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THE RELATIONSHIP OF CAROTENE 3UTTER COLOR 
TO SOME CHEMICAL CHAÎGES OCCURRING 

IN BUTTER DURING STORAGE 

I N T R O D U C T I O N 

The golden yellow color of fat in milk is due main- 

ly to the presence of carotene. It has been shown by 

many workers that the amount of carotene present in milk 

fat varies greatly with different breeds and different 

seasons of the year according to feed given to the animals. 

The desirability of coloring. butter to a golden yel- 

low color has lone been recognized. The coloring of butter 

with annatto color and withharmless artificial dyes has 

been accepted by the Food and Drug Administration and is 

now being practiced almost universally. 

As the natural color of butter is due mainly to caro- 

tene, lt is desirable to color butter with sorne carotene 

concentrates instead of coloring with some foreign mater- 

ial. Coloring of butter with carotene concentrate not only 

imparts the most natural color, but also increases the 

vitamin A potency of the butter. This would seem to be a 

step forward in promoting uniformity of color as well as 

of vitamin A potency throughout the year. 

Carotene has been found, however, to be prooxygenic 
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in refined oils, especialli at elevated temperatures. It 

has also been found to be orooxygenic in butter oils con- 

taining vers little phospholioid, aipha-tocopherol and 

other antioxidants. 

Several workers have suggested the possibilities of 

colorinL butter with commercial carotene butter colors 

that are nw becoming available in the market at reason- 
able prices. It has not been shown conclusively, how- 

ever, whether coloring of butter with carotene concen- 

trates has any detrimental effect on the flavor and keep- 

in quality of butter during storage. 

The object of this studs was to determine the effect 

on flavor and keeping quality of butter, during storage 

at -10 degrees C., and at 4 to 5 degrees C., fcr various 

periods of time, after the butters have been colored with 

different amounts of carotene butter colors of different 

brands. In this study the results obtained 'ith samples 

of butter colored with various brands of carotene concen- 

trates were compared with each other and with those 

colored with Hansen's vegetable butter color which served 

as controls. 
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LITERATURE REVIEW 

It has now been well established that carotene is 

converted into vitamin A in the human biological system 

and hence, is termed pro-vitamin A or vitamin A pre- 

cursor. 

Shrewsbury and Kraybill (20), showed by biological 

assay methods that the carotene of butter accounts for an 

appreciable amount of its vitamin A activity. 

Baumann and Steenbock (2), found by biological assay 

that approximately 15 per cent of the total biological 

activity of the butters could be attributed to their 

carotene content. 

Stoltz and Sutton (21), showed interest in increas- 

ing the vitamin A potency of winter butter by the use of 

semi-purified carotene in oil. In 1933 they used Smaco 

carotene In oil (Smaco carotene In oil is an oil solu- 

tion of carotene prepared for medicinal purposes) to 

color the butter. 

This carotene-colored sample and the uncolored 

butter, from the same identical churnings, were assayed 

according to the rat curative methods. The higher gain 

in body weights of the rats fed carotene-colored butter 

over those fed uncolored butter plainly indicated the 

increased vitamin A content of the former. 
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In 1934, the same workers did some elaborate work 

and came to the conclusion that three-fourths of a pound 

of the carotene-colored butter possessed the same amount 

of frowth-promoting principle as one pound of the uncol- 

ored butter. At that time thej criticized the large 

amounts of color thej had to add (four ounces per 100 

pounds of butter fat). 

In 1945, Swartling (22), a Swedish worker, conducted 

some experiments, to determine the possibilities of color- 

ing butter with carotene. The following is the English 

translation of the summary of his work. 

"The results given above show that carotene has 

great advantages over other possible 

First of all, carotene is the natural color substance 

in butter and its addition to butter, therefore, does 

not change its composition. Contrary to other coloring 

substances, the carotene is furthermore a positively use- 

ful substance. It must be pointed out that moderate 

coloring of butter with carotene will increase the per- 

centage of vitamin A only to a relatively small degree. 

However, it means a step in the riht direction as re- 

gards obtaining a uniform coloring of butter. A further 

advantage of carotene is that it can be produced in this 

country and b changing to carotene we will be indepen- 

dent of import. The keeping quality of butter is not 

impaired by the addition of carotene and neither does it 
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affect the flavor. A serious drawback for the time being 

is the high cost of carotene. The butter color manuîac- 

turers have a problem of producing a high grade carotene 

oil at a price which is not prohibitive. 

"In connection with this problem it must be pointed 

out that as the conditions now exist, it won't be poss- 

ible to obtain a uniform color of butter by simply chang- 

ing to carotene oil, It will be necessary to agree on a 

certain color value of winter butter. This should be 

higher than it is now, and it should, as far as possible, 

be the same in all parts of this country, perhaps at the 

start, with certain variations depending on consumer pre- 

ference. 

the war, butter was exoorted to England, which 

was partly highly colored with the usual butter color. It 

Is possible that foreign buyers may wish to have a color 

more towards the orange, which is obtaIned by the use of 

Annatto and this may apply even to some of the native 

buyers. It is, however, easy to comply with this wish as 

the color can easily be modified by addition of red or 

orange dyes to a butter color, which is mainly colored 

by 

Richardson and Long (lp), conducted some experiments 

regarding coloring of butter with carotene and found the 

following: "In the initial experiments, a commercial 

carotene concentrate (from carrots) in Wesson oil was 



used as added color for laboratory churnings. The color 

characteristics were good, but flavor scores, especially 

after storae, were unfavorable. Refinements in the 

methods of extraction and isolation of carotene from 

carrots have made available carotene concentrates of little 

or no flavor or odor, and of potencies ranging from 5,000 

to 8,800 I. U. per gram. The stability of these concen- 

trates is quite high. More than 50 per cent of the caro- 

tene remained after exposure to laboratory light and tern- 

perature ccnditions for 40 days. Q.uercetin and N D G A 

decreased the rate of destruction. 

"Several laboratory churnings were made from the 

same lot of cream, with and without added ccpper (2 p.p.m.) 

and with and without added carotene. Samples were stored 

at 18 and 60 degrees F. At the end of a 10-month storage 

period at 18 degrees F., the peroxide values of all samples 

were fairly low (average 1.56 milliequivalents per kg., 

without copper; 2.19 in.e. per kg., with copper). Added 

carotene at this temperature, neither promoted nor inhibi- 

ted peroxide accumulation. 

"At the end of 5 months of storage at 60 degrees F., 

the peroxide values of the controls without added copper 

were less than 2.5. Added carotene was definitely pro- 

oxygenic for those without copper but appeared antioxy- 

genie for the samples containing added copper. The color 
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values of all samples not containing copper remained 

practically unchanged during the 5 months of storage. 

'Butters manufactured under commercial conditions 

and colored to different degrees with one of these commer- 

cial carotene concentrates are undergoing storage trials." 

CÄHOTEITE AS A PROOXIDANT 

Many workers have shown carotene to be prooxygenic. 

Franke (6), in 1932 showed that the carotenoids in the 

absence of hematin act as positive catalyzers in the auto- 

oxidation of unsaturated free fatty acids, but they do 

not affect the tri-e;lycerides. Vitamin A and carotene do 

not differ from other lipochromes in this respect. The 

relative solubilities of the reactive series of fattj 

acids may be the basis for their easy auto-oxidizability 

In the presence of carotene. In the presence of hematin, 

lipochromes cause a definite increase in auto-oxidation 

of neutral oils (not of the free fatty acids) . This may 

be due to the formation of a hematin-carotene complex. In 

pyridine, but not in other solvents, the lipochromes de- 

crease the auto-oxidation of unsaturated fats and fatty 

acids. Explanation of this is sought on the basis of the 

theory of chain structure. In dimethyl-an±line, the pre- 

cence of hematin results in an unusually rapid and exten- 

sive auto-oxidation of the lipochromes as well as of the 
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unsaturated fatty acids. 

Baumann and Steenbocic (2), dissolved carotene In 32 

different oils, esters and orgsnic solvents and then 

stored them under various conditions. Spectrographic 

determinations of the carotene content were made periodic- 

ally for 5 months. Carotene was found to be stable in 

cotton seed oil and in the ethyl esters of lauric and 

sebacic acids in the presence of hydroquinone. Carotene 

was found less stable in other oils. Small quantities 

of hydroquinone exerted a protective effect upon carotene 

dissolved in purified organic solvents, but did not act 

so efficiently in the natural oils. 

Thompson and Steenbock (23), found beta-carotene to 

be an active prooxidant. Beta-carotene shortened the in- 

duction period and accelerated the rate of oxidation after 

the end of the Induction period of both plant and animal 

fats from which the antioxidants had been removed by 

chromatoraphic methods. They found the prooxidant effect 

of carotene to be greater with plant fats than with animal 

fats. This was due to the fact that plant fats contained 

a greater percentage of unsaturated fats. 

ANTIOXIDANTS 0F BUTTER FAT 

Though carotene has been found to be prooxygenic, the 

natural color of butter vías found to be quite stable. (20). 



Baumann and Steenbock (3), found evidence that indi- 

cates the presence of a material in crude carotene ex- 

tracts which protects carotene from destruction by ultra- 

violet radiation. 

Cady and Luck (5), found that treatment of cod liver 

oil with sulfur dioxide destroyed its vitamin A potency in 

15 minutes, while similar treatment of butter did not 

appreciably affect its potency after 2 hours. They sug- 

gested that the vitamin A of butter was protected by 

naturally occurrinE substances. 

Shrewsbury and Kraybill (20), showed that when caro- 

tone is added to butter fat which has been decolorized 

with charcoal, rapid fading of the carotene takes place. 

But untreated butter does not fade under similar condi- 

tions. Moreover, carotene added to untreated butter fat 

was found to be quite stable. 

All these facts lead to the belief that butter con- 

tains protective substances which are removed or destroyed 

by treatment with charcoal. Small quantities of hydro- 

quinone added to charcoal-treated butter fat prevented the 

destruction of the color of butter, as did the naturally- 

occurring protective substances of butter. 

When carotene was added to equal amounts of charcoal- 

decolorized butter fat and untreated butter fat, no fad- 

ing took place. These experiments showed that the sub- 

stances which occur in natural butter arid protects carotene 
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of butter from destruction, act as anti-oxidarits. 

But there seems to be a limit to the extent to which 

these natural protective substances present can protect 

oxidation of unsaturated butter fat, as well as the oxida- 

tion of added carotene. These natural protective sub- 

stances may not necessarily protect the oxidation of 

butter fat when carotene is added in an excessive amount. 

The butter samples of this study, were colored only 

up to the approximate shade of summer butter color, be- 

cause it has been found that summer butter of golden yel- 

low color with much more carotene present in it than the 

butter samples of the other seasons of the year does not 

undergo oxidatïve changes under the commercial storage 

conditions for a considerable length of time. (9). 

Gould, Moore and Ewbank (9), performed some experi- 

ments to study the effect upon flavor, peroxides, and 

carotenoids, when butter is subjected to various degrees 

of oxidation. 

Copper, in the form of copper sulfate v:as added to 

accelerate oxidation and the butter samples were stored 

for 3, 6, and 9 months at 4 degrees C., and -20 degrees C. 

The flavors cf all the samples stored at 4 degrees 

C., underwent marked change durinp, storage, with pro- 

gressive decrease in the score with higher copper contam- 

ination. t the end of 3 months all the samples contam- 

inated with copper and stored at 4 degrees C., had greatly 
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deteriorated in flavor. 

Peroxide values in the samples stored at 4 degres 

C., correlated well with flavor changes and with increas- 

ing quantities of added copper. Those samples showed 

much higher peroxide values at the end of 9 months period 

than at the end of 3 months, 

These workers (9), also conducted some experiments 

with butter oil to find some correlation between the for- 

mation of peroxide and loss of carotenoids. It was ob- 

served that with the formation of peroxides, carotenoid 

destruction occurred rapidly. The oxidation of butter 

oil at 100 degrees C., as measured by peroxide values, 

was found to proceed slowly up to a peroxide value of ap- 

proximately 1.5. Above this value, peroxide formation 

increased rapidly. In contrast, destruction of carotenoids 

occurred rapidly in the initial staLe and 50 per cent of 

the carotenoids were destroyed before a peroxide value of 

1.5 had been reched. 

The results obtained in the above two experiments 

might appear contradictory. Because, in the stcrage of 

butter, peroxide formation reat1y preceeded any detect- 

able loss in carotenoids, whereas with butter oil destruc- 

tion of carotenoids was great in cor:iparison to peroxide 

formation. 

The workers pointed out the cause of difference in 

the above two experiments. In case of butter, the butter 
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fat is more or less in asolid state and interspersed 

with a snail quantity of milk solids-not-fat and drop- 

lets of brine (water plus the salt added). The oxida- 

tion defect In butter was perhaps main» due to the oxi- 

dation of the phospholipid, lecithin, owing to the sol- 

vent action of brine on lecithin. Thus, in the earlier 

stages, the production of oxidized flavors in butter 

might have been due to the oxidation of the phospholipids 

and not necessarily oxidation of the fat Itself. However, 

the fat had been definitely affected b the time bleach- 

ing of carotenoids occurred and peroxide formation occurs 

with the oxidation of either the phospholipids or the fat. 

The case is quite different with butter oil. Butter 

oil does not contain salt and the sample is In a liquid 

condition. The oxidation affects both the fat and the 

carotenoids, since bleaching occurs at the earliest start 

of peroxide formation. 

FORTIFICATION OF FOODS .,TITE CAROTENE 

NECESSITATES ATTENTION TO STABILIZATION 

The following is a review by Russell (17), in re- 

gard to the fortification of foods with carotene. 

"Cf several antioxidants tried only hydroquinone was 

effective. In solvent-extracted soybean meal, carotene is 

more stable than In expeller-extracted meal and soybean 
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lecithin favored the stability of carotene in soybean 

flour. A carotene concentrate from alfalfa was more 

stable than crystalline carotene in many prcducts (11). 

Of about 100 antioxygenic substances studied, diphenyl- 

amine was found to have the zreatest stabi11zin effect 

on carotefle" 

The data presented in the experiments by Quacken- 

bush, Cox, and Steenbock (13), estal.lished that alpha- 

tocopherol is highly effective both In preventing auto- 

oxidation of carotene in vitro and in prornotin a biologi- 

cal response to carotene in ethyl linoleate. The tocopher- 

ois are responsible for at least a part of the protective 

action of soybean oil, since (a), both aipha-tocopherol 

and the protective substance of the soybean oil distilled 

under similar conditions, (b), in both the bioloEica]. 

and the in vitro tests, small amounts of aipha-tocopherol 

showed almost the same potency as the equal quantity of 

soybean tocopherols. 

They also showed that both aipha-tocophorol and hydro- 

qulnone are antioxidants for carotene in vitro and both 

are capable of promoting a biological response to caro- 

tene. 

Further evidence for the antioxidant role of tocopher- 

ol is presented in a recent report by Sherman (19), that 

carotene was destroyed in the digestive tract in the ab- 

sence of tocopherol. 
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They also suested that the problem of instability 

of carotene in oil solutions exposed to oxygen can be 

solved by the use of lipophilic antioxidants such as the 

tocopherols. 

Bickoff and V.Tilliams (4), found carotene to be 

prooxyenic in refined oils, especially at elevated 

temperatures. 
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E X P E R I M E N T A L 

M E T H O D S 

1. Establishment of method of extracting and measuring 

the color of the fat in cream and butter. 

There are several methods for the determination of 

the amount of carotenoid pigments present in a sample 

of cream, 

Richardson and Long Method (16): First determine 

the percentage of fat in the cream. Veigh cream of a 

fat equivalent of 2.7 grams into an 18 gram Babcock 

cream bottle. Run a small amount of water through the 

neck of the bottle to wash down the fat. Add a few glass 

beads and warm the cream to 30 degrees C., (87 degrees 

ii). The warming up of the cream is important, for the 

stability of a cooled cream ernulsïon is lowest at approxi- 

mately 30 de:rees C. Shake the bottle by hand or mach- 

ine for from 3 to 5 minutes or until butter separates. 

Add about 2 ml. of ethyl alcohol (95 per cent) and 

warm the bottle to about 40 de:rees C., (104 degrees F.). 

Add about 5 ml. of petroleum ether (benzene) and mix 

thoroughly but carefully with the butter so as to avoid 

foaming. Bring the solvent-fat layer into the neck of 

the bottle by adding water slowly do the side of the 
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bottle, until the boundary between the solvent and the 

water phase is at the zero graduation. Interference b 

the large air cells may be overcome by the addition of 

table salt or a little alcohol (95 per cent ethyl). 

Fill the neck of the test bottle up to the 45 per 

cent graduation mark with petroleum ether (benzene). 

Stopper the bottle with cork and mix the fat-solvent 

column carefully by slow movements. If the churning of 

cream has been fairly complete, the column will contain 

approximately 2.7 grams of fat in a constant volume of 

solvent and the color of the column is due to the natural 

color of the cream. 

Measure the color of the column either by a photo- 

meter or by matching with color standards. 

This method was tried and found to be satisfactory 

during all the different seasons of the year excepting in 

summer, when churnin: was not very efficient. Some of the 

fat was left at the bottom of the fat-solvent column, en- 

tangled in the phospholipid fraction. The amount of caro- 

tene present in summer cream is much more than is found 

in other seasons of the year. The phospholipid content 

seeis to increase also along with the increase of caro- 

tene, which may account for the difficult churning. 

Golding method (7) : Golding used the following 

method for the determ±nation of butterfat in dairy products: 

Reagent A: This reagent was used to separate the fat 
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from the cream b' dissolving the protein present and thus 

freeing the fat. 

Ammonium Hydroxide C. P. 75 ml. 
Normal Butyl Alcohol 5 ml. 
Ethyl Alcohol (95 per cent) 15 ml. 

ttîdietklod for cream: 

a) eigh an empty hall-pint milk bottle. 

b) Add 10 grams of 25 per cent cream and weigh. 

c) Add an approximately equal volume of reagent A, 

cork (wetted), and shake for 10 minutes to mix. 

d) Add about 10 ml. of mixture of equal parts A 

and water cleared with a few drops of alcohol. 

This is to wash the cork and the inside of the 

bottle. 

e) Churn by shaking violently for 1 to 2 minutes. 

f) Add about 50 ml. of water to wash down. 

g) Churn with circular movement to form butter 

into a lump. 

h) Fill with cold water, floating butter to surface. 

"From then on it is a case of getting the butter 

into a tared flat bottom dish where the alcohol and 

water are boiled off and the fat weighed. 

"The results agreed well with the iojonn1er. It 

vd&S foui-id that the reagent A if used alone in adequate 

quantities completely dissolves the casein at room tern- 

perature and what was more remarkable, the churnability 



was so increased that 100 per cent of the fat could be 

separated in a few minutes by shaking the cream with this 

solution (reagent ), followed by the addition of 'break- 

ing 

For the purpose of measuring the amount of carotene 

in creani the above was modified somewhat and found to be 

quite satisfactory. The procedure is as follows: 

a) Veigh an 18 gram short-neck Babcock bottle. 

b) weigh cream containing 2.7 grams of fat into the 

bottle. 

c) Add 10 ini. reagent A slowly. 

d) Add about 10 ml. of mixture of equal parts of 

reagent A and water, to wash the cork and the 

inside of the bottle. 

e) .arrn the contents with the container to about 

30 degrees C. 

f) Churn the contents by shaking violently for 1 to 

2 minutes. 

g) Add about 10 ml. of water to wash down any butter 

remainini on sides of the bottle. 

h) Add about 4 mi. of petroleum ether or Skelly 

solve-B and bring the solvent column up into 

the neck of the Babcock bottle by adding water 

till the boundary between the solvent and the 

water phase is at the zero graduation. 

The neck is then filled up to the 45 per cent 



19 

graduation mark with petroleum ether, after which the 

added petroleum ether is carefully nilxed with the fat 

solvent layer. 

1.hen this solvent layer is cloudy, a few ò.rops of 

ethyl alcohol (95 per cent) are added and the bottle 

either is left undisturbed for a few hours in a dark 

place or preferably ïs centrifuged a few minutes in the 

Babcock Tester. The solution is ready for color deter- 

mination. 

This modified Golding method was found to be satis- 

factory throughout all the seasons of the year. Fat sepa- 

ration and churning ability of the fat were quite effi- 

cient. 

Less petroleum ether was necessary to make up the 

constant volume of solvent layer as the normal butyl al- 

cohol used in reagent A, goes in solution with the added 

petroleum ether. 

In seasons of the year, excepting surmner, the Richard- 

son and Long (16) method of extraction compared favorably 

with the modified Golding (7) method. During surmiler the 

modified Golding method was used. 

2. Calculation of the amount of color to be added to the 

cream give the desired color to the butter. 

Suppose the cream contains 5 micrograms of carotenoid 

pigments per gram of fat, calculated as carotene. Assume 

the desired color of butter corresponds to 13 niicrograms 
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of carotene per gram of fat. Then the color required to 

be added for i gram of fat is 8 micrograms of carotene 

equivalent. 

Then the carotene required for 1 pound of fat is 8 x 

454 micrograms or 363200 micrograms for 100 pounds of fat. 

If, for example, the carotene potenci of the color to be 

added is 6500 I. U. units (3900 micrograms) per gram, the 

amount of color that will be required to be added for 100 

pounds of fat is 93.13 grams. Assuming the density of the 

concentrate to be 0.9 gram per ml. at 20 degrees C., this 

corresponds to 103.48 ml. or approximately 3.5 fluid ounces. 

A chart showing the amount of color in ounces to be 

added to 100 pounds of fat, to obtain a desired shade of 

color can be prepared for daily use. 

Five different colors were used in this study. They 

are Colorich, Yello A, Valley Vitamin, Hansen's, and 4 M M. 

Their carotene potencies according to the manufacturers 

are, respectively: 2,400, 3,900, 4,200, 4,600, and 5,280 

micrograms of carotene per gram of concentrate. 

3. Churninß procedure. 

Commercial churning procedures were followed and 

the "50-45-40" method of manufacture (24), was used. All 

the butters were manufactured in the college creamery. 

Most of the butters were made from premium grade sweet 

cream. The creams were pasteurized at 200 degrees F., 

(vacreated). The calculated amount of carotene concentrate 
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or standard color was added to the cream in the churn 

just before churning. 

4. Storage. 

Two one-pound prints of butter from each experi- 

mental churning were wrapped in commercial parchment 

wrappers. The prints were wrapped in a second wrapper 

individually, arid significant identifying data were writ- 

ten on the wrapper. All the samples were stored at -10 

decrees C., until the end of the month in which the 

butters were manafactured. At the end of the month, a 

one-pound print from each batch manufactured in that month 

was taken out and stored at 4 to 5 degrees C. A key num- 

ber was given to each batch of butter manufactured. The 

first of the three digits of the key number represented 

the month in which the batch was manufactured, while the 

second and the third digits represented the date of manu- 

facturing. For example, key number 1-12 signifies that 

the batch was manufactured on January 12. 

The samples at 4 to 5 degrees C., were stored froni 

3 to 7 months and the samples at -10 degrees C., were 

stored for nearly one year. 

5. Scoring. 

All the samples held at 4 to 5 degrees C., were scored 

organoleptically as unknowns by three judges at the be- 

ginning of the month following their manufacture and again 

after one month of storage. All of the samples held at -10 
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degrees C., were scored in August and selected samples 

were re-scored in December. 

6. Determination of the carotenold pients in butter. 

In the experiments conducted for this work, a repre- 

sentative sample of butter containIng 2.7 grains cf fat 

was weighed into an 18 gram short-neck Babcock bottle. 

The bottle with the contents was warmed to 40 degrees C., 

and 2 ml. of ethyl alcohol (95 per cent) were added. 6 

ml. of petroleum ether were then slowly added and the 

bottle rotated slowly to dissolve the fat. 

After the solution was completed, the fat-solvent 

layer was brought into the neck of the bottle by the addi- 

tion of water and the same procedure was followed as was 

done for the determination of the color of cream. 

7. Extraction of butter oil for chemical analyses. 

The samples to be analyzed were taken out of storage 

and about one-fourth pound of butter was cut out from each 

sample by means of a stainless steel Imife and placed in 

different beakers. The beakers were held In an oven, 

whose temperature was adjusted to about 60 degrees C., 

until all the butter was melted and clear butter oil had 

separated from the curd and salt. One hour usually was 

sufficient. The melted samples were filtered hot utiliz- 

ing the oven to maintain temperature and exclude ligYit. 

It required about one hour for each sample to filter 

through fluted filter paper (iatman no. 12). Four-ounce 
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Class sample bottles viere used to store the filtered 

butter oils. 

Required amounts of the filtered butter cils were 

then weighed into appropriate glass receptacles for 

chemical analyses. Sometimes it was necessary to store 

these for a few hours in an ice box at 4 to 5 degrees 

C., until they could be analyzed. Care was taken not to 

expose them to strong sunlight. 

8. Test for free fat acids. 

The methcd of Gould and Jobnson (8) was used to de- 

termine the amount of free fat acids. This is a modifi- 

cation of the A. O. A. C. method (1) and is as follows: 

Weigh 10 grams of the butter oil into a stoppered 

glass Erlenmeyer flask and add 25 ml. of ethyl alcohol 

(95 per cent). Shake the flask, add a few drops of phenol- 

phthalein indicator and titrate against N/20 sodium hy- 

droxide solution. The free fat acid ccntont is expressed 

as acid decree (ml. N sodium hydroxide per 100 'ams of 

fat.) 

9. Determination of eroxide values (14). 

Solutions: Accurately standardized 0.1 N sodium thio- 

sulfate. 

Prepare an approximately 0.1 N sodium thiosulf ate 

solution by dissolving 12.41 grams of sodium thiosulfate 

(pentahydrate) in 500 ml. of distilled water. 
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Prepare 0.1 N potassium dichromate solution by dis- 

so1vin 2.452 grams of finely powdered and dried reagent- 

grade potassium dichrornate in 500 ml. of distilled water. 

Pipette out 25 nl. of this solution into a glass-stoppered 

Erlermieyer flask and add 5 ml. of concentrated hydrochloric 

acid. Add 5 ml. of potassium iodide solution (15 grams 

in 100 ml. distilled water) and 50 ml. of distilled water. 

Slowly run sodium thiosulfate solution from a burette 

into the flask containing the dichromate solution and the 

above-mentioned chemical solutions . Continue vigorous 

swirling of the dichromate solution until the yellow color 

of potassium dichromate solutIon almost disappears. Then 

add about i ml. of starch indicator solution and continue 

titration, shaking as before until the blue color just 

disappears. 

Adjust the thiosulfate solution exactly to 0.1 N. 

Accurately standardized 0.005 N sodium thiosulfate. 

Prepare 0.005 N sodium thiosulfate solution by 

accurately pipetting 50 ml. of 0.1 N thiosulfate solution 

into a 1000 ml. volumetric flask and diluting to volume 

with boiled and cooled distilled water. Add 10 ml. of 

isoamyl alcohol and 0.1 gram of sodium carbonate per 

liter of solution for stabilization. Store the solution 

in a brown bottle. 

Starch indicator solution. riake a homogeneous paste 

of 10 grams of soluble starch In cold distilled water. 
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Add 1 liter of boilin distilled water to the paste and 

stir the solution rapidly, then cool. Add 1.25 grams of 

salicylic acid to the solution to preserve the solution 

by be1ní attacked by yeasts and molds. Make a fresh 

solution every two months. 

Potassiui iodide solution. Make a fresh saturated 

solution before every test. The indication of complete 

saturation of the sciution is given by the presence of 

crystals of undissolved potassium iodide at the bottom 

of the solution in the solution bottle. 

Acetic acid-Carbon tetrachioride solvent. Lux re- 

agent-grade glacial acetic acid and Ti. S. P. carbon 

tetrachloride solutions In the proportion of 2:1 by 

volume. 

Cleaning solution. Place about 10 grams of technical 

potassium dichromate In a one liter Erlenmeyer flask with 

about 50 ml. of water. Warm the flask under the hot water 

tap to dissolve as much as potassium dichromate as possible. 

Add concentrated sulfuric acid carafully arid slowly until 

the volume is about 200 ml. Allow the hot solution stand 

for about 5 minutes. Bring the volume to 1 liter by add- 

ing concentrated sulfuric acid. 

Discard the solution when the distinct1 red chromic 

acid color changes to brown. Generally this solution lasts 

for about two months. 

Determination of peroxide values. This is made as 
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follows: 7eigh two grams of butter oil sample into a 

250 mi. glass-stoppered Erlenmeyer flask and add 30 ml. of 

the acetic acid-carbon tetrachioride mixture. Add 0.5 ml. 

of saturated potassium iodide solution and shake the flask 

until the solution becomes clear. After two minutes, add 

30 ml. of distilled water and titrate the solution against 

0.005 N sodium thiosulfate solution, adding the starch in- 

dicator near the end point of the titration. In cases 

where the peroxide values were too low, starch indicator 

solution was added before the titration was started. 

The flask is shaken virorously near the end point of the 

titration to liberate all the iodine from the carbon tetra- 

chloride layer. 

The number of milliequivalents of peroxide present 

per 1000 grams of sample was calculated from the amount 

of sodium thiosulfate solution required to titrate the 

liberated iodine. 

I.Ulliequivalents of peroxide per 1000 grams sample 

equals Titration (ml.) x Normality x 1000 
Weight of Sample 

A blank titration was made daily on all reagents and 

the reagents were rejected when the titration (blank), 

exceeded 0.1 ml. of 0.005 N sodium thiosulfate, 

10. aldehyde value. 

The Schibsted test (18), as modified by Mummery (12), 

to determine the fat aldehyde value was modified to give 
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greater precision. 

Preparation of reagent and color standard: 

Dissolve twenty grams of pure rosaniline hydrochlor- 

ide (anìiydrous basis) in about 600 ml. of absolute alcohol. 

It is necessary to shake vi'orously until all the rosani- 

line hydrochloride is dissolved. Fill the flask to the 

mark with absolute alcohol. Allow the solution to stand 

for several days (4 days) during which a dark-colored 

sediment forms. This consists of organic impurities and 

nearly all of the salt. Filter and to 500 ini. of the 

clear filtrate (2 per cent solution) in a 1000 ml. volu- 

metric flask, add 1.42 grams of sodium metabisuifite. 

Fill to the mark with distilled water. Sodium metabi- 

sulfite was found by Mummery (12) to be less sensitive 

to oxidation than the sulfur dioxide (6.4 Ljrams per liter) 

which was used by Schibsted. 

The freshly prepared reacent is stored in several 

well-filled small brown bottles at a temperature of 4 

to 5 derces C., in the dark. Filling several small 

bottles with the reagent was necessary as oxygen present 

in the space above the reagent in bigger bottles tends 

to oxidize the sodium metabisulfite. Storing of reagents 

at a lower temperature was also essential in preserving 

the reagent. Fresh reagents were prepared at the end of 

three week periods. 

Color standard: A 0.00]. per cent cresol red solution 



buffered to a pH value of 7.8 was used as a color stan- 

dard. Schibsted used a buffer solution of pH 8.3. 

Mummery (12) found that a buffer solution of pH 8.3 

save with cresol red a color in close agreement with that 

of a sample of lard, but with butter fat there was a 

noticeable discrepancy in the test. But when the pH 

value of the buffer solution was reduced to 7.8, the cre- 

sol red aave the desired tint. The formula for the buffer 

solution of pH 7.8 Is as follows: 

Sodium borate 3.822 grams 
Boric acid 9.923 grams 
Sodium chloride 2.925 grams 

These are dissolved In distilled water and made up 

to a volume of i liter In a volumetric flask. 

One-tenth gram of cresol red on the anhydrous basis 

is weighed Into a 100 mi. volumetric flask and dIssolved 

in the above buffer solution and the flask finally filled 

to the mark with the same. From this solution 5 ml. are 

pipetted accurately into a 500 ml volumetric flask and 

the buffer solution added up to the mark. This standard 

color solution matches fairly closely the shade of the fat 

aldehyde rosaniline hydrochloride color. 

The color standard Is stored in a well-filled brown 

bottle at 4 to 5 degrees C. 

Details of the test. The butter oil is dissolved in 

petroleum ether (purified and free from aldehydes) to a 

suitable concentration varying from 0.05 to 10 grams per 
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loo ml. of solution, depending ori the aldehyde content. 

25 ml. of the clear fat solution are pipetted into a test 

tube (22 x 175 mm.) and 5 ml. of the rosaniline reaEent 

are then added with a pipette and the test tube closed 

firmly with a number four rubber stopper covered with tin 

foil. Several such test tubes are placed in a small wire 

case and the whole case is turned upside down and then re- 

versed at the rate of about 60 times a minute. This slow 

mixing gives the maximum color density. The test tubes 

are then allowed to stand for half an hour, after which 

about 20 ml. of the purple petroleun ether from each test 

tube are pipetted into different clean, drj test tubes. 

The test tubes are closed with the same rubber stoppers 

wrapped in tin foil. 

In the original niethod visual measurement of the 

purple ether solution is made. In the present studi it 

was found that spectrophotorrietric measurement of color 

save more precise results. 

The test was modified as follows: Skellysolve B was 

used instead of petroleum ether. Skellysolve B was tested 

and found to be free from aldehydes. The small wire case 

containing the test tubes filled with the Skellysolve B 

and test solution (rosaniline reagent) was shaken by hand 

instead of by a machine. 

Spectrophotometric measurement was made after stand- 

ing for one hour, using the buffer solution of pH 7.8 as 
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standard which was adjusted to allow loo per cent trans- 
mittance at a wave length of 570 millimicrons. It was 

f cund that maximum absorption by the cresol red standard 

took place at this wave length in both the instruments. 
Table 1 gives the data. 

The spectrop1otometric measurements of all the 

samples stored at a teciperature between 4 to 5 degrees C., 
were made with aColemari spectrophotorneter, rodel il. 
For the samples stored in -10 degrees C., the Coleman 

Junior (Model 6A) spectrophotometer was used. 

Different readings were obtained in the two spectro- 
photometers mentioned above as the lengths of the cells 
used were different for the different apparatus. The 

length of the cell used in model 11 was 13 mm. and that 
used in model 6A was 25 mm. Calibration curves viere made 

for the two spectrophotometers as follows: 
The cresci red standard contained 10 micrograms of 

cresol red per ml. of solution. Several dilutions of the 
color standard were made using semi-microburettes. The 

diluted color standards contained 1, 2, 3, 4, 5, 6, 7, 8, 

and 9 micrograms of cresol red per ml. of solution. 
The percentage transmittances of light of 570 milli- 

microns wave length through the above-mentioned diluted 
color standards were measured in both the spectrophoto- 
meters using the buffer solution of pH 7.8 as reference 
(100 per cent transmittance). 
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TABLE 1 

DETERMINATION OF ':AVE LENGTH FOR THE MAXThITJN 

ABSORPTION OF CRESOL RED STANDARD 

Coleman Model 11* Coleman Model 

Vave Length Trans- 
mittance 

Thve Length Trans- 
inittance 

mu. Per Cent mu. Per Cent 

610 77.0 580 34.0 

600 62.0 575 32..5 

590 47.5 570 31.5 

580 565 31.8 

575 34.0 560 32.1 

570 33.0 550 32.8 

565 33.2 530 37.8 

560 34.0 510 40,3 

550 38.2 500 41.3 

* Length of cell used: 13 mm. 
Length of cell used: 25 mm. 
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The readings were plotted on a semi-log graph and 

a calibration curve was obtained for the particular 

instrument. Figure 1 shows the calibration curve for 

Coleman Model li, and fiure 2 shows the curve for 

Coleman Junior, Iodel 6A. 

The readings are shown in Table 2. 

The fat aldehyde values for the butter samples were 

read from the appropriate calibration curve and were re- 

corded as equivalents cf cresol red in micrograms per 

ml. of solution. Generally, 2 per cent butter oilsolu- 

tiens in Skellysolve B were tested. 3y a simple calcu- 

lation the concentration of aldehydes in terms of equiva- 

lents of cresol red per gram of fat was determined. 

The data are shown in Tables 3 and 4, 
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Concentration: Creaol Red, mc5. per ml. of 
buffer solution (pH 7.8) 

Fig. i Calibration curve for Coleman model 11 
wave Length: 570 mu. 
Cell Length: 13 mm. 
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Concentration: Cresol Red, mcg. per ml. of 
buffer solution (pH 7.8) 

FIg. 2 Calibration curve for Coleman model 6A 
Wave Length: 570 mu. 
Cell Length: 25 nun. 
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TABLE 2 

Transmittances through the diluted cresol 
red solutions for determining the calibra- 
tion curve for each instrument. 

Coleman Model 11 Coleman F1odel 6A.:: 

Concentration 
of Cresol Red 

Trans- 
mittance 

Concentration 
of Cresol Red 

Trans- 
mittance 

Mcg./ml. Per Cent I:cg./ml. Per Cent 

0 100.0 0 100.0 

1 85.1 1 73.1 

2 73.2 2 54.0 

3 61.7 3 39.9 

4 52.4 4 29.8 

5 45.0 5 21.8 

6 38.0 6 16.4 

7 32.5 - - 

8 27.6 - - 

9 23.8 - - 

10 20.3 - - 

,,Lenth of cell used: 13 mm. 
Length of cell used: 25 mm. 

V/ave Length: 570 mu. 



RESULTS OF EXPERIIYNTS 

Samples Stored at 4 to 5 flegrees C. 

Altogether 37 samples of butters were manufactured 

for the purpose of this study and stored at 4 tc 5 de- 

grees C. Four samples were made during the month of 

January, eight in Februars, ten in March, eight in April, 

and seven samples were made in Mas. 

The results showing the free acid degree, peroxide 

value, and fat aldebyde value are shcm in Table 3. This 

table also shows the kind and amounts cf colors added to 

different samples per 100 pounds f fat. Samples pre- 

pared in different months were stored for different per- 

iods of time. January, February, March, April and May 

samples were stored for 198, 208, 177, and 152 days re- 

spectively. 

As the samples were stored for different periods of 

time, their values could not be compared unless the ay- 

erage change-per-dai of storage was calculated. The ini- 

tial values of th fresh samples were ignored and the 

averae change-per-day of storage was ca1cu1ited and 

shewn in Table 3. 

For many years Hansen's vegetable color has been used 

as a standard color and its value as a good coloring 
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Relationship of the Kind and Amount of Carotene Con- 
centrate Used to Color the Butter to the Chemical Changes 
Occurring in the Butter During Storage at 4 to 5° C. 

Date Free Acid Peroxide Fat Aldehyde Kind & Amt. 
Degree Value Value ofColorAdded 

ml/lOO gxnsFat me/kg mcg CR/En X oz/lOOlbsFat 
x103 xlO xlO 

l-l2 1400 C 7.O7) 50 (O.25) 1125 ( 5.68) Hansen's 0.63 
1-14 1400 ( 7.07) 125 (0.63) 800 ( 1.O4) Val.Vit. 0.85 
1-19 1400 ( 

7.07) 150 (0.75) 1250 C 6.31) 1 1.30 
1-26 1500 ( 7.58) 150 (0.75) 900 ( 4.55) 4 M I 1.69 

2-02 1450 ( 6.97) 200 (0.96) 1650 ( 7.94) Han/Y.A. I.t52 

2-04 1200 ( 
5.77) 100 (0.48) 675 C 3.25) 4 M M 1.92 

2-10 1750 ( 
8.42) 200 (0.96) 1050 ( 5.05) Yello A 2.75 

2-12 1450 ( 6.97) 125 (0.60) 675 C 3.25) " 2.54 
2-16 1750 C 8.42) 250 (1.20) 1550 ( 

7.46) " 3.25 
2-19 1400 ( 

6.73) 100 (0.48) 965 ( 4.64) " 2.83 
2-23 1850 ( 8.90) 125 (0.60) 900 C 4.33) t 2.71 
2-26 1700 C 8.18) 150 (0.73) 875 ( 4.21) " 3.63 

3-01 1750 ( 8.28) 75 (0.37) 1220 ( 5.98) 2.55 
3-02 1650 ( 8.09) 225 (1.10) 1300 ( 

6.37) Colorich 5.70 
3-03 1750 ( 8.28) 175 (0.83) 1425 C 6.98) 4 MM(old) 2.74 
3-08 1400 ( 6.86) 175 (0.83) 1375 ( 6.74) Hansen's 2.07 
3-10 1400 6.86) 200 (0.98) 1050 ( 5.15) " 1.53 
3-15 1800 ( 8.82) 225 (1.10) 1375 ( 6.74) " 2.70 
3-17 1850 ( 

9.07) 225 (1.10) 1325 C 6,49) Han&Col'h 3.51 
3-24 1450 ( 7.11) 225 (1.10) 1250 

( 
6.13) Hansen's 2.2]. 

3-29 2000 ( 9.80) 225 (1.10) 1350 ( 6.62) 2.17 
3-31 1650 ( 8.09) 200 (0.98) 1275 ( 6.25) " 1.26 
_; -J _) 

4-07 
;. -1 Li 

130 ¼ .L. _) s J L) J 

(10.45) 
f ._) 

225 
L s ,.) L J 

(1.27) 
T 

L. LF 

1375 
.J J 

( 7.77) Colorich 
j 

0.53 
4-12 2400 (13.56) 275 (1.56) 2300 (13.00) " 1.52 
4-14 1900 (10.74) 200 (1.13) 1230 C 6.95) 1.24 
4-19 2350 (13.28) 325 (1.84) 1220 ( 6.89) U 335 
4-21 1300 ( 7.35) 250 (1.41) 2170 (12.26) 't ].55 
4-28 1000 ( 5.65) 225 (1.27) 1415 C 7.99) 1.46 
4-30 700 ( 3.96) 175 (0.99) 1570 C 8.87) 0.82 
5-03 780 ( 5.131 300 (1.97) 2010 (13.23) No Cclor - 

5-06 1050 ( 6.19) 400 (2.63) 2240 (14.74) " - 

5-10 1280 ( 8.42) 350 (2.30) 1720 (11.32) Colorich 0.96 
5-12 1250 ( 

8.23) 250 (1.65) 905 ( 5.95) No Color - 
5-14 1100 ( 7.24) 288 (1.90) 1425 C 9.38) - 

5-15 1200 C 7.90) 150 (0.99) 615 ( 4.05) - 

5-20 1800 (11.84) 250 (1.65) 1230 ( 8.09) " - 

Va1ues in brackets signify average chane-per-day of stor- 
age. 

and May samples were stored for 198, 
208, 204, 177, and 152 days respectively. 

X C. R. Cresci Red 



material is well established. Hence the samples colored 
with Hansen's vegetatle color were taken as the standard 
or the control to compare the results obtained from the 
samples colored with different carotene concentrates. 
Free acid degrees: The free acid degrees of the samples 

have been represented in Table 3 as the ml. N sodium 

hydroxide per 100 grams of fat multiplied by 1000 to 
give a round figure for the purpose of easy comparison. 
The changes in free acid degrees in 37 samples ranged 
from 700 to 2400*. The average change-per-day of stor- 
age ranged from 3.96 to 13.36. The average change-per- 
day of free acid degrees in all the samples a'reed ex- 
cepting in few cases. 

Sample l-12, colored with 0.63 ounces of hansen's 
vegetable color per 100 pounds of fat gave a free acïd 
deree of 1400, the average changeper_daî being 7.07. 
Two other samples made In January and colored witi greater 
amounts of Va11ej Vitamin carotene color than sample 1-12, 
gave the same average change-per-dab' as the sample l-12. 
Sample l-26, colored with 1.69 ounces of 4 M M carotene 
color per 100 pounds of fat and it gave a slightly higher 
average change-per-day of 7.58. 

Among the February samples, sample 2-04, colored 
with 1.92 ounces of 4 M M carotene color gave the lowest 
*To obtain the actual free acid degree, divide above shown values by 1000. 
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averaEe change-per-day of b.77. This was even less than 

that shcwn bj sample 2-02 which was colored with 1.62 

ounces of a ccmblnecì color of Hansen's vegetable color 

and Yello A carotene color in the proportion of 1:3. The 

change for sample 2-02 was found to be 6.97. All the 

other samples made In Februar,' were colored with differ- 

ent amounts of lello A carotene color. Their average 

change-per-day ranged from 6.73 to ¿3.90. Sample 2-23 

colored with Yello A gave a higher average change-per-day 

of 8.90. This sample was made from a sour neutralized 

cream. These average changes were fairly close to that 

obtained fcr the sample colored with the combined color 

of hansen's and Yello A. iost of the sample$ made in 

March were colored with different amounts of 1ansen's 

color. The other aiuples were colored with Yello A, 4 M M 

(old) and Colorich colors. The averare change-per-day 

values of the samples colored with Hansen's color were 

slightlr lower than the same obtained from samples colored 

with carotene butter colors. Values for siples colored 

with Hansen's color ranged from 6.86 to 9.80. The higher 

average change-per-day of 9.8 was given by sample 3-29, 

which was colored with 2.17 ounces of Hansen's color per 

100 pounds of fat. The values for carotene-colored samples 

ranged from 8.09 to 8.28. Sample 3-02, though colored with 

5.70 ounces of Colorich color per 100 pounds of fat gave 

The wcrd "value" refers to the average change-per-day of 
storage. 
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a value of 3.O9. Sample 3-17 colored with 3.51 ounces 

of a combined color of Hansen's and Colorich in the pro- 

portion of 1:2, gave an average change-per-day of 9.07. 

All of the April samples with the exception of sam- 

pie 4-05, were colored with Colorich carotene color. The 

values for ail the samples made durin the first half of 

the month were verj much higher than the averare. The 

values for these samples ranged from 10.45 tc 13.46 as 

compared to the values of 3.96 to 7.35 obtained from sam- 

pies made during the second half of the month, and colored 

with Colorich color. The qualities of the creams obtained 

during the first half of the month were inferior to those 

obtained during the second half of the month as most of 

the creams obtained during the first half of the month 

had to be neutralized. The butters from these creams also 

scored much lower, when they were examined oranolepti- 

callj at the end of one month's storage at 4 to 5 degrees 

C. Sample 4-05 though colored with Hansen's color showed 

an average change-per-day of 13.56. 

Most of the May samples were prepared without the 

addition of any color. Sample 5-10 was colored with only 

0.96 ounces of Colorich per 100 pounds of fat. The creams 

of the May samples were fairly rich in carotene. The 

averae change-per-day of the samples made during May 

were comparable to the average change-par-day of the 
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samples made during the other months. The only colored 

sample (5-10) in this month gave a value of 8.42. The 

values for other samples ranged from 5.13 to 8.23. 

Sample 5-20 not colored with any color tave a high value 

of 11.84. 

Peroxide values: The peroxide values have been 

represented in Table 3 as the milliequivalents of per- 

oxide per kilogram of fat multiplied by 100, to cive a 

round figure from which an average change-per-day cf 

stora&e could easily be calcu1ated. The values ranged 

from 50 to 400. The average change-per-day of storage 

ranged from 0.25 to 2.63. The averae was less than 

1.0 in most of the cases. 

Sample 1-12 prepared In January and colored with 

Hansen's vegetable color gave the lowest value of 0.25. 

The values for other samples made in January and colored 

with Valley Vitamin and 4 M M were higher than sample 

1-12 which was colored with Hansen's color. 

The values for February samples were fairly compar- 

able. Sample 2-02 colored with a combined color of Han- 

sen's color and Yello A color in the proportion of 1:3, 

gave a value of 0.96. This value was higher than some 

of the values riven by other samples prepared during, the 

same month and colored with 4 M M or Yello A color. All 
o obtain actual peroxide value, divide the values by 100. 

"Value" refers to the average change-per-day of storage. 
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the samples, with the exception of sample 2-16, colored 

with Yello A gave lower values than samples colored with 

Hansen's vegetable color, during the month of March. 

This shows that Yello A carotene concentrate has bettor 

antioxidant properties than Hansen's vegetable color. 

Sample 2-04 colored with 4 M M also save the lowest 

average change_per_da,r of stora'e of all the Februarí 

samples. 

Most of the March samples were colored with Hansen's 

color. Sample 3-01 colored with Yello A color gave the 

lowest averae change-per-day of storage among all the 

March samcp1es. Sample 3-17 colored with a combined color 

of Hansen's color and Colorich color in the proportion 

of 1:2 gave the somewhat higher value of 1.10. Sample 

3-08 gave the lowest value of 0.83 among all the Hansen- 

colored March samples. 

During April, sample 4-05, colored with Hansen's 

color, gave a value of 1.56. The values for Colorich- 

colored samples ranged from 0.99 to 1.84. Only one sam- 

pie, 4-19, made from neutralized cream and colored with 

Colorich color gave a higher value of 1.84. 

0f all the May samples only sample 5-10 was colored 

and that with onli 0.96 ounces of Colorich per 100 pounds 

of fat. This sample showed a value of 2.30. This was 

higher than the values for non-colored samples. Their 
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values ranged frorì 0.99 to 1.97, with the exception of 

sample 5-06 which save a slightly higher value of 2.63. 

In general the average change-per-day of storage values 

for L'Iay samples were higher than the values obtained for 

samples made during the other months. This might have 

been due to the higher unsaturated fatty acid contents 

or the fat and to the low quality of the creams from 

which butter samples were made. 

Fat aldehyde values: The fat aldehyde values shcTì 

in Table 3 have been calculated as the number of micro- 

grams of cresol red per gram of fat multiplied by lO.' 

The averare change-per-day of storage for January 

samples showed fair agreement. The value for sample 

l-12 colored with Hansen's color was 5.68, The values 

for other samples cclored with carotene colors and made 

in January ranged from 4.04 to 6.31. 

The values for samples made in February showed the 

lowest values of all the 37 samples. IIost of the Febru- 

ar samples were colored with Yello A carotene color. 

Sample 2-04 colored with 4 M M color showed the lowest 

value of 3.25 of all the February samples. Sample 2-02, 

colored with a combined color of Hansen's and Yello A, 

in the proportion of 1:3, showed the highest value of 

7.94. Samples colored with 'Yello A carotene color showed 

To obtain the actual fat aldehyde value, divide the values 
by 10. 
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comparatively lower average change-per-day of storaLe 

in peroxide as well as in fat aldehyde valuez, than the 

samples colored with Hansen's vegetable color. 

The values for March sarnplez cclored with Hansen's 

color ranged from 5.15 to 6.74, whereas the values for 

other samples colored with Colorich, 4 M M and Yello A 

during the same month ranged from 5.98 to 6.98. The 

highest value for this month was given by sample 3-Os 

which was colored with 4 M M carotene color from old 

stock. 

The average cLange-per-day of storage valuez for 

April samples were comparatively higher than the values 

obtained from samples prepared during the other months. 

The quality of the commercial creams during the first 

half of April were considered to be inferior to creams of 

other months as judged from the chemical analysis of the 

fat as well as from the churning data. Some of the 

creams had to be neutralized before churning. The value 

of 5.14 given by sample 4-05, colored with Hansen's 

color, was the lowest of all the April samples. Values 

for the other samples colored with Colorich ranged from 

6.89 to 3.87. Samples 4-12 and 4-21 showed very much 

higher values of 13.00 and 12.26. These exceptionally 
To obtain the actual fat aldehyde value, divide the values 

given by 10. 
"Value" refers to the average change-per-day of storage. 
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higher values could probably be attributed to the quali- 

ties of the cream. These two samples showed fairly high 

peroxide values also. 

The two non-colored :a samples, and that colored 

with Colorich, showed exceptionally high fat aldehyde 

values. The other non-colored samples gave values be- 

tv;een 4.05 and 9.38, which compared favorabli with those 

of the samples made in previous months. 

Samples Stored at -10 Degrees C. 

Sixteen samples of the butters stored at -10 degrees 

C., were analyzed. All the samples were stored at this 

temperature for longer periods than the corresponding 

samples stored at 4 to 5 degrees C., (see Table 3). The 

results of analyses of the samples stored at -10 de:rees 

C., are shown in Table 4. All the samples stored at -10 

degrees C., showed lower values than the corresponding 

samples stored at 4 to 5 degrees C., for lesser periods 

of time as shown in Table 3. 

Free Acid De&rees: The average change-per-day of 

storage of free acid degrees of these samples ranged from 

2.29 to 5.47, whereas it ranged from 3.96 to 13.56 for the 

samples stored at 4 to b degrees C. The highest value of 

"To obtain actual free acid degree, divide the values giv- 
en by 1000. 

"Value" refers to average change-per-day of storage. 
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TABLE ± 

Relationship of the Kind and Amount of Carotene 
Concentrates Used to Color the Eutter to the 

Chemical Changes Occurring in the Butter During 
Storage at -.10° C. 

Date Free Acid Peroxide FatAldehyde Kind & Amt. 

of Degree Value Value of Color Added 

Mf. ml/lOO s. me/kg. mcgcn/gmC oz/l00 lbs.Fat 
x103 x102 xlO 

l-l9 1400 (4.04)* 75 (0.22) 275 (0.79) Val.Vit. 1.30 
l-26 1250 (3.60) 50 (0.14) 240 (0.69) 4 I M 1.69 
2-04 ÌJ. 00 ( 3 . 45 50 (O . J. 6] 190 ( D .60 ) - 4 IiI J. .92 

2-16 1600 (5.02) 100 (0.32) 250 (0.79) Yello A 3.25 
2-19 1200 (3.77) 50 (C.16) 175 (0.55) " 2.83 
2-23 1450 (4.55) 25 (0.08) 295 (0.93) " 2.71 
2-26 1450 (4.55) 100 (0.32) 315 (0.99) 3.63 
O-U: J'±t:u yk.itD) 1UU U.D'+) (U.ti7) uoioricn o. 
3-15 1200 (4.10) 125 (0.43) 190 (0.65) Hansen's 2.70 
3-29 1600 (5.47) 200 (0.68) 180 (0.62) " 2.17 

4-05 Ï20 (4.78) 175 (067) 265 (1.01) " - 1.36 
4-12 1250 (4.78) 125 (0.48) 335 (1.28) Colorich 1.52 
4-21 750 (2.87) 100 (0.38) 255 (0.97) t' 1.55 
4-30 600 (2.29) 75 (0.29) 255 (0.97) " 1.46 

(4.nY125 (054 320 (139 
5-14 800 (3.46) 100 (0.43) 270 (1.17) No Color 

*Values in brackets signify average change-per-day of 
storage. 

'January, February, March, April, and May samples were 
stored for 347, 318, 292, and 321 days respectively. 

x = Cresol Red for C. R. 
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5.47 was riven by sample 3-29 which was colored with 

Hansen's vegetable color. The other two samples colored 

with Hansen's color gave the values of 4.10 and 4.78. 

The samples colored with Colorich and Yello A color 

save comparatively lower free acid degrees than the 

samples colored with Hansen's color. Only one sample 

colored with Valley Vitamin was analyzed and gave a value 

of 4.04. These results showed that coloring of butter 

with carotene concentrates did not affect the keeping 

quality of butter as compared to Hansen's butter color. 

Peroxide Values:* The peroxide values for these 

samples ranged from 0.08 to 0.66 as compared to 0.25 to 

2.63 for samples stored at 4 to 5 degrees C. This showed 

that very much smaller oxidative changes occurred in sam- 

pies stored at -10 degrees C. Here again, the highest 

peroxide value of 0.68 (averaF.e chance-per-day of storae) 

was given by the same sample 3-29, colored with Hansen's 

vegetable color. The lowest value of 0.06 was given by 

sample 2-23 which was colored with Yello A carotene color. 

Values given by samples colored with Yello A, 4 M M, Val- 

ley Vitamin and Colorich colors were all lower than the 

values given by samples colored with Hansen's color. Only 

sample 5-10 colored with Colorich color gave a higher 

value of 0.54 but this value was less than that given by 

To obtain actual percxide values, divide the values given 
by 100. 

"Value" refers to average change-per-day of storage. 



sample 3-29 colored with HenSen'S color. All these re- 

sults show that all these carotene colors were quite 

comparable tc the standard Hansen's vegetable color, as 

far as the oxidative properties are concerned. 

Fat Aldehyde Values : The fat aldehyde values of 

these samples ranged from 0.55 to 1.39 as compared to 

3.25 to 14.74 in samples stored at 4 to 5 degrees C. 

The highest value of 1.39 was obtained from sample 

5-10 colored with Colorich carotene color. The samples 

colored with Hansen's color gave comparatively lower fat 

aldehyde values (averace changes-per-day of storage), 

than the other samples colored with various carotene 

colors. Samples colored with Colorich color gave the 

highest average change-per-day of storage in fat aide- 

hyde values ranging from 0.87 to 1.39. Samples colored 

with 4 M M carotene color rave fair1' low values of 0.60 

to 0.69 and compared favorably with values given by samples 

colored with 1-jansen's vegetable color. Two of the samples 

colored with Hansen's color gave values of 0.62 and 0.65 

whereas the third one gave a value of 1.01. The values 

for samples colored with Yello A color ranged from 0.55 

to 0.99. 

These data from samples stored at 4 to 5 degrees C. 

and at -10 degrees C., indicate that the carotene concentrates 
To obtain actual fat aldehyde value, divide values shown above bj 10. 
"Value" refers to average change-per-day of storage. 



compare favorably with the standard Hansen's butter color 

as far as the keeping quality of the butter is ccncerned. 

DISCIJSSIOI"i OF RESULTS 

At present, although our knowledge of the mechan- 

ism of butter deterioration during cold storage is incom- 

plete, there are evidences that the storage flavor de- 

fects are the result of prcressive chemical changes due 

to oxidation and hydrolytic processes, causing cleav- 

ace of one or more of the constituents of butter. How- 

ever, neither hydrolysis of the fat due to lipase acticn, 

yielding free fatty acids of low molecular weights, e. s... 

butyric, caproic an caprylic acids, that are associated 

with rancid flavor, nor auto-oxidation of unsatux'ated 

fatty acids, such as oleic and linoleic, that produces 

tallowy flavor, is responsible for the typical storage 

flavor of cold storage butter. During deterioration in 

cold storage, flavor defects like bitter, rancid, fishy, 

oxidized, metallic, etc. are noticed. 

The following excerpts from Palmer et al (l2a) 

illustrate modern views on deterioration of butter. 

"The oxidative changes responsible for deterioration 

in sweet-cream, salted butter occurs in accordance with 

the following theory. 



"Cream is an oil/water emulsion containing butter fat 

emulsified by means of the naturally-occurring lecitho- 

protein 'membrane' substnce. According to the modern 

theories of emulsification, the lipid portion of the 

lecithoprotein complex is in the fat globule, and the 

protein portion extends into the aqueous phase or plasma. 

"?vetallic contaminants are adsorbed on the proteins, 

but preferentially on the lecithoprotein 'membrane' sub- 

stance. In the presence of dissolved air, the minute 

traces of adsorbed metals, catalyze the oxidation of 

lecithoprotein which tends to transmit the oxidation to 

the triglycerides in the fat globules. 

"However, there are also present antioxygenic sub- 

stances proteins with -mi2, -OH, -PO4, groups which, 

though colloidal and not dissolved in the plasma, exert 

an antioxygenic effect through the action cf these polar 

groups. Also in the cream plasma there are dissolved 

phosphates, citrates, ascorbic acid and possibly other 

substances which are antioxygenic. The combined effect 

of these antioxygenic substances, whether present as sol- 

utes or colloids, may be regarded as one of negative 

heterogeneous catalysis. 

"The exact nature of the initial changes are bound up 

with the oxidation-reduction potential of the system and 

is complex in nature. A stage may be reached, however, 
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when the antioxygenic properties are overcome by the oxida- 

tion effects, and the lecithoprotein becomes oxidized, which 

tends to lead to the development of off-flavors in the 

storage butter.TT 

The fishy flavor in cold storage butters is caused 

b chemical reactions, and only when acid and oxygen are 

present. Eilers et al (5a) hold the somewhat contra- 

dictory view regarding the causes of fishy flavor forma- 

tion, as follows: "Until a few years ago this function 

was pretty generally attributed to trimethyl-amine, which 

is supposed to be formed in butter by oxidation of the 

choline croup of lecithin. But recently acme workers 

have come to the conclusion that trimethyl-amine plays 

no )art in the deterioration of the flavor of cold-stor- 

age butter." 

As carotene is known to be prooxyenic in refined 

oils, especially at elevated temperatures, it was anti- 

cipated that it would accelerate the process of oxidation 

and bring about quicker deterioration in cold storage 

butter. 

In order to evaluate the oxidative properties of 

the caTotene concentrates, it is desirable to make butters 

from the same lot of cream and under identical conditions, 

with the only exception of the butters being colored with 

carotene concentrates, standard vegetable colors or artificial 
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dyes. In this way the variation in the quality of the 

creams would be eliminated. 

But as the present study was necessary to be con- 

ducted under commercial plant conditions, it was not poss- 

ible to manufacture the samples from the saine lot of 

cream. Moreover, difficulties arise in making small 

laboratory churned butters, that are satisfactory for 

organoleptic evaluation. In this study the rate of de- 

terioration in butter vías determined on the basis of 

the increases in free acidity, peroxide values, and fat 

aldehyde values in a given period. 

The samples were analyzed for free fatty acids to 

determine the amount of hydrolytic rancidity produced 

during the storage. The enzyme, lipase, present in milk 

or cream partially hydrolyzes the fat and liberates fatty 

acids like butyric etc. which gives rise to bitter-ran- 

cid flavors. The test for free acidity was mainly per- 

formed to check the quality of creams used to prepare the 

samples. In general it was found that the higher free 

acid degree resulted from the samples made from high acid 

neutralized creams, such as was found in the April samples 

prepared during the first half of the month, irrespective 

of the samples being colored either standard vegetable 

color (HansenTs) or carotene concentrates. The general 

comment of the judges for such samples was old cream, 

coarse and sour. 
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The normal average free fatty acid degree in fresh 

butter was found by the writer to vary from 0.40 to 0.70. 

Development of free fatty acids occurred during the 

storage but it was less pronounced in samples stored at 

-10 degrees C. In general, the acid degrees of the caro- 

tene colored samples compared favorably with that of the 

samples colored with vegetable color (Hansen's). 

Butter contains 4 to 6 per cent of air by volume. 

This air and the oxygen present In the storage chamber 

play important roles in the autoxidation of butter and 

in the formation of peroxides. Production of peroxides 

takes place slowly during the induction period which 

extends up to a peroxide value of about 5.0. The produc- 

tion of peroxides becomes rapid as soon as the induction 

period ends. The results cf this studï show that in all 

the samples, the production of peroxide value was less 

than 5.0, which means that the values were well within 

the induction period value and the peroxide values of all 

samples could be compared. 

The averaEe change-per-day of peroxide values of 

carotene-colored samples were quite comparable to that 

of those colored with a veetab1e dye (Hansen's). The 

avera2e change-per-day of peroxide values of April and 

May samples were higher than that of samples prepared 

during the other months. This might have been due to 
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poorer qualities of the creams obtained during these two 

months, which was evident from the free acid degree, 

the flavor scores, and the churning data. Furthermore, 

the higher percentage of unsaturated fatty acids in creams 

obtained during these two months mi,ht be expected to 

have played some role in the production of higher values. 

The sampleE prepared during the months of April and 

May and colored with carotene concentrates deteriorated 

at about th same rate as those colored with vegetable 

dyes. 

The aldehydes that are procuced during the deteriora- 

tien of butter in cold storage have been found to be aide- 

hydes of medium molecular weight, in particular these 

are mainly hepaldehyde and nonaldehyde. I\o definite 

relationship between peroxide value and fat aldehyde 

value could be obtained from the results of this study. 

In most of the samples colored with carotene concentrates 

and with vegetable color (Hansen's) the aldehyde values 

were in fair agreement. In a few cases the aldehyde 

values of the samples colored with vegetable color (Han- 

san's) viere higher than those colored with carotene con- 

centrates, thereby proving that the carotene concentrates 

were in no way inferior to vegetable dyes (Hansens) as 

far as the oxidative properties of the carotene concen- 

trates were concerned. 



55 
The average change-per-day In fat aldehyde values 

were observed to be higher for the April and May samples. 

This again proved that the qualities of the creams ob- 

tained during these two months were inferior to qualities 

of samples obtained during the other months. 

No definite correlation between the amount of caro- 

tene color added end the rate of chemical changes could 

be obtained, though in some cases, an increase in the 

amount of added carotene disproportionately increased 

the amount of chemical changes. In the process of chemi- 

cal changes, important part was played by the quality of 

cream. In order to conclude about the correlation be- 

tween amount of color added and rate of deterioration 

of butter in cold storage, more work needs to be done 

by making butter samples from the same lot of cream and 

under identical conditions, with only varying in the 

amounts of added color (carotene concentrate, vegetable 

or artificial dye). 

One of the carotene concentrates (Valley Vitamin) 

produced foreign and slightly off-flavors when added to 

butter and hence was used to color only two samples. The 

carotene concentrate Yello A, was found to be quite stable 

but slight off-flavors were noticed when the butters were 

colored with more than 2.75 ounces of color per 100 pounds 

of fat. Other carotene concentrates compared well with 

Hansen's vegetable color as far as flavor was concerned. 
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SUMLARY AND CONCLUSIONS 

The first part of the thesis is devoted to a general 

review of the literature on the utilization of carotene 

butter color as a means of increasing the vitamin A 

potency of winter butter id of promoting uniformity 

in the color of butter throughout the year. 

The ichardson and Long (16) method of extracting 

and measuring the color of fat in cream and butter was 

found to be satisfactory during all the different sea- 

sons of the year excepting in summer when churning was 

not efficient. The Go1din (7) method of extracting the 

fat of cream was modified and found to be satisfactory 
for all creams. 

A simple method for calculating the quantit1- of 

color, in micrograms cf carotene, necessary to add to 

a given amount of cream to secure a desired shade of 

butter has been described. 

Free acid degree, and peroxide, and fat aldehyde 

values were used as criteria to indic8te the difference 

in the rate of chemical changes occurring during storage 

in 37 samples of butter, colored with a vegetable die or 

carotene concentrates. The samples were stored at 4 to 

5 degrees C., and at -10 degrees C., for different per- 

lods of time. 

The Munmiery (12) modification of the Schibsted (18) 



57 

method of determin1n the fat aldehyde values was further 

modified by introducing a spectrophometric procedure for 

measuring the color densit cf the reactant solution and 

expressing the fat aldehyde values in terms of cresci 

red per gram of fat. 

The free acid degrees indicated the quality of the 

creams from which the butters were manufactured. The 

free acid degrees of the samples colored with different 

carotene concentrates and of the samples colored with 

vegetable color were in close agreement exce)t in very 

few cases. 

The peroxide values of the samples colored with 

different carotene concentrates and those colored with 

a vegetable dye compared favorably. In a few cases, 

high peroxide values appeared to be due to the poor 

quality of the cream samples. 

The aldehyde values from the carotene-colored sam- 

pies agreed favorably with those from vegetable dye- 

colored samples. No direct quantitative relationship 

between fat aldehyde values and peroxide values was ob- 

tamed but usually an increase or decrease in peroxide 

values was accompanied by a similar change in fat aide- 

hyde value. 

The quality of the creams from which the samples 

were made irrespective of the kind of color used (standard 

vegetable or various carotene concentrates), played the 
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most important role in the deterioration of butter dur- 

ini: storage. 

The data obtained from the experiments of this 

study, indicated that the carotene concentrates were 

in no way inferior to the vegetable dye as far as the 

keeping quality of the butters stored at 4 to 5 de- 

grees C., and at -10 degrees C., was concerned. 

No definite relationship between the anounts of 

color added and the rate of deterioration occurring 

during storage could be obtained. With two brands of 

carotene concentrates, however, a foreign flavor was Im- 

parted to the butter if thei were added in excess of cer- 

tain limits. 

Addit±onal studies in which butters are made from the 

same ict of cream are necessary before some theoretical 

questions can be answered. The present studies, however, 

serve to demonstrate a practical method of controlling 

the color of butter throughout the year. They support 

the view that refined carotene concentrates may be sub- 

stituted for the standard dyes as butter color w±thout 

reducing the flavor or storage qualities of butter. 
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