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Chedd-ar cheese was rnanuíactured under experinena1 conuitions 
from milk containing i.j..3 to 5.8 ter cent fat and standardized. 
vdth reonstituted non.tat dry .ailk solids. Control batciies of Cheddar 
cheese were manuictured from milk o± the same lots, which had been 
standardized with fluid skim milk to a fat content of 3.8 per cente 
A total o± ;)4 batches of cheese sere made. 

The results of the scoring of the cheese r a qualified cheese 
¿rader in Fortland,Oregon, shoied that Cheddar cheese of high quality 
can be manuiactured from high ±at content milk which has been standardized 
vd..th reconstituted noiffat dry milk solids to a ratio of fat to solids- 
not-fat of l:2.3. 

Body and texture defects such as dry, brittle, crumbly and mealy 
occurred when milk containing over L.7 per cent fat was standardized 
to a ratio of fat to solìds-not-±at of l:2e3 with noniat dry milk solids. 

The addition of O.O2 per cent calcium chloride to the cheese 
milk and holding the reconstituted nonfat dry milk solids for a period 
of time before it was added to the cheese milk was of no advanta'e. 
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Although one week was spent in a commercial cheese £actoT 
manuíacturing Cheddar cheese with milk standardized with nonfat dr 
milk solids, further work needs to be done on a commercial scale before 
the process can be considered practical under commercial conditions. 
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ADJUSTMENT OF THE RATIO OF FAT TO NONFAT SOLIDS 

BY MEANS OF NONFAT DRY MILK IN THE MANUFÄCTTJRE OF CHEDDAR CHEESE 

FROM HIGH FAT CONTENT MILK 

INTRODUCTION 

Milk which is produced in areas where Jersey and Guernsey cows 

are predominant has a high fat content. This is true in the State of 

Oregon where the average test of the milk produced in 1946 was 4.51 

per cent fat. If such milk were used to manufacture Cheddar cheese 

without modifying the fat content, the cheese would contain an excess 

of fat in proportion to the fat-free solids. 

In the manufacture of Cheddar cheese the fat content of the milk 

from which the cheese is made is adjusted or standardized so that the 

cheese will meet the state and federal standard of 50 per cent fat, 

expressed on a water-free basis. hen cheese is made from non-adjust- 

ed Jersey or Guernsey milk it will contain about 35 to 37 per cent fat, 

which, on a water-free basis containing a total solids content of 63 

per cent, would be the equivalent of 55.5 to 5.7 per cent fat. 

Experiments and commercial experience have shown that lowering 

the fat content of high testing milk to 3. is profitable. The use 

of non-standardized high testing milk is uneconomical, for it will pro- 

duce a high fat content cheese with no material improvement in quality. 

Although it contains excess fat, high fat content cheese will not bring 

a higher price than cheese just meeting the fat requirements. Since it 

is unprofitable to use high testing milk, cheese makers customarily 

lower the fat content of high testing milk by removing some of the fat 



In the form of cream. The fat which is removed becomes surplus and 

must be used in the manufacture of other dairy products such a but- 

ter. The fat test of milk could also be lowered by the addition of 

skinrnuilk. By using this method of standardization all of the fat re- 

ceived in the whole milk could be utilized in the form cf cheese. Row- 

ever, $kiminilk is usually not available at cheese factories inlea sorne 

of' the whole milk is separated, which would still leave surplus fat. 

Cheese factories would, therefore, have to obtain skimmilk from pro- 

ducers who are willing to sell only their skimmilk to the cheese 

factory and sell their cream to another dairy plant. Such producers 

are hard to find, for producers would rather sell whole milk, or if 

they separate, to sefl only the cream and use the skimmilk on the farm. 

Cooperative plants which manufacture cheese also have a surplus of fat, 

for they muet buy their patrons' milk regardless of how high the fat 

test is. An illustration of such a situation is the Tillamook County 

Creamery Association, which in 1946 received milk that had an average 

test of 4.59 per cent fat. There is, therefore, a shortage of skim- 

milk or a surplus of fat in the dairy sections where cheese Is the 

primary product and the milk received is of high fat content. 

hi1e there Is a shortage of skimmilk at such cheese factories 

there is available on the market a source of skimmilk In the form of 

nonfat dry milk solids and condensed skimmilk. Nonfat dry milk solids 

are available in areas where the surplus skimmilk produced in flush 

seasons of the year is manufactured into milk powder by drying. This 

product can be shipped economically and stored for several months with- 
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out refrleration, while skiminilk i bulky and perishable. 

At certain periods there is usually a surplus of nonfat dry 

nilk solids and at such times the price might be low enough so t1t 

lt would be possible for the cheese industry to use nonfat dry milk 

solids to standardize its milk. 

The use of nonfat dry milk solids for standardizing high fat 

content milk could be of considerable importance to the Oregon cheese 

and dry milk industry. If nonfat dry milk solids was used as a source 

of skirnmilk for standardizing high fat content milk all of the fat re- 

ceived in the milk could be utilized in the form of cheese. For ex- 

ample, in 1946 the Tiflamook County Creamery Association received 

87,223,806 pounds of milk containing 4.59 per cent fat. By standard- 

izing this milk to 3. per cent fat they would bave obtained 690,000 

pounds of surplus fat which., for the lack of skimmilk, could not be 

made into cheese. This surplus fat was manufsctured into butter and 

ice cream. If this surplus fat could be utilized, in the manufacture 

of cheese through the use of nonfat dry milk solids it could be manu- 

factured into 1,932,000 pounds of Cheddar cheese if a yield of 2.8 

pounds of cheese per pound of fat was obtained. 

PURPOSE 0F THE INVESTIGATION 

The purpose of this investigation was to determine whether 

Cheddar cheese of high quality could be manufactured from milk contain- 
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Ing 42 to 4.7 per cent fat which had the solids content raised with 

nonfat dry milk solids; and, if the process was successful, to deter- 

mine under what conditions the process would be economically sound. 

METHOD OF CONDUCTING THE INVESTIGATION 

In conducting this research, data were obtained on the effects 

of nonfat dry milk solids in the manufacture of Cheddar cheese. These 

data consisted of t1e differences observed in the acidities, yields, 

matting properties and compositions of the Cheddar cheese which was 

manufactured, This data is accurate within the limits of this in- 

vestigation and the many variables involved in the manufacture of 

Cheddar cheese. 

The investigation consisted of three phases: 

(i) The preliminary experiments. In this phase small batches 

of Cheddar cheese were manufactured in the college dairy 

products laboratory to determine the effects of nonfat 

dry milk solids in Cheddar cheese and the best method for 

manufacturing Cheddar cheese containing nonfat dry milk 

solids. 

(2) The final experiments of the investigation consisted of 

the manufacture of batches of Cheddar cheese containing 

milk powder and batches of Cheddar cheese containing fluid 

skimmilk. The beet method for manufacturing Cheddar 

cheese when nonfat dry milk solIde vas used for standard- 

izing was selected as judged from the results of the 
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pre11mnary batches. 

Six batches of cheese using this method were manu- 

factured. The milk for each of the six batches was divided, 

one half was made into cheese containing nonfat dry milk 

solids and the other half of the split batch of milk was 

used as a control and made into cheese in the customary man- 

ner. By using split batches of milk the cheese made with 

the nonfat dry milk solids could be corpared with the cheese 

nade from milk standardized with skiminilk, a is the custom- 

ary method of manufacturing Cheddar cheese. 

(3) The commercial phasé consisted of the manufacture of Cheddar 

cheese containing nonfat dry milk solids on a commercial 

scale in a Cheddar cheese factory. The purpose was to deter- 

mine 1f the metìods proven to be satisfactory in the exeri- 

mental batches at the college would produce high quâllty 

Cheddar cheese under large scale commercial conditions, 

REVIEW OF PREVIOUS LITERATUPE 

The Idaho Agricultural Experiment Station conducted an investi- 

gation in 1930 on the use of nonfat dry milk solide in the manufacture 

of Cheddar cheese. (i, p. 1-16) This investigation consisted of the 

manufacture of Cheddar cheese from milk that had been standardized with 

spray process nonfat dry milk solids to various fat to solids-not-fat 

ratios. The milk used in the experiments had a fat range of 3.0 to 4.2 



per cent. The milk was standardized to fat to solids-not-fat 

ratios of 1:2.6, 1:2., and 1:3.0. 

In the cost studies it was found that when cheese was valued 

at 20 cents per pound the average return was 16.5 cents per pound 

of nonfat dry milk solids used. In tis cost study butterfat was 

valued, at 50 cents a pound and nonfat dry milk solids at 10 cents 

a pound. 

The investigators at Idaho found that a ratio of fat tO slids_ 

not-fat of 1:2. resulted in cheese which met the legal require- 

rnents for butterfat content. However, the average moisture content 

was 39.44 per cent, which is illegal since the federal standards do 

not allow more than 39 per cent moisture. A ratio of 1:2.6 met all 

the legal requirements for butterfat d moisture. The average an- 

alysis on 14 batches of Cheddar cheese using a ratio of 1:2.6 was a 

butterfat content on a dry basis of 54.29 per cent and a moisture 

content of 38.4 per cent. 

In the examination of the quality of the cheese it was found 

that the use of nonfat dry milk solids had no appreciable influence 

on the quality of the cheese. The average score at l weeks of 14 

batches of cheese containing nonfat dry milk o1ids with a ratio of 

1:2.6 was E9.73. The average score at 1 weeks of 14 batches of cheese 

which did not contain nonfat dry milk solids was 90,34. The use of 

milk powder lowered the score 0.61 point. 

The fat loss in the whey was found to decrease slightly with 

an increase in the amount of nonfat dry milk solids added to the 

milk. The fat test of the whey when no nonfat dry milk o1id was 



was used was 0.26 per cent. When nonfat dry milk solids was used 

to obtain a ratio of 1:2.6 the fat test was 0.26 per cent; when 

the ratio was 1:2. the whey test was 0.23 per cent; and when the 

ratio was 1:3.0 the whey test was 0.22 per cent. 

The investigators found that when milk containing 3.9 to 4.2 

per cent fat was standardized with nonfat dry milk solids, the re- 

suiting cheese was of the same uality and compositIon as cheese 

made from milk containing 3.0 to 3.3 per cent fat. 

EXPERIMENTAL METHODS 

Methods of Standardizing the Milk Used in the Exneriment to a Certain 

Ratio of Fatto Solids-not-fat. 

The method used to standardize the milk by the addition of non- 

fat dry milk oiids recuIred the determination of the ratio of fat 

to solids-not-fat in the unstandardized milk. This ratio subtracted 

from the desired ratio gives the amount of solids-not-fat which the 

milk is deficient. The solids-not-fat deficient times the pounds of 

fat in the milk gives the pounds of solids-not-fat required to stan- 

dardize the milk to the desired ratio of fat to o1ids-not-fat. 

The formula used to determine the solids-not-fat in the milk was 

the Babcock Short Formula: SNF 0.25 Lactometer re.ding olus 0.2 

Fat tet. (2, p. 317.) 

This formula vas selected because it was the simplest to use and 

gives a solids-not-fat reading very similar tothat which is obtained by 



the Mojonnier method. The average difference between the determined 

and calculated solids using the Babcock Short Formula has been found 

to be 0.019. (2, p.318) 

Lactometer readings were obtained with a thermometer equipped 

lactometer with readings to 0. of a degree marked on the stem. All 

readings were taken at 60° F, or corrected to that temperature using 

the correction factor minus 0.]. lactometer degree for every degree 

under 600 F. and plus 0.1 lactorneter degree for every degree over 

60°F. 

Using the lactometer readings and fat test of a batch for an 

example of the calculations, the method used in calculating the pounds 

of nonfat dry milk solids required to standardize the milk in the vat 

to a certain ratio of fat to solids-not-fat is given below. 

The fat test of a batch of unstandardized milk was 4.7 per cent. 

The lactometer reading at 60° F. was 32.6. The vat contained 125 

pounds of milk. The desired ratio in the standardized milk was 

1:2.35, or 2.35 pounds of solids-nOt-fat per pound of fat. 

(i) Calculate the per cent solids-not-fat using the Babcock 

Short Formula: 

0.25 L plus 0.2 F SNF per cent 

(0.25 X 32.6) plus (0,2 x 4.7) Z 9.09 per cent SNF 

(2) Calculate the ratio of fat to solids-not-fat: 

Fat per cent 
tïo of fat to SNF 

SNF per cent 

i o 
9.09 1,1,,4 



(3) Determine the SN? the milk is deficient: 

Ratio desired -- Ratio calculated SN? Deficient 

2.35 - 1.94 0.41 pounds SNF deficient per lb. of fat. 

(4) Calculate the pounds of fat in vat: 

Fat test times pounds of milk pounds fat 

4.7 x 125 5.75 pounds fat. 

(5) Calculate pounds of SN? required to standardize milk to 

a fat to SN? ratio of 1:2.35: 

Pounds of fat times SN? deficient pounds SN? 

5.75 x 0.41 2.41 pouncl.s SN? to add. 

(6) Calculate pounds of nonfat dry milk solids required, as- 

sinning the nonfat dry milk solids contains 95 per cent SN?: 

punds NFrequired 
pounds nonfat dry milk solids 

.95 
to add. 

:- = 
2.53 ound 

2.53 pounds of nonfat dry milk solids are required tó 

standardize the 125 pounds of milk in the batch. 

For brevity the product nonfat dry milk solids will be referred 

to in this thesis as milk powder. The milk powder used in the ex- 

periments was a commercial spray-dried povder manufactured by the 

Dairy Cooperative Association. 

The analysis by the Dairy Cooperative Association of the milk 

powder used in the preliminary and final batches at the college is 
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as follows: 

Color #2 
Flavor Clean 
Acidity 0.13% 
Solubility Index 0.05 ml. 

·Fat 1.06% 
Moisture 3.1 % 
Sediment Disc #1 
Alcohol Test 
Bacteria 

(-) 
200 S.P.C. per gm. 

Method Used for De~ermining the Composition of the Cheese MaA~ in 

tq~~;nvestigati~ 

Eight plugs were drawn from the loaf two days after paraffin

ing. The paraffin and bandage were removed from the plugs. The 

plugs were then ground in a meat grinder. After being ground, the 

cheese was placed in a sealed bottle. The whole procedure was 

carried out as rapidly as possible to prevent evaporation of the 

moisture in the cheese. 

The determinations for fat and moisture were those as given 

by Wilster, (3, p. 159-161), using the Babcock method for the fat 

determination. For the moisture determination a 2-gram Sfu~ple 

weighed on an analytical balance was used. The sample was dried 

for 48 hours at 220° F. under a 26-inch vacuum. All tests were 

made in duplicate and the results averaged. 
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Procedure. 

The batches made from October 29, 1947 to February 4, 194e 

were preliminary to determine the effects and best method for manu- 

facturing Cheddar cheese containing milk powder. 

Two stainless steel cheese vats of 250-pound capacity were 

used in the experiments at the college. The vats were equipped 

with a jacket for heating with steam and cooling with cold water. 

The milk from Holstein and Jersey cows was obtained from the 

college dairy herd. The morning milk was delivered to the labóra- 

tory where it was placed in a 150-gallon vat. The milk was mixed 

in the vat and portions were drawn off for the experimental batches 

of cheese. The amount of milk used for each batch was varied in such 

a way that the cheese obtained would be in multiples of 4 or 5 pounds 

so as to completely fill the 4 and 5 pound cheese hoops used in the 

experiments. The amount of milk used per batch of cheese varied 

from 90 to 200 pounds. 

After the milk was weighed and placed in the respective vate, 

duplicate fat tests and lactometer readings were made. The amount 

of milk powder was calculated and the amount of milk powder re- 

quired was reconstituted with water. After the milk powder was 

diso1ved in water the mixture was poured through a metal strainer 

into the vat of milk, 

If the reconstituted milk was to be held overnight the mix- 

ture was pasteurized at 1450 F. for 30 minutes and then cooled to 
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500 F. The mixture of powder and water was then stored in a cold 

room at 4Ö F. until it was used. This method was used in about 

half of the batches. 

After the reconstituted milk was added, the milk was pasteur- 

ized in the cheese vat at 1440 F. for 30 minutes and cooled down to 

F. The heating from 60° F. to 144° F. took about 15 minutes, 

and the cooling to 60 F. after pasteurization took l minutes. There 

was no burning-on of the milk solide on the sides of the vat and the 

milk did not have a cooked flavor after pasteurization. 

The starter was added when the temperature of the milk reach- 

ed 6° F. In batches E-1 to E-10 the starter was a commercial cul- 

ture made up of evera1 strains of lactic acid and aroma producing 

bacteria, This culture was not satisfactory as it was slow, and 

difficulty was experienced in obtaining the desired acidity during 

the cheddaring process. 

In all batches after E-10, a culture of a single strain of 

Streptococcus lactis was used. This single strain culture was de- 

signated "144f" and was obtained from P. R. Elliker of the Depart- 

ment of Bacteriology at Oregon State College. 

The cultures were grown in reconstituted skimmiik which con- 

tained 10 per cent nonfat dry milk solids. The reconstituted milk 

was sterilized at 15 pounds per square inch for 20 minutes. This 

medium was very satisfactory. The average acidity of the starter 

when it was added to the milk in thet was 0.76 per cent. 

The amount of starter that was added to the milk was varied 
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depending upon the activity of the culture so as to obtain approxi- 

mately 0.50 per cent acidity after two hours of cheddaring. hen 

using the multiple strain cultures, inoculations as high as 2 per 

cent were required to obtain a rapid development of acidity during 

the cheddaring process. hen using the single strain cultures the 

average inoculation was 0.75 per cent. 

After the starter was added, the milk was allowed to set for 

one hour, in which time the per cent acid would increase 0.005 to 

0.01. 

Rennet at the rate of 3.5 ouncés per 1000 pounds of milk was 

added to the milk to set it. One ounce of cheese color was added 

per 1000 pounds of milk. In calculating the weight of milk in the 

vat, the oowder and water added in adjusting the ratio was not in- 

cludeci. 

The curd was sufficiently firm to cut in 30 minutes. Calcium 

chloride when used did not speed up the setting time to any notice- 

able extent, but the curd appeared firmer when cut. The curd was 

cut with 1/4-inch wire knives. 

After cutting, the curd was allowed to remain undisturbed 

for 10 minutes before agitation and the cooking process was begun. 

In cooking the temperature of the whey and curd increased from 60 F. 

to 90° F. in twenty minutes, and to the final cooking temperature 

in forty minutes. ill batches of cheese were cooked to 
1000 F. 

The curd attained the proper firmness in 35 to 45 minutes 

after the final cooking temperature was reached, after which the 
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Whey was drawn off rapidly. Draining the whey required about one 

and one-half minutes. 

After the whey was drained the curd was allowed to mat for 

15 minutes. The curd was then cut into blocks approximately 10 by 

14 inches and turned completely over, The blocks of curd were turn- 

ed every 15 ìinutes. After the fourth turn they were piled two- 

high. 

In batches E-1 to E-13 the curd was milled when the acidity 

of the whey reached 0.50 per cent. In batches E-le to E-20 the 

curd was milled at 0.47 per cent, 

The milled curd was forked for 15 minutes and then salted in 

two instalments, Three pounds of salt was added per 1000 pounds of 

milk. The s4ted curd was forked for 15 minutes azid then placed in 

the 4 or 5 pound hoops. The curd was pressed for 25 minutes and 

then 'wrapped in a starched cheese bandage. The cheese was then re- 

turned to the press and pressed overnight. The loaves of cheese 

were removed from the hoops in the morning after being pressed 14 

to 1 hours. The loaves were then weighed and placed in the cur- 

Ing room. 

The curing room temperature range was 
430 

to 520 F. The rda- 

tive humidity was 65 to 7 per cent. The loaves dried in five days 

and were then paraffined. 

Effect of Various Fat to $olids-Not-Fat Ratios on the Composition 

of Cheddar Cheese. 

The first objective in making the prelimInary batches of cheese 

was to determine the effect on the composition of the cheese using 
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various fat to SNF ratios. The purpose was to determine how the 

fat and moisture content of the cheese varied with changes in the 

ratio of fat to SNF, end to determine the effects of various ratios 

on the matting properties of the curd during the cheddaring process. 

Batches E-1 to E-14 were run in this investigation. Ratios of fat 

to SN? of 1:2.6, 1:2.5, and 1:2.4 were used. 

TABLE I 

The effects ofvarious fat to SN? ratios on the fat 

and moisture content of Cheddar cheese. 

No. of Ratio Yield of Fat in Fat in Moisture 

Batche Fat to Cheese Cheese Dry 
SN? Per lb. Matter 

of Fat 

lbs. 

3 1:2.6 3.157 2.32 46.73 39.34 

4 1:2.5 2.962 30.94 49.02 36.4 

7 1:2.4 2.S30 33.16 5O.0 34.74 

Average 
Change per 0.1 
Decrease in Ratio .16 2.L2 2.03 2.30 

Effect of Various Fat to SNF Ratios_on the Matting Properties of 

the Curd. 

Batches F-1 to E-4 were made using a ratio of 1:2.6. The 

curd crunilled badly during the c1eddarng so that it was almost im- 

possible to turn the slabs without breaking them up. 
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Batches E-11 to E-14 were made using a ratio of 1:2.5. With 

tñis ratio the matting properties were better, bat the slabs still 

had a tendency to crumble badly, expeclally during tne first turns. 

A ratio of 1:2.1 was used in batches E-4 to E-11. As ex- 

pected, the matting ability of the curd improved with the lower 

ratio. The curd still crumbled occasionally and did not have the 

same compact appearance of the batches made without milk powder. 

This ratio was considered the upper limit if curd, which would 

cheddar without excessive crumbling, was desired. 

The milled curd would often crumble at the ende where the 

curd particles had not matted together properly. It appeared that 

the curd particles did not have good matting properties and would 

mat only when held together for a period of time under pressure. 

The poor matting ability was more apparent in the high ratios. 

Vhen the pressed curd was inspected at the end of thirty 

minutes and again after the overnight pressing period, it had 

matted together properly leaving very few mechanical openings in 

thecheese. All ratios pressed to the same completeness, and it 

would be impossible to determine what ratio had been used from an 

inspection of the pressed curd. 

Considering the proper pressing of all the ratios used in 

this investigation, the failure of the higher ratios to mat during 

choddaring is not of importance, except for the inconvenience to 

the cheese makers when some of the mats break when first turned 

during cheddaring. 



TeciniisAffectin the Mattgoerties of the Curd. 

The next phase of the investigation involved determining 

the effect of calcium chloride and manufacturing techniques on 

the matting properties of the curd during cheddaring. This phase 

of the investigation was felt to be advisable since the matting 

properties ol' the curd were not as good as desired, especially 

when the higher ratios were used. The investigation at Idaho did 

not involve the use of calcium chloride. 

Split batches of milk were used in this phase of the work. 

The milk from the college dairy herd was placed in a large vat and 

two equal portions of milk were removei and placed in the experi- 

mental vats. One vat was used as a control and the second vat was 

varied according to the technique being investigated. Both vats 

were run alike, the only difference being the specific variation 

under investigation. 

Since the matting properties decreased as the percentage of 

mil1z powder was increased, it can be assumed that the decrease in 

matting properties of the cheese during cheddaring was due to the 

addition of milk powder. 

EffectofCalciumchloride qnthe Mattiiro:portie.s of the 

Curd -- The effect of calcium chloride was investigated to determine 

if it would improve the matting properties of the curd during the 

cheddaring, and what effect it would have on the composition of the 

finished cheese. 



A U.S.P. granular grade of calcium chloride was used in the 

cheese made at the college. The calcium chloride was added at the 

rate of 0,025 per cent in ali batches of cheese in which it was 

used. The calcium chloride was dissolved in warm water and added 

with the starter. 

The matting properties of the cheese were only slightly im- 

proved with the addition of the calcium chloride. This led us to 

believe it was not the lack of calcium salts in the milk powder 

which caused the reduced matting properties in the curd. Platee i 

and 2 show the effect of calcium chloride on the matting properties 

of curd, 

The moisture content of the cheese was increased when calcium 

chloride was added. When using a fat to SNF ratio of 1:2.35 in 

milk testing 4.7 per cent fat, the moisture was increased from 

36. to 37.79 per cent. When the milk contained 4.6 per cent fat 

the moisture was increased from 37.07 to 37.37 per cent. 

The use of calcium chloride in later batches was mainly for 

the purpose of raising the moisture content of the cheese to a 

point nearer the legal maximum and thus give a higher yield of cheese 

per pound of fat. 

Method f or Recontitutjn and dlingi the Milk Powder. -- An 

investigation was made to determine the effects on matting properties 

of the curd hen the milk powder was reconstituted just before add- 
Ing to the milk, and when the milk powder was reconstituted and held 

in that state for extended periods of time. Because of the dehrat- 
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ed nature of the milk solids, extended soaking might return the 

milk solids to a more normal condition. 

Thirteen batches of cheese were made in which the milk powder 

was reconstituted and added immediately to the milk at the time 

the starter was added. 

even batches of cheese contained the reconstituted powder 

which had been held for various periods of time. This holding 

period was from 15 to 65 hours. Plate 3 and 4 show the condition 

of curd containing milk powder added inmediately after it was re- 

constituted and when held 4 hours. Very little difference was 

found between the two methods. Holding the reconstituted milk powder 

several hours to allow all lumps to dissolve was considered to be 

all that was necessary. 

The powder was reconstituted to a solids-not-fat concentration 

of about 30 per cent. A higher concentration recuired an extended 

time to dissolve and was too vissto handle easily. A lower con- 

centration was not advisable as the additional water incorporated 

would give excessive bulk in handling and would require more vat 

space. 

The milk powder was added to the water in a five-gallon ice 

cream can. The powder was stirred in vigorously with a metal stir- 

ring rod, which was equipped with a perforated disc. The mixture 

was then poured through a metal strainer into the vat of milk. All 

iumps of undissolved milk powder had to be removed as they remained 

as white particles in the finished cheese. 
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gjtation During CoQkinR -- In all batches up to E-le the 

curd and whey were stirred more than necessary to prevent the curd 

from matting. Commencing with batch E-ls the curd was stirred 

only enough to prevent matting, or once every five minutes. This 

change in the amount of agitation had the greatest effect on the 

composition and matting properties of any of the previously tried 

variations in manufacture. Plate 5 and 6 show the effects of ex- 

cessive and minimum amounts of agitation on the matting properties 

of curd. 

Comparative results which are conclusive cannot be given on 

the differences in composition, since the ratios of fat to SNF were 

different and calcium chloride was used in most of the batches after 

E-19. Table II shows the approximate effects of agitation where 

the difference in the ratio of fat to SNF was zero and 0.05. None 

of the batches in table II contained calcium chloride which would 

have increased the moisture. 

TABLE II 

Effect on composition of changes in agitation. 

No. of Ratio Agitation Yield Fat in Moisture 
Batches Fat to Per lb. Dry 

NF of Fat Matter 

lbs. 

7 1:2.40 Excessive 2.3 50.0 34.74 

2 1:2.40 Minimum 2.5 50.70 37.63 

2 1:2.35 Minimum 2.78 50.37 36.08 
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By cutting the agitation to a minimum the per cent moisture 

in the cheese was increased approximately 3.0, while the yield per 

pound of fat in the milk and the fat in the dry matter of the 

cheese remained very nearly the same. 

Effoc_of a Lower Cookïn Tetpera.ture -- In one split batch, 

E-17A, a lower cooking temperature was used to determine if it af- 

fected the matting properties of the cura. during the cheddaring 

process. The manufacturing process was carried out as usual except 

that the curd in one vat was cooked at 
970 F. while the curd in the 

other vat was cooked at the customary 1000 F. 

There was no effect on the matting properties of the curd. 

Plates 7 and B show the effects of a lower cooking temperature on 

the matting properties of curd. The curd required ten minutes 

longer to firm up properly. The per cent moisture of the 
970 

F. 

batch was 1.41 higher than that in the batch cooked at 100° F. 

Fat Loss in the Whey. 

The fat content of the whey varied between 0.70 per cent and. 

0.16 per cent in 24 batches, the average test being 0.444 per cent 

butterfat. There was no correlation of the fat teste between the 

various ratios, degree of agitation or presence of calcium chloride. 

Suxmnary of 

The ratios of the preliminary batches were varied to deter- 

mine what ratio of fat to SNF would give a Cheddar cheese which was 
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legal. The federal $tandards for Cheddar cheese recuire that it 

contain not more than 39 per cent moisture, and the solids contain 

not less than 50 per cent milk fat. Table III shows the compo- 

ition of the cheese made using the various ratios. 

TABLE. III 

Summary of the compositLon of the preliminary batches. 

No. of Ratio Pmount of Fat Fat in Moisture 
Batches of Fat Agitation Content the Dry Content 

to SNF Matter 

% % 

3 1:2.60 Excessive 2.32 46.73 39.34 

4 1:2.50 ExcessIve 30.94 49.02 36.4 

7 1:2.40 Excessive 33.16 50.0 34.74 

i * 1:2.40 Excessive 31.25 49.00 36.23 

2 1:2.40 Minimum 31.62 50.70 37.63 

2 1:2.35 Miniurum 31.75 50.37 36.9e 

2 * 1:2.35 MinImum 31.E2 50.67 

* Contained Calcium Chloride. 

Cheddar cheese manufactured using a ratio of fat to SNF 

of 1:2.35 and containing 1/4 pound of calcium chloride per 1000 

pounds of milk was e1ected as the best method. This ratio and 

method was used in manufacturing the final batches. The curd should 

receive a mirimum of agitation during cooking. 
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The preliminary batches showed that legal cheese could be 

manufactured using a fat to SNF ratio of 1:2.40 under experimental 

vat conditions. 

By decreasing the ratio of fat to Solicls-rLot-fat, the follow- 

ing changes in the composition of the finished cheese occurred. 

The percentage of fat in the cheese and the percentage of fat in the 

dry nìtter of the cheese Increased. The moisture content decreased. 

when the amount of agitation during the cooking process was 

reduced the matting properties of the curd increased, and the moisture 

content also increased. The percentage of fat in tbe cheese de- 

creased because a greater proportion of the cheese was made up of 

water. The increase in moisture largely counterbalanced the de- 

crease in fat, thus giving a percentage of fat in the dry matter 

which was unchanged. The preliminary batches showed the fat in the 

dry Tai . tter to decrease 0.1 per cent with the decrease In agitation. 

The use of 1/4 pound of calcium ehloride rer 1000 pounds of 

milk increased the moisture content and decreased slightly the fat 

content and the fat in the dry matter. 

The average fat content of the whey was 0.44 per cent. 

The cheese was scored by Mr. Â. W. Hare, butter and cheese 

grader for the Consolidated Dairy Products Comìany of Portland, Ore- 

gon. r. Hare was not informed of the eqerimenta1 nature of the 

cheese or that it was manufactured from milk containing milk 

powder. 
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TABLE IV 

Score of Cheddar cheese made in preliminary experiment. 

(Age of cheese U to 16 weeks) ______ 

Batch Lbs. milk Manufacturing Score Flavor Body & Texture 
No. powder Remarks Comments Comments 

per loo 
lbs. milk 

E-1 

E-2 

F-3 

E-4 

F-5 

E-6 

E-7 

E-9 

E-10 

E-U 

6.1 

2. 4 

4.1 

2.44 

2.93 

3.74 

3.29 

.6 

2.1 

1.44 

1.99 

1 

E-13 5.22 

E-14 4.96 

E-15 4.5 

E-16 4.3 

E-17A 1.55 

E-17B 1.55 

Poor milk 

Slow vat 91 

Slow vat 91.5 

Slow vat 91 

92 

91 

Fast vat 

92 

91 

92 

Powder soaked 90 
65 hours 

Same as E-11 92 

90.5 

91.5 

91 

90.5 

Without calcium 90 
chloride 

With calcium 92 
chloride 

Sour,bitter Crumbly 

S1.pasty 

S1.acid Good 

Sl.acid Sl.pasty 

Good Good 

S1.btter Si. dry 

Sour whey Dry 

Good Good 

Si. bitter 

Good 

S1.foreign Dry, 

Sl.bitter Brittle 

Good Good 

Sour Dry, crumbly 

Good Dry, corky 

Good Dry, ittle 

S1.acid Sl.brittle 

Pronounced Mealy 
bitter acid 

Good Good 
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TABLE IV (cant.) 

Batch Lbs. milk Manufacturing Score Flavor Body & Texture 
No. powder Remarks Commente Comments 

per 100 
ibSe milk 

E-lEA l. Cooked at 970F, 92 Good Short 

E-18B 1. Cooked at 300°F. 91 Good Weak body 

E-19A 2.3.3 Without calcium 91 Sl.aeid Good 
chloride 

E-19B 2.13 With calcium 92 Good Very good 

chloride 

E-20A 1.9 Without calcium 91 Sl. acid Fair 

chloride 

E-20B 1.9 WIth calcium 9 Bitter, Short, 

chloride Acid Dry 

Batches labeled A and B were split batches. 

The scores of the cheese showed that Cheddar cheese of good 

quality could be manufectured from milk containing milk powder. The 

flavor commente showed that the presence of milk powder was not 

detected in the cheese. The flavor indicated that it was made from 

pasteurized milk, it no mention was made during the scoring that 

it contained milk powder. Cheese containing as high as 4.96 pounds 

of milk powder per 100 pounds of milk scored 91.5, and was called 

good flavored cheese. 

A number of criticisme were that there was a slightly bitter 

flavor, which must have been caused by a variation in manufactur- 

ing the cheese. Although calcium chloride itself tastes bitter, 

bitterness was not detected in a number of batches which did contain 
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contain it. This was shown to be true by batches E-17A and E-17B. 

The criticism on acid flavor was mainly caused by starter 

failure and improper milling acidity. The experiments showed that 

milk powder has no effect on the flavor of the cheese. 

The body and texture comments were varied, and it was dif- 

ficult to find definite relationships between the batches. It was 

evc1ent that milk powder under certain conditions affected the 

body and texture of the cheese, and gave it a body which, as shown 

in the criticisms, might be dry, crumbly, mealy, or brittle. 

These body and texture defects were more prevalent in cheese 

which contained larger amounts of milk powder. It was not pos- 

cible to determine at what point the addition of milk powder became 

excessive and affected the body of the cheese. One batch of cheese 

manufactured from milk containing 2.13 pounds of milk powder per 

100 pounds of milk had a good body and texture. However, another 

batch of cheese containing only 1.55 pounds of milk powder per 100 

pounds of milk had a body and texture which was mealy. All batches 

of cheese containing less than 1.55 pounds of milk powder had bodies 

and textures which were good. 

It was evident that while the amount of milk powder affected 

the cheese, it was the manner in which the cheese was handled dur- 

ing the manufacturing that deternined the point at which body and 

texture of the cheese would be affected. 

The matting properties of the curd had n relation to the 

body and texture of the cheese. The use of calcium chloride did 
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not effect the body and texture in any way. Holding the reconsti- 

tuted milk powder for 65 hours gave a body and texture in one batch 

which was dry and brittle, while in another batch the body and tex- 

ture was good. 

In most cases the body and texture defects lowered the total 

score more than flavor defects. However, with a good flavored 

cheese, the body and texture defects were not serious enough to 

lower the score below 91. 

FINAL FXPERIMENTAL CHEESE MADE AT TRE COLLEGE 

pose of Final Experiment. 

Upon cOmpletion of the preliminary batches the effects and 

methods used were studied and the beet method for the manufacturing 

of Cheddar cheese containing milk powder was selected. 

The final batches were manufactured to compare cheese contain- 

Ing milk powder with cheese made from milk standardized with fluid 

skimmilk, as is carried out in commercial cheese factories. 

The investigation was condUcted at the college, February 11, 

].94 to February 28, l94. The experimental batches containing the 

milk powder were designated "E". The control batches containing 

the fluid skimxnilk were designated "C". Six split batches were run 

in the final experiment. 

Procedure for the Control Batches. 

One hundred and twenty five pounds of milk were drawn from the 

mixing vat and placed in the cheese vat. A Babcock fat test in 
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duplicate was made and the milk standardized to 3.8 per cent butter- 

fat with skimrnilk. After standardizing, the milk s again tested 

for fat content as a check on the standardization and arnoimt of fat 

in the control vat. 

The milk was then pasteurized in the cheese vat at lZJ0 F. 

for 30 minutes and then cooled raridly to 86° F. Three-fourths of 

a per cent starter was added and the milk allowed to remain undisturb- 

ed for one hour. The same single strain Streptócoccus lactis culture 

was used in both the control and exDerimental batches. 

Cheese coloring was added at the rate of one ounce per 1000 

pounds of milk and rennet at the rate of 3.8 ounces per 1000 pounds 

of milk. 

The curd was ready to cut in an average time of 33 minutes. 

The curd was cut with 1/4-inch vire curd knives. After cutting, 

the curd was allowed to reniain undisturbed for ten minutes before 

the agitation and cooking phases were begun. 

o .. o 
The curd was cookea to 100 F. in 40 minutes attainng 90 F. 

in the first 20 minutes. The agitation was held to a miniimim and 

the amount of agitation given to the control and experimental vats 

kept as equal as possible. 

When the curd reached the proper firmness the whey was drained 

off rapidly. After draining the whey the curd was allowed to mat 

together for ten minutes. The matted curd was then cut into blocks 

8 inches by 12 inches and turned completely over. The blocks were 

turned every 15 minutes and after the fourth turn they were piled 

two-high. 
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When the acidity of the whey reached 0.47 per cent the curd 

was iidlled. The milled curd was forked for 15 minutes and then 

salted in two installments. The curd was a1ted at the rate of 2.5 

pounds of salt per 1000 pounds of milk. The salt worked into the 

curd in approximately 15 minutes. The curd was then placed in 5- 

pound loaf cheese hoops. The curd was pressed for 30 minute$ under 

an increasing pressure up to 45 pounds per square Inch. The cheese 

was then wrapped in a starched cheese bandage and returned to the 

press where it was pressed for iS hours under a continuous pressure 

of 45 pounds per square inch. 

After pressing, the loaves of cheese were weighed and placed 

in the curing room to dry. In five days the surface of the cheese 

was dry and the loaves were paraffined. The loaves were then re- 

turned to the curing room for ripening. The curing room tempera- 

o o 
turo was maintained at 40 to 4S F. 

Procedure for the Exuerimental Batches. 

For these batches 125 pounds of milk was drawn from the mix- 

ing vat and placed in the second cheese vat. The fat test of the 

milk for the six split batches was 4.7, 4.4, 4.3, 4.3, 4.7, and 

4.6 per cent butterfat. The temperature of the mi]k was adjusted 

to 600 F. and duplicate Babcock fat tests and lactometer readings 

made. The amount of milk poder required to give a fat to SNF ratio 

of 1:2.35 was calculated. The required amount of milk powder was 

reconstituted in a 5-gallon ice cream can using a metal stirring rod. 
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Two pounds of water was added for every pound of milk powder re- 

constituted. The water temperature was F. The reconstituted 

milk powder was strained through a metal strainer into the vat of 

milk. 

After the addition of the milk powder duplicate lactometer 

and fat tests were made to check the calculations. In four of the 

batches the fat to SNF ratio of the standardized milk had a range 

of 1:2.32 to 1:2.36. In the other two batches the lactometer 

readings were not constant and accurate ratios could not be obtain- 

ed. 

The milk was pasteurized at 14h° F. for 30 minutes and cooled 

rapidly to 6° F. To this milk was added 3/4 per cent starter and 

1/4 pounds of calcium chloride per 1000 pounds of milk. 

One hour after the addition of the starter 3.5 ounces of 

rennet per 1000 pounds of standardized milk in the vat, and one 

ounce of cheese color per 1000 pounds of standardized milk in the 

vat were added to the milk. 

The curd was ready to cut in an averagè time of 30 minutes. 

The curd was cut with 1/4-inch wire curd knives and allowed to re- 

main undisturbed for 10 minutes before agitation and cooking were 

begun. 

From this point on the process was carried out exactly the 

same as the control batches except that 3 pounds of salt instead of 

2.5 pounds per 1000 pounds of unstandardized milk was added to the 

milled curd. 
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Differences Observed Between the Control and Experimental Ba.ches 

DurinE Manufacture. 

Acidity. The acidity of the milk in the experimental batches 

was increased with the addition of milk povder. This increase in 

acidity was largely caused by the concentrated casein acids and 

acid phosphate present in milk. The increase in per cent acidity 

as compared with the control batches was 0.019 after the powder was 

added and 0.010 after the curd was cut. 

TABLE V 

Acidity Variations Between the Control and Experimental 

Batches. Results ara averages of six split batches. 

Stage of Process Acidity Acidity 
Control Experimental Difference 

Milk received 0.169 0.169 0 

Standardized 0.169 0.18 0.019 

Setting 0.l7 0.195 0.017 

Curd cut 0.112 0.122 0.010 

Coagulation. The addition of milk powder and calcium chloride 

decreased the coagulation time of the experimental batches. By us- 

Ing 3.8 ounces of rennet in the control batche an average coagula- 

tion time of 33 minutes was obtained . In the experimental batches 

3.5 ounces of rennet and 1/4 pound of calcium chloride per 1000 

pounds of milk gave an average coagulation time of 30 minutes. The 
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experimental batches coagulated to a firmer curd than the control 

batches. 

Per Cent Fat in Whey. The average fat content of the whey 

for the control batches was 0 • .328 per cent, while that of the ex

perimental batches had an average test of 0.342 per cent. The high

er fat test of the experimental batches may have been caused by the 

higher fat test of the milk, since the control batches were standard

ized to ,3.8 per cent fat. 

Matting Pronerties. Although the curd of the experimental 

batches matted satisfactorily with no crumbling, the curd did not 

mat as well as the control batches at the beginning of the cheddar

ing process. At the time of milling, the curd of the control and 

experimental batches were very similar in body and appearance. 

Analysis of the Cheese Made in Final Experiment. 

TABLE VI 

Analysis of the Cheddar Cheese made in the final experiment. 

Batch Yield per Fat 
No.* pound of 

Butterfat 

0-21 2.79 
C-22 2.78 
C-2.3 2.71 
C-24 2.74 
C-25 2.72 
C-26 2.65 

% 
.3-.3.0 
.3.3.0 ' 
.33.0 
.34.0 
34.0 
.34-5 

Fat on 
a dry 
basis 

% 
51.90 
51.60 
51.47 
52•.38 
~2.69 
52.76 

Moisture 

% 
,36.4.3 
36.05 
.35.89 
.35.09 
35.48 
34.61 

Avere.ge 2. 7.31 3.3-58 52.1.3 .35.59 
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TABLE VI (cont.) 

Batch Yield per Fat Fat on oisture 
No.* pound of a dry 

Butterfat basis 

E-21 2.4 32.0 51.21 37.52 

E-22 2.7e 32.0 50.72 36.91 

E-23 2.1 32.0 50.47 36.60 
E-24 2.2 33.0 52.01 36.55 

E-25 2.74 32.5 50.90 36.15 

E-26 2.7e 32.5 51.52 36.92 

Average 2.795 32.33 51.14 36.7e 

*0 - control batch, E - experimental batch. 

The average per cent fat content was 1.25 higher, and the 

average per cent fat in the dry matter wa 0.99 higher in the con- 

trol batches than those of the ecerimenta1 batches. The average 

per cent moisture content of the control batches was 1.19 lower 

than that of the experimental batches. 

Because of a higher fat and lower moisture content, the 

control batch had a 0.064 lower average yield per pound of fat than 

the experimental batches. 
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li and Scores of the Che uce t eg3. 
TABLE VII 

Scores of cheese made in final experiment. 
- . 

eofcheee8toIOweeJQ ____ 

Batch Manufacturing Score Flavor Body & Texture 
No. Remarks Comnients Comments 

C-21 89 Bitter $1. Short 

C-22 89 Bitter Mealy 

C-23 91 S1.Bitter Si. Short 

C-24 91.5 Si.bitter Si. Mealy 

C-25 90.5 S1.litter Uneven body 

c-26 91 S1.inalty Si. Mealy 

Average 90.3 

E-21 Slow vat 90 Sl. bitter Si. weak 

E-22 89 High acid Brittle 

E-23 90 Si. salt Good 

E-24 91.5 Si.bitter Si. mealy 

E-25 Uneven salting 91 Sl.bitter Si. chewy 
(because of 
salting ) 

E-26 91.5 Sl. maity Good 

Average 90.6 

Cheese scored by Mr. A. W. Hare. 
Batches designated C were standardized with skiimuilk. 
Batches designated E were standardized with milk powder. 
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The cheese standardized with skimniilk ranged in score from 

89 to 91.5 With an average of 90.3. The cheese standardIzed with 

milk powder scored 89 to 91.5 and averaged 90.6. The cheese con- 

taming milk powder scored 0.3 higher on an average than the con- 

trol cheese. This showed that the use of milk powder did not have 

an unfavorable effect on the quality of the cheese. 

The main flavor criticism was bitter, which was present in 

both the control and experimental batches. Since the bitter fia- 

vor was found in the control batches, it might be assumed that 

the bitterness in the experimental batches was not caused by the 

milk powder. 

The bitter flavor might have been caused by improper control 

of the acidity, which is difficult in manufacturing small batches 

of cheese. Body and texire defects are often caused by improper 

control of acidity during the manufacturing process. 

The high acid of batch E-22 caused the dy to be brittle. 

The uneven salting of batch E-25 resulted in the slight chewy con- 

dition. The remaining body and texture criticisms of the experi- 

mental batches were weak and mealy, which were essentially the 

saine as the criticisms given on the control batches. This would 

indicate that the milk powder in the experimental batches did not 

effect the body and texture. 

The presence of a slight salty flavor in batch E-23 and the 

uneven salted condition of E-25 would indicate that the expert- 

mental batches ny have been salted excessively. 
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Mr. Hare wa not advised, before the scoring, that dry milk 

had been used in any of t batches of milk used for cheese. His 

comments during the scoring showed that he did not detect that milk 

poïder had been used in the manufacture of any of the cheese. After 

scoring he was Informed that some of the cheese was made from milk 

containing milk powder and some was made without the use of milk 

powder. When asked whether the Quality of the cheese indicated the 

use of milk powder, r. Hare was of the opinion that he could detect 

whether milk powder had been used in the manufacture of certain 

batches of cheese. However, when asked for his opinion he said 

that bathe C-24 and C-26 had been made from milk standardized 

with milk powder -- which they had not; and batches E-23, E-25, 

and E-26 had not been made from milk standardized with milk powder 

-- which they had. 

In conclusion, Mr. Hare stated that it would be difficult 

for anyone to detect whether cheese had been manufactured from 

milk that had been standardized with milk powder. 

EXPERIMENTAL CHEESE MADE UNDER COMMERCIAL CONDITIONS 

pQßEL the CommercIal 

With the work completed on an experimental scale at Oregon 

State College, arrangements were made to manufacture Cheddar cheese 

from milk standardized with milk powder under commercial conditions 

at the Dairy Cooperative Association plant at Portland, Oregon. 
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This work was carried out during the week. of March 22 to 27, l9I. 

The purpose of this investigation was to determine whether the 

methods which were found to be satisfactory on .n experimental 

scale at the college, would be satisfactory under commercial con- 

dition. 

During the week of the experiment the plunt manufactured two 

vats of cheese a day. The cheese made in vat I contained milk 

standardized to 3. per cent fat with skirnmilk. The cheese made 

in vat II was made by the experimental method using milk' powder. 

od 

The milk for the cheese department was first puniped into a 

storage tank in the receiving department. The receiving depaxt- 

ment standardized the milk for vat I in the storage tank to 3. 

per cent fat. 

The standardized milk was pasteurized by the high-temperature 

short-time method at 1640 F. for 16 seconds. From the pasteurizer 

the milk was conducted through a pipe approximately 200 feet to 

number i cheese vat where it was made into cheese by the method 

customarily used at the plant. Number i vat received approximate- 

ly OOO pounds of milk each day during the experiment. 

As soon as the storage tank for number i vat was filled the 

receiving department began filling a second storage tank for vat II. 

The receiving department did not standardize the milk for vat II, 

so that the milk was sent to the cheese department with the same 
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composition as when it was received at the plant. The second 

storage tank received aproximately 6000 pounds of milk having a 

fat content that ranged from 4.7 to 3.5 per cent. 

The milk from the second storage tank was pasteurized by 

the high-temperature short-time method at 164° F. for 16 seconds, 

and then was purnoed to number II vat through the same pipe line 

as used to fill vat I. 

After filling vat I and again after filling vat II the 

storage tank and pipe line were rinsed with water. The rinsings 

were allowed to rim into the cheese vat until they became watery. 

From an economic standpoint the rinsing of the system was neces- 

sary. However, since an unknown amount of water was added to the 

milk, it was impossible to accurately compute how much milk and 

water arrived at the vat. This made it impossible to calculate 

the yields of cheese. 

Bearing this inaccuracy in mind, the receiving department' s 

weight of milk in the storage tank was taken as the weight of milk 

in the vat. The fat tests and lactometer readings were taken at 

the vat. This procedure would not accuragely give the pounds of 

fat in the vat, since the fat test of the milk in the vat was lower- 

ed by the rinse water. This procedure was necessary since it was 

impoib1e to obtain fat tests and lactometer readings of the milk 

in the storage tank. Because of the inaccuracy of determining the 

pounds of fat in the vat it was not posib1e to determine accurate- 

ly the ratio of fat to solids-not-fat in the unstandardized milk. 
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It is not possible to give one procedure for handling the 

six experimental batches made in vat II because certain modifi- 

dations were made each day to improve the quality of the cheese. 

Therefore, the daily manufacturing reports are given to show 

the methods used for each experimental batch. 

Although the milk for vat I and vat II was not from a split 

batch, the methods and results of both vats are given for a corn- 

pari.son of the two methods. 

Met1 usedin Manufacturing VatI. -- milic not used. 

The temperature of the milk was adjusted to 6° F. and one 

per cent starter was added. When the per cent acidity had increased 

0.01, rennet at the rate of 3 ounces per 1000 pounds of milk and 

cheese color at the rate of 1.1 ounces per 1000 pounds of milk were 

added. The curd was ready to cut in 30 minutes. The curd was cut 

with 3/ inch wire curd knives. 

Immediately after cutting, the curd was agitated at a slow 

speed with a mechanical agitator equipped with four stirrers. On 

batches 4, 5, and 6 only tro stirrers were used to increase the 

moisture content of the cheese. 

Fifteen minutes after the curd was cut, the steam was turned 

on and the cooking phase was begun. The temperature was slowly 

raised until the cooking te!ìperature of 1010 F. was reached in 30 

minutes. The curd was cooked at this temperature until it attained 

the proper firmness, which occurred in about one hour. 



The whey was then drained away from the curd. A soon as the 

whey was completely drained, the curd was packed by turning half 

of it completely over and placing lt on top of the remaining curd. 

Fifteen mjnute later the curd was cut into blocks 6 inches 

wide and l inches long and turned over. Thereafter the slabs of 

curd were turned a quarter turn every fifteen minutes On the 

fourth turn the slabs were piled two-high, and In fifteen minutes 

they were piled four-high placing the thicker slabs near the bottom. 

The curd was milled when the acidity had reached 0.55 per cent. 

The milled curd was forked at low speed for twenty minutes with a 

mechanical agitator equipped with four forks. 

The milled curd was then salted, using 2.5 pounds of salt 

per 1000 pounds of milk. The salt was added in two instaflments 

which were five minutes apart. 

The curd was placed In hoops 20 minutes after salting. The 

curd was packed In 20-pound square hoops for the rindless type 

of packaging. The curd was pressed for one hour and then removed 

from the hoops. The cheese was then weighed, wrapped In cloth 

bandages and returned to the hoops. it was then pressed overhight. 

After the final pressing the cheese was held at 00 F. for 

the first two days and then at 400 F. until it was scored. 

Method used in Manufacturi tu -- mili used. 

The methode used in handling the experimental batches in 

Vat II were the same as those uøed for vat I excet as noted in the 

daily manufacturing reports. 
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The milk powder used in batches 1, 2, 3, and 4 was spray- 

dried powder of the high preheat type (1800 r.). The analysis by 

the Dairy Cooperative Association of the two lote of milk powder 

used was as follows: 

Lot 1 Lot 2 

Moisture 3.1. % 3.2 % 
Butterfat 0.8 % 0.9 % 
Acidity 0.145% 0.15 % 
Solubility Test 0.05 % 0.05 % 
Sediment # 2 # 2 
Bacteria (sPc) 300 600 

The milk powder used in batches 5 and 6 was of the low preheat 

type (130° F.). An analysis of this powder was not available. 

The amounts of rennet, cheese color, and salt used in the 

experimental batches were computed, using the weight of unstandard- 

ized milk delivered to the vat rather than the total weight of the 

standardized milk. 

ffianufactugoortsof vatI. 

xperirnenta]. tcJi k=Áp.rj 2 

Pounds of milk from storage tank 6085 

Per cent fat in milk in vat 4.7 

Pounds of fat in vat 286 

Ratio of fat to SNF in vat 1:1.80 

Ratio of fat to SNF' desired 1:2.35 

Pounds milk powder required 165 

Pounds of water added to milk powder 300 
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Estimated total lbs. milk in vat at setting time 6610 

Estimated total fat in vat at setting time 289 

Per cent starter added i 

0unce of rennet per 1000 pounds of milk 3.1 

Ounces cheese color per 1000 pounds cf milk 1.15 

Pounds of salt per 1000 lbs. of milk 3 

Size of curd knives 3/8" 

?ound of cheese obtained 840 

Yield per pound of fat in milk 2.91 

pH of cheese when removed from press 5.4 

peration Time Acidity Temt. 

Starter added 1:00 .17 86 

Powder added 1:30 .19 86 

Rennet added 2:20 .22 86 

Gutting 2:50 -- 86 

Agitators on 2:51 .145 86 

Steam on 3:05 .145 86 

Steam off 3:35 .155 100 

Agitators off 4:15 .16 100 

Drain whey 4:35 .16 100 

First turn 5:00 .26 

Milled 6:35 .58 

Salted 6:55 -- 

The milk powder and water at 80° F. were mixed in ten- 

gallon cans with a stirring rod. The method was unsatisfactory 

because of the time and labor involved. The powder did not re- 

constitute well and there were a number of large lumps remaining 

which had to be strained out and reworked with additional water. 
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Four agitator stirrers were used during the cooking phase. 

The curd did not mat together well and crumbled badly during the 

first three turns. The curd had a dry appearance and no whey was 

given off after salting. 

The cheese pressed into a compact mass with few mechanical 

openings. The curd was slightly tender after pressing. This 

batci. was not considered satisfactory. 

Experimental Batch 2 - April 23, l94 

Pounds of milk from storage tank 6056 

Per cent fat in vat 4.7 

Pounds of fat in vat 22 

Ratio of fat to SNF in vat l:l.1 

Ratio of fat to SNF desired 1:2.35 

Pounds of milk powder required 164 

Pounds of water added to milk powder 300 

Estimated total lbs. milk in vat at setting time 6565 

Estimated total lbs. fat in vat at setting time 284 

Pounds of calcium chloride per 1000 lbs. of milk .25 

Per cent starter added .75 

Ounces of rennet per 1000 lbs. of milk 3.1 

Ounces of cheese color per 1000 lbs. of milk 1.15 

Pounds of salt per 1000 lbs. of milk 3 

Size of wire curd knives 3/8" 

Pounds of cheese obtained 877 



Yield per ound of fat in milk 

pR of cheese when removed from press 

3.08 

5.2 

Qration Time Acidity TernD. 

Starter added 12:55 .18 85 
Powder added 1:10 .20 86 
Rennet added 1:50 .205 86 
Cutting 2:20 86 
Agitator on 2:22 .115 85 
Steam on 2:40 .115 85 
Steam off 3:10 .125 100 
Agitator off 3:50 -- 100 
Drained whey 4:10 .145 100 
First turn 5:00 .225 -- 
Milled 6:40 .55 
Salted 7:05 -- 

The milk powder was reconstituted in water at 1200 F. in ten- 

gallon cans using a stirring rod for agitation. This method proved 

unsatisfactory, as was the case in Batch 1. The hot water did not 

aid in dissolving the iumos. 

One and me-half pounds of technical grade flake calcium 

chloride were added with the starter to increase the moisture con- 

tent of the cheese. 

Two ngitator stirrers were used instead of four to increase 

the moisture content of the cheese and improve the matting properties 

of the curd. The curd was crumbly and no whey was given off when the 

curd was salted. 

The curd pressed together well and was not crwnbly. 



Experimental Eatci' 3 ---ADrÍ1 2, l9I. 

Pounds of milk from storage tank 6343 

Per cent fat in milk vat 5.8 

Pounds of fat in vat 
. 394 

Ratio of fat to SNF in vat 1:1.80 

Ratio of fat to SNF desired 1:2.22 

Pounds of milk powder required 150 

Pounds of water added to milk powder 364 

Estimated total rounds milk in vat at setting time 6900 

Estimated total pounds fat in vat at setting time 396 

Pounds of calcium cbloride per 1000 lbs. of milk .25 

Per cent stirter added .75 

Ounces of rennet per 1000 lbs. of milk 3.15 

Ounces of cheese color per 1000 1b. of milk 1.2 

Pounds of salt per 1000 lbs. of milk 3 

Size of wire curd imives 1/4" 

Pounds of cheese obtained 1000 

Yield per pound of fat in milk 2.53 

9tion Time it Temp. 

Starter added 1:00 .17 82 
Powder added 1:30 .19 85 
Rennet added 2:30 .20 85 
Cutting 3:00 -- 85 
Agitators on 3:02 .125 85 
Steam on 3:15 .125 85 
Steam off 3:45 .13 100 
Agitators off 4:25 -- 100 
Drained whey 5:00 .15 100 
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ppration Time Acidity T. 
First turn 6:00 .29 
Milled 7:40 .61 
Salted :00 -- 

The milk powder was reconstituted n a 100-gallon starter 

tank. There was some lumping because of the slow speed agitator. 

The lumps were strained out and reworked in water. 

One and one half pounds of technical grade flake calciuni 

chloride were added with the starter. Two agitator stirrers were 

used during cooking. 

An error was made in the standardization of the milk which 

resulted in the addition of too much milk powder. The ratio wa 

1:2.54 after the addition of the milk powder. In order to reduce 

the ratio to 1:2.22, cream was added to the milk. After the ,ad- 

dition of the cream the milk in the vat tested 5. per cent fat. 

Becuse of the high fat content of the milk the curd was 

soft and moist in a'peararce. After salting the milled curd ap- 

peared slightly greasy. Whey was given off after the curd was 

salted. 

The curd. pressed satisfactorily and aopeared normal when 

it was removed from the press. 

Pounds of milk from storage tank 6007 

Per cent fat in milk in vat 4.5 

Pounds of fat in vat 267 
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Ratio of fat to SNF in vt 1:1.91 

Ratio of fat to SNF desired 1:2.25 

Per cent SNY In reconstituted milk powder 30.45 

Pounds of SNF required 9O. 

Pounds of reconstituted milk powder added 29 

Estimated total lbs. milk in vat at setting time 6350 

Estimated total lbs. fat in vat at setting time 269 

Pounds of calcium chloride per 1000 lbs. of milk .25 

Per cent starter added .75 

0unce of rennet per 1000 lbs. of milk 3.15 

Ounces of cheese color per 1000 lbs. of milk 1.15 

Pounds of salt per 1000 lbs. of milk 3 

Size of wire curd knives 

Pounds of cheese obtained 24 

Yield per pound of fat in milk 3.06 

pH of cheese when removed from press 5.72 

Qpration Time Acidity Temp. 

Starter added 1:15 .16 
Powder added 1:50 .20 
Rennet added 2:00 .20 

Cutting 2:30 - 
Agitator on 2:40 .12 

Steam on 2:45 -- 
Steam off 3:15 .125 100 
Agitators off 3:55 - 100 
Drained whey 4:15 .135 100 
First turn 5:10 .17 
Milled 9:05 .51 -- 
Salted 9:25 -- 



The milk powder was reconstituted with water in a starter 

tank. From the amount of milk powder and water added, the so1id- 

not-fat content of the mixthre was calculated. A ratio of fat to 

solids-not-fat of 1:2.25 was used, since the ratio 1:2.35 did not 

result in a cheese containing 50 per cent fat on a dry basis. 

One and one-half pounds of technical grade flake calcium 

chloride were added vith the starter. Two agitator stirrers were 

used. After cutting, the curd was allowed to remain undisturbed 

for ten minutes before the agitation began. 

The curd matted satisfactorily with little crumbling. The 

cheddared curd looked similar to the cheddared curd. in Vat I which 

contained no milk powder. 

The curd pressed into a compact mass and the texture was 

the same as cheese made y ; ithout milk powder. 

This batch was considered to be a good batch, except that 

the acidity was slow in coming up. 

eitalBatcl 5--- April 26 , l9 

Pounds of milk from storage tank 6127 

Per cent fat in milk in vat 4.5 

Pounds of fat in vat 275 

Ratio of fat to SNF in vat 1:1.90 

Ratio of fat to SNF desIred 1:2.15 

Per cent SNF of reconstituted milk powder 27.09 

Pounds of SNF required 65 
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Pounds of reconstituted milk powder 240 

Estimated total lbs. milk in vat at setting time 6412 

Estmated total 1b. fat in vat at setting time 277 

Pounds of calcium chloride per 1000 lbs. of milk .25 

Per cent starter added .75 

Ounces of rennet per 1000 lbs. of milk 3.15 

Ounces of cheese color per 1000 lbs. of milk 1.15 

Pounds of salt per 1000 lbs. of milk 3 

Size of wire curd Iciives 3/8" 

Pounds of cheese obtained 767 

Yield per ound of fat in milk 2.77 

Qperation Time Acidity Temp. 

Starter added 1:00 .16 86 
Powder added 1:50 .185 86 
Rennet added 2:00 .185 86 
Cutting 2:30 -- 86 
Agitator on 2:45 .15 86 
Steam on 2:45 .115 86 
Steam off 3:20 .12 lOO 
Agitator off 4:00 -- 100 
Drained whey 4:20 .13 100 
First turn 5:00 .185 
Milled 6:45 .495 
Salted 7:10 

T1e low preheat type milk powder was reconstituted in a 

starter tank in the sane manner as Batch 4. A ratio of fat to 

solids-not-fat cf 1:2.15 was used to determine the effect upon 

the composition of the cheese. 
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One and one-half pounds of technical grade flake calcium 

chloride were added pith the starter, Two agitator stirrers were 

used. Agitstion was begun ten minutes after the curd was cut. 

The curd matted perfectly with no tendency to crumble. 

Whey was given off after the curd was salted. The curd pressed 

into a compact mass. 

Experimental Batch 6 -- pil 27. l94. 

Pounds of milk from storage tank 617 

Per cent fat in milk in vat 4.4 

Pounds of fat in vat 272 

Ratio of fat to SNF in vat 1:1.885 

Ratio of fat to SNF desired 1:2.25 

Per cent SNF in reconstituted milk powder 27.09 

Pounds of SNF required 99 

Pounds of reconstituted milk powder 358 

Estimated total lbs. milk in vat at setting time 6590 

Estimated total lbs. fat in vat at setting time 274 

Pounds of calcium chloride per 1000 lbs. of milk .25 

Per cent starter added .75 

Ounces of rennet per 1000 lbs. of milk 3.15 

Ounces of cheese color per 1000 lbs. of milk 1.15 

Size of wire curd knIves 3/8" 

Pounds of cheese obtained 775 

Yield per pound of fat in milk 2.83 

Pounds of salt per 1000 lbs. of milk 3 
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Qtion Time Acidity Ten. 

Starter added 1:30 .16 84 
Powder added 1:40 .18 85 

Rennet added 2:30 .19 86 

Cutting 3:00 -- 
Agitator on 3:05 .12 86 

Steam on 3:05 .12 86 
Steam off 3:40 .14 99 
Agitator off 4:30 -- 99 
Drained whey 4:35 .145 99 
First turn 5:15 .225 -- 
Milled 6:50 .56 -- 
Salted 7:05 - -- 

The low preheat t'pe milk powder was reconstituted in a 

starter tank in the same manner as Batch 4. A rate of fat to 

solids-not-fat of 1:2.25 was used. 

One and one-half pounds of technical grade flake calcium 

chloride were added with the starter. Two agitator stirrers were 

used. The agitation was not begun until five minutes after cutting 

the curd. 

The curd matted perfectly and t1 batch was similar in all 

respects to Vat I which contained no milk powder. Whey was given 

off after the curd was salted. The curd pressed compactly with 

no mechanical openings and was not crumbly. 



position ofÇheese made under Commercial tions. 

TABLE VIII 

Composition of Cheddar cheese 

Made at Dairy Cooperative Association 

Vat I - Commercial Method 

Batch Fat in Fat Fat in Moisture Fat in Salt 
No. Standard- Dry Yhey 

ized milk Matter 

1 4.0 34.0 52.3 35.0 .3 1.5 

2 4.0 34.0 52.3 35.6 .34 1.5 

3 4.0 52.3 35.0 

4 4.0 33.0 51.5 36.0 .295 1.5 

5 4.0 32.5 50.5 35.6 - 1.5 

6 4.0 33.5 50.7 34.0 -- 1.31 

Vat II - Experimental Method 

Batch Ratio Fat Fat in Moisture Fat in Salt 
No. Used Dry Ythey 

Matter 

1 1:2.35 31.5 4.3 34. .3 1.7 

2 1:2.35 31,0 4.7 36.4. .30 1.6 

3 1:2.22 37.0 53.9 34.0 .44 1.5 

4 1:2.25 32.5 50.8 36.0 .30 1.62 
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Table VIII (cont.) 

Batch Ratio Fat Fat in Moi$ture Fat in Salt 
No. Used Dry hey 

1atter 

5 l:2.15 34.0 52.4 35.2 1.6 

6 1:2.25 34.0 53.3 36.2 .29 1.31 

Although the experimental cheese manufactured at the college 

shoved that a ratio of 1:2.35 was satisfactory, the compositions 

of the experimental cheese made under commercial conditions showed 

that a ratio of 1:2.35 resulted in cheese which had less than 5G 

per cent fat in the dry matter. The reason that the ratio 1:2.35 

produced a lower fat content cheese under commercial conditions 

may Iave beer the dilution of the milk by the rinse water. The 

dilution of the milk prevented an accurate determination of the 

pounds of fat in the vat. It is necessary to know accurately the 

total pounds of fat in calculating the amount of milk powder re- 

quired to give the desired ratio of fat to solids-not-fat. 

In batch 3 the ratio was lowered to 1:2.22, in batches 4, 

and 6, the ratio 1:2.25 was used, and in batch 5 the ratio 1:2.15 

was used. All of these ratios (1:2.25, 1:2.22, and 1:2.15) re- 

sulted in cheese that contained the required fat content. 
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The results of the commercial experiment showed that although 

a ratio of 1:2.35 was satisfactory under experimental small scale 

conditions, a ratio of 1:2.25 was necessary under the commercial 

conditions, such as existed at the Dairy Cooperative Association 

plant. 

The fat content of experimental batch 3 was high because of 

the high fat content of the milk (5. per cent). Experimental 

batch 4 had a fat and moisture content which was satisfactory. 

Throughout the work at the college and in batches i to 4 at 

the commercial plant, a high preheat type of powder was used. The 

methods and results of this research are based on the use of the 

high preheat type of milk powder. The variation of experimental 

batches 5 and may have the use the preheat 

type milk powder. tYpon comp1etion of batch 4 a low preheat powder 

was used to determine if it would give the same results as the high 

preheat powder. The compositions of experimental batches 5 and 6 

as compared to batch 4 showed that a low preheat powder resulted 

in a cheese with a higher fat content than was obtained with a 

high preheat powder. 

The experimental cheese manufactured in Vat II was salted at 

the rate of 3 pounds of salt per 1000 pounds of milk, while the 

commercial cheese manufactured in Vat I was salted with 2.5 pounds 

per 1000 pounds of milk. The experimental cheese was salted at a 

higher rate because of the higher yield of cheese per pound of milk 

resulting from the higher fat and solids content of the milk. 
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The use of 3 pounds of salt per 1000 pounds of milk might 

be slightly excessive, as the per cent salt content of the experi- 

mental cheese was 0.1 to 0.2 higher than the commercial method 

cheese. Since the salt content of the experimental batches was 

slightly high, it would be advisable to reduce the amount of salt 

from 3 pounds to 2.75 per 1000 pounds of milk. 

Quality and Scores of the Cheese Manufactured Under Commercial 

Conditions. 

TABLE IX 

Scores of Cheese Made at Dairy Cooperative Association 

(Age of cheese 5 weeks) 

Batch Score Flavor Body and. Texture 
No. Comments Comments 

Vat 1* 

1 90 Sour Mealy nd dry 

2 91 Sour Slightly dry 

3 9.5 Unclean Good 

4 70 Vhey soaked Slightly dry 

5 91 Slight acid Slightly short 

6 91 Clean, high acid Slightly short 

Average 90.3 



TABLE IX (Cont,) 

Batch Score Flavor Body and Texture 

No. Comments Comments 

Vat II 

1 87 Bitter 

2 87 Sour 

3 90 Sour 

4 90 Sour 

5 89.5 Sour 

6 89 Sour 

Average 88.8 

Crumbly, dry 

Crumbly, dry 

Mealy, short 

Good 

Very short, crumbly 

Very short, crumbly 

Cheese scored by Mr. A. W. Flare 

* Vat I contained milk standardized with skimmilk 
*Vat II contained milk standardized with milk powder. 

In evaluating the scores of the experimental cheese, it must 

be borne in mind that the same process was not used in every batch. 

The process was varied in an attempt to improve the quality of the 

cheese. Experimental batches i and 2 were unsatisfactory from a 

legal composition standpoint, as well as being poor in flavor, body, 

and texture. In batches 3 and 4 the process was improved by lower- 

Ing the ratio of fat to solids-not-fat from 1:2.35 to 1:2.22 and 

1:2.25 
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By using the lower ratios the cheese cheddared satisfactorily 

and the fat and moisture content net the legal standard. The ratios 

and high preheated milk powder as used 'in batches 3 and 4 were con- 

sidered to be tnost satisfactory from the standpoint of method of 

manufacturing. 

Batches 5 and 6 were made with a type of milk powder (low 

preheat) w1ich had different characteristics than the milk powder 

used in the previous. batches of cheese. The body and texture of 

experimental batches 5 and 6 were not satisfactory. 

Since batches 1, 2, 5, and 6 were not satisfactory from a 

manufacturing technique standpoint, the quality scores of those 

batches were not representative of the score of cheese which could 

be manufactured if the proper technique was used. 

Batches 3 and 4 were satisfactory from the manufacturing 

technique standpoint and could be considered to be more represent- 

ative of cheese containing milk powder properly manuf3ctured. The 

average score of batches 3 and 4 was 90, which is 0.3 lower than 

the average score of the cheese made in vat I by the customary 

commercial method, 

The body and texture of experimental batch 4 was good, which 

indicated that Cheddar cheese with a good body and texture could 

be manufactured from milk containing milk powder. The body and 

texture of experimental batch 3 was mealy and short. These de- 

fects might have been caused by the large amount of milk powder re- 

jiired to standardize the milk which contained 5. per cent fat. 



The body and texture of experimental batch 3 was in agree- 

ment with the conc1uions drawn from the results of the prelimin- 

ary experiments., The results of the preliminary experiments in- 

dicated that the standardization of milk testing over 5 per cent 

might require such an excessive amoimt of milk powder that body 

and texture defects will occur in the cheese. 

The flavor criticism of "sour" occurring in two of the corn- 

mercial batches, and five of the experimental batches, was caused 

by high acid. Since sour and high acid flavors were present in the 

commercial batches, it is probable that the milk powder was not the 

cause of the sour flavor in the experimental cheese. The sour 

flavor may have been caused by secondary acid development in the 

cheese during ripening, since the cheese was held at F. for 

two days at the beginning of the ripening period. 

The flavor criticisms sour, acid or whey-soaked indicate that 

there was improper control of the acidity during the manufacturing 

process. 

Because of the sour flavor of the experimental cheese, it was 

impossible to determine whether milk powder had any effect on the 

flavor. However, since the flavor crttcisms of the experimental 

batches were of the same nature as those of the commercial batches, 

it could be assumed that the milk powder did not effect the flavor 

of the experimental cheese. 



ECONOMIC CONSIDERATIONS WHEN USING NONFAT DRY MILK POWDER 

The calculations given below are based on the utilization of 

4.6 per cent milk, Manufacturing costs and the value of by-products 

such as whey cream are not included in the results. The prices given 

are those to wholesale jobbers or the market quotations for March 23, 

l94. Cheddar cheese was .415 per pound, nonfat dry milk solids 

was .1775 per pound and premium bitterfat was .93 per pound. 

Return oer cent milk when standardized_with nonfat 

solids and manufactured into cheese. 

The standardization of milk testing 4.6 per cent fat to a fat 

to solids-riot-fat ratio of 1:2.35 will require approximately 0.5 

pounds of nonfat dry milk solids per each lOO pounds of milk. A 

yield per pound of fat of 2. (2.795) was obtained in the final ex- 

periinental batches of cheese from milk having a ratio of 1:2.35. 

Amount of cheese obtained from 100 lbs. of 4.6 
per cent milk (4.6 x 2.) : l2. lbs. 

Milk powder used (4.6 x 0.5) : 2.3 lbs. 

Cost of 100 lbs. 4.6 per cent milk : 4.73B 

Cost of milk powder (2.3 x .1775) : .4O 

Amount received for cheese (l2. x 41,5): f5.345 

Total cost of dairy products (4.73e plus .4O) : 5.i38 

Return per lOO lbs. 4.6% milk (5.345 - 4.738) : .207 



Return on 100 pounds of 4.6 Der cent milk when the milk is standard.- 

ized to3 per cent fat and the cream removed in standardizing 

sold. 

Milk standardized from 4.6 to 3. per cent fat will give a 

yield of cheese per pound of fat of approximately 2. when the cheese 

contains 37 per cent rnoiture and 52.4 per cent fat on a dry basis. 

(3, p.150) 

Amount of fat (in 3 cream) made surplus by 

standardizing the milk to 3. per cent fat 

(4.6 -3.) : 0. lbs. 

Amount of cheese obtained from 96.95 lbs. of 

3. per cent milk (96.95 x .03e x 2.) : 10.32 lbs. 

Amount received for cheese (10.32 x .415) 4.23 

Amount received for surplus fat (.3 x .93) : $ .73 

Total amount received (4.23 plus .73) 5.013 

Cost of 100 lbs. of 4.6 per cent milk : 4.73 

Return per 100 lbs. of 4.6 per cent milk : * .275 

These calculations show that when Cheddar cheese is manufactur- 

ed under market conditions as existed on March 23, l94, it would be 

more profitable to standardize high fat content milk by removing fat 

to be sold as cream than by the addition of nonfat dry milk solids. 
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SUMMARY 

The purpose of the investigation was to determine whether 

Cheddar cheese of high qualit; could be msnufactured from milk 

testing 4.2 to 4.7 per cent fat to which nonfat dry milk solids 

had been added for the purpose of increasing the solids-not-fat 

in the milk instead of the usual method of abstracting cream. 

The investigation consisted of three phases: 

(i), The preliminary work at trie college consisted of the 

manufacture of small batches of cheese containing milk powder to 

determine the effects of milk powder in the manufacture of Cheddar 

cheese. Ratios of fat to solids-not-fat of 1:2.6 to 1:2.35 were 

used to determine the effect of various ratios on the composition 

of the cheese. The effect of calciuni chloride, lower cooking temper- 

atures and amount of agitation during cooking were investigated. 

(2). The final work at the college consisted of the menu- 

facture of Cheddar cheese containing milk powder, together with 

batches of Cheddar cheese containing skimmilk as a control. The 

cheese containing milk poider was compared with the control batches 

of cheese to determine the effect of milk powder on the composition 

and quality of Cheddar cheese. 

( 3). The connnercial phase consisted of the manufacture of 

Cheddar cheese containing milk powder under large scale commercial 

conditions at the Dairy Cooperative Association plant at Portland, 

Oregon. The purpose of this phase was to determine whether Cheddar 



cheese could be manufactured under commercial conditions from high 

testing milk containing milk powder. 

From the results of the cheese manufactured on an experiment- 

al scale at the college, and the cheese manufactired under commercial 

conditions, the following conclusions have been made: 

(1). The results of the final experimental batches of cheese 

at the college showed that Cheddar cheese of satisfactory quality 

could be manufactured from milk testing 4.3 to 4.7 per cent fat by 

standardizing the milk to a ratio of fat to solids-not-fat of 1:2.35, 

using nonfat dry milk solids. It can be concluded that under ex- 

perimental conditions standardization of milk to a ratio of fat to 

solids-not-fat of 1:2.35 will result in a cheese meeting the state 

and federal standards. The use of a higher ratio (more than 2.35 

pounds of solids-not-fat per pound of fat) was found in the prelimi- 

nary experiments to result in a cheese which contained less than 

50 per cent fat in the dry matter (total solide). The commercial 

experiments indicated that it might be necessary to use a ratio of 

1:2.25 under commercial conditions where strict technIcal control 

is not applied. 

(2). The flavor criticisms of cheese manufactured in this 
/ 

Investigation showed that the quality of the cheese was not reduced 

by the addition of milk powder to the milk. From the statements 

of Mr. Hare, a qualified cheese grader in Portland, it can be con- 

cluded that it would make no difference in the quality of the cheese 
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whether it was manufactured from milk standardized with nonfat 

dry milk solids or skimmilk. 

(3). The scores of the cheese manufactured under experi- 

mental conditions at the college, as given by a qualified cheese 

grader, show that Cheddar cheese of high quality can be manufactured 

from high testing milk which has been standardized with nonfat dry 

milk solids. 

(4). The body and texture of the cheese manufactured in the 

preliminary experiments indicated that there were limite as to how 

much milk powder could be added to the milk without affecting the 

body and texture of the cheese, Body and texture defects occurred 

more frequently in the cheese made from milk containiflg large amounts 

of milk powder. However, it was not possible to determine from the 

data what amount of milk powder would be excessive. The data in- 

dicated that although the use of excessive amounts of milk powder 

resulted in body and texture defects, the point at which the addition 

of milk powder became excessive largely depended on how the cheese 

was manufactured. 

(5). The results of the preliminary work showed that certain 

batches of cheese, in which calcium chloride was used, had a mois- 

turs content which was higher by approdmately 2 per cent. Perhaps 

calcium chloride aided in holding moisture in the cheese. The reason 

for this was not investigated. The use of calcium chloride was of 
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no practical advantage. n examination of the quality of the 

cheese gave no indication of the addition of calcium chloride to 

the milk. 

(6). The use of a lower cooking temperature (970 F.) when 

nonfat dry milk solids was used for standardization, as compared 

to a cooking temperature of 1000 F., resulted in no improvement 

in the matting proerties or quality of the cheese. Cooking the 

curd and whey at 1000 F. gave the beet results. 

(7). To improve the matting properties of the curd and 

regulate the moisture content of the cheese, the amount of agita- 

tion during cooking should not be excessive. 

(e). The curd should not be firmed excessively during cook- 

ing, especially if draining the whey require$ a long time. Drain- 

ing of the whey should be started early enough so that the curd 

will attain the proper firmness by the time all of the whey is 

drained. 

(9). After the whey is drained the curd should be allowed 

to mat together for 15 minutes before the first turn is made. Then 

relatively large amounts of milk powder are used. The curd has a 

tendency to crumble. Under such conditions it may be necessary to 

allow the curd to mat together for 25 minutes before making the first 

turn. 
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(io). The results from the scoring of the experimental 

cheese indicated that the use of one ounce of cheese color per 

1000 pounds of milk and 3.5 ounces of rennet per 1000 poirnds of 

milk, gave a desirable color and setting time for the milk used 

in the experiments. 

(11). The curd should be salted at the rate of 2.5 to 3 

pounds of salt per 1000 pounds of standardized milk. 

(12). The most practical equipment for reconstituting the 

nonfat dry milk solids was found to be a small vat equipped with 

a high-speed agitator. It was important to have sufficient agita- 

tion to prevent the powder from lumping as it was added to the 

water. 

Reconstituting to a 30 per cent concentration was found to 

be satisfactory. The best results were obtained when the milk 

powder was reconstituted in water at 0° F. Holding the recon- 

stituted milk powder for a period of time did not improve the 

cuality of the cheese. The reconstituted powder should be stin- 

ed to prevent lumps of milk powder being added to the milk. 

CONCLUSION 

The reu1ts of this research and the statements of a quali- 

fied cheese grader in Portland, show that Cheddar cheese of high 

quality can be manufactured under experimental conditions from 
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high fat content milk when the ratio of fat to solids-not-fat in 

the milk is adjusted to 1:2.35 with nonfat dry milk solids. 

Although one week was spent at a commercial cheese factory 

manufacturing Cheddar cheese from milk standardized with nonfat 

dry milk solids, further work needs to be done on a commercial 

scale before the process can be considered practical under com- 

mercial conditions. 
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PLATE 1 

Matting properties of curd without calcium chloride 

added to milk. 

This plate shows the cheddared curd of batch E-19A, 

wIich was made from milk which did not contain calcium chlor- 

ide. Batches 19A and 19B were made from a split batch of 

milk, which was standardized to a ratio of fat to solids-not- 

fat of 1:2.35. The unstandardized milk contained 4. per 

cent fat. 

PLATE 2 

Matting properties of curd with calcium chloride 

added to milk. 

This plate shows the cheddared curd of batch E-19B, 

which was made from milk containing 0.025 per cent calcium 

chloride. The unstandardized milk contained 4. per cent 

fat. 
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PLATE 3 

Matting properties of curd when milk powder was 

added to milk immediately after being reconstituted 

This plate shows the cheddared curd of batch E-13. 

The milk used in this batch was standardized to a ratio 

of fat to solids-not-fat of 1:2.5 with milk powder which 

had just been reconstituted. The fat content of the im- 

standardized milk was 5.5 per cent. 

PLATE 4 

Matting properties of curd when the reconstituted 

milk powder was held for 4 hours. 

This plate shows the cheddared curd of batch E-14. 

The milk used in this batch was standardized to a ratio 

of fat to solids-not-fat of 1:2.5 with milk powder which 

had been held in the reconstituted state for 4 hours. 

The fat content of the unstandardized milk was 5.4 per 

cent. 
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PLATE 5 

Matting properties of curd which received an 

excessive amount of agitatIon during cooking. 

This plate shows the cheddared curd of Batch Fl5, 

which was typical of batches receiving an excessive amount 

of agitation. This plate shows the crumbly nature of the 

curd when an excessive amount of milk powder is added to 

the milk. The milk used in this batch contained 5.5 per 

cent fat and was standardized to a ratio of fat to solids- 

not-fat of 1:2.4 wIth reconstituted milk powder. 

PLATE 6 

Matting properties of curd which received 

a minimum amount of agitation during cooking. 

This plate shows the cheddared curd of batch E-lEA, 

which was typical of batches receiving a mininmin amount of 

agitation during cooking. The milk used In this batch con- 

tamed 4. per cent fat and was standardized to a ratio of 

fat to solids-not-fat of 1:2.35 with reconstituted milk 

powder. 
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PLATE 7 

Matting properties of curd 

which was cooked at 
970 

F. 

This plate shows the matting properties of the cheddared 

curd of batch E-17A which was cooked at 
970 

F. Batches E-17A 

and E-17B were made from a split batch of rnlk, which contain- 

ed 4.3 per cent milk. The milk used in batches E-17A and E- 

17B were standardized to a ratio of fat to solids-not-fat of 

1:2.4 with reconstituted milk powder. 

PLATE 

Matting properties of curd 

which was cooked at 1000 F. 

This plate shows the matting properties of the cheddared 

curd of batch E-17 B which was cooked at 1000 F. 
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