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The purpose of the Investigation was three fold. Pirat, lt was 
desired to study the effects brought about by feeding dairy cows alfalfa 
hay as a sole ration and . alfalfa hay supplemented with grain. The eoond 
objective was to study the seasonal changes in the proporties of themlik 
fat rroduced in an alfalfa feodin' area of !Jastern Oregon Tho third 
objective was to comparo the properties of t1i milk fat produced under 
winter feeding conditions In the three agricultural areas of the state 
(Coast, illamette and Uxnpqua Valleys arid astorn and outhorn Oregon). 

A sole diet of alfalfa hay was found to be conducive to the produc- 
tion of a milk fat which had a high rielting point (above 34CC. ), a low 
iodine value (blow 28), a low Reichert-Moissi value (below 27) and a low 
refractive index (1.4532). The addition of grain supplements to the al- 
falfa hay ration fed to Jersey cows resulted in a decrease . iodine number 
(1.5 to 2 unIts) and an increase in the Reichert-Meisel value (1 to 1.5 
units). Very little dilferenco was found between the melting points, the 
refractive ine'ces, or the physical firmness of the milk fats produced 
by the cows on the two rations. .pparont1y the increase in the volatile 
components of the fat proauood by oovs on the grain supplernentod ration was 
compensated by the decrease in the 'unsaturated components. 

In the survey covering the seasonal changes which occurred in the 
properties of tl milk fat oroduced in an alfalfa feeding section of astern 
Oregon it was found that the iodine numbers, Reiohert-Loissl values and 
refractive indexes wore highest from 1iay to August ami lowest from November 
to February. The melting points tended to vary inversely with the iodine 
numbers. Crumbly and sticky butter was found to be prevalent during the 
period of the year (November to March) when the iodine number of the milk fat was below 33, the Reiohert-Meissl value below 28.5, the refractive index 
below 1.4536 and the melting point aboyo 33.?. 

The comparison made between the butter produced in the three sections 
of Oregon showed that, in general, the butter made in the coast and :;iflamette 
Valley areas had a medium-firm body and a close texture, while that made in 
.Lastern and Southern Oregon had a finn bdy and a crmìbly-stickyteturc. )if- 
ferences in the iodine numbers were not sufficient to erplain the above. 
However, there seemed to be a direct relationship between the volatile acid 
content of the milk fat and the body and texture characteristics of the butter. 
Milk fat from the coast and Valley had higher Reichert-Meissl and Poleneke 
values tuian milk fat from astern and Southern Oregon. 
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CHEMICAL AND PHYSICAL CHARAC)TJRISTICS OP THE 

MILE I'AT PRODUCED IN THE ALPALPA PRODUCING 

SECTIONS OP EASTERI AND SOUTHERN OREGON 

INTRODUCT I ON 

Geographically, the state of Oregon can be divided 

into three general areas which are climatically and agri- 

culturally different. These are the coast area, the 

Willamette Valley and Umpqua Valley area and the east- 

em and southern Oregon area. Pigire i shows the generai 

location of each of the hOve sections in relation to a 

ma of the state. Bulletin 355 of the Oregon Agricultural 

Experiment Station (62) describes the three areas as 

follows. 

"THE COAST AREA. This area is that cart of estemn 

Oregon extending from the Colimbia River on the north to 

California on the south and from the Pacific Ocean on the 

rest to the Coast Range about 25 miles to the east. This 

section has an abundant rainfall averaging 90 inches por 

year. This is a good dairy section having a long pasture 

season, some hay and grain production and an increasing 

root produetion. The climate is temperate throughout 

the year.'t In 193? the 13 creameries in this section 

produced 11 percent of the butter made in the state (49). 

"THE WILLAMETTE VALLEY AND tJIvQUA VALLEY AREA. This 
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Figure I 

Location of creameries and butter producing 

areas in Oregon 

(1) Coast area. (2) Vlillaniette Valley 
and Umpqua Valley area. (3) Eastern 
Oregon and Rogue River Valley area. 
Creameries are represented by the dots. 

Reprinted from Bulletin 335, Oregon Agri- 
cultural Experiment Station (62). 



area comprises the section lying between the Coast and 

Cascade ranges and reaches from the Columbia River about 

200 miles south to the range of mountains south of 

Roseburg. This is an area with a medium rainfall, about 

45 inches a year, but on account of the low summer rain- 

fall, little pasture is available during the summer. 

Diversified farming is practiced in this section. Irri- 

gation of pasture lands is being introduced and increas- 

ing amounts of alfalfa are being grown. The section has 

a fairly cool climate during the summer and has moderate 

temperatures during the winter." In 1937 50 creameries 

located in this area produced 59 percent of the butter 

made in Oregon (49). 

"EASTERN OREGON AND ROGUE RIVER VALLEY AREA. This 

is the part of Oregon which lies east of the Cascade 

Mountains and the part of Southern Oregon near the Rogue 

River. Agricultural and climatic conditions in this area 

are distinctly different from those of the other two 

areas. The section has a low rainfall. The normal annu- 

al precipitation is mostly less than 20 inches. Irri- 

gation is practiced during the growing season and al- 

falfa constitutes the chief hay crop. There is a much 

wider range in the temperatures in this region during the 

year than in the other parts of Oregon. Temperatures are 

low in the winter and high in the summer." During 1937 
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34 creameries located in this area produced 30 percent of 

the Oregon i'ìade butter (49). 

The influence which the climatic and agricultural 

conditions of each area have on the feeding methods em- 

ployed was revealed in a survey conducted several years 

ago by 'elby, Burner and Brandt (59) of the Oregon Agri- 

cultural Experiment Station. It was fornid that in the 

irrigated sections o± the state (Eastern and. Southern 

Oregon) a much larger proportion of the Leed o± the cow 

consisted of hay than in the other sections. The average 

yearly constunption of hay per cow for a period of four 

years was '7,015 pounds in the irrigated sections, whereas 

it was only 4,947 pounds in the Willamette Valley and 

3,531 pounds In the coast area. The amount of succulents 

consumed by each cow per year was 1,240 pounds for the 

irrigated sections, 6,719 pounds for the Willamette Valley 

and 5,051 pounds for the coast area. 

Por the past lO years approximately 75 percent of 

the creameries in the state have regularly sent samples 

of their butter to the monthly scoring and analysis 

service offered by the Department of Dairy Husbandry, 

Oregon State College. This has afforded an opportunity 

to make general observations concerning the type of butter 

made in tue creameries throughout the state. It has been 

found that the consistency of the butter as Indicated by 
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the body and the physical make-up o the butter as indi- 

cated. by the texture differs markedly in the butter from 

each of the three agricultural areas mentioned above. 

It has been observed at the scorings that the butter 

made in the coast section and in the Wiflamette ad 

Umpqua Valleys has a fairly soft body during the entire 

year, while the butter made in Eastern and Southern 

Oregon has a medium-soft body during the spring and 

suìnnier and. a very firm body during the winter. It is 

characteristic of this hard winter butter to be crumbly 

and sticky and otherwise lacking in good spreading 

prop ertie s. 

Wilster and. Stout (63) made a study of the body and 

texture characteristics of Oregon butter. The butter made 

in three creameries located in each of the three sections 

was examined over a period of five months from January to 

May, inclusivo, 1936. The results obtained from this 

study showed tbat definite variations existed in the melt- 

ing point, physical firmness and spreadability of the 

butter made in these areas. Por example, butter made in 

the coast area consistently contained the lowest melting 

point fat, had the softest body and showed. less resistance 

to pressure than the butter made in the other two sections. 

The butter made in Eastern and Southern Oregon generally 

contained the highest melting point fat, had the firmest 



body and offered more resistance to pressure than did. the 

butter from the other sections. Only during the month o 

My did. the properties of butter made in this area compare 

with the properties of butter from the other sections. 

Butter from the Yi11amette and. Umpqua iì11eys with the ex- 

ception of that made in 1iay was softer than that made in 

Eastern and Southern Oregon and harder than that made in 

the coast section. 
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REVIEW OF THE LITERLTtTRE 

Properties of Milk ?at 

Chemically, milk flit is an ester of glycerol and. 

certain acids of the aliphatic series. s glycerol is 

a tri-hydroxy alcohol, glycerides containing residues of 

more than one fatty acid are theorectically possible in 

milk fat as in other natural fats and. oils. In their pure 

state, the component tri-glycerides of milk fat are color- 

less, odorless and tastelesse The odor, flavor and color 

characteristics of milk fat are due to the presence of 

materials other thai the true fats. 

If three molecules of the same fatty acid combine 

with one molecule of glycerol, a simple tn-glyceride is 

formed. On the other hand, a mixed tn-glyceride is formed 

if three molecules of acid., one or more of which are differ- 

ent, imite with one molecule of glycerol. 

Until recent years it was supposed that milk fat was 

for the most part a mixture o± the simple glycenides. 

References found in the older text books and literature 

state that the component glycerides of milk fat exist as 

glycerol tni-stearate (steanin), glycerol tri-palmitate 

(palmitin, glycerol tni-oleato (olein), etc. In 1899, 

Richìmond (55) reported. that from the results obtained. by 

various investigators it appeared that milk fat contained 
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at least nine different fats all of which were represented 

as simple glycerides. .A.s late as 1927, Ihmziker (38) in 

his text, "The Butter Industry," made the following state- 

ment: "Milk fat is a natural compound of several differ- 

ent fats which vary in their properties. The chief of 

these fats are olein., palmitin, inyristin, tearin, laurin, 

butyrin, caproin, capryllin and caprin." 

Investigations which have been carried on during 

recent years have shown that none of the constituents 

listed above are present in milk fat in appreciable amounts. 

Moreover, it has been definitely established that fats 

generally exist as mixed glycerides. Most of this work 

has been conducted along the following lines. 

1. Attempts to separate simple glycerides. One 

line of evidence is that attempts to separate the simple 

glycerides in quantity have failed. On the other hand, 

several definite mixed glycerides have been separated 

from milk fat and identified. 

Richmond (55) was one of the first to concludo that 

milk fat probably exists as mixed glycerides rather than 

simple glycorides. His view, presented in 1899, was 

based on the following facts: "(a) Were milk fat a 

mixture of glycerol tri-butyrate with other glycerides, 

it Would be possible to dissolve out the glycerol tri- 

butrate by means of aichohol, leaving nearly the whole 



o± the other glycerides behind. This is flot the case. 

(b) If glycerol tri-butyrate existed as such in milk fat 

it should be possible to distil it off under reduced 

pressure, but this cannot be done.' 

By employing methods of fractional crystallization, 

mberger (i, 2) succeeded in isolating very small amounts 

of tri-stearin and tri-olein. He concluded that the 

oleic acid was present in the form of mixed glycerides 

rather tban simple glycerides. The total percentage of 

tri-olein found was only 2.4 percent. This was contrary 

to most of the previous reports in the literature which 

gave the olein content of butter between 30 and 40 

percent. 

Amberger, furthermore, established the presence in 

milk fat of butyro-di-olein, butyro-palmito-olein, oleo- 

di-palmitin, palmito-di-stearin and stearo-di-palmitin. 

Ricbmond (56) believes the fact that certain mixed 

glycerides can be separated and identified from milk 

fat is further evidence that mixed glycerides are the 

predominating constituent of milk fat. 

2. Relative scarcity of the fully saturated glycer- 

ides in milk fat. The relative scarcity of the fully satu- 

rated glycerides in milk fat is another fact which bears 

out the conclusion that it is predominately a mixture of 

mixed glycerïdes. The amount of fully saturated glycerides 
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iii a fat can be determined by the method perfected by the 

English chemist ffuld.itch (31) by which the Íat to be ex- 

amined. Is first oxidized with a solution of permanganate 

In acetone. This treatment has no effect on the fully 

saturated fats and they maintain their characteristic 

properties. However, those fat molecules in the mixture 

which have unsaturated bonds anywhere in the molecule are 

oxidized. The hydrocarbon chain in the fatty aci5 residue 

or residues is broken at the double bond. The two carbon 

atoms adjoining the double bond are oxidized and carboxyl 

groups are formed. Both fragments are now acid In char- 

acter and are capable of forming salts with bases. By 

this treatment a fat composed of glycerides containing 

one or more imsaturated fatty acid residues is trans- 

formed into a material which will dissolve in dilute 

soditm hydroxide. .. wholly saturated fat, on the other 

hand, will not be effected by the oxidation treatment and 

will remain a typical fat. The saturated fat can then be 

recovered by extraction of the alkaline solution with 

ether. 

Hilditch and Jones (31) studied the component Late 

of New Zealand butter by the above procedure. They re- 

ported that 30 percent of the milk fat was composed of 

saturated glycerides. In addition, they reported that 

36 percent of the fat existed as di-saturated glycerides, 
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that 34 percent existed. as mono-saturated glycerides and 

that only negligible amounts of tri-un.saturated glycerides 

were present. Thus milk fat contains a relatively small 

ainoimt of fully saturated glycerides even though a large 

percentage of the fatty acids obtained on hydrolysis of 

the fat are saturated. 

STRUCTURAI AND STEREOISOLIERISM. As some 12 or more 

acids are found in mIlk fat, there is the possibility of 

an exceedingly large number of dIfferent glycerol-fatty 

acid combinations. Por each glycerol-fatty acid combina- 

tion there are also many structual and stereoisomers. 

Sherman (61) has calculated the number of possible tri- 

glycerides corresponding to the different numbers of 

fatty acids. J?or example, in a fat comprised of 10 fatty 

acids he stated that there are 550 possible structures; 

with li acids there are 726 and with 12 acids, 936. 

Each combination possesses its own characteristic 

properties. 

Many of the mixed glycerides should be optically 

active, since they contain an asyetric carbon atom. 

Such forms as 

1120-0-C-0-R1 E20-0-O-0-R1 

H-C-0-C-0-R2 , or E-O-0-C-0-R1 , etc. 

E20-0-C-0-R3 HC-0-O-0-R2 

should have optical activity. However, Bloor (8) has 
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stated that the only optically active eats foimd in nature 

are those which contain optically active acids. The indi- 

vidimi glycerides must, therefore, be present in racemie 

form, iLe.. equal amounts of levo and "dextro" rotatory 

esters. 

COL!PONENT P.TTY ACIDS OF LL FAT. Rogers (57) has 

stated that in general the numerouz attempts to isolate 

the individual glycerides from milk fat in a pure and un- 

changed condItion have met with little success. Practional 

distillation and precipitation methods have proved to be 

of small value in this work. Because of this, most in- 

vestigators have studied milk fat by detenining the per- 

centages of The acids obtainable from it. Such investi- 

gations have led to the conclusion that at least li 

different fatty acids can be isolated frein most milk fats. 

fable I, obtained from data given by Davies (16), shows 

the percentages of the various acids which have been 

reported to be present together with some of their 

properties. 
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Table I 

Patty acids o± milk fat and some of their properties 

Acid 
Range in Volatility 

in steam 
Molecular 
weight 

Melting point 
OQ 

Saturated 
Butyric 2.2-5.5 Volatile 88 -8 

Caproic 1.3-3.3 Volatile 116 -9.5 

Capryllic 0.5-1.9 Volatile 144 16.5 

Capric 0.3-3.0 Volatile 172 31 

Laurie 2.6-7.7 Apprec. vol. 200 48 

Myristic 9.9-22.6 Very si. vol. 228 58 

Palmitic 5.8-38.6 Non-volatile 256 64 

Stearic 1.8-20.4 Non-volatile 284 69 

Arachidic 0.0-1.2 Non-volatile 342 77 

Unsaturated 
Oleic 25.3-48,3 Volatile in 282 14 

Linoleic 0.0-5.4 super-heated 280 -18 
sto am 

As indicated in the above table, the melting points of 

the fatty acids coimnon to milk fat rango from -18° to 

7700. Some of the acids are saturated, others are un- 

saturated. They raùge in molecular weight from 88 

up to 342. 

During the last 10 years considerable investigation 

has been carried on regarding the isolation and identi-. 

fication of the minor fatty acids obtained from milk fat. 

Eckstein (21), Bosworth and Brown (10), Bosworth and 

Session (11), Helz and Bosworth (30), Eilditch and Paul 

(32) and others have made detailed analyses of milk fat 

in an effort to isolate and identify various of these 
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minor components. 

Prom the aboTe discussion, it is apparent that milk 

fat is a very complex substance both in its physical and. 

chemical make-up. 

Factors Effecting the Chemical and Physical 

Properties of Milk Pat 

The chemical and physical properties of the milk fat 

depend largely upon the fatty acid. residues present in 

the component glycerides of the fat. A number of factors 

have been reported. to have an influence on the composition 

of milk fat. Chief among these are feed, breed, stage of 

lactation and season of the year. 

BED. The influence of feed on the composition of 

milk fat was early recognized. In 1912, Hunziker, Spitzer 

and Mills (40) Indiana reported that feeds rich in vegetable 

oils (cottonseed, linseed, soya and germ oils, gluten feeds 

rich in fat) and green feeds (especially bluegrass pasture) 

produced a fat with a relatively high degree of unsaturation 

as indicated by the iodine number. Butter made from such 

milk fat was found to have a relatively soft body. Feeds 

rich n starches and sugars and poor in vegetable oils 

(potatoes, corn meal, coni silage, sweet corn fodder, 

wheat bran, sugar beets, cottonseed meal, etc.) and dry 

feeds (partìcularly alfalfa hay) produced a fat with a 
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relatively low degree of imsaturation. In this case the 

butter was fornid to have a frm, hard body. 

Hansen and 3teonsberg(24) of Denmark stated that 

changes in the consistency ofmilk ±'atwere±o11owed closely 

by changes in the iodine number. The authors concluded 

that samples of butter can be divided into three separate 

groups as follows. (a) Those with an iodine number over 

35 (butter very soft and plastic); feeds causing this 

condition were dried corn-distillery residue, soya bean, 

sesame, sunflower, linseed and rape cakes. (b) Those 

with iodine nimbers from 29.5 to 34 (butter of normal 

consistency); feeds in this case were peanut, cottonseed 

and soya bean cakes, dried potato-distillery mash, beer 

residue and fish meal. (e) Those with a low iodine 

ni.mber (butter brittle id dry); feeds causing this 

condition were corn, barely, rye, coconut and babassu 

cakes, wheat and pea mixtures. 

Other European investigators, Birard, Rosoli and 

Turgeon (6), reported that linseed and soya cakes, corn 

gluten, oats, wheat bran and green forage when fed to 

cows increased the iodine number of the milk fat pro- 

duced. and the softness of the butter. Peeds which de- 

creased the iodine number of the milk fat to such an 

extent that the butter was dry and brittle were potatoes, 

wheat of India, corn silage, sugar beets, cottonseed cake 
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and alfalfa hay. 

.lfalfa became an important hay crop in the western 

states during the latter part of the 19th century. By 

1930 nealy 70 percent of all the tame hay produced in 

the li western states was alfalfa (41). The development 

of the dairy induztry in the irrigated areas in the 

western portion of the United States has closely followed 

the increased growing of alfalfa hay. Owing to the 

relative low cost of its production in the irrigated 

sections, it has become a general feeding practice to 

restrict dairy cattle largely to alfalfa hay. This 

practice has givî rise to a number of nutritional and 

economic questions which are not encountered whore al- 

falfa merely constitues the principal roughage in a well 

balanced ration. 

Richardson and bbott (54) of California have re- 

ported that 'ta ration in which alfalfa hay forms the sole 

diet is conducive to the production of a milk fat icher in 

the constituents having the higher solidifying temperatures 

while those of the lower solidifying temperatures are 

decreased." These investigators compared the milic fat 

produced by several cows on a ration of corn silage, 

green alfalfa, pasture and a grain mixture (barley, rice 

bran, cottonseed meal and. steamed bono meal) with the milk 

fat produced later by the same cows when their ration was 
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changed to a1a1a hay alone. The reu1ts obtained 

showed that the shift to the sole alfal±'a hay diét was 

accompanied by a definite decrease in the proportion o 

the volatile ±'atty acids in the milk ±at produced (as 

showi by the Reichert-Meissi value and particularly the 

Kirschner value) and a definite increase in the percentage 

of the unsaturated fatty acids (as shown by the iodine 

value)1 The authors believed, however, that the small 

increase in the 'unsaturated components was moro than 

counteracted by the decrease in the volatile components 

of the milk fat. Milk fat produced by the cows when on 

the sole alfalfa hay ration gave a butter which had pro- 

no'unced crumbly and sticky body defects. 

In Idaho Hansen and Shaw (25) made a study to de- 

termine whether or not alfalfa hay as the sole source of 

feed for dairy cows was a contributing factor in the 

production of crumbly and sticky butter. The authors 

reported that a chniigo to a sole alfalfa hay diet from 

a ration consisting of alfalfa hay, corn silage and a 

grain mixture (bran, oats, linseed meal and cottonseed 

meal) cauzed a definite decrease in the Reichert-Meissl 

value arid an increase in the iodine value of the milk fat. 

Hill and Palmer (35) inTestigated the relationship 

between the feed cons'umed by the dairy cow, the composi- 

o± the milk fat and the properties of the butter. They 
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reported that either alfalfa hay, timothy hay or beet 

pulp when fed with a low-fat grain ration to dairy cows 

exerted similar effects on the composition and physical 

properties of the milk fat. In general, these feeds 

were found to produce a butter with inferior body and 

texture characteristics. 

In a further attempt to establish the effect of 

alfalfa hay on the properties of milk fat, Hill and 

Palmer (35) fed very high levels of the hay to a Holstein 

cow. Prior to this time, this cow's ration had consisted 

of alfalfa hay, corn silage and a grain mixture (barely 

and bran). The heavy alfalfa hay feeding 85 percent of 

the digestible nutrients in the form 0±' the hay) was 

found to cause a definïte change in the chemical arid 

physical properties of the fat. The iodine value was 

increased from 31.49 to 35.85, the Reichert-Leissl value 

decreased from 29.65 to 28.01 and a slight decrease was 

noted in the hardness of the milk fat. The body of the 

butter was found to be normal in all cases, although it 

was somewhat harder for the basal period. When the 

alfalfa hay was reduced to normal amounts in the after 

period the hardness of the butter increased. It was 

evident, the authors concluded, that the alfalfa hay in 

this experiment was responsible for increasing the iodine 

value and for decreasing the hardness of the milk fat 



19 

more than the aLalfa-bar1oy-bran ration. 

Holland, et al (36) of the United States Department 

of Agriculture studied the milk fat produced by cows which 

were being fed a ration of alfalfa hay and a grain mixture 

(gluten feed, wheat bran and barley meal). They reported 

extremely low iodine and Reichert-Meissi values for the 

milk fats examined during the study. 

Studies conducted at the Oregon Agricultural Experi- 

ment Station by 3ones, Brandt and Haag (41) have shown 

conclusively that dairy cows which received a grain 

supplement with alfalfa hay were more efficient in con- 

verting total digestible nutrients of the feed into milk, 

than cows which received bay alone. The average produc- 

tion of the animals on the sole hay diet was found to be 

only 53 percent of that of the animals on the hay nd 

grain ration. Therefore, as grain supplements appear to 

be of economic value because of their stimulating effect 

on milk production, it should be well to investigate 

their effect on the physioal and chemical properties of 

the milk fat. 

Hunziker, Spitzer and Mills (40) found that gluten 

feeds had considerable influence in softening the milk 

fat. Birard, Rosell and Turgeon (6) reported that corn, 

oats and wheat bran favored the softening of butter. 

MontI (47) reported that the Reichert-Leissl value o± 

milk fat produced by cows receiving rice bran in the 
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ration was about 20 compared with a value of about 29 

for cows which received a ration of grass, hay and wheat 

bran. The change in the index was apparantly not due 

to the character of the fat in the rico bran for the same 

values were obtained after the fat had been removed from 

the bran. 

Overman and Garrett (50) of Illinois have stated that 

milk fat produced during the feeding of a grain mixturo 

so prepared that one-half of its protein was soya beans 

showed on the average a higher iodine nimber, slightly 

higher moan molecular weight and a lower saponification 

number and a lower Poleneke number than milk fat produced 

during the feeding of similar grain mixtures containing 

corresponding amounts of either linseed meal or cotton- 

seed meal, The difference between the fats Iroduced 

during the feeding of the different grain mixtures was 

not sufficiently great, however, to be of practical 

importance. 

rïho effect of feeding oats to dairy cattle a a 

supplement has been studied by the Polish scientist, 

Kolanowskj (43). His data indicato that the iodine 

number was increased 25 percent by the feeding of oats. 

The saponification number and refractive index remained 

unchanged. 
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Elli and Palmer (35) obtained eviaence t1at when 

barley constituted. 35 to 50 percent 0±' the digestible 

nutrients of a low-fat ration containing aLfalfa hay 

or timothy hay a hard milk fat with a low iodine value 

was produced. However, when oats or corn was substituted 

for 35 to 50 pércent. of the digestible nutrients of a 

low-fat ration containing alfalfa or timothy hay the 

physical characteristics of the butter produced were 

satifactory from the market standpoint. 

Moore (46) has reported that in Mississippi silage 

made from lucerne hay, soya bean hay, sorghum an maize 

produced a butter free from body and texture faults. In 

Europe, Orasemann and Widmer (15) foind that silage fed. 

to cows resulted in butter of a softer consistency. On 

the other hand., Bjerre (7) observed that feeding silage 

produced a deeper colored but harder milk fat. Horn, 

M1i1 and. Jimgermann (37) observed that the substitution 

of legume silage for dry concentrates resulted in a 

significant improvement in the consistency of the butter. 

Likewise, Richardson and Abbott of California (54) were 

able to secure norn1 textured butter by the addition of 

corn silage to a sole alfalfa hay ration. 
Mgi of Germany (45) concluded that large daily 

doses of turnips, sugar beets or Dotatoes in addition to 

other neutral foodstuffs caused hardness and brittleness 



in tuG butter. Hansson and Olofsson (26, 27) of woden 

inve$tigated the influence o± different fodders on butter 

consistency. They stated that asturage on mixed grass 

and clover and the feeding of coarse green fodders gave 

a soft butter with a high iodine number. Red clover 

pasturage was found to have the greatest effect, the 

iodine number rising to above 40. When grass and green 

foer were conserved as hay and ensilage, the ability 

of the green plants to form a soft butter was largely 

lost. In this respect, ensilage was found to be better 

than hay. 

Platon, Hermansson, Edin and Hanseon (52) of Sweden 

have reported that the iodine number of the milk fat was 

changed as the ration was changed and at approximately 

the same rato as the time reauired for the feed to pass 

through the alimentary tract. They obtained high iodine 

values on milk fat produced by cos on a ration of green 

clover, green alfalfa and mixed grains. Brouwer (12) of 

Holland has stated that, in general, a high iodine valuo 

of the milk fat was associated with a high protein content 

01' the pasturage fed. Green fodder and pasture grass 

such as clover and lucerne produced a soft butter, while 

sugar beet tops and leaves, as well as other roots and 

tuber plants, hardened the butter. ?urthersioro, the i 
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dine number 0±' milk fat from cows fed with grass from a 

pasture with added nitrogen fertilizer was more than 3.7 

units higher than that from cows fed grass from a pasture 

without the nitrogen fertilizer. 

BREED. Professor ?. M. Brandt, Head, Division of 

Animal Industries, Oregon State College has estimated that 

75 percent of the dairy cattle in Oregon are Jerseys. 

Therefore, in reporting the results concerning the effect 

of Oregon feeding conditions, it is important also to take 

into account the breed of the dairy cattle. 
Eckles and Shaw (20) reported that breed apparently 

was a factor and had some influence on the volatile acid 

content of the milk fat. They found that Jersey milk 

fat gave a high Reichert-Meissl value, while the fat pro- 

duced by Holsteins gave a somewhat lower value. This 

statement coincides with the results obtained by Hunziker, 

Spitzer and Lills (40). The latter investigators fornid 

the milk fat of yrshires and Holsteins to contain less 

of the volatile acids, more of the unsaturated acids 

(expressed as olein) and to result in a softer bodied 
butter than the fat produced by the Guernseys and Jerseys. 

In actual churning, however, milk fat produced by 

the Guernseys and Jerseys generally churns more rapidly 

than that Droduced by the iyrshires and Holsteins. 

Hunziker f 3 ) has explained this by the fact that the 

fat globules in the milk produced by the Jerseys and 



G-uerneys average much larger than the globules produced 

by the Holsteins and Äyrshires. Shaw and Eckles (44) 

have investigated the chemical composition of large and 

small fat globules. These authors searated cream with 

a predominance o± large globules from cream with a pre- 

dominance o± small ones. Chemical examination of the 

globules obtained showed differences so slight that they 

easily ranged within experimental error. They concluded 

that it was justifiable to assume that the composition 

of the fat in the globules was uniform, no matter what 

their size. Later, Eckles and Shaw (19) reported that 

the Reichert-Meissi number was the only chemical constant 

of the fat which can be correlated in any way with the 

relative size of the fat globules. Théir data indicated 

that small fat globules were accompanied by a low Reichert- 

Meissi value. 

Coulter and Hill (14) reported that breed exerted a 

definite influence on the hardness of the butter. It i 

apparent, they concluded, that the Guernseys and Jerseys 

produced a milk fat which for a given iodine 'ra1ue was 

firmer than that produced by Holsteins and Lyrshires. 

Hanson and shaw (25) in Idaho reooted that there was 

a definite tendency for the Reichert-Lieissl and iodine 

values of the milk fat seereated by holsteins to be 

higher than for the fat secreted by Jerseys.. 
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SEÄSOI OP TI YR. During the winter months the 

butter made in all localities o± Oregon is commonly much 

firmerthan the butter made in the same sections during 

the other seasons o± the year. ill this connection, there 

are two factors which should be considered. These are 

the effect of the stage of lactation and the effect of 

the feed consiamed by the cows. 

Eckles and Shaw (19) found the stage of lactation 

to exert a marked and uniform effect upon the relative 

size of the fat globules. he fat globules were espe- 

eially large immediately after the beginning of the 

milking period, then the relative size.declined sharply 

during the first six weeks, remained fairly constant for 

five or six months, after which the decline was much more 

rapid to the end of lactation. s lactation progressed, 

it was found that it became more and more difficult to 

churn the cream. 

Hunziker, 3pitzer and Mills (40) olaced fresb.cows 

on a constant ration for a ten month period. The 

volatile fatty acids were found to decrease during the 

lactation while the unsaturated acids increased and the 

melting point dropped. Thus, as the lactation advanced 

the firmness of the fat was actually reduced rather than 

increased. They concluded that the greater firmness of 
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winter milk fat was not primarily due to the advanced 

stage of lactation, but to the character of the feed 

which the cows received during the winter period. 

Davies (16) of England reported that the season of 

the year and the feed of the cows during the various sea- 

Sons influenced the composition of the milk fat. The 

composition was influenced mostly as regards the amount 

of the volatile and unsaturated acids. 11e concluded that 

generally the amounts of these two types of acids in the 

milk fat were lowered by cold temperatures, coupled with 

the lack of green forage and the feeding o± dry feeds. 

With reference to the effect of temperature, Hansen and 

Shaw (25) found no correlation between low temperatures 

or rapid changes in temperature on the properties of the 

milk fat. They concluded that such changes had no in- 

fluence on the Reichert-.Meissl and iodine values of the 

fat. 

The English investigators, ilulditch and Sleightholme 

(33) found that the iodine value droDped from a high 

point of 41.3 in early autumn, when there was still 

abundant grass and kale, to a low point of 31.6 in March. 

The value rose to 41.6 in May after the cow had gone 

onto spring grass. The authors stated that profound 
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changes in the fatty acid composition appeared to be 

caused by conditions such as the change from out-door 

to in-door life, the general character o± the diet and 

seasonal changes in temperature. 

Arup (3) reported that sorne Irish butter produced 

during the winter months gave results which, when viewed 

from the standpoint of specified standards, would raise 

doubts as to purity of the products. xtremely low 

Reichert-Meissl, Polenske and Kirschner values were 

found on samples of the butter, indicating that the 

lower fatty acids, especially butyric and caproic, were 

abnormally low. One explanation was that the rigorous 

weather and possible low plane of nutrition caused the 

animals to utilize some of the lower fatty acids for their 

own maintenance with the result that the concentration of 

the lower fatty acids in the milk fat was lowered. In 

this connection, Lckles and Palmer (18) of Missouri state 

that 1'all tyes of underfeeding have a marked effect on 

the physical and chemical constants of the milk fat which 

is characterized by a decline in the Reichert-Meissl and 

saponification values and an increase in the iodine 

value&'. 

In ngland, Booth, Kon, Dann, and Llooro (9) studied 

spectroscopie variations in the fatty acid fraction of 



milk fat. They reported that the fatty acids of milk 

fat showed more than twice the amount of absortion 

during the sommer as during the winter months. The 

inorcased absorption during the miner, they íelt, 

might be due to small amounts 0±' unknown acids or 

modified forms of known acids. 

Dean and iiildjteh (17) of ngland reported that 

the change to spring Íeedìng conditions resulted in an 

abrupt increase in the proportion of oleic and linoleic 

acids vith a decrease in the amount of butyric and 

stearic acids. rup (4) studied the seasonal varia- 

tions in Irish butter for sixteen consecutive months. 

His results showed that winter feeding tended to lower 

the iodine value and lactation tended to raise the io- 

dine value. The Reiehert-Meissl value varied conversely. 

It was noted that there was a distinct tendency for 

the percent of linolein in the total unsaturated acids 

to increase as the percent of oleic acid in the fat 

decreased. There is, therefore, a tendency for the 

linoleic glyceride content to romain practically con- 

stant while the oleic glyceride content is the vari- 

able factor. 

Hagltmd, Wode and Olason (23) observed that the 

consistency of Swedish butter varied eoniderab1y 
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during the year. iurthermore, during the same season 

tutters from various districts had different properties. 

These variations, the authors concluded, were directly 

traceable to variations in the feeding conditions. 

Groh (22) reported that when the cows were changed to 

spring rations the butter gradually became yellower 

and sorter, the refractive index increased, the sapori- 

ification value declined slightly, the Reichert-Meissi 

and Polensice numbers increased, the lichner number re- 

named uñehanged and the iodine number rose sharply. 

Almost identically opposite changes were observed when 

a change was made from summer to winter feed. s iudged 

by the fat constaits, Polonoi and Thomas (5 found 

that the composition of butt of Northern Fraice 

underwent seasonal, weekly and individual variations. 

It was concluded that these variations were related 

directly or indirectly to the feed of the cow. 

Lyons (44) studied the influence of the chemical 

composition of the milk fat on the firmness of the butter. 

He found New Zealand and ustralian butter to be much 

firmer than Danish and Trish butter. This was mRnly 

due to the lower unsaturated fatty acid content and the 

higher stoaric acid content o± the New Zealsnd ?nd 

Australian butter. The todine number of Irish butter 
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was comparatively high during the season when the cows 

were od exclusively on grass and it increased as the 

season advanced. The reverso ws true with the Reichert- 
Meissi value. 

Coulter and Combs (13) of Mirmesota presented data 

that indicated seasonal variations in the fat content 

of the buttermilk. It was found that the churning time 

of cream from the same cows was prolonged when there 

was an increase in the hardness of the fat, that the 

fat content of the buttermilk decreased with an increase 

in the time required for churning. 

The Relationship of Iodine, Roichert-Meissi and 

Polenske Values to the Body and Texture of the Butter. 

Since lato in the ioteenth century a large number 

of experimental studies have been carried on relative 
to the influence of feeds on the properties of the milk 

fat. Invariably the suitability o± a ration has been 

judged by its influence on the iodir.e value o± the milk 

fat produced. low iodine value has been correlated 

with a firm (high melting point) fat which yielded on 

manufacture a butter of undesirable body and texture. 

In addition to the iodine value, a number of the other 

fat constants have been employed to some extent. iow- 
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ever, more emphasis has been placed on the iodine mmiber 

than on any of the other common constants. 

Htmziker, Spitzer and Mills (40) reported that the 

oleic acid content (as indicated by the iodine rwmber) 

was the determining factor regulating the hardness of 

the milk fat, the churnability of the cream and the 

body and texture of the butter. This same general stand 

has been taken by other investigators too numerous to 

mention. 

Hulditch and. Ueightho1me (34) have calculated an 

ttassociation ratio", or the number of molecules of sat-. 

urated acid per molecule of unsaturated acid in the non- 

fully saturatèd glycerides. They concluded that an 

increase in the oleic acid content of milk fat would be 

reflected in a disproportionate increase in the softness 

of the fat, since not only is the ratio of unsaturated. 

to saturated acids in the saturated-unsaturated mixed 

gl.ycerides increased, but the quantity of the oleic 

acid is increased considerably. The fully saturated. 

glycerides, which are the highest melting components 

of milk fat, are reduced in amount with the increase in 

oleic acid. The practical significance o± the iodine 

value to Ttthe hardness or softness of the milk fat", 

according to them, was at once apparent. 
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Richardson and Abbott (54) have stated that some of 

the inconsistencies in the results obtained from iodine 

determinations alone could have been explained had the 

Reichert-Meissi values been considered also. 

Coul'ter and Hill (14) attached considerable impor- 

tance to the relationship between the iodine number and 

the physical firmness of the milk fat and butter. How- 

ever, these investigators haveconcluded that extreme 

variations in the ReichertLieiss1 value may be associ- 

ated. with variations in the hardness of the butter. In 

this connection, Monti (4?) has reported that he encoun.t- 

cred considerable difficulty in manufacturing butter from 

creani containing milk fat having abnormally low values 

for the volatile soluble and insoluble acids (as ixidi- 

cated by the Reichert-Meissl and Polenske values). 
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PURPOSE OP THE INVESTIGATION 

The purpose of the Investigation was three fold. 

First, it was desired to study the effect brought about 

by feeding alfalfa hay to dairy cows on the properties 

of the milk fat produced. As indicated. in the Review 
of the Literature, the feed which the cow receives has 

a great influence on the properties of the milk fat 
produced. Certain dry feeds, particularly sole alfalfa 

hay, have been found to favor the production oÍ' a very 

bard fat. When such milk fat is used. for butter it gives 

a butter of inferior body and texture. On the other hand, 

it has been observed that the feeding of certain grain 

supplements along with the alfalfa hay results in the 

secretion of a softer milk fat. It was desired to ob- 

tain data concerning the properties of nillic fat obtained 

from feeding alfalfa hay alone and from feeding grain 

supplements with the hay. By such a procedure the effect 

caused by the addition of the grain mixtures could be 

readily observed. 

The second objective was to make a study of the sea- 

sonal chaiiges in the chemical and physical properties of 

the milk produced in an alfalfa feeding area of Eastern 

Oregon. As crumbliness and stickiness is commonly ob- 
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served in the butter made in Eastern and Southern Oregon 

during the winter months, an attempt was made to corre- 

late the properties of the milk at with the season of 

the year during which it was produced. In addition, 

changes in the body and texture 0±' the butter were to be 

closely observed from season to season. 

The third objective was to compare the properties 

0±' the milk fat produced imder winter feeding conditions 
in the three agricultural areas o± the state. Particular 

notice was to be taken of the iodine, Reichert-Meissi 

and Polenske values of the various samples of butter 

analyzed. In this way, evidence might be obtained which 

would indicate whether or not the differences observed 

in the properties of the butter from the three areas 

were primarily due to variations in the unsaturated coin- 

ponents, the volatile comDonents, or to variations in 

b o th. 

The report of the investigation is presented in 

three parts: 

i. The effect on the comDosition of the milk fat 

brought about by the addition of grain supple- 

ments to a sole alfalfa hay ration. 

II. The effect of the season of the year on the 
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composition cl' the milk fat produced in an 

alfalfa feeding area of Eastern Oregon. 

III. comparison between the chemical and. physical 

properties of the milk fat produced in Eastern 

and Southern Oregon with that produced in the 

Viillamette Valley and the Coast areas. 
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THE EPPEO ON THE COItPOSITION OP THE MILK FAT BROUGHT 

ABOUT BY THE ADDITION OP GRAIN SUPPLEIVNTS 

TO A SOLE ALFALFA HAY RATION 

A. Experimental Procedure 

o study the effect of alfalfa hay fed with and 

without added grain supplements on the properties of 

the milk fat produced, samples of cream were secured 

from four groups of cows on eerimental rations. 

1. Group one. During the spring of 193? samples 

of cream obtained from milk produced by Jersey cows 

under controlled feeding conditions were received from 

the Umatilla Field Station, liermiston. The cows were 

divided into two herds o± 10 each. The control herd 

(Herd ITo. 1) received 33 pounds of No. 1, third cutting 

alfalfa hay p er animal per day dur ing March and April. 

The cows in Herd No. 2 received 31 pounds of the saine 

hay and in addition five pounds of a grain supplement 

during March and 3.5 poimds of the supplement during 

April. The grain mixture fed was composed of mill run 

(4 parts), ground barley (2 parts) and ground oats 

(i part). 
Beginning on May 7th, both herds were turned out on 
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pasture during the day. in addition to the pasture feed- 

ing, Herd No. 1 received 14.1 pounds of alfalfa hay per 

animal por day, while the cows in Herd No. 2 received 

11,2 pounds of the hay and 3.5 pounds of the grain mix- 

turo per day. 

One galion lots of cream were shipped daily to the 

college from March 15th to April 2nd. Beginning on 

April 9th and continuing till May 28th, five gallon 

samples of the cream obtained from each of the herds 

were shipped weekly. 

2. Group two. One gallon lots of cream were re- 

ceived twice weekly from the Umatilla Field Station from 

February 26th to April 28th, 1938. The same two herds 

were again used. .om February 17th to March ist, arti- 

chokes formed a part of the rations fed to each herd. 

Herd No. 1 received 20 pounds of artichokes por animal 

per day in addition to alfalfa hay, while the cows in 

Herd No. 2 received 20 pounds of artichokes in addition 

to hay and grain. Throughout March the cows in Herd No. 1 

were fed 27.1 pounds of second cutting alfalfa bay per 

day but on April ist the amount was reduced to 26.3 

pounds per day. The animais in Herd No. 2 were fed 24.9 

pounds oÍ' the hay an five pounds of the grain mixture 

during March, while during April they were fed 24.9 



pounds of the hay and 4.6 pounds of the grain supolement. 

The grain mixture was eoposed of mill run (4 parts, 

ground barley (2 parts) and ground oats (1 part). 

3. Group three. Prom March 28th to April 9th, 

1937, one-half gallon lots of cream were obtained daily 

from a group of il cows (Herd No. 3) at the Oregon Agri- 
cultural Experiment Station. The experimental herd was 

composed of two Jerseys, five Holsteins and four Ayrshires. 

The cows were fed Eastern Oregon Alfalfa hay ad lib. The 

herd had been on this ration for some time. 

4. Group four. Prom December 21st to 31st, 1937, 

one-half gallon samples of cream were obtained daily 

from Herd No. 3 and the main herd at the Oregon Agri- 

cultural ExperirnentStation (control herd). Herd No. 3 

then contained 12 animals of which two were Jerseys, 

five were Holsteins and five were .àyrshires. The main 

herd (Herd No. 4) was at that time composed of approx- 

imately 90 percent Holsteins and Ayrshires and 10 per- 

cent Jerseys. Therefore, about the saine proportion of 

Jerseys to Holsteins and yrshires existed in the two 

herds. Herd No. 3 received a sole ration of Eastern 

Oregon alfalfa hay fed ad lib. Herd NO. 4 was fed 

locally grown alfalfa hay supplemented with corn silage 

and a grain mixture. The alfalfa bay was fed ad 
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and the corn silage was fed at the rate o± 25 pounds per 

animal por d.ay to the Jerseys and 35 pounds per day to 

the Holsteins and Âyrshires. The grain concentrate,com-. 

posed of oats (5 parts), barley (5 parts), bran (5 parts), 

linseed meal (i part), peanut meal (1 part) and. cottonseed 

meal (z parts), was fed to the Jerseys at the rate o± one 

pound per every three pounds of milk produced and to the 

Holsteins and Áyrshires at the rate of one pound per every 

four pounds of milk produced. 

The one-half and one gallon lots of cream wore 

churned in the Dairy Products Laboratory in a small 

( one gallon) glass churn. The cream was sweet when re- 

ceivod and it was not pasteurized. The butter was neither 

worked nor salted. After a thorough washing, the soft, 

partially matted butter was packed into pint paraffined 

cardboard containers and stored at _2000. until analyzed. 

The five gallon lots of cream were neutralized. when 

necessary to an acidity of 0.20 to 0.25 percent with sod- 

itim bicarbona.: , pasteurizd by heating to 65°C. and 

holding for 30 minutes. It was then cooled. to 1000., 

held over night and churned the following day. A small 

(5 gallon) wooden churn with internal workers was used 

for churning and working the butter. Two percent of salt 

was added to the butter. One pound samples were taken 



from each of the churnins for later analysis. 
Luring the summer mOnths the milk fat obtained 

from the various samples of butter was analyzed for cer- 
tain of its chemical and physical properties. The melt- 

ing point, the refractive index, the iodine (Hanus) rn1m- 

ber, th Reichert-..Lioissl value were determined for each 

sample. 

The melting point of the fat gives an indication of 
the hardness of the butter. As milk fat is not a single 
compound, it does not have a definite, sharp melting 
point. The observation is, therefore, an arbitrary one. 

The refractive index increases with increasing unsatu- 
ration and molecular weight of the combined acids, but 
decreases with the presence of free acids. The iodine 
number is an index of the unsaturation of a fat. It is 
expresed as the percentage of iodine with which the un- 

saturated acids of the fat will combino. The iloichert- 
Iieissl value is an index of the volatile-soluble acids 
of the fat. It is expressed as the number of muli- 

liters of N/b alkali required to neutralize the vola- 
tile fatty acids distilled under specially prescribed 
conditions in a standard apparatus from five grams of fat. 

The above determinations were run in accordance with 

the methods o± the Association of Official agricultural 
Chemists (5). All determinations were made in duplicate. 



B. Results Obtained 

The results obtained for each of the four feeding 

experiments are summarized in the following paragraphs. 

1. Liilk fat produced by a Jersey herd on a sole alfalfa 

hay ration and that from a herd on a grain supplemented 

ration, Liareb to June, 1937. 

Table II 
Properties of the milk fat produced by Herds Nos. 1 and 

Z during March 

Melting Iodine Reichert-Moissi Refractive 
Date point number value index 

ierd No. Herd ITo. Herd No. Herd No. 
1 2 1 2 1 2 1 2 
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27.00 27.54 
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1.4536 1.4531 
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Herd No. 1 received 33 pounds o±' alfalfa hay per animal 
per day; Herd No. 2 received 31 pounds of alfalfa hay 
and 5 pounds of grain per animal per day. 

Table III 

Properties 0±' the milk fat produced by Herds No. 1 and. 

2 during April 

- Mciting Iodine ffichert-Meiss1 Refractive 
Date point number value index 
1937 Hêrd No. Herd No. Herd No. Herd No. 

1 2 1 2 1 2 1 2 

4-1 35.0 35.0 
4-2 -- -- 
4-9 -- -- 
4-lo 

r, o4.9 
¿L-24 -- -- 

4-2? 34.4 34.9 
-- -- 

5-? 35.4 35.2 

25.65 24.55 
29.85 27.1? 
27.32 26 30 
8.lb 27.4. 

29.0z 8.40 
26.60 24.13 
25.40 24.55 
26.05 25.15 

25.85 27.56 
25.13 27.19 
25.42 26.68 
25.45 26.20 
b.l2 

45.56 26.56 
25.55 26.13 
25.95 27.61 

1 4528 1.4528 
l.454 l.4o30 
l.45l 

-- l.4t30 
l.4b2 l.3l 
1.4532 1.4528 
1 4528 1.4528 
l.459 1.4529 

Ave r- 
age 34.9 35.1 27.40 26.18 25.65 26.65 1.4531 1.4529 

Herd No. 1 received 33 pounds of alfalfa hay per animal 
per day; Herd No. 2 received 31 pounds of alfalfa hay and 
3.5 pounds of grain per animal per day. 

The properties of the milk fat produced by the cows 

on the sole alfalfa hay ration and by those on the grain 

supplemented ration are given in Tables II and III. Table 

Iv gives the average values for the entire period. 



Table IV 

Summary table. The effect o± adding grain supplements 

to a sole alfalfa hay ration 

Herd L:elting I odino Reiehert-Loïssl Refractive 
No. point number valuo index 

i 34.70. 27.98 26.00 1.4531 
2 34.9CC. 26.59 27.07 1.4529 

Vari - 
ation 0.2°C. 1.39 1.07 0.0002 

Herd No. 1 received the sole alfalfa hay ration; Herd No. 
2 received alfalfa hay supplemented with grain. 

The average iodine number for the fat produced by 

Herd No. 1 (sole alfalfa hay ration) was 27.98 while it 
was only 26.69 for the fat produced by Herd No. 2. This 

is a decrease of 1.39 in the percent of iodine absorbed. 

This is substantial evidence that grain supplementation 

causes a slight decrease in the un.saturation of the milk 

fat produced. 

The average Reichert-Meissi value for the mïlk fat 

produced by Herd No. i was 26.00. On the other hand, 

the miliz fat produced by Herd No. 2 had an average value 

of 27.07 which represents an increase of 1.07 in favor 

of the grain supplemented ration. Therefore, the grain 

in the ration increased the proportion of the volatile 

±atty acids of the butter (although at the same time the 

percentage of the unsaturated components were decreased). 



The milk fat produced by Herd No. i gave an average 

refractive index of 1.4531, while fat from Herd No. 2 

gave an average ïndex of 1.4529. 

The average melting point for the fat produced by 

Herd No. i was 34.7°C. and that for the fat produced by 

Herd No. 2 was 34900 The decrease of 0.200. in the case 

of the fat produced on. the sole alfalfa hay ration is prob- 

ably not critical for very little difference existed be- 

tween the melting points of the two fats throughout the 

experiment. 

It was observed that a decrease in the amount of 

grain supplement in the ration caused a corresponding 

change in the properties of the milk fat. Considerable 

difference is noted between the average values (tables 

II and III) for the milk fat produced by Herd No. 2 dur- 

ing Larch and Aprii. A rather significant change is also 

noted in the properties of the fat produced by Herd io. 1 

(control herd) whose ration (33 pounds of alfalfa hay per 

day per animal) had remained unaltered throughout the en- 

tire period. Therefore not all of the change in the fat 

produced by Herd No. 2 can be attributed to t1 reduction 

in the amount o± grain from the 5 pounds fed during March 

to 3.5 pounds in April. However, evidence was obtained 

showing that the decrease in the amount of supplement did. 

cause a corresponding increase in the iodine nl2mber and a 



decrease in the ReichertMeissl value. This change is 
illustrated in the following table. 

Table V 

Surnmary table. The effect of reducing the amount of grain 

supplement fed to Herd ITOe 2 

Herd Eelting Iodine Reichert-L1oissl Refractive 
No. point number value index 

Mar ch 
1 34.5 28.55 26. 35 1.4532 
2 34.7 27.00 27.50 1.4529 

Vari- 
ation 0.2 1.55 1.15 0.0003 

April 
i 34.9 27.40 25.65 1.4531 
2 3b.1 26,18 2o.ö5 1.4529 

Vari- 
ation 0.2 1.22 1.00 0.0002 

Herd lo. 1 received 33 pounds of alfalfa hay per animal 
per day 'ring March and April; Herd No. 2 received 31 
pounds of hay and 5 pounds of grain during March and 31 
pounds of hay and 3.5 pounds grain during pri1. 

During March the milk fat produced by Herd 1O, 2 

absorbed 1.55 percent less iodine and had an average 

Reìshert-Meissl value 1.15 units above that produced by 

Herd No. 1. In April, however, the fat produced by Herd 

No. 2 absorbed only 1.22 percent less iodine and had an 

average Roichert-ieiss1 valuo 1.00 units above the fat 
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produced by Herd No. 1. 

On May 7th, and continuing for the duration of the 

experiment, both herds were turned out on pasture during 

the day. A very marked change was roted at once in the 

properties of the milk fat produced by each herd. The 

constants obtained for the fat produced the ]ist week of 

feeding the hay and hay-grain rations, the first, second 

and third weeks of pasture are presented in table VI. 

Table VI 

The effect of pasture on the oroperties f the milk fat 

produced by Herds Nos. i and 2 

Melting Iodine Reichert-Meissl Refractive 
Date point number value index 
1937 Herd No. Herd No. Here No. herd No. 

1 2 1 2 1 2 1 2 

5-7 35.4 35.3 26.05 26.15 25.95 27.61 1.4529 1.4529 
5-14 34.0 34.2 32.75 30.30 27.41 27.70 1.4536 1.4534 
5-21 33.8 34.0 32.00 27.80 27.90 l.45 1.4540 
5-28 32.8 33.0 5.85 35.79 28.77 28.6o 1.4541 1.4541 

Prior to ilay 7th Herd No. i received alfalfa hay; Herd No. 
2 received alfalfa hay and rain. After Hay 7th both 
herds received pasture in addition to their reu1ar ration. 

The milk fat, as indicated by physical and chemical 

examination, rapidly became softer following the addition 

of pasture feeding to the ration. The butter soon lost 

its hard, brittle characteristics and became normal in 

body and texture. Within two weeks little difference 
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existed between the milk at produced by the two herds. 

2. Milk at produced by a Jersey herd on a sole alfalfa 

hay ration and that produced by a second herd on a supple- 

mented ration, Pebruary to June, 1938. 

During Larch and April Herd 1(0. 1 received a sole 

alfalfa hay ration while Herd No. 2 received hay supple- 

mented with the grain mixture. The results obtained from 

the analyses o± the samples colleete during this period 

aro presented in table VII. 

Table VII 

The effect of adding a grain supplement to a sole alfalfa 

hay ration 

Melting Iodine Roiehert-Lïeissl Refractive 
Dato point mimber value index 
1938 Herd No. Herd No. Herd No. Herd No. 

1 2 1 2 1 2 1 2 

3-3 3.2 35.1 29.62 7.32 25.41 27.03 1.4530 1.4528 
3-7 35.1 35,0 30.85 29.00 25.67 27.30 l.4c30 1.4530 
3-10 34.8 34.o 50.70 29.8 2.o9 c8.08 l.453 1.4531 
3-14 3b.2 35.0 28.o5 27.70 6.49 27,80 1.45ô0 1.4528 
3-17 35.1 34.9 28.12 27.05 26.20 27.30 1.4530 1.4529 
3-21 35.0 34.1 29.20 27.95 26.17 27.66 1.4529 1.4527 
3-24 34.6 34.9 3O.0 26.bO 25.69 27.19 1.4531 1.4520 
3-28 ¿5.0 34.8 28.o5 ¿8.05 ¿o.75 27.42 l.4b61 1.4o29 
3-31 34.5 35.1 28.lo 26.90 22.04 2b7 1.4529 l.49 
4-4 35.4 34.8 26.50 25.95 27.04 27.35 1.4526 1.4527 
4-7 35.1 35.0 27.97 27.25 26.34 27.67 1.4529 1.4529 
4-li 35.4 35.5 25.8D 24.Crt. 27.35 ¿7,17 1.4b 1,4b29 

4-21 35.0 3.l 27.07 2b.Oo 27.00 1.429 1.4o29 
4-48 o5.l 35.o 2.2. 24.9b 27.89 ¿7.70 1.4529 
Aver- 

34.9 28.32 27.13 26.35 27.30 1.b29 1.4529 



Herd ìo. 1 received a sole diet of alfalfa hay; Herd No. 
2 received the grain supplements. 

The 1938 values show the following: 

a. On the average, the melting point of the fat 

produced by the cows an the grain supplemented ration 

was O.l0C. lower than that produced by the animals on 

the solo alfalfa hay diet. 

b. The sole alfalfa hay ration produced a fat hay- 

ing an average iodine mimber 1.14 units above that pro- 

duced by the grain supplemented ration. 

o. The grain supplemented ration produced a fat 

having an average Reichort-Meissl value 0.95 units above 

that produced by the hay ration. 

d. No difference between the refractive indexes of 

the milk fats produced by the two rations was found. 

Two lots of cream were received prior to the dato 

that artichokes wore eliminated from the rations fed to 

the two experimental herds. The values obtained on the 

milk fat contained in the two shipments of cream prior 

to the change in the rations fed and the first four 

shipments following the change are presented in table 

s 



Table VIII 

The effect of eliminating the artichokes from the rations 
of the two herds 

Date 
1938 

Lielting 
point 

Herd Lo. 
i 2 

Iodine ieichert-i:ieissl 
number value 

Herd Lío. Herd No. 
1 2 1 2 

iefractive 
index 

Herd io. 
1 2 

2-26 35.3 34.4 25.70 25.65 28.59 29.75 1.4528 1.4532 
2-29 35.5 34.5 23.60 24.55 28.63 28.91 1.4520 1.4530 

3-3 35.2 35.1 29.62 27.62 25.41 27.03 1.4530 1.4528 
3-7 35.1 35.0 30.85 29.00 25.67 27.30 1.4530 1.4530 
3-10 34.8 54.6 30.70 28.08 25.9 ¿8.08 l.43o l.41 
3-14 5.2 35.0 38.6o 27.80 26.49 27.80 1.4530 1.4528 

Prior to Liaroh ist, herd To. 1 received 20 poimds of arti 
chokes and alfalfa bay; Eerd Io. 2 received 20 pornids of 
artichokes, hay and grain. After March first, Herô. iro. 1 
received 27.1 pounds of alfalfa hay per animal por day; 
Herd No. 2 received 24.9 pounds of alfalfa hay anì five 
pounds of grain por animal per day. 

In both cases, the artichokes in the ration wore 

conducive to the production of a milk fat relatively low 

in the unsaturated components and rolatie1y high in the 

volatile components. A higher melting point, a lower 

degree of unsaturation and a lower content of the volatile 

fatty acids were recorded for the milk fat produced by 

Herd No. 1 on the artichokes and hay ration than for the 
milk fat produced by Herd Nod. 2 on the artichokes, hay 

and grain ration. 
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Jhon the artichokes were eliminated from the ration, 

the milk fat produced by Herd No. 1 increased considerably 

in imsaturation and decreased in volatility. The fat 

produced by Herd No. 2 reacted in a similar manner but 

the increase in the unsaturated acids and the decrease in 

the volatile acids were not as marked. 

3. Milk fat produced by a mixed herd (Ayrsbires, Jerseys, 

and Holsteins) on a sole alfalfa ration, March and April, 

1937. 

The results of this part of the study aro given in 

.4- '1-1 -ry 
J..LL 

Table IX 

Properties of the milk fat produced by the herd on a sole 

ration of alfalfa bay at the Central Station 

Date Liolting Iodine Reichert-Meissl iractive 
p_37 point number value index 

3-28 32.7 33.75 25.00 1.4537 
3-29 33.4 33.10 24.25 1.453? 
3-51 32.6 30.25 29.40 1.4530 
4-2 33.3 31.20 28.99 1.453? 
4-4 33.8 31.15 29.95 1.4531 
4-? 33.2 30.60 27.40 l.455 
4-9 32.6 30.lb 29.10 1.4o3l 

Aver- 
age 33.1 31.50 27.75 1.4532 

The milk fat produced at the central station by cows 
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(Herd No. 3) on a sole a1a1a ration had considerably 

higher Reichert-Iieissl and iodine values and lower melt- 

ing points than the fat produced by either o± the two 

experimental herds (Herds Nos. 1 and 2) at the Umatilla 

Field Station (tables II, III, vII). The breed of the 

cows used in the feeding experiments probably was one of 

the factors responsible for this difference. The two ex- 

perimental herds at Hermiston were composed of Jerseys only 

while the herd at Oorvallis was composed of two Jerseys, 

five Holsteins and five yrshires. Therefore, it appears 

that under the conditions of the experiment Jerseys pro- 

duce from a given ration a milk fathaving a higher melt- 

ing point with a lower content of the volatile and imsat- 

uratod fatty components than Holsteins and Lyrshires. 

This falls in line with results which are found in 

the literature. Hinaziker, Spitzer, and Mills (40), 

Coulter and Hill (14), Hansen and Shaw (25) and others 

have reported that the Jersey and Guernsey breeds pro- 

duce a milk fat lower in the volatile and unsaturated 

components than the fat produced by the Holstein and 

Ayrshire breeds. 

4. Milk fat produced by mixed herds (Holsteins, Lyr_ 

shires and Jerseys) on sole alfalfa hay and on hay, grain 

and silage rations, December, 1037. 

The results of this part of the investigation are 



±'oimd in table X. 

Table x 
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Properties of the milk fat produced by cows on sole al 

falfa hay and on hay, grain and silage rations 

Melting Iodine Reichert-Lleissl flefractive 
Date point nDmber value index 
1937 Herd No. Herd No. herd No. Eerd No. 

3 4 3 4 3 4 3 4 

12-21 33,6 32.9 32.7b 33.75 28.75 30.70 l.45Z0 1.4535 
12-22 32.8 32.1 33.70 34.10 28.35 O.75 1.4532 1.435 
12-23 33.1 32.2 33.60 32.85 28.55 31.00 1.4532 1.4534 
12-24 33.2 33.5 31.35 32.90 28.62 31.4? 1.4532 1.4531 
12-27 32.6 31.7 34.75 32.60 27.00 l.44 1.4529 
12-28 33.6 32.9 30.50 32.60 2o.7O 29.65 1.45:29 1.4531 
12-29 3.O 32.9 34.35 32.75 27.57 29.97 1,4532 1.4531 
12-30 33.1 3.6 33.87 32.5 28.20 29.95 1.4531 1.4532 
12-31 33.2 32.7 33.80 32.60 29,32 29.50 1.4531 1.4532 

Aver- 
age 33.1 32.7 33.22 32.95 28.10 30.55 1.4531 1.4532 

Herd No. 3 received a sole ration of alfalfa hay; Herd Io. 
4 received alfalfa bay, grain and silage. 

The cows which were fed the ration consisting of al- 

falfa hay, corn silage and the grain concentrato (Herd 

ITo. 4) produced a fat having a slightly lower melting 

point, less of the component unsaturated acids and. a 

auch larger amount 0±' the component volatile acids than 

the animals which received the sole alfalfa hay ration 

(Herd No. 3). Richardson and Abbott (54) have stated 

that the addition o corn silage to a sole alfalfa 
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hay ration results in the production o a softer milk 

fat and a butter with an improved body and texture. he 

properties of the milk fat produced by HeH No. 4, except 

for the Rei&iert-Meissl value, were not strikingly dif- 

feront from the properties o± the fat prod.uced by Herd 

1o. 3. However, had the butter been worked to completion 

outtand.ing differences may have shown up in the body 

and texture of the final product. Vlith the small amounts 

of cream received such a procedure was not possible. 
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PART II 

THE EFFECT OF TEE SEASON OP THE YE4R ON THE COLOEOSITION 

OP THE MII FAT PRODUCED IN AN ALFALFA ED- 

ING AREA OP EASTEBN OREGON 

A. Experimental Procedure 

To $tudy the seasonal changes in the properties of 

the milk fat produced in an alfalfa feeding area of East- 

orn Oregon, one poimd. lots of butter from regular churn- 

ings were received. fróm the Pine-Eagle Dairymen's Coop- 

erative Association, (a typical Eastern Oregon creamery) 

Halfway, several times monthly from pril l9th,1937 to 

April 14th, 1938. luring the winter months this partie- 

ular creamery experiences considerable difficulty with 

crumbly and sticky butter. 
Mr. M. V. Pearson (51), the manager of the associ- 

ation, has reported that alfalfa hay is the chief con- 

stituent of the winter ration fed to dairy cows in this 

region. Lost of the farmers do not feed grain in the 
ration. NO Silage is put up i this region. The cows 

are generally started on dry feed during ctober and 

they remain on this ration until early in pri1. ur- 

ing the spring and summer the cows are maintained en- 

tirelyon blue grass and clover pasture. he Jersey 

breed predominates in this section although there are 
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scattered herds of liolsteins and Durhams. 

The iodine number, the Reichert-lieissl value, the 

molting point and the refractivo index were determined 

on each of the samples. All determinations were run 

in dutlicate and were made in accordance with the offi- 

cial methods (5). In addition, the butter was examined 

and the body and texture characteristics of each sample 

were recorded. 

B. Results Obtained 

Por illustrative purposes, the results of this 

study have been plotted in curves representing the 

chemical and physìcal properties found in the milk fat 

produced during the year. The individual points used 

for plotting these curves were the average values ob- 

tained from the aialyses of the three or four samples 

of butter received during each month. A tabulation of 

the values for all of the determinations will be found 

in Table XI. 

Pigure No. II shows the seasonal changes in the 

degree of unsaturation of the fat as indicated by fluc- 

tuations in the iodine number. A gradual increase in 

this value was recorded from April to August. Prom the 

middle of August the unsaturation of thé fat rapidly 

decreased irntil December when the lowest values were 
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obtained. From January to April an increase was shown 

which corresponded markedly in its rate of change to the 

decrease recorded from October to December. By the mid.- 

die of April, 1938, the values were quite similar to those 

recorded for Aprii, 1937. 

Variations found for the fleichert-Meissl values 

throughout the year are represented graphically in figure 

no. III. The curve shows a sharp rise in the spring and 

early summer to reach its highest average points in LIay 
and. July. No explanation was found for the drop in the 

values during June. Prom August through November the 

values decreased rapidly. No values were determined for 

December, although the low iodine values for this month 

indicated that the lowest Reichert-Meissi values o± the 

year should have been obtained during this period. Dur- 

ing January and iobruary a nearly constant value was main- 

tamed. It was not until the uiddle of February that any 

definite riso was indicated. Prom L'arch through the first 

half of April the values increased rapidly. 

The curve, figuro no. IV, obtained by plotting the 

average nomthly refractive Indexes shows that relatively 

high valués were maintained during the spring and early 

summer. A marked decline in the indexes began in Sept- 

ember and continued until December and January when the 

lowest values were recorded. During February and Liarch 
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the values gradually approached the normal spring level. 

A definite relationship was fornid to exist between 

the melting point of the fat, the hardness of the butter 

and the season of the year. Pigure no. V illustrates 

the influence of the season of the year on the hardness 

of the butter as indicated by the melting point of the 

fat. The melting points were found to be low during the 

spring and summery and to increase apidly during the 

fall with the increasing hardness of the butter. By the 

latter part o± Pebruary the melting points began to de- 

crease from the high level maintained during the winter 

and by April, 1938, they had reached a point comparable 

to the melting points for April, 1937. 

In conjunction with the physical and chemical prop- 

erties of the milk fat, a record was also kept of the 

physical character of the butter itself. During the 

spring and summer the body and texture of the butter 

caused the score to be cut at times because of greasi- 

ness and leakiness in the butter. During this period 

sticky and crumbly butter was not observed and in general 

the body of this butter was quite satisfactory. By Sept- 

ember the butter had become much firmer with an occasional 

appearance 0± slight crumbliness and stickiness. Dur- 

ing October the defect wa very common and from November 

tbrough Pebruary it was very pronounced. During December 
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the condition was observed to be at its height, and 

thoreThre, it is closely related to the low iodine 

numbers, Roichert-Meissi values and refractive indexes 

(figures 11,111,1V) and the high melting points (figure 

V) which were recorded during this ontb. )uring March 

the butter improved considerably although it still had 

a tendency to be quite firm and was either slightly 

sticky or crumbly. By the middle of April, the butter 

was nearly normal in its body and texture. 
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Table No. XI 

The effect of the season of the year on the properties 

of the milk fat produced 

Date Iodine Reichert-Líoissl Refractive Melting 
nimiber value index point 
L B A B B A B 

193? 
4.-19 33.67 27.55 1.4535 33.8 
4-27 3?.32 35.39 30.12 28.83 1.4544 1.4539 33.4 33.6 
5-3 35.30 28.90 1.4544 33.5 
5-10 36.50 30.40 1.4541 32.1 
5-31 36.05 35.9v 30.50 29.97 1.4541 1.4542 32.4 32.7 
6-17 35.00 29.04 1.4540 32.4 
6-23 36.35 30.32 1.4541 32.4 
6-31 6.6O 35.98 29.05 29.41 1.4541 1.4541 33.1 32.3 
7-9 35.97 30.50 1.4540 32.5 
7-20 36.80 30.21 1.4540 33.2 
?-27 36.62 36.46 29.50 30.07 1.4541 1.4540 33.1 32.9 
8-12 37.10 29.50 1.4541 33.2 
8-l? 37.25 29.15 1.4541 33.3 
8-30 36.50 36.95 29.23 29.29 1.4541 1.4541 33.3 33.3 
9-13 35.90 28.15 1.4541 32.5 
9-20 36.00 28.43 1.4540 32.6 
9-30 36.50 36.13 28.24 28.27 1.4540 1.4540 32.7 32.6 
lO_liT35.4O 28.18 1.4539 3.O 
10-22 34.45 34.92 27.31 27.74 l.44O 1.4539 33.4 33.2 
11-9 32.70 27.15 1.4539 33.6 
li-18 32.00 27.08 1.4538 33.9 
11-29 31.25 31.98 26.60 26.94 1.4535 1.4557 33.9 3.8 
12-17 30.60 --- l.4634 34.1 
12-21 31.92 --- 1.4535 34.0 
12-27 0.95 31.16 1.4531 1.4533 34.1 34.1 
1938 -------- --- 
l-4 31.23 26.76 1.4531 34.0 
l-il 3l.BD 26.87 1.4532 33.9 
l-19 ol.93 26.80 1.4533 34.2 
l-25 31.43 31.61 26.95 26.84 1.4533 1.4532 34.1 34.1 
2-1 31.90 26.40 1.4534 34.0 
2-10 31.60 26.60 1.4533 33.8 
2-18 32.35 27.10 1.4534 34.1 
2-23 31.95 32.00 27.5026.90 1.4534 1.4534 33.9 33.9 
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Table Ho. XI (cont. ) 

Daté IodinTTheichert-Meissf Refracti Melting 
number value index point 

B A B A B A B 

3-8 33.10 27.50 1,4b37 33.8 
3-9 33.05 27.00 1.4536 33.8 
3-25 34.00 27.27 1.4537 33.7 
3-31 34.35 33.43 27.85 27.33 1.4536 1.4536 33.5 33.6 
4-4 34.0 28.40 1.4536 33.6 
4-14 34.40 34.30 27.70 28.11 1.4536 1.4536 33.6 33.6 

NOTE: figures labelled A represent individual values; 
those labelled B are monthly averages. 
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PART III 

A COL?ARISON BETWEEN THE CHEMICAL AJfl) PHYSICAL PROPERTIES 

OP THE MILIZ PAT PRODUCED IN EASTERN AND SOUTHERN OREGON 

AND THAT PRODUCED IN THE WILL.METTE VALLEY AND THE COAST 

AREAS 

A. Experimental Procedure 

1938. From November, 1937, to Epril, 1938, ten gal- 

ion lots of cream were received freni seven Eastern and 

Southern Oregon creameries. The creameries were located 

in Redmond, Bend, Klamath Pails, Medford, Union and Herrn- 

iston. The managers of the various plants (28, 29, 42, 50) 

have reported that the cream shipped was selected from 

farmers who wore feeding alfalfa hay as the chief constit- 

uent in the winter ration. In generai, very little grain, 

silage or other supplement was fed during the time that 

the cream was received. Each weekly shipment of cream 

(ten gallons from each o± the seven creameries) was corn- 

bined., pasteurized and churned. Samples o± butter were 

taken from each of the churnings for analysis. The jod- 

me number, Reichert-Meissl value, melting point and re- 

fractive index were determined in duolicate on each of the 

samples. 

1939. In addition, it was felt that considerable 
valuable information would be obtained if a comparison 



was made between the winter milk fats produced in the 

three agricultural areas of the state. Therefore, dur- 

ing December and January, 1938-1939, samples of butter 

(secured from regular churnings) were obtained from rep- 

resentative creameries throughout Oregon. These samples 

were studied with regard to iodine, Reichert-Lieissl, and 

?olenske values. 

B. Results Obtained 

In table XII are presented the various values ob- 

tained for the 20 churnings of cream received from the 

seven Eastern and 3outhern Oregon creameries from Xov- 

ember to April, 1937-1938. 

Table XII 

Properties of the milk fat produced in eastern and south- 

orn Oregon, November to April, 1937-1938. 

Iodine Rei chert-Meissl Melting refractive 
Date number value point index 

il-11 31.75 27.62 34.0 1.4534 

li-17 31.10 27.40 4.O 1.4534 
il-24 29.80 27.55 34.4 1.4531 

Le-1 30.07 27.27 34.2 1.4534 
12-8 31.02 26.97 34.2 1.4534 
12-l? 29.15 27.45 34.4 1.4533 
12-24 32.60 2?.b7 33.8 1.4534 

12-30 29.70 27.90 34.1 1.4531 
1-6 31.10 27.47 34.0 1.4534 
1-13 29.95 26.80 34.1 1.4534 
1-20 29,62 27.68 35.0 1.4530 
l-27 29.95 27.37 34.0 1.4531 
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Table XII (e ont.) 

Iodine Reichert-Licissi Melting Refractive 
Date nmnber value point index 

2-3 28.45 27.60 34.4 1.4530 
2-10 29.70 27.40 33.9 1.4531 
2-24 30.15 27.30 33.5 1.4531 
3-3 32.45 26.65 33.5 1.4536 
3-10 30.8v 28.23 3.8 l.432 
3-18 28.72 27.80 34.2 1.4532 
3-24 32.25 27.62 33.5 1.4535 
4-1 30.20 28.35 33.8 1.4531 

Average 30.45 27.50 34.1 1.4532 

The values compared very closely with those obtained 

on the samples of butter received from Halfway (table XI). 

The following are the average values for each. 

Melting point 

Iodine number 

Reichert-Meissi value 

Refractive index 

Experimental Halfway 
churnings butter 

34.100. 34.0°C. 

30.45 31.90 

27.50 26.86 

1.4532 1.4534 

1rom the results obtained in the above studies 

(tables XI,XII), it was concluded that the milk fat norm- 

ally produced in Eastern and Southern Oregon during the 

winter months had an iodine number between 30 and 32, a 

Reichert-MeissI value between 26 and 28, and a melting 

point of 34 to 35.300. When milk fat having these 
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properties was manufactured into butter, body and texture 

difficulties were invariably encountered.. 

Arrangements were made with one creaniery located in 

each section (Willamette Valley, the coast area, and East- 

ern Oregon) to obtain samples of the butter manufactured 

on December 23rd, 1938. The analyses obtained and the 

body and texture characteristIcs observed for each sample 

are found in table XIII. 

Table XIII 

Properties of samples of butter made in the three sections 

of Oregon. 

Eastern Willamette Coast 
Oregon Valley 

Iodine number 31.00 30.72 31.08 
Reichert-Ieissl value 27.35 30.?? 30.55 
Polenske value 1.78 2.21 2.19 
Melting point °O. 34.5 34.3 34.0 
Body and texture Crumbly irm Firm 

_A.s indicated8bove, the melting points and iodine 

values for the three milk fats were practically the same. 

However, a marked difference was noted between the 

Reichert-Xeissl and Polenske values (indexes of volatile 

soluble and volatile insoluble fatty acids ) of the milk 

fat from Eastern Oregon and the samples from the Coast 

and Viillamette Valley. These differences were apparently 
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quite closely related to the 'body and texture character- 

istics of the butter. 
In order to obtain more information regarding the 

variation in the imsaturated and volatile components of 

the milk fats Produced ifl the various areas of the state, 

additional samples of butter were obtained. Samples of 

butter (manufactured the first week of January, 1939) 

were secured from five creameries located on the coast, 

in the Villamotte Valley and in Eastern and Southern 

Oregon. The data obtained are presented in Table XIV. 

Table XIV 

The relationship 'between the volatile fatty acid content 

of the milk fat and the body and texture of the butter. 

Iodine Reichert-MeiiiPo1enskc Body an& 
Location n'umber value value texture 
Coast 

Clatskanie 32.05 31.30 2.34 good 
Grays River 31.92 29.81 2.18 good 
Astoria 32.50 30.00 2.31 good 
Tillamook 31.38 29.25 2.09 good 
Larshfield 31.76 30.64 2.23 good 

.verage 31.89 30.20 2.23 

;'i llame tt e 
Valley 

Eugene 29.75 31.07 2.17 firm, 'but 
Corvallis 30.23 31.24 2.30 tatisfact- 
LcLinnvi1le 30.13 30. 78 2. 18 ory 
Salem 31.08 31.45 2.01 



Table XIV (cont. ) 

I odino Rei chert-Mei ssl Polenske Body ii 

location number value value texture 

Albany 31.43 30.97 2.25 

Average 30.55 31.10 2.18 

Eastern and 
Shern 
Oregon 

Kiarnath 
Pails 29.95 26.03 1.75 hard and 
Medford 30.19 27.04 1.80 brittic 
Wallowa 31.70 27.89 1.82 some 
Hermiston 31.27 26.81 1.85 crumbly 
Redmond 30.61 27.34 1.71 and sticky 

de ±'e cts 

Average 30.74 27.02 1.78 

EOTE: The butter used in this study was manufactured in 
January, 1939. 

A marked difference was observed between the Reichort- 

Meissl and Polenske values obtained on the milk fats pro- 

duced in the alfalfa feeding areas and that produced else 

where in the state. On the other hand, there were no 

striking variations between the iodine numbers of the milk 

fats from the different areas. 
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SULARY 

During 1937 and 1938 samples of cream were secured 

from small herds fed sole diets of alfalfa hay nd from 

other herds fed the same hay supplemented with grain mix- 

tures. Silage and artichokes were also fed at times. 

The milk fats produced from the various rations were stud- 

ied with regard to some o± their chemical and physical 

properties. Daily variations were found to exist in the 

properties. of the milk fat oroduced. These variations 

were apparently not connected with the feed conaumed by 

the animals for all of the rations gave similar daily 

fluctuations. The following observations were made. 

1. sole diet of alfalfa hay was found to be 

conducive to the production of a milk fat which had a 

high melting point (34° to 35.500. ), a low iodine value 

(below 30 with the average between 26 and 28), a low 

Heichert-Meissi value (below 28 with the average between 

25 and 27) and a low refractive index (.1.4528 to 1.4532). 

The above results were obtained from Jersey herds. 

Results recently resented by hill and Palmer (35) 

corresDond quite closely to those presented in this 

paper. Timothy and alfalfa hays, when fed with a low- 

fat grain mixture, were found to produce a milk fat with 

an average iodine number less than 26, a Reichert-Meissl 

value less than 29 and a melting point more than 3400. 
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However, these authors foimd that when very high levels 

of alal±'a hay were fed ( 85 percent of the digestible 

nutrients in the fornì of the hay) to a }Iolstein cow the 

milk fat Droduced had an iodine number o± 35.85 and a 

Reichert-Meissi value of 28.01. rthermore, the body 

and texture o± the resulting butter was found to be nor- 

mal. Results renorted by Richardson and. Abboth (54) and 

by Hansen and Shaw (25) differed considerably from those 

presented in this paper. Richardson and Abbott studied 

the milk fat oroduced by one Jersey cow on a sole alfalfa 

hay ration for one month, while Hansen and Shaw studied 

the milk fat produced by one Holstein and one Jersey cow 

on a sole alfalfa hay diet over a 37 day period. They 

obtained iodine values much higher (33 to 37) than were 

obtained in the present study, though the Reicliert-Lieissl 

values were more comparable. Contrary to dill and Palmer 

both Richardson and Abbott and Hansen and Shaw reported 

that severe body and texture defects were encountered 

while the experimental ani als were on the sole alfalfa 
hay diet. 

The limited number o animals included in the above 

investigations may be responsible for the rather confusing 

results reported. In the resent study, the milk fat was 

secured from representative herds rather than from indi- 

vidual animals. 



2. The addition of the grain supplements (4 to 5 

poirnds per animal per day) to the alfalfa hay ration fed 

to Jersey cows resulted in a decrease in the iodine ntmi- 

ber (1.5 to 2.0 units) andan increase in the Reichert- 

Meissi value (1.0 to 1.5 uiits). Very little difThrence 

was found between the melting points, the refractive in- 

doxes, or the physical firmness of the milk fats produced 

on the sole alfalfa hay diets and the hay and grain ra- 

tions. ¿pparently the incease in the volatile components 

of the fat produced 1y cows on the grain supplemented 

ration was compensated by the decrease in the irnsaturated 

components. reduction in the amount of grain supple- 

ment fed to the cow was ac?ompanied by an increase in the 

iodine number and a decrea?e the Reichert-Meissl value. 

3. The addition of atichokes to a sole alfalfr .. hay 

ration caused a slight increase in the melting point (0.2 

to Q40Q ), a marked decrease in the iodine number (4 to 

5 units), a noticeable increase in the Reichert-Meissl 

value (2 to 2.5 units) and a decrease in the refractive 

index from 1.4532 to 1.4520. The addition of the arti- 

chokes to the alfalfa hay and grain ration resulted in 

little change in the melting point or the refractive 

index, but caused a decrease in the iodine number (2 

to 3 units) and an increase in the :Reichert-Eeissl 

value (1 to 2 units). 
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4. The breed of the covi was found to have oonid- 

erable influence on the properties of the milk fat pro- 

ducod. A small Jersey herd at the Umatilla ?ield Station 

fed a sole ration o± alfalfa hay produced a fat with a 

higher melting point and with less of the volatile and 

unsaturated components than did a herd composed of Lyr- 

shires (90 percent) and Jersejs (lO percent). The fat 

produced by the Jersey herd had a higher melting point, 

(1.8°C. ),a lower iodine number (4.4 units), a lower 

Reichert-Lieissl value (1.84 units) and practically the 

same refractive index. 

A survey was made covering the seasonal changes 

which occurred in the properties of the milk fat produced 

in an alfalfa feeding section o± Eastern Oregon. samples 

of butter were secured from the Pine-Eagle Jairymen's 

000Derative ssociation, halfway, Oregon, ±or one year. 

The iodine numbers, the Reichert-Meissl values and the 

refractive indexes obtained for the fat produced under 

winter feeding conditions (November to March) were 

considerably higher and the melting points considerably 

lower than the values recorded for the herds on the sole 

alfalfa hay and the alfalfa hay and grain rations at the 

Unìatilla iie1d Station. However, the milk fat produced 

at hermiston was secured from small and selected groups 

of cows fed carefully controlled rations, whereas the 
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milk fat from Halfway was nroduced by a large number of 

cows which were being fed under actual winter conditions. 

The following observations were made. 

1. The iodine numbers, the eichert-Lieissl values 

and the refractive indexes were highest during the months 

of May, Juno, July and Jugust, and were lowest during 

the months of ìovember, December, January and Pebruary. 

The melting points tended to vary inversely with the 

iodine numbers. 

2. Crumbly and sticky butter was found to be pro- 

valent during the period of the year (November to 1iarch) 

when the iodine number of the milk fat was below 53, 

the PLeichert-ileisel valuo below 28.5, the refractive 

index below 1.4536 and the melting point above 33.7. 

These values, however, did. not form definite limits be- 

tween butter of normal texture and crumbly and sticky 

butter. ?urthermore, when the shift from winter feeding 

to spring feeding was made, the butter passed through a 

transition period during which the winter characteristics 

were gradually lost arid the spring characteristics wore 

gradually taken on. Likewise, the shift from summer 

feeding to winter feeding caused a second transition per- 

iod to take place during which the winter characteristics 

were gradually taken on as the summer characteristics 

were lost. 
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3. During the perioa of the year from ìpri1 through 

eptember, the body and texture of the butter was quite 

satisfactory. Prom Iovember through February the butter 

was very firm and brittle and extreme crumbliness and 

stickiness was observed. The months of March and October 

appeared to be the transition periods for the year of 

this study. 

A comparison was made between the iodine, Reichert- 

Meissi and Poleneke values of the milk fat produced 

under winter feedin conditions in the three agricultural 

areas of Oregon. samples of butter (secured from regular 

churnings ) manufactured during the first week of January 

1939, were obtained from 15 reDresentative creameries for 

analysis. The observations were as follows. 

1. In general, the butter manufactured in the coast 

and in the Willamette Valley sections had a medium firm 

body and a close texture, while that manufactured in the 

eastern and southern Oregon section had a firm body and 

crumbly and sticky texture. 

2. Very little difference was fomd to exist in 

unsaturated acid content of the milk fats produced in 

the three sections. The iodine values ranged from 29.75 

to 32.5 and averaged 31. The average values for the milk 

fat produced in the íillamette Valley and coast areas 

were only slightly higher than the average value for he 
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fat produced in Eastern and Southern Oregon. This slight 

difference in the imsaturation of the fat was not suffi- 

oient to explain the differences observed in the body and 

texture o± the butters examined. 

3. There seemed to be a direct relationship between 

the volatile acid content of the milk fat and the body 

and texture characteristics of the butter. Milk fat from 

the coast and Villamette Valley areas had Reichert-Lieissl 

values that ranged from 29.25 to 31.5. The Polenske val- 

ues ranged from 2.17 to 2.34. This butter was compara- 

tively free from body and texture defects, although the 

body of some of the butter was quite firm. On the other 

hand., butter from Eastern and Southern Oregon had Roicher 

Meissl values between 26.5 and 28, Poleneko values 1.71 

to 1.85, and was hard and brittle. 
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CONCIUSIOIT.-3 

1. L1k fat produced in iastern and outbern Oregon 

during the winter months when alfalfa hay is the chier 

constituent of the ration fed to dairy cows contains less 

of the volatile courponents than milk fat produced else- 

where in the state. No significant difo-rence exists in 

iinsaturateö. components of mik Lat produced in the various 

sections during the winter period. 

2. There seems to be a direct relationship between 

the content of the volatile comDonents o±' the milk fat 

and the 'body and texture characteristics of the butter. 

3. A sole alfalfa hay diet is conducive to the 

production of a high-melting fat which is low in unsat- 

urated and volatile components. 

4. The addition of grain supplements to the alfalfa 

hay ration results in a decrease in the unsaturated com- 

ponents and an increase in the volatile components of 

the milk fat produced. These two changes tend to com- 

pensate each other as there is no significant chango in 

the physical characteristics of this milk fat. 
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