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OCCUHRBTCE MD COOTROL 
OF rm mom PRECIPITATE DEFECT 

in mxim COTTAGE CHEESE 

IMTRODUCTIOH 

Cottage cheese constant ion has shown a great increase in recent 

years. In 19$h,  535 million pounds of creamed cottage cheese were 

manufactured in the United States (18 pt 10). This is a per espita 

consunigption of 3*1 pounds. In 1957 the annual production was 69U.0 

million with a per capita consumption of over U.O pounds. (19 p. 1$. 

The three western states, Mashington, Oregon and California account 

for over 20% of the national production of cottage cheese. 

Iiyproved quality resulting from better tedhnical control during 

manufacture has been responsible for much of the increased constaip- 

tion. The body* texture and flavor of cottage cheese have been 

inproved and standardized in recent years so that the consumer can 

depend on a uniform product. In striving for better processes for 

handling the raw and finished products much of the "art" of making 

cottage cheese has been replaced with scientific methods. 

Bew problems have been brought about by modern methods of 

handling milk. Milk can be stored for longer periods of time by 

using refrigerated tanks* The problem involved here was first no- 

ticed locally when farm tanks were installed. The farm tank is an 

insulated refrigerated tank large enou$i to hold from four to six 

conplete milkings. The tanks are installed on the farm where the 

milk can be stored until the procurement tank truck picks the milk 

tip for delivery to the processor. The milk received at the plants 
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was of excellent quality according to conventional analysis. The 

bacteria count was low* the titratable acidity normal and the flavor 

apparently was unaffected. 

Simultaneously with the use of the farm tank said longer storage 

periods^ a brown precipitate began to appear in the bottom Of the 

cottage cheese vats during the coagulation period. The precipitate 

appears either as a slight thickening of the milk on the bottom of . 

the vat in the raild cases or as a brown viscous layer in the severe 

cases. In the latter the milk must be discarded. In borderline cases 

the offending milk often has not been discarded and the resulting 

cottage cheese curd does not have the desired body said texture. 

Cottage cheese curd is produced by acid coagulation of skim milk 

usually with the aid of a coagulator or rennet extract. The flavor of 

cottage cheese is due largely to the milk constituents and products of 

bacteria during coagulation. The organisms used in cottage cheese 

develop acid necessary for coagulation and a certain amoimt of biacetyl 

for flavor. Many of the commercial cultures contain organisms that 

give off CO2 and other gases that are associated with high flavor* 

Cottage cheese may also be made xiithout an added enzyme* From a chem- 

ical point of view the acid curd will show several points of difference 

from rennet curd, the chief difference being that the acid curd retains 

a smaller ©Biount of mineral matter and undergoes less digestion than 

rennet curd (10 p. 101). 
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In this study several possible causes of the precipitate have 

been iivwastigated. Some of the factors investigated were: aging of 

Eiilk, effect of certain coagulating agents, state in which milk was 

stored (whether as skfci or whole milk) and the effect of certain 

starter cultures* 



REVIEW GF UTERATOHB 

Consultants in the cottage cheese industry hav§ reported prevar 

lence of the brown precipitate defect in making cottage cheese, Daines 

(U) said: "fhe defect has appeared occasionally in various parts of 

the eountty and for no readi3y apparent reason disappeare after a few. 

days*" Lawrence (9) eaidt "Regarding the precipitate in making cottage 

Cheese, w© have encountered -Uiis quite often in consultation work tilth 

dairymen throughout the Oftited States. We have found this to be true • 

that the precipitate can come about in most any type of milk* We have 

encountered it in fresh milk, milk that was stored overnight and in 

reconstituted railk.w 

To understand the cheraical and physical changes involved in acid 

coagulation of milk, a knowledge of the physical state in which the 

main constituents ejeist must be understood, fhe greater part (85 * 

88$) of milk is water in which the milk solids are either suspended 

or in solution. The following outline classifiee the more jteportant 

constituents according to their state of dispersiont (lb p. 661) 

A. In true solution 

1. Lactose 

2. Ions as follows; 

a. cations 

H    (hydrogen ion) 

Ha    (sodium ion) 



K     (potassim ion) 

Ca     (calcium ion) 

Mg    (magnesium ion) 

b. anions 

OH  -   (hydroxyl ion) 

01  -  (chlorine ion) 

H^POL -  (priaary phosphate ion) 

WO^   —  (secondaiy phosphate ion) 

POj, - - - (tertiary phosphate ion) 

Citrate - (primary citrate ion) 

Citrate —* (secondary citrate ion) 

Citrate— (tertiary citrate ion) 

HCO3  -  (bicarbonate ion) 

3* Itodissoeiated salts representing all possible 

combinations of the above ions* 

B. In colloidal suspension 

1. casein (in combination with bases, mostly calcium) 

2. albumin (in combination with bases) 

3. globulin (in combination with bases) 

C. In emulsion 

1. milk fat 

Somer (lb, p. 662) described the particles in true solu- 

tion as very small, appearing as ions or molecules. The difference 

betEraen true solutions and colloidal suspensions is largely one of 
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degree of dispersion. There are borderline cases such as lactoglobulin 

and lactalburain. He further added that protein molecules may reach 

colloidal size, making a fine distinction difficult. Colloids are 

large enough to reflect light and be removed by ultracentrifugation. 

Casein, the main protein in milk, is a key constituent in 

cottage cheese manufacturing. Cottage cheese curd Is largely casein. 

Ifoe quality of the finished product depends upon the condition in 

which the curd is recovered. 

Casein is identified by fan Slyke and Price as a (21, p. 6) 

phosphoprotein because it contains phosphorus. It is present in milk 

in association with calcium and calcium phosphate as a calcium 

caseinate - calcium phosphate complex. 

Calcium caseinate exists in milk as minute particles suspended 

in the liquid. It can be seen with the ultramicroscope and can be 

removed by ultracentrifugation or by a special porcelain filter. 

Other methods of isolating casein usually involve on© of several 

methods of coagulation. 

Casein can be removed by acid coagulation. In making cottage 

cheese, lactic acid is formed from lactose by action of "starter" 

bacteria. As the hydrogen ion concentration increases moire md more 

calcium is removed from the caseinate resulting in calcium-free 

protein. At about pH lu7, near the isoelectric point of casein, the 

calcium-free protein forms a coagulum and the characteristic cottage 

cheese curd appears. 
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The most important method of coagulating casein for cheese making 

is through the combined use of acid and rermet extract. Rennet extract 

contains the ensyme remin, which has the ability to coagulate milk. 

Coagulation by rennin is of particular interest in the dairy field since 

the process is so widely used in cheese making. Hammersten proposed 

the theory that rennih coagulation occurs In two stages and since 1897 

this theory has been accepted. (8 p» 310). The first stage is the 

enzymatic stage end has specific action on the caseinate. The seetihd 

stage is the coagulation stage when the curd is formed. 

Very small quantities of rennet extract are needed in the manu- 

facture of cottage cheese. The advantages of both acid and rennin 

coagulation are used in coagulating the milk. Price (11, p. 38) 

illustrated the sensitivity of milk when small differences of rennet 

were used. 

FIGURE 1 

Relation of acid and amount of rennet at coagulation 

Amount of 
Rennet in 
100Qf: milk 

£.0 cc 0 
0 

It.O cc o 

J1 u 

3*0 cc   0 

2.0 cc 

2.0 cc 

% Titrable 
Acidity 

0.0 cc 

0.2 

o 

0.3  O.U  0.5  0.6  0.7 
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It will be noted that a very small amount of rennet is capable 

of coagulating the milk regardless of the acidity* The rennet-acidity 

relationship pemits the calculation of the amount of rennet that may 

be added without causing coagulation much before the isoelectric point 

is reached. 

fuekey (16, p. 52) statess "The isoelectric point of casein is 

pH U.6. On either side of this pH value the casein tends to go into 

solution. So far as cottage cheese is concerned, casein exhibits most 

desirable physical characteristics between pH 1A.6 and k*$ fthen remin 

is used. At pH values greater than pH U.65 casein exhibits marked 

cohesive properties. At pH values less than ij.6 the curd tends to gO 

into solution. The cheese becomes soft and mushyj it looses its 

cohesive properties and shatters." 

Davis (3* p* 15) referred to the proper cutting acidity of cot- 

tage cheese as falling between pH h*S to pH 5.f>» 

Baker (2, p. 7^) found the pH range of pH li*75> to pH k»6$ was 

most desirable* 

fricke (5> p» 81*) investigated the slow coagulation of milk 

in relation to the nutrition and heredity of the cow, particularly 

under conditions of intense feeding and high yield. The addition 

of a calcium phosphate - vitamin D, psnsparation to the daily feed of 

milking cows improved the renneting ability of the milk. Slow 

coagulation sesaed to be more influenced by nutritional factors 

rather than by heredity. 
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Henson and Wilier (6, p. 211) found when congsaring Friesian and 

Jersey milk that Friesian milk was unsatisfactory for making cottage 

cheese. Blending the two milks and the addition of calcium chloride 

did not improve the condition.. Malker test readings were sufficiently 

highj but apparently the nitrogen distribution was not normal. The 

formol titratlons were not consistent with the total protein as deter- 

mined by the Kjeldahl* 

Seekles and Sraeets (12, p. 7) reported flocculation in 

apparently normal milk. Stability was improved with an increase in 

pH, but impaired by the addition of calcium chloride. Oral or sub- 

cutaneous administration of sodium citrate to the cows tended to 

increase stabilitys as did addition of sodium citrate to the milk. 

Observations on starvation vs. ample rations indicated that both 

showed the presence of excessive calcium salts in relation to the 

other stabilizing properties, contributed to the defect. Addition 

of citrates, phosphates iand oxalates decreased calcium ion activity 

and increased stability of the milk. 

tialker, (22, p. 37) reported the occurrence of abnormal curd 

formation in. making cheese in the southern counties of England. He 

found that with modern breeding programs the yield per cow was in- 

creased, but solids-not-fat content of the milk was decreased. 

During the season that the abnormal coagulation occurred the animals 

were being fed poor quality hay and pastured on short pastures. Both 

the pasture and hay were low in protein, which resulted in the 
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production of milk of lou casein content. He concluded that the 

producers should have their hay and silage analyzed so that any defi- 

ciency can b® noted and corrected by the addition of other foods to 

the rations* 

Hostettler and Euogger (7» p. 711) investigated the influence 

of calcium chloride on rennet coagulation. Increased caleiua chloride 

resulted in acceleration of the coagulation, fhey found that in- 

creased concentration of H-ions brought about by addition of ealciiaa 

chloride, was ©ore responsible for accelerating coagulation than the 

coagulating effects of the calcium ions. They also reported that 

addition of calcium chloride in increasing amounts caused accelerated 

coagulation to a point beyond which further additions w»ul& cause 

slight inhibition. 



MATBUttLS MD METHODS 

Starter Cultures 

Starter cultures were obtained from tm  sources; commercial 

manufacturers and the Departzaent of Bacteriology at Oregon State 

College. The cultures were identified as M, K, and SCI. M was 

selected because of its knom ability to produce gas and K and SGI 

because they were known to be IOXT gas producers. 

AH cultures were Streptococcus lactis and associative organ* 

isns typical of those commonly found in any cottage cheese plant. 

Cultures were carried in sterile reconstituted milk. Son-fat dry 

milk solids were reconstituted in water at the rate of 10$ dry milk 

solids and autoclaved in 500 ml. flasks for 1$ minutes under 15 

pounds of pressure. The sterile blanks were cooled and stored at 

UO0?,  until used. 2he cultures were transferred daily, using a 3$ 

inoculura, and incubated for a period of 15 hours at 70^. Upon 

completion of the incubation period the cultures were removed from 

the incubator, inspected and stored at ho0®.   When the cultures 

were to be used immediately, they were not cooled. Inspection of 

the cultures involved titrating to deteitoine if the desired acidity 

of at least .80^ acid had been reached, checking fimness of coagulum 

and, in the case of the gas forming Culture, checking for formation 

of gas.   The test for gas will be described later. 



12 

A Hafis titrometer, calibrated to read in per cent acid, was used 

for titratable acidity.   A solution of N/10 sodium hydroxide was used 

xdth a 1% solution Of pheno^hthalein as indicator.    Mine grams of milk, 

or filtered cottage cheese whey, is pipetted into a beaker and titrated 

to a faint pink* 

Coagulating Agents 

Cranmercial coagulators were in the liquid form with the excep- 

tion of one which was in the tablet form* Rennet was obtained from 

one source and will be referred to as rennet B* while the coagulators 

were from several sources and will be referred to as "A", "B", "C" and 

'•D". The exact composition of the coagulators Is not known, but accord* 

ing to the labels and the correspondence with the manufacturers, they 

Contain calcium salts, such as calcium chloride and calcium lactate. 

They also contain enzymes such as rennin and pepsin* (1, p. 9) 

Hilk 

Pooled milk frcan the Oregon State College daizy herd of Jersey 

and Holstein cows was used, except in specific cases when it was 

obtained from individual cows. Hilk for part of the trials was stored 

in tt© refrigerated fana tanks in the laboratory and milk for the 

remainder of the trials was stored in cans in a h0OF,  walk-In cooler, 

since the quantity was not large enough to be agitated and held in the 

farm tanks. 
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The whole milk was heated to 105°?., agitated, and separated with 

a laboratory-sized DeLaval separator. The skim milk was pasteurized 

or stored at liO^P., depending on whether the trial was to follow imme- 

diately after separation or after aging of the skim milk. 

The skim milk was pasteurized by heating to 1^3°?. in ten-gallon 

cans and holding for 30 minutes at that temperature. At the end of 

the holding period the milk was cooled to 900F. and the culture was 

added. 

Cheese Making Equipment 

Part of the trials were made using two laboratory-sized stainless 

steel cheese vats of 200 pound capacity. The vats were jacketed with 

steam and water so that any temperature can be maintained. Long-stem 

thermometers were used to determine the temperature of the water in 

the steam jacket and floating themometers were used to determine the 

temperature of the cheese milk in the vats. Agitation was manual, 

using stainless steel paddles* All cheese*making equipment was steri- 

lized using boiling water and all glassware was sterilized with a 200 

ppm. sodium hypochlorite solution. 

Later in the trials, large test tubes were substituted for the 

cheese vats since the important part in obtaining the desired results 

was to have at least an 18 inch depth of milk. This could be accom- 

plished as easily by using a column of milk in a 20 inch test tube 

as with a cheese vat of equal depth. Pyrex test tubes, 2-| inches in 
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diagmeter and 20 inches high with a volume of 1500 ml., were used. 

Racks that could accomodate six large test tubes were used in order 

to observe the changes taking place in the milk. The racks could be 

placed in a controlled temperature room and checked periodically for 

precipitate without disturbing the coagulum. 

Cheese Making Procedure 

Two methods of making cottage cheese were used in the following 

trials: In one known as the short set, the milk is pasteurized and 

cooled to 90°?.; starter is added at the rate of $% of the weight of 

the milk. The milk and starter are allowed to incubate for one hour, 

at which time the coagulator or rennet is added at the rate recom- 

mended by the manufacturer. The coagulating agent is diluted with 

about 5 times its volume of cold sterile water and added slowly while 

the milk is being agitated. Stirring is discontinued after five 

minutes and the mixture is allowed to coagulate* A period of about 

five hours from the time of adding the culture is allowed for the 

desired fimness of coagulum to be attained and the proper cutting 

acidity to be reached. The coagulum is then cut into lA Inch cubes 

by the use of curd knives which consist of wires l/h  inch apart. 

These are drawn through the coagulum horizontally and vertically. After 

a period of twenty minutes the cooking process begins. This process 

expels moisture from the curd particles and causes them to shrink. 

The process requires about li hours at the end of which time the temp- 

erature of 120°?. is reached. The whey is drained until the curd 
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barely shows above the whey* Tap water is added to increase the 

contents to the original volume. This should cool the curd to about 

85°?. Ttoo more washings are given the curd using chilled water so 

that it is cooled to about UO0?. or lower. After the curd has been 

allowed to drain one hour the dressing is added* 

The second method of making cottage cheese is called the long- 

set method. The main differences between the long-set and short-set 

are the per cent of starter culture and the time and temperature of 

incubation* In the long set, 1%  starter culture is used and a temp- 

erature of 70°?. is maintained for a period of about 13 hours. Ihen 

the desired acidity and fimness of curd is reached, the coagulum is 

cut and the process is identical to thai described in the short-set 

method* These two methods are similar to those used in commercial 

cottage cheese making* 
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RESULTS 

Effects of Aging 

Since the brown precipitate was first associated with milk held 

for extended periods of time the first trial involved holding the milk 

for varying periods before use. Cottage cheese was made using the two 

methods described earlier as the long-set and short-set. 

Fresh milk was received from the college herd. Sufficient milk 

was obtained to provide for one trial per day for seven consecutive 

days. It was separated at lOjj*^. and an aliquot for the first day's 

trial was pasteurised at 11*3°?. and held for 30 minutes. The skim 

milk was then cooled to 90oF. and inoculated with 5%  starter. The 

remainder was cooled to Uo^. and stored at that temperature for the 

succeeding trials. Cottage cheese was made by removing daily ali- 

quots from the cold milk. Starters K and L were used at the rate 

of 2.5% each and coagulator A was used at the rate of 1 oz. per 

1,000 pounds of skim milk. This was repeated for seven consecutive 

days. At the end of seven days fresh milk was obtained and the 

process repeated. The samples were examined periodically for form- 

ation of the precipitate and results were recorded. Results of 

this trial appear in Table I. 



17 

Age of milk 
in Degrs 

number of 
Samples 

fABLB t 

the effects of age of the milk on 
occurrence of the precipitate. 

18  16  IB  16  13  16  HB 

Occurrence 
of Defect 10  11  9       8 

defect occurred in various degrees of intensity throughout 

■fee seven day period tdth the exception of the second day» The 

appearance Of the,defect was most regular on the third through th© 

si3Sth day of storage, 'jhese data are similar to those reported Taj eom* 

aercial cheese makers. (17, p. 3)* 

$he Effect of Coagulators 

in cottage cheese making a fix®, curd is desired and in efforts 

to attain this* coagulators have been used* these trials were con- 

ducted to compare the perforraanqe of four ccsmercial coagulators* 

The trials involved long-set and short^set methods and the use of large 

test tubes instead of cheese vats* Pasteurization was at 21*3^. for 

30 minutes* Starters K and L were used at the rate of 2.£>$ each in the 
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short-sets and »$% each in the long-sets. Coagulators A, B, C and D 

were used at the rates recommended by the manufacturer and were as 

follows: 

A  0.5 oz. per ii,000 pounds of skim milk 

B  1.0 oz. per 1,000 pounds of skim milk 

G  1.0 oz. per 100 gallons of skim milk 

D  1 tablet per 1,000 pounds of skim milk 

Fresh milk received from the college dairy herd was separated and the 

skim milk was pasteurized and cooled to 90°?. Trials were run on 

fresh skim milk and three-day-old milk. On the day of each trial the 

milk uas pasteurized and divided into two equal parts J one part was 

used for a long-set and the other half for a short-set. Results of 

this trial appear in Table II. 

TABLE II 

The effects of coagulators on 
occurrence of the brown precipitate 

Number of 
Samples 

Control 

18 

A 

IS 

Coagulator 
B    C 

18   18 18 

Occurrence of 
Precipitate 0 2 7 0 0 
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Milk, to ishich two of the poagulators (A and B) had been added, 

shoxred the defect^ vjhile the control milk and milk vith coagulators 

C and D did not show the defect. There appeared to be little differ- 

ence whether the long-set or short-set was used* These trials indi- 

cated that the occurrence of the defect is related to the type of 

coagulator. 

Effects of the Concentration of the Coagulator and the Age of the Milk 
TJpon the Intensity of the Precipitate 

An experiment was designed to detemine what effect the concen- 

tration of the coagulator and the age of the milk had on the intensity 

of the precipitate. The intensity of the defect was judged by the 

darkness of color and viscosity. The brown color deepened as the 

viscosity of the precipitate increased. 

Fresh milk was used on the first day and an aliquot of the same 

milk was used each succeeding day. The whole milk was stored at UO0?. 

and a portion was separated and the skM pasteurized just prior to 

use* The short-set method was used. Starters K and L ifere used at 

the rate of 2.5% each. Since previous trials indicated coagulator B 

was more apt to show the defect, it was used in this expefr&nent* In 

recording the results it was necessary to indicate how intense the 

defect was. If the precipitate was just heavy enough that a differ- 

ence could be seen between the precipitate and the balance of the 

milk, it was called "low". If the precipitate was apparent in both 

color and consistency, it was called %ediuatt, and if there was 
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separation with marked discoloration, the defect was called "high". 

Ttfo concentrations of coagulator were used? the concentration re- 

commended by the manufacturer and four times -fee recoramended amount. 

The control consisted of starter and milk only* Test tubes of 1,J>00 

ml. capacity were used. The skim milk was pasteurizedj inoculated 

with $%  starter and incubated at SO0?* for $ hours. Results of this 

experiment are shown in Table III. 

Table III shows that little sediment was noticed until after 

two days of aging, these results were similar to those of earlier 

trials. 

The Effects of pH pn the Occurrence of the Brown Precipitate 

The acidity of freshly drawn sdlk is about pH 6,k to pH 6.6# 

After the starter cultures have been addled and daring the incubation 

period the pH will gradually dropa As the acidity approaches pH U«6, 

the isoeleetric point of casein, the skia ailk will gradually thicken 

until a fira coagalum is forjasd. It is at this point in making 

cottage cheese that th© eoagulua is cut and the cooking process begins. 

This experiment OTS designed to determine at what pH value the 

brown precipitate appeared* The short set method was used. Starter 

cultures were added at the rate of S% of the wei^nt of the skim milk 

and incubated for five hours at 90oF. The pH values were determined 

before th© starter cultures were added and every half hour after 



TABLE HI 

Effects of concentration of coagulator and 
age of milk upon the intensity of the defect. 

Age of Mlk   Hunber of 1 x Normal Coagulation    k x Hormal Coagalation 
In Days     Samples     Control     Number of ti^s appeared 

Um       lied       High 

1 6 - ^ 

2 6 - - 

3 9 - k 

k                           9                       - 2    2- 

5 6 - 11- 

6 6        -        3 

7 6        -        3 

Total . . . .    *$ - 13   3 

Uuiaber of times appeared 

Low Med High 

1 - - 

- 2 - 

- 3 2 

1 2 2 

1 1 1 

2 - 1 

2 mm 1 

ro 
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inoculation. Every half hour after inoculation the vat of skim milk 

t-jas examined for formation of the precipitate. The method enployed 

for detecting formation of the precipitate was by sliding the hand 

dom the wall of the vat and feeling for the viscous sediment in the 

bottom of the vat. Results of this experiment appear in Figure II. 

£H 

6.2 

6.1 

6.0 

5.9 

5.8 

5.7 

5.6 

5.5 

5.1* 

5.3 

5.2 

5.1 

5.0 

U.9 

li.8 

FIGURE II 

Time from inoculation to formation of the precipitate 
and pH at which the precipitate tras first detectable 

"1 

oo 
o 

oo 

01231*567 

Time    in   hours 
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The Relative Effects of Coagulators and Rennet 

Some coagulators contain a certain amount of rennet and some 

processors have reported the difficulty when rennet is used. The 

following experiment Has designed to compare results of trials in 

which rennet and a coagulator at two different concentrations were 

used. The procedure was similar to that of previous trials. The 

short-set method was used with cultures K and L and rennet B and 

coagulator B. The recommended amounts and four times the recommended 

concentration was used for the rennet and coagulator. Skim milk was 

held three days and used on the third, fourth and fifth days. A 

control was used that contained starter culture and skim milk only. 

Results of this experiment appear in Table IV. 

mBLE I? 

The relative effect of coagulator B and rennet B 

on the defective coagulation 

Control Rennet Coagulator 

1 cc. 
1000# 100Q# 

1 oz. 
1000# 

h ozi 
1000# 

Mumber of 
Sampled 15 1$ 15 15 15 

Occurrence 
of Defect 2 k 9 7 12 
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There VJSS an increase in the occurrence of the defect as the 

concentration of either the rennet or the coagulator was increased. 

Effects of the State in flhich SMlk Is Stored 

The effect of aging as whole milk or as its Skim milk was 

studied. The procedure was similar to that of the previous trials. 

The short-set method was used. Coagulator 8, at the rate of one 

ounce per 1,000 pounds of milk and starters K and L, at the rate of 

2.5$, each were used. A quanttity of fresh milk ms stored for three 

days at kO^*   At the end of three days one-half of the whole milk 

was separated and the skim and the other half were stored at kO0?. 

Each day a portion of the whole milk was separated, pasteurized and 

a trial begun. A portion of the skim-milk was similarly treated. 

This was continued through the sixth day. Results of this trial 

appear  in Table V. 

TABU& V 

Effects of storing milk as whole milk and 
as skim on occurrence of the precipitate 

Stored as Stored as 
Skim Whole 

Hufifcer of Saaples 29 29 

Occurrence of Defect       22 20 



2$ 

There was little difference in method of storage and occurrence 

of the sediment* Of the 29 samples, 22 showed the defect in the milk 

stored as skim milk and 20 of the 29 samples showed the defect in 

the milk stored as whole milk* 

Gassy and Non-gassy Cultures 

Small bubbles of gas evolved from the sediment as it formed 

in the bottom of the test tubes* The next trial entailed the use 

of gas-forming organisms* Tero cultures were tested for gas production* 

the test used to detect gas formation is simple and easy to perform 

lander commercial conditions* A quantity of starter in question is 

carefully pipetted into a small test tube* About 25 ml* of starter 

in a SO ml* test tube is sufficient* The test tub© is immersed in a 

beaker of water at l600P* for five minutes* If the starter is gas- 

eous t  bubbles xd.ll form and the starter will expand in the tube* A 

high-gas producing culture will show many bubbles and expand quite 

extensively* In this test the quantity of gas evolved was not 

measured* Qas production x-xas recorded as positive or negative* 

Culture K9 was found to produce large quantities of gas and culture 

K produced negligible quantities* The procedure for this trial was 

similar to that used in trial V* The short-set was used and the 

milk was aged three days before use* The trials were run on the 

third, fourth and fifth days* Coagulator B was used at the rate of 

one ounce per 1,000 pounds skim milk and starters K and 119 were 
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used at the rate of 2,5$ each* The trials were repeated three times. 

Results of this experiment appear in Table VI. 

TABLE VI 

Comparison of high-gas and 
low-gas producing cultures. 

W Culture K Culture 

9 9 

6 0 

Number of Samples 

Occurrence of Defect 

Ho precipitate was found when the low-gas producing culture 

was used. Of the nine scusples, six showed the defect when the 

high-gas producing culture was used* 
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DISCUSSION 

the abnormal coagulation of milk is not new in the cheese 

industry. Reports have referred to abnormalties in milk coagu- 

lation that range from the spontaneous curdling of fresh milk to the 

complete failure of milk to curdle even though the acidity is near 

the isoelectric point* The brown precipitate in cottage cheese is 

new* It was first noticed when milk for cottage cheese was stored 

for a period of time before use. Milk stored for relatively long 

periods of time under ideal conditions is being used for many dairy 

processes with^ apparently, little loss in quality. However, when 

this niilk is used for cottage cheese an abnormal curd iiomld sometimes 

develop. 

Abnormal coagulation of milk has been reported in England (22), 

New Zealand (6), The Netherlands (20), and Switzerland (7). One 

factor remains common to all reports; there is not a simple solution 

to the problem. 

Comparison of Age of Milk and Occurrence of the Befeet 

Findings of this report show that aging of milk has a marked 

effect on the tendency of the brown precipitate to appear. One 

possible reason for this might be that a slight change in pK will 

cause a change in ionic calcium. The calcium of milk appears in 

association with the proteins, phosphates and citrates mid also in 

the ionic form. Ionic calcium is probably the most responsible 
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factor is detormiaing the rate of coagulation in milk (20 p. 1) If 

the lowering of the pH. were to occur during storage the ionic calcium 

treuld increase. Tessier and lose (15, p« 355) reported that normal 

skim milk tdll show between 2.5 and 3*h millimoles cs0.ciiua' ions per 

liter and Saeets (13, p. 25?) Sovmd that with calcium added to the 

level of four idllteoles per liter, milk «ould become uastable. &x& 

factor that would change the ionic ealciuia could bring about instabi- 

lity and .abnormal coagulation. 

Comparison of Coagolators 

Samples in which coagulators A and B were used were more prone 

to show the precipitate, fhe exact compositioa of the coagulators 

is not kimm but these two were known to contain added calcium. Also, 

these two coagulators contained added proteolytic enzymes, but it is 

not knovm i£ the added enzymes are other than rennin. 

Of the two trials showing the defect with coagulator A, one was 

in the short-set and the other was with the accompanying long-set. 

Of the seven samples showing the defect with coagulator B, four were 

biy the short^set and three were by the accompanying long-set* There 

was little difference x^iether the long or short-set was used. 
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Effects of Concentration of the Goagalator and Age of Milk Upon the 
Intensity of the Defect 

fho results showed that in only one case did the defect occur 

on the day-old milk and then only slightly. With two-day old, txfo 

samples showed the precipitate in an intense form. £^ the third day 

saraples with the normal amount of coagulator and samples with four 

times the normal amount of coagulator shoved the defect* It appears, 

as shotm in fable III, that the occurrence of the defect is about the 

saaa v&other the normal amount of coagulator or four times the normal 

amount of coagulator is used* The intensity, however, is greater with 

the increased concentration of coagulator* 

As in previous trials the defect appeared starting with the 

third day. From the third day through the seventh the incidence and 

intensity of the precipitate was quite constant* 

Small bubbles of gas appeared in the sediment* The size and 

number of the bubbles seem to increase as the viscosity of the pre- 

cipitate increased* 

Comparison of a Coagulator and Rennet 

There was an increase in the occurrence of the defect as the 

concentration of either the rennet or coagulator was increased* The 

coagulator appeared to cause the defect more often than rennet and 

milks with either coagulator or rennet showed the defect more often 

than the control* It is possible that the non-enzyme portion of the 
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coagulator may contain a substance that contributes to the formation 

of the precipitate. Since it is knoim that the coagulator contains 

added calcium, and since an increase in the calcium ion concentration 

is conducive to instability, it is Suggested that the added calcium 

may be the culprit. 

State in Mhich the Hilk is Stored 

there appeared to be little difference whether the milk is 

stored as whole or as skim since 22 of the 29  samples were positive 

in the case of milk stored as skim, while 20 of the 2$ were positive 

in milk stored as lAole milk. 

CoB^arison of High-gas and Low*gas Producing Cultures . 

Mo precipitate was found when the non*gassy culture was used. 

Of the nine samples, six showed the defect uhen the gassy cultures 

were used. However, this may not be true of all gas formers. The 

change in citrate content of the milk tijas measured during incubation.* 

The high*gas formers eliminated the citrate while the low-gas formers 

did not. Utilization.of the citrate would cause an increase in 

ionic calcium. This mi^it have been responsible for the precipitate 

formation found in trial VI as shown In Table VI, 

* Citrate analysis done by Seshadri Rajan. 
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fhe Effects of pH on the Occurrence of the Brown Precipitate 

Results from this trial'show that the precipitate formed 

between pH li.95 and pH. 6.0^s well above that needed for making 

cottage cheese. The coimnonly recommended pH for cutting cottage 

cheese curd is h*6 to it.?'. On either side of pH !uS, the iso- 

electric point of casein, the casein tends to go into solution 

and does not exhibit the desired firmness of curd. So explana- 

tion is offered for the appearance of the precipitate at a pH so 

far from the isoelectric point of casein. 

In making cottage cheese by the short-set method a period 

of 5 hours is normally used from the time starter is added until 

a firm eoagulum is formed. In this trial the precipitate formed 

between 2.5 and k hours from the addition of the starter. The 

short incubation period and high pH at which the precipitate 

formed indicates the precipitate is something other than whole 

calcium caseinate. 
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STOMAH* 

A brotm precipitate has been noticed in the bottoia of the 

cheese vats during the process of coagulating milk for laaking 

cottage cheese* The precipitate has not been reported until recent 

years* Apparently, the cause is to be found in methods not used a 

few years ago* One change in handling of ndlk is the farm tank, 

where milk is stored on the farm and shipped every other day instead 

of the former daily pick up* This was investigated using actual 

and simulated procedures* The precipitate uas found to appear more 

often after the milk was stored prior to use in the cottage cheese 

making* 

tn recent years rennet and patented coagulating agents have 

been used to shorten coagulating time of the milk* Four of these 

coagulating agents were investigated and results showed the defect 

occurred more often when certain of the coagulators were used, A 

relationship was established between the concentration of the 

eoagulator used and the severity of the precipitate* 

Milk was stored as skim milk and as whole milk to see if a 

difference could be established in the occurrence of the defect 

between the two milks* Little difference was observed in the occur- 

rence of the defect* 
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Starter cultures containing high-gas forming bacteria were used 

and compared tdth cultures containing low-gas forming organisms f The 

precipitate appeared more often when the high-gas producing cultures 

were used* 

Skim milk used in making cottage cheese will coagulate as the 

pH approaches lu6 and will be ready to cut at about pH ii.65. The 

precipitate formed at a pH well above that needed for normal coagu- 

lation of milk. The precipitate formed much sooner than the nozmal v' 

five-hour incubation period used in the short-set method of making 

cottage cheese. 
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COA'ICLUSIC&IS 

1, In making cottage cheese, chances of the precipitate occurring 

increase upon storage of the milk, starting about the third day 

of storage* 

2, Some coirnaercial coagulators tend to cause the defect more than 

others, 

3, There is a negligible difference in the occurrence of the defect 

between the long^set or short-set method, 

Ut The intensity of the defect does not necessarily increase with 

increasing age of the milk. In some cases, however, it may 

increase in intensity up to the third or fourth day, 

$f Intensity of the defect increases with the increased concen- 

tration of coagulators or rennet extract, 

6, the defect is more likely to occur when using a coagulator 

than when using rennet extract, 

7, There is little difference in the occurrence of the defect 

whether the milk was stored as whole milk or skim milk. 

8, The precipitate is more likely to occur when a high-gas pro- 

ducing starter culture is used than when a lou-gas producing 

culture is used, 

9« The precipitate forms between pH k*9$ and pH 6.0$ and between 

2,5 and h hours after inoculation. 
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