter and that of the butter made without starter. 

The scores of the butter made with starter decreased the nest 

after the one month holding period, and the scores of the butter 

made without starter decreased the nost after t} six months 

holding period. The data shewed, hovíever, that at the end of 

both holding periods the butter made vrith starter had a larger 

percentage of scores above 92.00 than did the butter made without 

starter. 

(12) in a separate study of the influence of starter on the quality 

of the butter made from refrigerated crean, 16 lots of crean 

were used. Each lot was divided into four parts which viere 

churned separately. A total of 64 c1irnings vías made, 



1hen fresh, the scores of the butter nade from ripened 

e3am averaged .88 higher; those of the butter made from cream 

vrith starter added and the cream cooled averaged .83 higher; and 

those of the butter flade from cream with starter added before 

c}rning averaged .32 higher than those of the butter de from 

s-greet cream vrith no starter added. 

Aíter one month, the scores of the butter made from 

ripened cream averaged .46 higher; those of the butter nade from 

cream with starter added and the crean cooled averaged .65 

higher; and those of the butter made from cream with starter add- 

ed before churning averaged .02 higher than those of the butter 

3iIade from sweet cream with no starter added. 

£fter six monthz, the scores of the butter made from 

ripened cream averaged .30 higher; those of the butter made from 

cream with starter added and the cream cooled averaged .66 higher; 

and those of the butter nade from cream with starter added 

before churning averaged .06 lower than those of the butter made 

from sweet cream with no starter added. 

These data show conclusively that the use of starter 

resulted in the higher quality of the butter. 

( 13) Butter made from the pasteurized refrigerated creamwas exhibited 

at five contests in various parts of the United States during 

the experiment. The butter was entered in competition with 

approximately 280 other entries and obtained s!:li;lace, fourth 

place, fourth place, sixth place, and sixUlacc respectively in 
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in each of the contests. 

(14) The 1.iork on the manufacture of butter from refrigerated cream 

has shovrri that it vras rossible to make butter, scoring from 

90.50 to 95.00 with 93 per cent of the churnings scoring 92.00 

or higher when the cream was held in refriCerators on the farms 

for tvricc weekly shipment, and the butter was made by the best 

nanufacturing methods. 
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