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SOME FACTORS aPFEGTIKG THE GROWTH OP PEKIGILLIUM 

ROQUEFORTI IK GHEESE. 

General Introduction. 

The mold knomi as Peniclllium roquefortl 

obtains its species name from Roquefort cheese in 

which it plays an essential part during the ripen

ing, P. roqueforti or a closely related species is 

required in the ripening of all cheese classified as 

blue veined. In fact the term "blue veined cheese" 

is derived from the typical blue spores produced by 

the fruiting of the mold while grov/ing in these 

varieties of cheese. 

The origin of many of the blue veined 

varieties of cheese,such as Roquefort and Stilton, 

antedates by many years the sciences of bacteriology 

and mycology. Therefore, the growth of P, roqueforti 

in these cheese must be considered to have originated 

by chance, and, as this particular type of fermentation 

became desired, conditions that favored its develop~ 

ment were encouraged. Hatural conditions in special 

districts of certain countries favored the develop

ment of blue mold in the cheese and special varieties 
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of cheese became associated with the particular dis

tricts. In Europe, several of the districts became 

famous before 1800 and in most cases retain their 

prominence today, in spite of the persistent efforts 

of other countries and districts to imitate thoir cheese, 

Undoubtedly, certain climatic conditions favor 

the manufacture of blue veined varieties of cheese, but 

even in the blue veined cheese districts the manufacture 

is a seasonal industry and cheese are made only during 

the late spring, summer and early fall. In spite of the 

favorable climate, the operators of some of the old 

v/ell known factories are introducing refrigeration to 

prevent losses in hot v/eather and speak most highly of 

the result s they are obtaining. 

Apart from climate, many statements are made 

as to the reason a particular variety of blue veined 

cheese is suited to a district, of these statements, 

some of the most common are: 

a. The pasture is more suitable for the cows, 

due to the conditions of soil and climate. 

b. There are special ferments that are natural 

to the district ard without their chance inoculation good 

cheese are not made. 
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c. Special home made rerxnets are used which 

give the right type of coagulation and fermentation. 

In actual practice, it is found that there 

is no uniform reason for success with one particular 

variety of blue veined cheese. A certain factory or 

farm dairy has usually been in existence for many je&ra, 

and a satisfactory method of manufacture has been 

evolved, in part at least, by a process of trial and 

error. Unlike Cheddar and many other varieties of 

hard pressed cheese, standard methods are not practiced. 

Even in the best factories, the cheese are not uniform, 

and some buyers will try every cheese before purchasing, 

to see whether or not blue mold has developed. 

The absence of standard methods of manufacture 

and the cause of the mold development being obscure 

are the main reasons why other cotintries have failed 

to imitate the varieties of blue veined cheese. 

The greater remuneration to be secured froin̂  

blue veined cheese is sho\vn by the facts that: 

(a) During the summer of 1928, Stilton 

cheese factories in Leicestershire were paying 9|d. 

to 10 d. for an imperial gallon of milk, while the 
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cooperative creameries in Ireland could pay only 

6 do to 6̂  d, for the same quantity, 

(b) The v/holesale price of Roquefort cheese 

in America is usually twice the price of Cheddar, while 

the yield of cheese per 100 lbs. of milk is only slightly 

in favor of the latter. 

The manufacture of good blue veined cheese should 

be profitable, but it would seem that the only hopeful 

approach to a standard method of manufacture must come 

from a thorough scientific knowledge of the factors 

affecting the groY/th of P> roqueforti in cheese. 
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GEiliERAL PROBLEM. 

The problem of some of the factors that 

effect the growth of P. roaueforti in cheese has been 

investigated under three parts, namely: 

Part I, The citrates of milk aid their 

possible fermentation products 

as they affect the growth of 

P> roQueforti. 

Part II, The effect of auicionium salts on 

the growth of P. roqueforti in 

cheese. 

Part III* Oxygen requirements of P,roqueforti 

in cheese. 
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PART I. 

THE CITRATES OF MILK P>m THEIR POSSIBLE FERlffiETATIOK 

PRODUCTS AS THEY AFFECT THE' GROWTH OP P. ROQUEFQRTI. 

Introduction 

In tlie manufacture or blue veined cheese, 

the early fermentation is the formation of acid by the 

growth of bacteria. As this fermentation occurs before 

the development of roqueforti. it las li'tely to affect 

the subsequent grovyth of the mold. 
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Review of Literature. 

The presence of citrates in milk has long been 

established and many investigators hsve determined the 

percSntagej the result s being expressed as citric acid 

(34) (36) (33), Sommer and Hart (34) have shown that 

citrates exist in covfs milk to the extent of approximate

ly 0,2 percent, Supplee and Bellis (36) gave the aver

age citrate content of cov/s milk as 0,142 percent citric 

acid for winter and 0,148 percent for summer. Sherwood 

and Haiiimer (33) concluded that the citrates in cows 

milk varies from a maximum of about 0,33 percent to a 

minimim of 0,07 percent citric acid, They give the 

average as 0,18 percent̂  

As to the combinations of salts of citric acid 

that exist in cows milk, differences of opinion are 

shown b.v the reports of the following investigators, 

Soldner (31) believed the salts of citric acid exist 

In a litre of milk as 0,495 grams potassium citrate, 

0,367 grams magnesium citrate and 2,133 grams calcium 

citrate, Porcher and Ghavallier (31) regard the salts 

of citric acid to be present in a litre of milk as 

0,67 grams potassium citrate, 0,76 grams magnesium 
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citrate and 1,78 grams calcitim citrate. On the other 

liand, Van Slyke and Bosworth (40) considered the salts 

ot citric acid to exist in milk as 0,222 percent 

sodium citrate and 0.052 percent potassiiim citrate, 

They believed that no calcium or magnesium is united 

to the citrate radical, Clark (8) considered the acid 

base equilibria still unknown and the linking up of 

acids with bases a regrettable practice. 

With reference to the type of acid fermentation 

which is suitable for "blue veined cheese", Matheson (25) 

recomr!:ended a liberal use of starter for the manufacture 

of Roquefort cheese, but gave no details as to the type 

of starter to employ, Benson (5) states, "It is possible 

in the manufacture of Gamembert cheese to add a starter 

containing the desirable ripening ferments of this cheese 

to the milk, and so secure proper flavourand mould growth 

in the cheeses made therefrom. I see no reason why the 

same should not be done v/ith Stilton and Wensleydale cheese. 

The ordinary commercial starter of bacterium lactis is,, 

hoT/ever, not the right thing. Probably a combination 

of this and other fennents is what is required and ex

periments in this direction are necessary," Evans (12) 

concluded that the microorganisms essential to the 
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manufacture and ripening of Roquefort cheese are 

S, laetia and P. roqueforti. S. lactis was found to 

decompose the lactose during the manufacture of the 

cheese and thus produce the lactic acid necessary for 

the cheese making, This organism disappeared from the 

cheese after about two or three weeks, being killed by 

the high concentration of sodium chloride. Thom, Currie 

and Matheson (38) also inferred that no special type 

of lactic fermentation is required, for they considered 

that the flora of Roquefort cheese consists of roqueforti, 

bacteria of the common lactic type, the 3, bulgarius 

group in small numbers, some liquefying orgarxisms, yessts in 

snail numbers and the varied flora of the surface slime. 

Hammer (16) (17) showed that pure cultures 

S. lactis. when grown in milk, produced only a small 

quantity of volatile acids while s|rarters which contained 

associate organisms, namely Streptococcus citrovorus 

and Streptococcus paracitrovorus along with S. lactis 

produced considerable volatile acidity. He further 

demonstrated that the origin of the.volatile acidity was 

in part the fermentation of the citrates of the milk to 

acetic acid and small amounts of propionic acid. 

The significance of the associate organisms of 
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starters in Cheddar cheese ripening has been studied 

by Hucker and Marquardt (21) who make the following 

statements: "S, Paracitrovorus Hammer, when added to 

raiik either in conjunction v/ith commercial starters or 

alone, appeared to have a desirable effect upon the 

flavor of the Cheddar cheese. Cheese made from pasteur

ized milk which had been inoculated v/ith this particular 

organism developed a flavor not unlike raw milk cheese." 

Qitrovorus Hamn©r, and S» lactis L'dhnis appeared 

to have no effect upon the production of flavor y/hen 

added to the milk to be used for cheese making. The 

latter organism gave as favorable resuJts as commercial 

starters." 
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A. IH MILK AKD SYKTHSTIG tlEDIA. 

Statement of Problem̂  

5?h0 object of the investigation v/as to deter

mine the influence of acetic and citric acid respective

ly on the growth of- different strains of P. rogue for ti 

using such percentages of the acids as might he found 

in milk and sour milk (18) (33) (32), Two phases of the 

subject v/ere considereds 

1, The grox7th of the .mold on milk and acidified 

milks in test tubes at room temperatuTG* 

2, The growth of the mold on solid synthetic media 

in plates vihere the growth of one colony could be measured® 

Methods« 

Cultures. The cultures of P« roqueforti used were; 

Ho. 1, P. roqueforti secured from Dairy Division, 

Washington, D. C. (14) 

Ko, 16, Isolated from Wensleydale cheese (14) 

Ko» 32, Isolated from Wensleydale cheese inoc

ulated with culture 16 (14) 

Ho, 33, Isolated from Wensleydale cheese inoc-. 

ulated with culture. 1 (14) 
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Milk, Sweet skim milk in which no bacterial change 

had taken place was used in every case. Test tubes 

of uniform diameter v/ere selected, filled with exactly 

10 cc. of milk, plugged and sterilized. 

Milk, citric acid, A citric acid solution ¥/as made 

of such strength that it contained 0,0327 gram of 

crystalline citric acid per c c. This Tvas added to test 

tubes, plugged and sterilized. The milk and acid solution 

were v/ell cooled ana an acid milk prepared by adding 

0,5 cc. of the acid solution to each 10 cc, tube of 

milkj under sterile conditions. The concentration of 

citric acid was therefore 0,1423 percent. 

Milk 4. acetic acid. An acetic acid solution was 

made up of such strength tliat it contained 0.01008 grama 

of acetic acid per cc. One cc. of glacial acetic acid, 

assiamed to be sterile, v/as added to 100 ce, of sterile 

water. The milk and acid solutions were thoroughly 

cooled and two lots of acid milk were prepared by 

adding 1,5 and 0,5 cci respectively of the acid solution 

to 10 ce, tubes of milk under sterile conditions. The 

concentrations of acetic acid in the milk v/ere 0,131 

and 0*048 percent respeStiyely, 
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standard medium. The standard medium, originating 

in part from Czapek's formula (37) was made up 

as follov.'s: 

Distilled water- 2000 cc. 

Kagnesium sulplia te— 1. gram 

Dipotassiura phosphate 2, grams 

Potassium chloride ——— 1 gram 

Ferrous sulphate ,02 gram 

Peptone—-— 20 grams. 

Lactose- ————i—. 50 grams 

Agar—— — 30 grams 

Standard medium .j* citric acid« Two concentrations 

of citric acid in the standard medium were prepared 

by adding, in the proportion of 1,0 or 0,5 cc.̂ the solution 

of citric acid (0«032V gram per cc.) to 10 cc, of the 

standard medium; the media were then tubed and sterilized. 

By this method, concentrations of citric acid were ob

tained of 0.272 and 0.1423 percent respectively. 

Stant̂ rd medium jr acetic acid. The acetic acid solution 

was prepared as in the case of milk and acetic acid 

previously referred to. To each 10 cc. tube of the 

sterile standard medium, either 1.5 or 0.5 cc. of the 
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solution (0,01008 gram acetic acid per cc,) were 

added under sterile conditions. By this method, 

concentrations of acetic acid were obtained of 

0.131 and 0.048 percent respectively. 

Inoculation. The test tubes of milk were inoculated 

with a platinum needle from stock cultures grovm 

on potato agar, 

ĥe plate cultures were first poured and 

allowed to cool on a flat surface. The inoculation was done 

from the cultures,using a platinum needle, and every en

deavor was made to develop but one colony and that in the 

middle of the plate. 

Incubation. All cultures were grown in a room temper

ature incubator, which averaged 21°C. and maintained 

a temperature between 22.5 and 20° C, 

Measurement of grov/th in milk. The method used to 

determine the degree of growth in the milk, and the 

acidified milk,was to hold the cultures ten days 

after inoculation and then determine the percentage 

of casein, standard Methods of Analysis were used (1) 

and. the Kjeldahl determinations were made by the Gunning 

method. 
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Measureioeiit of growth on solid media. iThe growth on 

the plates of solid media v/as recorded after the 

third day and then daily* . This record included; 

Margin, average width in m m. 

average diameter of colony in m m. 

Color of spores, when spores were present. 

Color of reverse of colony. 

It was found that the average diameter of the 

colony in mn̂ .was the most satisfactory way of express

ing the rate of growth of the mold. 

Results Obtained, 

Growth of Different Strains of P. roqueforti in Milk and 

Acidified Milk, 

Three varieties of milk media, as previously 

described, were used in this experiment. 
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. 
Table 1, 

Growth by P« roquefortl in Milk and Acidified Milk at 

Cultures Milk • Milk 
% Gasein  ̂dasein t 0̂48% Acetic Acid + .3 

digested-» Gasein  ̂of Gasein 
digestede;-

. % Ca 

tJhinoculated 
control 3.10 3.04 3. 

i 2^0 29.0 2.35 22, 7 2, 

35 2.08 32.9 2.28 25.0 2. 

Average 30.9 23.8 

16 2,79 10,0 2,96 2,6 2, 

32 2.87 7.4 2.91 4.3 2, 

Average 8>7 3.4 

 ̂This figure represents the percentage of the total casein that had "bee 
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fable 1. 

Ilk and Acidified Milk &t 21°C foaf 10 Daya> 

ilk 
3̂  Acetic Acid 

" Milk 
-t ,1315̂  Aoetie Acid 

Milk 
+ .1423̂  Citric Acid 

In % or Casein 
digested'̂ -

, %: Casein  ̂prncaseln 
digested'® 

 ̂Casein % of Casein 
digested# 

3. ©8 3.03 

2Z 7 2.51 18.5 2.18 28,1 

25.0 2.18 29.2 1,87 38.3 

23.8 '• i 23.̂  33.2 

2.6 2,83 8,1 . 2,68 11.6 

4,3 2.82 8.4 2.67 11.9 

3.4 8,2 11.7 

bo.tal casein that had been rendered soluble. 
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Quantitative determinations were made after ten days 

growth of the ,moad, , of the degree to which the cultures 

of different strains of roqueforti digested the casein 

of these milks,  ̂

The conclusions drawn from Table 1 are; 

1, %.e cultures of P. roguefortS: 1 and 3S 

respectively (Roquefort origin) had a greater power to 

digest the casein than had cultures 16 and 32 (Wensley-

dale origin); which findings confirm previous work. (14) (15) 

2, There was a tendency for lov/ concentrations 

of citric and acetic acids to effect the digestion of 

casein in milk by P. roqueforti. 

a. Citric acid tended to increase this 

digestion of casein. 

b. Acetic acid tended to reduce this 

digestion of casein, particularly 

in v/eak concentrations. 

Growth of Different strains of P. roqueforti on the 

Standard Medium and Acidified Standard 

Medium, 

In the growth of different strains of 
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P. TOquefortl v/as examined on five media, the standard 

I medium.̂  a high and low concentration of eitric acid 

i in the standard mediiJis and a high and low concentration 

I of acetic acid in the standaxd medium. 

Pigs, 1 and 2. 

I All plates were inocullated in duplicate and the 

i diameter of the colonies on the two plates was measured 

I daily and the average expressed in m m, Tho rate of 

growth has been ©xpressed graphically for each culture in 

Figs. 1 and 2« T̂he conclusions drawn from Plgs» 1 and 

2 are i 

1, Citric and acetic acids in seh 11 quantities 

in the standard medium had a marked effect on the rate 

of growth of the mold as compared with the control. 

Cultures 16̂  32 and 33 grew much slov/er 

than the control when citric acid was supplied to the 

standard medium and this growth decreased wit h the 

higher concentration, 

I 5, Cultures 16, 32 aaad S3 grew much faster 

I than the control when acetic acid was supplied to the 

I standard medium and this growth increased with the 
! 

I higher concentration. 
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4, Guitars 1 did not follow this rule# It 

was. increased In growth over the control by the pres

ence of either acids, "but showed a slight preference 

for acetic acid. 

5, The width of the margin correlated 

with the rate of groirthj the ?/id©r the margin̂ , the 

faster the growth, 

If̂ 'om the other data, the following facts are 

of significance: 

1, In the ease of cultures 16,. 32 and 3S, the 

reverse of the colony ims almost white in plates con

taining the greater citric acid concentrations. This 

effect was noticed to a less extent with the lo?;8r con̂  ̂

centration. 

Culture 1 did not show this effect, 

2, Cultures 16 and 32 pio duced fs\"?er spores 

and a guite distincti\̂ e hairy grov/th when grown on the 

mediun?, containing acetic acid# • 
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I I 
! —22—• 
1 
i B. Ill CHEESE. 
I • . • 
I Statement of Problem* 

I fhe general increased grov/tli of P, roquefortl 

I on synthetic inedia when acetic acid was added and the 

I reduced growth when citric acid was added, seemed to 

I justify an e;Kperiinent to see if the fermentation of 

I citric acid to acetic would increase the grov/th of 

P« roqueforti in cheese. though these acids did not 

i give sinjilar result s •when added to milk, the data were 

necessarily of doubtful value, due to the citrates 

already present in the milk and the activity of the 

mold being measured by the casein digested. 

Two aspects present theinselvesj 

1. l/aiat proportion of the citrates in milk 

appear in the curd and whey respectively? 

2*- Would added citrates appear In the curd or 

whey? 

ib̂ ouJLd of course be useless to consider the 

fermentation of a substance v;hich was absent from the 

I • • • •• • ' 
curd or only present in very minute proportions. 
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Table 2. 
Volafclle end '-̂ 'otal Acidity of £>tart©r D144 used in Manufacturing 

Wensleydale BTneese With and Without Added Citrates, 

Date of Date of Volatile Acidity Total Acidity 
Inoculation Dgterraination . \ co.0«1 R Acid % Lactic Acid 

a t) Average Average 
IIIIWIIIIW 11 oBiimii aiiiii|»iii>>ii wi imwpa iimum i imii i« • wii —pwi jwe.wi w»i ni—>iwnii»iiJi<Mfiw>'j ••••! 'i m »m |t— r'nn—iia*c»»«»iiwi|iiiiiaj'i iwi imnuiin»>wi i iwwainwiwi 

Dec. 29, 1926 Jan, 6g 1927 25.5 24,5 25,0 1,075 1,04 1,057 

March 1,1927 March 8g1927 26.5 29̂ 0 27.7 1,04 1,03 1.035 

April 20,1927 April 27, 1927 26.8 26.2 26.5 1,10 1,08 1,090 



www.manaraa.com

I Methods* 

I CiTltm'es, $he culture of P, roqueforti used was Ho, 

16 which was isolated from Wensleydale cheese (14). 

I starter employed was one developed at the 

Iowa Agricultural Experiment Station and known as D 144; 

it was originally made from cultures of Ŝ lactis and 

I S, citrovoruSft During the time this starter was being 

j used for the cheese making, it was tested for volatile 
I ' 
I and total acidity according to the method given by 

j Hanisier and Sherwood (180. Table's gives the results of 

j the three determinations in duplicate® The average 

j volatile acid ty was 26.4 ce, 0«1 K acid, which waa 

j usual for a starter containing associate organisms, and 

I the average total acidity was 1,061 percent lactic acid, 

i Manufacture of Cheese, ihe Wensleydale cheese were 
i 
! asanufaetured from pasteurized milk according to the 
[ • - ' 
I methods previously described (14),. Charts 1 and 2 give 
1 • . • • '' 
I in detail the records of each cheese laanufaetured, A 
I , • 

I half percent of starter was added to the milk and the 

sliort time that elapsed before even the samples of whey 

were taken for analysis would not have periaitted any 

I significant fermentation of the citrates. 
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I Addition of citrateŝ  VJhen sodi?iin citrate op citric 

1 acid was added to the milk it "svas inade up in a 10 per-

1 oent solution, and added drop &T-op to the milk follow

ing pasteurisation and cooling. The; milk was stirred 

all the time bj keeping the vat coils revolving. The 

citric acid, was not sufficient to coagulate the milk but 

I slight and very local coagulation was observed. 

The Determination of the Citric Acid Content of the 

Milk and ¥Jhey, 

I The method used was Beau's (4) modification 

of Denige's (10) method̂  which consists of precipitating 

i as mercury dicarboxŷ sulphoacetone, titrating the jmercury 

and calculating to citric acid with a factor® This method 

was used as described by;Sherwood and Hanmer (33), who 

found it generally satisfactory but stated,"it cannot be 

I considered as meeting all the requirements of an ideal 

I quantitative method,". The table prepared by Beau (4) 

j was used to ealcufeta'Jthe citric acid in both the milk 

f and whey. This intrcdaced a sirali-error in the v̂ rhey 

I I determinations ov/lng to the reiiicval of the cheese-
f ' • ' • •  ̂ • 
I making solidsj chiefly fat and casein, A factor was not 

introduced to convert the vdiey determinations to exactly 
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»25' 

the same basis as the milk̂ since the percê ttage of fat 

was the only detemination mad© on the milk, other 

than the citric acid# ?Jer© an estimate to foe made from 

the fat test of the jailkj, which averaged 4,8 percent;; 

the factor used would be approximately 1«04, using the 

hod of calculating according to Sherwood and Hammer (33), 

As slight changes in results mî t have been introduced 

with fresh supplies of chemicals, the results are given 

in group averages as \ifell as in general averages. All 

deteî inations were made in triplicate, owing to the 

impossibility of repeating a determination? but in ex

pressing the results, the nearest two determinations are 

given. 
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Table 3 .. 

Distribution of titrates,, 

lensleydale Cheese Jlade from Milk withov.t Addition of Cit; 

Bat© Made ' Series Citric Acid in Milk Starter Citric Ac; 
K«ra"ber Gentigrams Average -Gentigri 

per litre per lit 

Doc. 29j 26 1 a .239 237 S-« •  226 Doc. 29j 26 
b.235 b. 229 

'C-O ' 232 

Jan., 45 27 a .197 197 223 
b.l97 b. 216 

b̂. 22, 27. B a;270 264 a,- 270 b̂. 22, 27. 
b.264 b. 270 
e»25S 

Average 233 . 

March 9, 27 8 a.'248 254,5 a> 258 
b;261 b. 267 

Marcii 15, 27 10 a ®.251 251 a,' 258 
b.25i b,: 258 

Maxell 22̂  27 12 • a,„255 251,5 a, 258 Maxell 22̂  27 
,b«;24!8 b. 251 

Average \ 252' , 

April 25̂  27 15 a ,203 214,5 a. 181 April 25̂  27 
b,226 b. 187 

April 2Bg 27 
: \ 

a ,242 235,5 a. 207 
b.229 b. 210 

May 10, 27 19 a, 194 194 a. 203 May 10, 27 
b,194 b. 203 

v̂erageL,.".:,' .' / ; SIF 
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Tabl©: 3«-

Bistributlon of titrates,. 

Cheese M&de from Milk without Addition of Citrates» 

Gitrie Acid in Milk Starter Citrie Acid in i fiej at Cutting 
Gentig3?ams Average , -a ?ntiR;raiss.': Average 
per'litre •per litre' 

a.2S9 257 a; 226 229 
t3*235 h. 229 

•C.a' 232 

197 a; 223 219,5 
t).197 b. 216 

&i27Q 264 a,- 270 270 
•b.2:64 b.. 270 
c sSSS 

233- - 3̂9,5 

a ;248 254.5 a> 258 262,5 
b;26i b. 267 
â 251 251 a-. 258 258 
h,251 b. 258 

' a.255 251.5 a. 25S 254.5 
b»248 b. 252 

252 

a»203 214,5 s • 181 184 
13,22S b. 187 

a.242 235.5 a. 207 208,5 
b.229 b. 210 

a.,19-4 194 a. 203 203 
b.l94 b. 203 

215 199 

233 232 
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Re suit s Obtained,, 

The Distribution of the Citrates Mien Wensleydale Cheese ' 

Was Made Without Added Citrates,, 

The resialts of the experiments, to dstermine the 

distribution of the citrates in the whey and the curd 

when InJenslê j-dale cheese vras raade fram normal milk,are 

expressed in Table 3 from which the follovsring inforimtion 

can be drawni 

!• Although out of nine comparisons, the percent

age of citric acid in the whey ims hî .er in six and lower 

in three, than in the milk from v/hich the cheese v/ere 

madej the differences cannot be considered beyond the 

range of experimental error, 

2, The general averages of the citric acid in 

the whey and in the milk were practically the same, 

3, If the value for citric acid in y;hey is 

amltiplied by the factor 1,04 to compensate for the 

absence of the cheese making solids, the whey is 4,0 

percent higher in citric acid than the milk, 

4, There appeared to be no citrates in the curd 

other than those associated with the ?Jhey incorpoi'ated, 
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m 

4, 
BtstyibHti©]! of { 

Otiees.e lade From Milk wii 

Date lade 
Gltrie\AGid'in" 

Series MilS: Startei' 
Hiiffib er: 

t?er 

Oitrate added to Sxpressec 
Milt as CgHgOj 

Dee.̂ S0:,i.9Se' 

Jan. S,1927 

••.a' 
h 326 

BZ9 

':,5' • 1S8,»S :gra]s38̂ , 
3Sag?gHgO)jfliiigO 

2S7.G 84.4 gram? 

3-3S..;65. 

0.10 
0.Q5 

Marcb S,193? lot sampled 45̂ SS grass 
0.0457 

Marcfe l? ,19-37 11 Soi £ sampled 45.56 grams 
.. Ht>0 0 0^57 

March 24,1927' 

Average — - r 

IS a 
h-

IIW iiiii IL i« -ftw nii'uvpgata 

242 
2̂  

agae8ata<aa'(e».»i».Bai^Ba»4f 

. .24S.i 

24S,I 

VQ!"8̂  

; 

"p - a 
grams. 0.0457 

0.0457 

April 27, 1937 13̂ ' ' a " 
h 

sia;: •• 
SIS 

• .216:" '• ,49v6S. grams 

graias 
» KoQ 

.G.,G5-

Ajiril 29, 13S7 IB â  
•h 

207 
9£i7 

207 
•O G i 
49.62 

grams 

graias 
» KoQ 

0.05 

:M̂ "13,, .;1927- • 

Af eSage - - - -

tj 
30 a 

. - -h. 
• 203 
200. 

201.£ 

2G8 

? 49. S2 grams 0.05 

General Average - 222,1 3̂  0.05 

! 
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fable 4. 

Istribution of Gitrates» 
de From Milk with Added Sodim-Citrate or GitTl© Acid, 

ed to 
ilk 

Hxpreseed 
as CgHgÔ  

Oitrie Acid 
Starter & 

in 
added Citrates 

Citric Acid in Ihey 
at Gutting 

ID er litre 
Average 

" a ' -SSS ••a ' V̂ 36-3 • " 'ssa 
11%0 0,10 • % ssa b 363 
KS;- V' : ' '0.05 . a 29̂ . 5 292.5 . a- 2S5.5 289 

.  .  ; •  h- 39S» 5 

S27 335.5 

m-' • a 383 283 " Sl . 295 301 
D 0.04:51 . h 283 • SO? 
as a 312 310 a 344 344 
3 0.045̂  S07 b S44 
jis 0,0451 v;̂  a 295 395 a 325 325 
3 ;%• 395 

:o.o4-a K''' •  • •  

>mmm mm tm m mm ni. fw-r-rrm 

: :29S 323 

as 0,05 •.,a 34:2 •- 3̂ 3: 'a' ••  ̂ '23a' 239 
3 h 343 b- 242 
as 0,05 
? •  

a 335 33? a 348 251,5 as 0,05 
? •  . ^ 339 b 255 

as 0.05 a 345 248 a 255 255 . 
'.... :.:v,''.„• .̂. h 251 

242 • 248 

0,05 ass.? 295.8 
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The Distribution of the Citrates When Weniieydale Gheese 

¥las Made ?/ith Added Sodium Citrate or Citric Acid, 

IThe rersults of the experiments to determine the dis

tribution of the citrates in the whey and ourd when 

Wensleydale cheese was made from milk to which citrates wSre 

added are expressed in Tar̂ le 4o 

On examining Table 4̂  it v̂ ill be noted that the 

recovery of the citrates added lA-as not very uniform, this 

in part being accounted for by the small amo'onts added;̂  the 

slight coagulation of the milk,, and the fact that the 

samples for examination had to be taken soon after the 

addition \̂ ?as inade» 

"he following inforaation can be dravm from Table 

4t . . 

1, Although out of eight comparisons the percent

age of citric acid in the rfiiej vis-s higher in five, the 

sâ ie in onê  and lower in two, than in the milk from which 

the cheese: ivere madOj, the differences cannot be considered 

beyond the range of experimental error, 

2. The general averages of the citric acid in 

the whey were slî -tly higher than in the citrate milk, 

which was accounted for by the poor recovery of the 
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added citric acid in tlie citrate jnilk® 

3« If the value for citric acid in the whey 

is multiplied toy the factor 1»04 to compensate for 

the absence of the cheese inaking solids, the I'iiey 

is 4,0 percent higher than given. 

4, As in the previous experiment,: there 

appeared to be no citrates in the cheese other than 

those associated v/ith the whey incorporated. 

The Manufacture of Wensieydale Cheese With and Without 

Added Citrates, 

The records of• manufacture of the Wensleydale 

cheese with and vidthout added citrates are given in 

Charts 1 and 2, The controls (Chart 1) could not be 

made the same day as the- cheese in \"?hich citrates ivere 

used but i7ere made from irdlk of the same origin.̂  The 

fat tests of the milks in Charts 1 and 2 give an 

idea as to the possible differences in compos itionj the 

relative ages of the milkŝ ŵere the same# 

Control Cheese» "̂he control cheese. Chart 1. Series 

lIos.» 1, 3, 5J 8j 10, 12, 14, 15̂  17 and 19̂ were made 

quite uniformly as to both time and acidity.® Therefore, 

they presented no variation from the usual method of 

manufacture# 
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Sodium citrate added. Chart , 2, Series . Kos., 2̂  4, 

and 6, are the recoî rs or cheese made ?d.th 168*8., 

84.6 and 168.8 grams of crystalline sodiuia citrate 

respectivelŷ  added to 200 lbs, of milk. Prom these 

recordŝ  it is evident tlmt the acidities at rennetixig 

v;ere riormal̂ , but the coagulation as shorn by the rennet 

test and time to cutting were most abnorinal, in fact 

the milk in Series 6 never became firm enough to 

cut. The mitijigj in an attempt to obtain a satisfactory 

rennet test̂  resulted in over ripe milk before the rennet 

Vvas added and the subsequent quick cheese making process. 

Therefore,,, the cheese were quite abnormal and the uae 

of sodium citrate v/as discontinued. 

Citric Acid Added. The cheese rtade with citric acid added 

to the milkp Chart 2, Series Hos, 7, 9, 11 and 13with 

4-5.36 graras cî ŝtalline citric acid added per 200 lbs. 

of milk and Chart 2,' Series IIos, 16̂ , 18 and 20,, with 

49,62 grams crystalline citric acid added per 200 lbs. 

of milk, gave normal recordsj in spite of the initial 

acidity at reniieting. The chief difference from the 

controls was the softer coagulum at cutting. This does 

not appear in the records as there was no tangible method 

of recording the comparison. 
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Weights of Cheese, 

2.'he weights of .cheese on July 5th, and on 

Sept, 20ths 1927, are given in Table 5, Prom "these 

data J. the follo\̂ ing deductions Vi?epe made s 

1» When 30di\im citrate was added to the 

milk, less cheese \ms made than with the controls® 

2, The addition of citric acid to the milk 

resulted in 6 out of 6 lots of cheese being greater 

in weî t on both July 7th and Sept. 20th tiian their 

contTOls,. "The differences in weight ¥/ere much greater on 

July 7th than Sept. 20th, 
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Tabld S» 

i-ifeights of' Wsnslejdsle Chees© as ilffected by 

Control 

Citr'stes Hot Md.9<3«. •July 7̂ ,. 19̂  :9̂  . 
J .« AM M • &'-014110. S 

Bafc©. lad© Series GitrlG feold In Lbs»: Ozŝ , Chees© •libs-* 
!lo. ^̂ ilk sM per 

Starter 100 lbse 
Centigrams allk • 
per Litt̂  

26 1 237 22 6 ; V •11.19 

W • -S 197 21 8 10,75 20 

5feb.»22̂ ,.; 27 •• -B. M» MB-' 264 23 8 11,75 22 

2m - , , , 1U23 
'9̂  8 254̂ 6  ̂ 24. ,12 •' •12.•Sa,' 25 

Ma'̂ pch 11 10 .'251' 2̂5 . 4 • I2i63 25 
Msa?€Eli 22̂  27 . IS S51̂ 5 • •̂ 3 " .4 ••, 22 

Iwŝ Q' - 12*S1 

Ap2?il 2%̂  15 - 214.5 • 2S 10 11.51 21 

April 2̂  3̂ ,27 .,17 • -sss-̂ s: 84.5 IS as 22 

M̂ay lOj, 
MR' -aAk «<r MK 

19 
. ̂ mr '0 

194 S3 12 11»88 
M •*» w* «» -«a 

21 
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Le .5*. 

I ,&ffee sted r" Mde 

Citrates Added 

,-S0̂ , 1937 • 
iridS • it; ' • wUlj r 7th, 1927 
ses© :03s;» ClbeasQ- B&t©. iSa-̂  '.:$evMB Aeld . . •ielgi it ,, ; iPousdi 
» " • PBT , WD:» • In ,Ll3S.-.» OSSa. Ghe&s© 
) lbs. mik :pe2? 100 
m poraBdS snd • pouads: ••; , 

milk Starter milk 
and 

' Oltratê . 
\j' U JUgX̂ uw 
per Litre. 

L̂ 19 21 10,75 2 362 18 •̂28 ; 
20 XI m̂ m 6-̂ :27 , 4 • 292.5 20 Q 10,00 

U7S '22 • 11,00 

~ " 

•4^ <4^ -4V3k ' 1 

i-im V 10̂ .70' 327 • .9,64 '; -

^ . . 'g: lsi?eh -28a-. • ,:. :-2'6 13«06 
•̂63 - 23' , € lliBS iareh 17,87 .ll. , SIX) . .. ; • 24̂ --  ' 2 ^ '  12,06 

... .22:̂  •: V; Z 11 #03 S&rch 24;8,27 13 #5 24 -6 12«19 

2:,. 21̂  . ii«.44 ' .'29S. -
• o» «• -a • "«p 

12,44 

L;,3I 21 ,' •0' 10.SQ . Hps? 11 27 ',, 27 16 . ' 240 24 12,19 
2».3.0 22 : 0 :̂ pil 2%27 m • 237. . S4. 12 • 12̂ 38 

i«.88 • 21 
*!» •«» •4»-

7 10,7S Hay 27- 20'  ̂
«»'• •«*- *»• .«»•' «»•. '•» . 4ar 

' 248 ' 
'-mt.- ^ . .-M* . «r '«•' 

24 .; 13 
«tt M 

12.41 
.«» •«» CB!» iQBro 

I.7S 10,74 242 12,32 
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tn 

ind , 

Starter 
• • 

ser 

S62 
292,B 

July 7tĥ  I9g7 f 
' '' I'ĉ ds' :'" i • 

'' OzSe I 
per 100 !/ 

, • pouMS ;- t 
, • ,. milk " 1 

18' 

20 

•9 

•'•0 

9»28 

lOaOD 

Sept, 20, 1927 

Weight 
Lbs, Ozs, 

17 

19 

10 

2 

Pounds Cheese 
per 100 
pounds milk 

8«81 

9,56 

527 9»S4 

510; 
9̂5 

••••' tm , m 

•.29S 

2m 

2m-

248 

24 
24 

2 
6 

13*0a-
12,06 
12:*19 

»• «•' -«• .« 
12,44 

M:,;.' 6 

2̂  ; i2 

24 13 

12,10: 

12»4i: 

2̂ : 
22 
22 

IQ. 

14 
1 
7 

9.19 

11̂ 03 

11.22 
«o «a» «» 

11.40 

22 

22 

22 

1 

3 

4, 

11.03 

11.09 

11.15 
«"i' a - .  
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Scores of Cheese. 

The first scores of the cheese are given 

I in Charts 1 and 2, The cheese did not ripen satis-

 ̂ factorily being made in v/inter or early spring. 

These cheese were used later for the oxygen 

i requii'̂ ent experiments Part III as up to then they 

; had shown no signs of mold growth, The scores of the 

cheese after treatment are given in Part III, Table 

10 and 11J from v/hich the follo?/ing observations were 

made« 

1, The cheese without citrates added, Table 

10, Series Ho. 8, and with citric acid added. Series Nos. 

7 and 16̂ . developed satisfactory mold grov-th ?/ith the 

assistance of aeration by suction. 

2, I'he cheese mthout citrates added,Table 

11, Series Ko» 8,and with citi'ic acid added. Series 

Hos, 75 11 and 16, developed satisfactory mold gro\Tth 

with tiis assistance of injected oxygen. 

3» In both comparisons, the addition of 

citric acid resulted in an iraprovement in the cheese. 
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SuEiaary and ConclUHiorts«, 

Citric acid and acetic acid in amounts com~ 

parable with those fotmd in milk and starters (18) 

(16) (32) had an effect on the growth of different 

strains of P. roquefortl. In milk low concentrations 

of acetic acid tended to reduce the digestion of casein 

by strains of P.. rocfuefortl while citric acid tended 

to increase this digestion. On the othor hand;, in the 

standard media acetic acid increased, the growth \ifhile 

citric acid tended to inhibit it. This work v/ould indic

ate that tlie type of smarter used in the manufacture 

of blue veined cheese might have a significant bearing on 

the subsequent growth of the laold in the cheese. 

There appeared,to be no citrates in the cheese 

other than those associated with the whey incorporated® 

Thereforê  the v̂ ry sreall proportion of citric acid 

or its decomposition pi'oducts are unlikely to be of 

significance in the ripening of cheese. These findings 

support the previously mentioned conclusions of 

Hucker and Marquardt (21) and would, explain why they 

found that S« citrovorus appeared to have no effect . 

upon the production of flavor when added to milk to be 

used for cheese making# 
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The addition of sodiuia citrate to milk to be 

made into cheese retarded the action of rennet, as 

previously reported by Bosworth and Van Slyke (6), 

The process of mnufacture had to be so changed 

that these cheese can hardly be compared with the con

trols. 

The addition of citric acid to milk to be made 

into cheese softened the coagulum and gave a greater 

\*/eight of cheese than the controls, possibly due to a 

higher moisture, The cheese made v/ith added citric acid 

showed a slight tendency to develop more mold grov/th. 
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PART II. 

; THE EFPECT OP' MMOKIUM SALTS OH TIE GItOKTH OP 

i ?> liGOJEFORTI IK GHEESS. 

I Introduction, 

i As a result of various investigations, it \ms 

; considered desirable to determine wlietlier or not tlie 

i presence of aiononium salts was a significant factor 

i in the ripening of fJsnsleydale cheese, 

Revlevf of Literature, 

The formation of ammonia in cheese has'been • 

i frequently investigated« As early as 1893, the Hew. 

: York (Geneva) Agricultural Ê cperiment Station (27)> 

i reporting on cheese ripaning, stated,"The cheesej 
I 
\ when green J contained no nitrogen in the forsa of ainmonium 

i compounds, T?hile at five months there were contained 

i from 0,078 to 0»126 lbs, in one hundred pounds of cheese, 
I . . 
I \vith an average of 0,103 lbs. which v/as equivalent to 

I from 2,42 to 3.51 percent of the total nitrogen in 
\ • , . 

I the cheese v/ith an average of 2.92 percent®" About 

I the same time Patrick (29) also found that armaonia 
I was rê 'ijilarly formed in cneeae ripeninge 

j orla-Jensen (28) noted that the fonaation 

I of ammonia corresponded closely with the rate of cleav
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age of fat. The quantity of ammonia present was 

never sufficient to give an alkaline reaction with 

; phenolphthalein, although with the soft cheese, 

: especially the outer layers, often reacted alkaline 

j with lltms® Orla-Jensen (28) gave the ammonia 

: per 1000 grains in several varieties of cheese as 

I follows; Roquefort̂  entire mass, 1.955 gramsj Edanij 

: interior, 0,255 gram, Sv/iss skim milk 4.548 grams, 

Ayers and colleagues (2) found that, in suit-

I able Biedia, many streptococci produced ammonia and car-

; bon dioxide. They divided the streptococci studied 

! as follows I 

I a. Those that produced neither anaaonia nor 

j carbon dioxide from peptone. 

b. Those that produced both ammonia and carbon 

f 
I dioxide from peptone. 

( c. Those that produced no ammonia but formed 

I carbon dioxide, which did not come from peptone or 
I 
I dextrose, 
f 

I d. Those that pro diced no ammonia but formed 
i • I carbon dioxide ifom dextrose. 
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leill (26),j working with pure cultures of 

j streptococci, found that ananonia production seems to 

: be associated more strictly with the gro'v/th and , 

j active life of the streptococciy than is the aeouaa-

1 ulation of amino compounds. Broth cultures of non-

i hemolytic lactiĉ  hemolytic huisanj, and hemolytic 

I mastitis streptococci showed consideraMe variation 

I in the increases in nitrogen and nitrogen̂  

I compounds effected by different strains of the same 

I type. 

Weisbrodt (41)̂  using the culture of P.rogue-

: forti designated Ho, 33, (14) carried out several exper

iments with synthetic media which appear to have a 

I significance from the standpoint of the groivth of 

P. rogueforti in cheesea 

1 Weisbrodt (41) found that using Gzapek's 

I mediuffijas modified by Box, and substituting ammoniuia 
I • • 
1 salts for Ha HOg greatly increased the growth of 
j • • . • • • • 

i P» roquefoi'tl. The HĤ Ql In the concentration of 
f 

I 1»88 grams per litre gave a slightly greater growth 
i ' 
J 

I of P, roqueforti than in concentrations of 

I  '  ' •  

I 2,83 grams per litre. 
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A second expeidment on the effect of M̂ iCl 

in concentrations ranging from 0«G2 to 0.40 K, on 

the groVi?th of P. rogueforti in Czapek̂ s meditun as 

modified hj Dox showed that a concentration of 0,10 

H. IJĤ Cl gave the greater weight of dry siycelium 

and the quickest appearance of spores» 

An experiment was mde on the influence of 

pH;j'̂ ©tween the range of pH 3 and pH 89 on mold growth 

f/ith s;7nthetic media containing 0.10U, In 

this experiment, the optimum grov/th of P. rogueforti 

was at pH' 4.5, Hovi/e'̂ j'er, the omission of iron 

salts as Pe SO4 in the medium changed the optimum 

to pH 6,16, 

. Weisbrodt (41) sumciarizes the results as 

follov;st 

"Weight of mold felts obtained on Czapek*s 

medium in the presence of 0,10 N. HH4 G1 (optimum), 

(a) ifith PeS04———:—•-— 0,0328 grams 
(b) with FeSÔ  at optimum pH 4.5——9.0698 grams 
(c) without PeSÔ  0157 grams 

(d) without PsSOa at optimum 
p H  6 . 1 5 — — 0 , 0 4 9 8  g r a m s  

(e) Gzapekts medium as modified 
b y  D o x - — — - . - ~ 0 , 0 1 5 8  gra i n s  
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Since these er̂ eriments were carried out under 

the same conditions, the weights of mold felts obtained 

are oomparable, and indicate that optimum 

optiiJium pH and the presence of are all contrib

utory factors tending tov/ard increased growth of mold." 

"The experimental work here reported has 

sho\m that: 

(1) "The growth of F. roqueforti ?/as greatly 

improved by the substitution of HĤ Gl at its optimum 

concentration (O.IOI.) for 2 grams of HalSJOg to Gaapek's 

isedium as modified by A,.W,Dox« 

(2) The growth of P« roquef orti was further 

improved by the proper adjustment of the pH of Czapek's 

medimn in the presence of Q. 10 S NĤ Gl and PeSÔ « 

(3) The increased gTOY/th of P. roquef orti on 

this improved medium at 30°G. and at optimum pH in the 

presence of an optiimim concentration of araxsonium salts; 

produced increased .enzyinatie activity, 

(4) The removal of the mold felts after 

sporelation sho?/ed a greater enzynHtic action in the 

filtrate, the enzyme thus being extracellular, " 
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Statement of Problem. 

•The addition of MĤ Gl to cheese presented 

i a more complicated problem than in synthetic media, 

: ss the HĤ Ci must be added at salting, v/hich is follow-

I ed by considerable loss of whey containing dissolved salts. 

I Therefore, an approximate quantity of HĤ Gl must be 

! added with the salt and determinations of the moisture 

i and ammonia made after the cheese is a Vveek old and 

: no more -v̂ hey is being exuded̂  

Two preliminaiy investigations were necessary 

; before the addition of KĤ Gl to the curd to hasten the 

I development of P. roqueforti could be undertaken: 

1« An investigation to establish a chemical 

• method for determining ammonia and aimnonium salts 

: in cheese, 

[: 2, Determinations by the selected method of 

\ the amount of ammonia in cheese of various ages, 

1 Methodso 
I 
I The determination of ammonia and ammonium salts in cheese, 

i After several unsatisfactory methods had been tried, a 

1 modification of Li'sk's (22) method for the determination 
I  .  .  . . .  \ 
I of ammonia in cows milk v/as adopted. The exact method 
e 
{ 

I § 

I ' . 
5 

5 

I 
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finally used was as follows: 5 gpaiss of cheese were 

mixed \i?ith 50 cc warm Y;ater (not over 50°C) in a 

glass mortar and the creamed cheese then added to 

IGOO cc. Erlenmeyer suction flask. The mortar was 

rinsed with 50 cc« methyl alcohol which was added 

to the f3.ask follov/ed by 20*0 grams of SaCl and 1,0 

graui lJa2̂ 05» apparatus was at once connected up 

and suction applied,-"- The flask vi'as placed in a con

stant temperature water "bath at 50̂  C, and the temper

ature and distillationmaintained for 50 minutes» 

The distillate was passed through 5 gas wash bottles 

containing standard I2.SO4. At the close of the dis

tillation, the reduction of acidity of ths standard 

II2S04 was determined by titration. A photograph of 

the apparatus in operation is given in Fig# 3, 

lote: The water suction pump used laaintained a 

back pressure of 600 to 700 m a. 
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Manufacture of cheese* ?/ith the exception of the 

addition of KĤ Cl, the chee&e were made according 

to the usual method (14)« Chart 3 gives the record 

ox" nmnufacture for each cheese. The cheese were 

ripened in storage at (37°P) from June 14th to 

Oct, 3rdj, 1928, to prevent spoilage in hot weather. 

Adding M̂ ci to curd. At the time of salting, the 

curd was divided into three groups. 

A, The control received the usual proportion 

of salt (Had) to the curd , 

B, 1 oz, of KH4CI was mixed v/ith the usual 

proportion of salt (UaCl) and added to 24 Ihs. of curd, 

G. 1 1/4 0Z3. of IfĤ Ol was mixed v/ith the 

usual proportion of salt (HaCl) and added to 24 lbs. 

of curde 

The weights of 1 oz. and 1 1/4 ozs, of HH4CI 

respectively were selected with the intention of 

obtaining a 0,10 1. and a slightly over 0.10 H. 

Gl concentration in the moisture of the unripened 

eheese. Due allo?/ance was made for loss of whey and 

salts \vhile the curd v;as in the press. 
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Ssoapling. Samples of cheese for defceritiinations of 

moisture and aumonia were talc en with a trier one v/eek 

after inanufaeture. 

Moisture. She mo is ture determinations 'Aere made by 

the method giî en by the Association of Official and 

Agricult ural Chemis ts. (1)« 

Sesults obtained. 

Preliminary investigation with the Method of Deter

mining AKiffionia and Amffioniiim Salts in Cheese. 

The accuracy of the method for determining 

ammonia and aranonium salts in cheese is shomi in 

Table 6. The Kingston cheese used was a mild cheese 

just under one month old. This cheese neither con

tained appreciable quantities of aiaujonia or affected 

the determination of the M4CI added. Finally, when 

IH4GI was added in a weighed quantity to 5 grams 

of cheese, a satisfactory recovery of from • 

percent and 99,14 percent of the aramonia added was 

secured. 
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Table 6 

Check of Method for the Determinate on of Ammonia and Ammonium Salts 
in Cheese, 

Substance 
Analysed 

Date of 
Determinati on 

1927 

Kingston Cheese 
NĤ Cl 

Kingston Cheese 
KĤ Cl 

•Nov. 25 

Nov, 25 

Period of 
Distil3~ 
at ion 
Mina, 

True Blank 
(standard cheta-
icals uaed) Mov. 19 

True Blank 
(Standard ehem-
icals used) Nov. 19 

Aqueous Solution 
KH4GI Nov. 19 

Aqueous S oliition 
NĤ Cl Hov. 19 

Kingston Cheese Nov, 23 

Klngsbon Qheese Hov, 2S 

30 

30 

20 

20 

30 

30 

30 

30 

KH.Ol 
Added 
Gram 

Nil 

Nil 

.2314 

,2221 

Nil 

Nil 

.2614 

.2277 

expressed 
as 

Gram HĤ Cl 

.0005 

.0015 

.2151 

,2108 

.0027 

,0027 

.2552 

.2258 

Percent 
of added 
NÊ Cl 
recovered 

92.97 

94.87 

97.65 

99,14 
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11 
I I liable 7̂  

Th© Aimnonia in Clieese Expressed as HĤ Cl at Different Degree! 

Date Made Date Analysed Variiety of 
Cheese 

% Moisfcu] 

0cti26, 27 
Jfeb. 22j 27 
March 15, 27 

March 22̂  27 

Apr« 2 5 2 7  

Ap̂ » 27,̂  27 

NoVi 23, 27 
Deo. 2, 27 

DeCi 27 

Deo» 12a 27 

Dec* 14, 27 

Jaa» 12J 28 

Kingston 
Wensleydale 

V/ensleydale 

Wensleydale 

Wensleydale 

Sensleydaie 

Mar. 17̂  27 ân« 15k 28 Wensleydale 

Marsh 3, 27 Jan, 27, 28 Wensleydale 

larch 16̂  27 
Milk raw • 

March IŜ  27 
Milk pastetirlzed 

larch 2, 27 
Milk pasteurised' 

March 2, 27 
Millc raw 

March 10,28 

March 14,28 

March 16,28 

March 16,28 

Cheddar 

Cheddar 

Cheddar 

Cheddar 

28«85 

29,35 

30.05 

30«3S 
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Degrees of Ripening. 

i m.Qi 
4r 

in cheese 
Normality 
of liH4Gl 
in moisture 
of ohees© 

Remarks 

i0535 
1̂591 

1̂4445 
.2033 

,15515 

,30495 

.47615 

.5243 

.41195 

Get*13, 27. Some mold due to cracka. 

Get* 13, 27» Mold only round plugs. 

Deo. 12j 27. This cheese showed some blue 
mold, but not in part used for analysis, 

Oct,IS, 27. Slî t development of mold 
round plugs. 

Well ripened blue î nsleydale. Jan,10,28, 
Flavor Texture Mold Growth Color 
36 22 22 10 

l/lfeli ripened blue ®snsleydale , Jan, 10,28, 
Flaisror Texture Mold (Jrowth Color 
S5.5 22 22 10 

Well ripened blue Wensleydale. Jan, 10,28, 
Flavor Texture Mold Growth Color 
35,5 22 22 10 

.2665 

.43335 

,2782 

,2759 

,1750 

30.35 .5029 .3096 
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Aimaonia in Glieeae of Different Varieties and Age, 

data on cheese of various ages selected for 

the. aiumonia determinations are given in Table 7, 

Description of Cheeese,. The seven Ivensleydale chees© 

were from the citric acid experiments and the procedure 

used in their manufacture is gix'en und©r their respect~ 

ive dates of make. Charts 1 and 2« I'hough moisture 

determinations were not made on these cheese,, it can be 

said from previous work that from 30 to 35 -percent 

represented the moisture content. The Kingston cheese wsis 

of the mild quick ripening type arjd would "be considered 

as ready for sale. The four Cheddar cheese were v;ell 

matured cheese about one year old; these cheese were of 

low moisture content and had ripened slov/ly so that they 

would not be described.as strong# 

The aratnonia in the cheese just described was 

determined by the modification of L.isk̂ s method. 

The results given in Table 7 showed that; 

1, The ammonia in the cheese tended to in

crease with age from a rainimuia of 0,0535 percent 

BH4GI in the Kingston to a maximum of 0,5243 percent 

CI in the ?tensleydale. 
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2« The well ripened Cheddar cheese shoxTOd 

about the ssBe percentage of as the vmll 

ripened Vsensleydale. 

5, The poor quality w'hite Wenaleydale 

cheese were lauch Ics? er in the percentage of KH4CI 

than the well ripened Wensleydale or Cheddar Cheese. 

4, The normality of the ci in the 

moisture of the well ripened cheese was higher than 

the optimm of 0.10 1. as found "by Weisbrodt (41) 

for synthetic media. 
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IThe Addition of M4CI to the Gurd at Salting to 

Increase the G-rowth or P« roqiiefortî . 

An ezperiment was made to determine whether 

or note the addition of HÊ Gl to the curd nt the time 

of salting would improve or te sten the growth of 

P« roqueforti in Wenslejdale cheese as foimd by 

Weisbrodt (41) when using synthetic media. 

Six lots of cheese. Chart S Series Hos, 21 to 

38 inclusive, v/ere Kiade,- the curd in each lot foelng 

divided into three parts at salting. These parts 

Tt'ere treated as follov;s t 

A. The eontrol received no addition of 

KH4GI. 

B, Received 1 oz„ of M̂ Cl to 24 lbs, 

of cur-d (1„184 graiiB per lb,) 

G. Received 1 1/4 pz, of HĤ Cl to 24 lbs. 

of curd {1.477 grams per lb,) 

Some of the cheese.j, Charts 3 series IIos.Sl 

to 29 inclusive, v̂ ere inocula ted ?ifith F* roqueforti 

culture 32, \'7hile the remainder. Chart 3p Series Nos. 

30 to 38 inclusivej were inoculated v/ith p,. roqueforti 

culture 33. 
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Wensleydaie Ohees e -

-55-

.. Table 
Made with Added 

8. 

Group Date lad© Series 
lÊ Gi added 
to 1 lb. 
Gttrd grams ture in 

cheese 

f MaC 
' m 

lormaitty 
0f IHACâ -
ia; ffioxstî  
of :clieese 

pS5.S,192? $3 

jBec.13̂ 1927 M 

(•Jaa. 15vl928 a? 

Ill 

111 

43.7 

4G„? 

43.0 

,Ô SX , 0̂ 30 

•(&> 

Hil 41.9 ,0438 

B 

lBqc. 8, 

.Bee.13, 

21 

34 

2S 

1. 

1.181 

43.9 

40.6 

41.9 

.2481 

.2621 

.3S54 .1050 
1.181 41.8 

. 8,1̂  22 

.13̂ 1927 25 

. 13 j 1928 29. 

I,' 

1.̂  

1.477 

43.-2 

40.0 

41.7 

.2SL4 .1174 

.1199 

T~m 41,6 v27M 
Series l&S. 33, 21, and 22̂  scored Got. 5tli, 1928. 
Series Sos. 26, 24, and 
Series Eos. 37, 28 and scored' Bec.lStli, 1928. 
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XBgKyalatioii P. Jtoqueforti, GuXtû e S2. 

Sopye of Sampled Cheese 

flaTTor texture Hold Golor 
,  - m :  ̂ ; .  M :  '  :  

Total 
100 

Remarks 

as 
5S 

M M 

S3: 

13 

ao 

2S 

10 ,8'& 

9a 

f; 

F: 

Ft 

cleaii siiglitiy sal ty. 
probably caused by plugs.: 
Good, 

S4.S gl.g 18.' 10 8̂ « S 
34 

SB 

33 

50 

51 

10 

Ml 

31.5: Hll 

S3 

.63.5 

F: 
M; 
f; 

jt 

probably caused by plugs, 
irell laatured. 

clean. 
•:Z^,7: :'20m sBva.' 
•sa

gs 

20 

21 

31.5 

7S fj 

10 

10 

probably Gaiised by plugs. 

M; following plugs. 
SS.5 F: clean. : 

3a. 3 30.8 8, S *?1.5 

f 
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Scoye" of • OIieBŜ  

r'.. . • 

Flavor 
, m 

1?«xtU2*e "Ssjid̂  • 

; 3 5 :  • 

Golbr : Sô ai 
100 

Eemaarlcs 

I#.;'. 
by plugs. 

ss 31 

' mi:' 

MX 

10̂  ̂

IG 

• -as: 

S.S 

: fl-

f; 

oieaa:' ̂ell dê el&ped. ' 

clean î ell d.evelGpsd, 

,S3: 31- ,''mi', 10 ,' „• 63 , , Ft clean well developed. 
S3 31 

/ \ , , ,  , :  ' 0 
•1 • • :v ':i52 • - SI'-;' : ; Hii:  ̂ ', 'ibr: "S3 n cleâ i well developed. 

b̂ y plugs.: 
i • 33 31V M 10 63 clean well developed. 

• •• f •" M lil .10 03: F: clean well deveioped. 

33 .. •: 31:;̂  ., :• -lO -:, , .:, - B Z - . ' . ' "  

by plugs.-
33 

33 

"•••'SI-: 

33. 

. [''-Si• 

• mi : 

m 

10 

;...S3,;--

. 83 

fr 

F! 

clean well developed, 

clean well developed. 

.. 1. •• 

11 
33-:::. ,31, • 

. ,  :  , ;  
10 33 f-i clean well developed. 

3̂  ' • 2i 'mi-v-;,- ;• Q3„ : 
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Wensleydale Cheese Sfade With 

1 Week Aftei? laniifacture 

ioisture 13H4GI of IĤ Sl Flavor Ts 
in in in raolsttire 40 
Cheese Cheese of cheese 

(Feb.24,1928 30 111 41,6 3428 .0192 30 
A (Mai?, Is 1928 33 111 41.4 ,0428 ,0193 30 
(Mar. 14,1928 36 Sil 42,8 ,0482 •0211 32 

Average m 41.9 »0446 ,0199 30̂ .7 

ffteb;24,19S8 31 1,181 42,6 . 2461 a080 30 
B 1,192S 34 l̂ lSl 4i;7 ;256B illSl 35 

(Ma3»,14ii928 37 1,181 43̂ 0 2̂461 41069 30-

Average 1̂ 181 42̂ 4 .2497 ,1100 31,7 

(Fel3.24,1928 32 1,477 42.0 , 2889 a286 30 
G (Map, 1,1928 35 1,477 4i:4 ;2836 ;1280 30 

(Ia3?;14̂ i928 38 1̂ 477 42.0 .2836 .1262 30 

ATOPage 1,477 41.8 ,2854 ,1276 30 
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Table 9. 

Made With .'Vdded M4CI; Inoculation, P> rogueforti Culture 33. 

Score of i>0inpled Cheese; Dec. 19th>1928* Score oj 

Flavor 
3 40 

Texture 
25 

Mold 
Grov/th 
25 

Color 
10 

Total 
100 

Remarks; Flavor 
40 

Texl 
2i 

30 
30 
32 

18 
19 
20 

Nil 
Hil 
18 

10 
10 
10 

58 
59 
80 

T; 
Tj 
P: 

Hard and Dry. 
Pairly hard. 
Salty. 

35 
32 
35 

22, 
21 
22 

30.7 19 5 10 65.7 34 21. 

30 
35 
30-

18 
22" 
20.5 

mi 
23 
Hil 

10 
10 
10 

58 
90-
60.5 

F: 
P. 
P: 

Salty. T: Hard and Dry. 
Culture 33 Type. 
Slî .tly Salt-ys 

32 
32 
32 

21 
21 
21 

31.7 20,2 7.7 10 69.5 32 21 

30 
30 
30 

18 
19-
20.5 

nil 
Nil 
Nil 

10 
10 
10 

58 
59 
60.5 

P: 
T: 
P: 

Salty. T: Hard and Dry, 
Fairly hard-. 
Slî tly Salty. 

32 
32 
34 

21 
21 
21 

30 19.2 Nil 10 59.2 32.7 21 

i 

I I 
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Score of lihsampled Cheese j Jan. 7th, 1929, 
moid. 

Flavor Texture Growth Color Total Remarks: 
40 25 25 10 100 

35 22.5 21 10 88,5 P: Otilture 1 33 Type. M: Probably follow! 
32 21 10 10 73 P: Clean. Ms Slight Growth in places. 
55 22 21 10 88 P: Clean, well developed. M: Probably f 

34 21,8 17.3 10 83.2 

32 21 Nil 10 63 F: Glean, well developed. 
32 21 Nil 10 83 P: Clean, well developed. 
32 21 Nil 10 63 P; Clean, v\rell developed. 

32 21 Hil 10 63 

32 21 Hil 10 63 P: Clean, well developed; 
32 21 Hil 10 63 P: Clean, well developed. 
34 21.5 18 10 83.5 Mj General but slight. 
32,7 21.2 6 10 69,8 
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esse; Jan, 7tli, 1929 o 

lor Total Remrks; 
10 100 

10 88.5 P: Culture 33 Type, M; Probably following fracture. 
10 73 P: Clean. M; Slight Growth in places. 
10 88 P: Clean, well developed, M: î robably following fracture. 

10 83.2 

10 63 F: Glean, well developed. 
10 63 P.- Clean, well developed. 
10 63 F-. Clean, well developed. 

10 63 . 

10 63 F: Clean, well developed." 
10 63 • Fi Clean, well developed. 
10 83,5 M: General but sligiito 

10 69,8 

/ 
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The results of the dcterim-nations of the 

percentage of ariimonie. -.nd moisture after one week 

are expressed in Tab].es 8 and 9 and shov; the following; 

Ic The moiature contents of all the cheese of 

a lot were ̂ 'V"ithin the range of experimental erx-or; 

therefore the addition of the KĤ Gl has not affected 

the moisture content of the cheese. The cheese of the 

six lots at the age of one \veek averaged 41 »9 percent 

moisture and ranged frora 40.0 to 43,2 par-centj this • 

difference was not considered a significant factor, 

2, The a ..:nonia , expressed as NĤ Gl in 

Group A cheese, averaged 0,0437 percent and ranged 

from 0,0321 to 0,0482 percent, or expressed as normal

ity in the moisture, it averaged 0.0195 K. amd ranged 

from 0.0143 to 0.02&0 11,. The KĤ Cl in the freshly 

made cheese v»'as much "below the optimum of 0,10 lJ.,as 

found hy l-Jeisbrodt (41) for synthetic media. 

3, '-Che ammonia, expressed as in Group 

B cheese, averaged 0.2488 percent and ranged from 

0,2354 to 0,2621 percent:or,expressed as normality 

in the moisture, it averaged 0.1105 I. and ranged from 

0.1050 to 0.1207 H. These normalities are just above 

the optimum as given "by V/eisbrodt (41) for synthetic 



www.manaraa.com

media • 

4, The amnicniaj expressed as KĤ Cl 5-n 

Group C cheese, ax'-eraged 0.2809 percent and ranged 

from 0.25]4 to 0,2889 pcrcent: or, expressed as 

noreialit;/- in the iKoisturo, it averaged 0.1257 :M, 

and ranged from 0,1174 to 0.1343 K, These normalities 

are just above the optimum as given by 7:eis"brodt (41) 

for synthetic inedia. 

Scores of the ripened cheese. The cheese, \'Vhich provided 

t?ie samples for analysis after one week v/ero scored on 

Oct. 5th and Dec. 19thj, 1928, while the unplugged 

cheese were scored on Jan, 7th, 1929, Tables 8 and 9 

give the scores of the ripened cheese. In general 

conditions ?;ere unfavorable for the development of 

the mold as the cheese v;sre made in winter. 

Table 8, cheese inoculated ?;ith culture 

32, sho\?ed: 

1. Of the six cheese which developed mold, 

three u'ere in Group i ̂  ojie was in Group B, and two 

in Group G. 

2, As there were tiiVlce as many cheese tliat 

received M̂ Cl as there were controls, the M̂ ci 

tended to retard the gro\vth of P. rogue fort i culture 

32, 
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i . 3 ,  T h e  s a r a p l i n g  o f  t h e  c h e e s e  a s s i s t e d  

; the development of the mold.. 

Table 9, cheese inoculated v/ith culture 33, 

showed : 

1, Of the sis cheese •'.7hich developed mold, 

four were ir* Group A, one v?as in Group Bj and one in 

Group C. 

2» As there were twice as many cheese that 

received HĤ Cl as there '̂ ,'ere controls, the NH4GI 

tended to retard the grov/th of F. roauefortl culture 
i - i  .1I I  •  I  I  I  • '  r  

S3» 

3« The sarnplin;̂  of the ciieese did not assist 

\ the development of the mold. 
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Summary and Conclusions. 

There v/as a considerable but variable quantity 

of ammonia in the \f/ell matured Wensleydale cheese « 

The Cheddar examined contained about the same quantity 

of acmonia as the Viensleydales, These quantities were 

similar in proportion to that found by previous invest! 

gators (28). (29) for matured cheese. 

Very little aicaionia was found in fresh V/ensley-

dale cheese which is quite in accordance with investi

gations dealing with fresh cheese of other varieties 

(28)(29), It may be safely concluded that most of the 

ammonia v/as produced during ripening, 

ĥere was no advantage, either in the rate or 

extent of grov'th of P. roqueforti cultures 52 or 33, 

in the addition of M̂ Ol to the curd at salting, in 

I the proportions as found satisfactory by Weisbrodt (41) 
i 
j in synithetic media. A slight detrimental effect was 

i noticed which may be accounted for by a retarding 
i 

I action of the additional rrCl added with the KH4CI. 
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PART III. 

THE OXyfJSK KEC;UIî MlJHTS OF P. ROQITEFOFTI IE CHEESE. 

Introduction, 

'Aie v/ork of Thoni and Currie (37) and several 

other investigators has shovm the significance of 

oxygen:- for the growth of P. rogue fort i. The possibility 

of an fibsence, or a greatly reduced supply, of oxygen 

inhibiting the growth of ?. rogueforti in \Vensleydale 

cheese therefors ̂ î &s considered« 

Keviev; of Literature. 

In cultural studies vrith 27 species of Aaper-

Sillus and Penicilliun; grown on Gzapek̂ s media, as given 

by Dox, Tho.' and Ourrie (37) shored tlmt v/hen the carbon 

dioxide content of the air v;as increased to 75 percent, 

"•.Yhioh means an oxygen reduction to 5 percent, P.rogueforti 

grew the best of all the species examined and was the only 

mold showing over a 50 percent normal grovrth. 

The production of carbon dioxide vdth £• cor

responding percentage reduction of oxygen is to be 

exrected in cheese, Haniner and Baker (19), in a class

ification of the Streptococcus lactig gi*oup, showed 

that all these organisms, to s greater or less extent, 

produced carbon dioxide in milk. The significance of 
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tills group in the early stages of the ripening of 

; chess© has been demonstrated "by Hastings, Evans and 
i 

Hart (20), Van Slyke and Hart (39) found that the 

tot̂ l̂ veî t of carbon dioxide giv'-en off from a Cheddar 

cheese in 32 weeks was 0,5 percent of the weight of 

the freah cheese. They found tiiat the carbon dioxide 

I produced in the early stages of ripening came from the 

decomposition of milk sugar by lactic acid organisms, 

while that produced after the jirst few weeks came 

apparently from reactions taking place in some of the 

amido compounds, among v/hich they were able to identify 

the clmnge of tyrosine and arginine into derived products 

with simultaneous fomation of carbon dioxide, 

Golding (14) has shown that carbon dioxide 
{ 

i was formed by the growth of P» roqueforti on milk (14), 
I  
! 

I Van Slyke and Hart (39) found that mold graving on the 

I surface of cheese produced carbon dioxide, 

I The work of Clark(7) on Emmental cheese directed 
f  

i the attention of Thom and Currie (37) to the gases as a 

probable factor in the dominance of P. roqueforti in 

! Roquefort cheese. Thom and Currie found that inoculated 
i 
1 

i Roquefort cheese and iminoculated Gorgonzola and Stilton 
I  

1 all contained P, roqueforti in a fairly pure condition. 
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The study of large numbers of milk samples showed clearly 

that nearly all milk contains enough spores of various 

species of Penieillium, as v/ell as other molds, to admit 

of a v/ide variety of mold colonies in any cheese, pro

vided conditions are favorable for such molds to grow. 

Clearly, then, there are factors present v/hich favor 

P« roqueforti in competition with the many other forms which 

are initially present in milk and which have been shov/n to 

grow fully as readily upon milk and certain milk products 

as does the Roquefort mold. 

In analyzing the gases in Roquefort cheese, 

Thom and Currie (37) found a low oxygen content and a 

high content of carbon dioxide, as is shown by their 

following data. 
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Analyses of the Gases of Roquefort Glieese 

CO. of Gas at 0°C. 760 ram. Per Gent 

Brand Gas Gas 
COg % 

Brand 
Col Ana

COg 2̂ 
COg % % Remarks 

lect lyzed COg 2̂ 
ed 

1.Louis Rigal 18.21 18.21 5.07 0.44 12.21 27.84 2.42 69.74 Slight growth of 
mold. 

2, Societe 123.60 44.31 11.19 1.48 31.64 25.25 3.34 71.44 Slight growth of 
mold. 

3. Veritable 
Roquefort 81.73 81.73 18.07 5.72 57.94 22.11 7.00 70.89 Very ripe and moldy. 

4. Experimen
tal cheese 88.25 80.29 32.88 3.64 43.77 40.95 4.53 54.52 Six days old. 

5• Experimen
tal cheese 59.80 59.80 12,64 3.24 43.92 21.14 5.42 73.44 Seven v/eeks old. 0 

to 
1 
I 
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The method used to col!te ct the gases was to 

suck them from a cheese heavily coated in pai'affin v/ax» 

Though the accuracy of the method may be ques

tioned, the high carbon diô tide and low oxygen content 

of Roquefort cheese is undoubtedly correct. Thorn and 

Currie (37) give the following paragraph in discussing 

their data: 

"Prom a study of these results, it appears tha t 

ripening is accompanied by a process of respiration which 

results in the- disappearance of oxygen and the production 

of an equivalent amount of carbon dioxide. In the early 

period of ripening, the carbon dioxide from this source 

is augmented by the carbon dioxide produced by bacteria 

\vhich decompose milk sugar. During this period the car

bon dioxide is much higher and the nitrogen lower than 

would result from a simple process of respiration. 

The diffusion of gases tends to reduce this excess of car

bon dioxide after the disappearance of milk sugar and the 

mixture of gases approaches the composition which would re

sult from a process removing the oxygen from the air and 

producing an equivalent amount of carbon dioxide. The 

percentage of oxygen is always lov; and any aerobic organ

ism which thrives within the cheese must be capable of ob

taining its oxygen from a very dilute atmosphere of oxygen. 
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Thoin and Currle sunmiarized their results as 

follows: 

"A mixture of 75 percent of carbon dioxide with 

air gives approximately 5 percent of free oxygen. The 

close correspondence between the results of gas analysis 

and comparative culture, indicates that the low percentage 

of oxygen in the open spaces within the cheese accounts 

for the dominant activity of Penicillium roqueforti in 

Roquefort and related types of cheese." 

The diffusion and absorption of gases in cheese 

have not been investigated to any great extent. Clark 

(7) found that the percentage of moisture in Sv/iss cheese 

had a direct bearing on the rate of diffusion of gases, 

the drier the cheese, the less the diffusion taking place, 

Findlay (13) states, "that the solubility of carbon dioxide 

in colloidal solutions is relatively high at low pressures, 

and that it diminishes with increasing pressure either to 

a constant value, or to a minimum value, after which the 

solubility Increases again with rising pressure." 

Several authorities (23) (24) report the practice 

of skev/ering and scraping cheese to produce aerobic con-

ditiona to encourage the grov/th of P. roqueforti. 
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Statement of Problem 

Several experiments viero conducted v/ith what v/ere 

considered possible -rays of increasing the oxygen content 

of chees9» These experiments were carried out under the 

follov/ing headings; 

A. Drav/ing air into the cheese by suction, 

B. Forcing oxygen into the cheese. 

C. Alternating reduced and atmospheric pressure 

on cheese in an iron cylinder. 

Experiments I and II, 

D. A preliminary experiment to determine the 

possibility of reducing the CÔ  produced 

by lowering the percentage of milk sugar 

incorporated in the curd* 



www.manaraa.com

DRAWING AIR INTO TIffi CHEESE BY SUCTION. 

Introduction. 

The removal of COg by suction and replacing it by 

air would appear to be the easiest way of increasing the oxy

gen in a cheese and favoring the growth of P> roqueforti. 

Methods. 

Cheese. The cheese selected for the experiment were those 

from the citric acid experiments which had all failed to 

blue. Their method of manufacture is given under their 

respective Series Nos, Charts 1 and 2* These cheese had 

been previously plugged v/hen scoring them for the citric 

acid experiment. 

Suction Tubes. The suction tubes were made from test 

tubes x 4f"), of approximately the same diameter as the 

trier used for boring the cheese, and had a hole blown in 

the sides about from the closed ends. The rough holes 

were fused so that the test tube acted as a catheter tube. 
1 

1 These tubes had cotton plugs fitted half way down and were 
! 
I then placed in larger tubes and steam sterilized̂  

i Fitting Tubes into Cheese. The suction tubes were fitted 

j into the cheese by first drawing a plug with the trier 

I and putting the plug in a sterile test tube. Then the 

prepared suction tube with the catheter end first was 

forced into the hole in the cheese. About f" of the 



www.manaraa.com

5 y .  i .  



www.manaraa.com

—68— 

tube v/as left protruding above the surface of the 

cheese. On to the protruding end v/as attached a short 

rubber tube, connected v/ith a glass tube containing a 

removaM© cork. Pig. 4 gives the appearance of the 

cheese bored and fitted with tubes at the beginning 

of the experiment, Oct. 4th, 1927, 

Applying Suction.Two cheese had air sucked through them, 

at the same time, for a period of 24 hours, the cathete_ 

tube being connected up and the suction water pumps run as 

shown in Pig,4. The suction began with the first two 

cheese on Oct, 6th, 1927, and was completed on Oct, 13th, 

1927, (Table 10). The catheter tubes v̂ rere then re

moved and the cheese plugs returned. The method did not 

prove as satisfactory as was hoped, owing to air leaking 

doY/n on the outside of the catheter tubes when suction 

was applied. 

Result s obtained. 

The cheese, after having had air sucked through 

them, were kept until Hov, 24th, 1927, and then all 

scored the sa;;:e day. From Table 10 and the fact that 

the control cheese did not develop mold, the following . 

points may be noted; 
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Table 10. 

Scores of /̂ensleydale Cheese 
Air Drawn into Cheese by Suction 

Date Made Series 
Ko, 

Citrate Added to 
200 lbs. Milk 

Grams 

Date Aerated Sec 
Flavor 

40 

Dec, S9, 26 1 0(3t, 6, 27 

Jan, 4, 27 3 Oct, 6, 27 

Feh, 22s S7 5 Oct, 7, 27 

March. 9, 27 8 Oct, 8, 27 54 

March 15,27 10 Get, 9, 27 

March 22,27 12 Oct,10, 27 

Apr, 20,27 14 Oct, 11,27 

Apr, 25,27 15 Oct, 12,27 

Jan* 6,27 4 
84,4 

2 Kâ  OgHgO,̂ , 11 HgO Oct. 7,27 

March 3̂ 27 7 
45.56 
HgO Oct, 8,27 36 

March 10,27 9 6̂̂ 8®7̂  
45,36 
Ha5 Oct, 9,27 

March 17,27 11 
6̂̂ 8®7' 

45,36 
HgO Oct, 10,27 

March 24,27 15 
45,36 
HgO Oct, 11,27 

April 27,27 16 
49,62 

HgP Oct, 12,27 56 
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10. 

3 Cheese 
3 by Suction 

Scores of Cheese Nov, 24, 1927 
Flavor Texture Mold Color Total 

Growth 
40 25 25 10 100 

Remarks 

34 22  17 10 

No mold growth except near j 

No mold gronth except near j 

Some mold due to cracks and 

83 Fair Cheese 

Ko mold growth except near ] 

No mold growth except near ] 

Wo mold grô jvth except near ] 

No mold growth except near ] 

36 22 20 10 88 

Some mold grovi/th due to cra( 
plugs. 

Good Ghees© 

No mold groiTth except near } 

No mold growth except near ] 

No mold grov/th except near ] 

56 22 SI 10 89 Good mold groiYth but rather 
follovdng the open spaces. 
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yf Cheese Hov. 24, 1927 
Texture Mold Color Total Remarks 

Grov/th 
25 25 10 100 

No mold growth except near plug. 

No mold gronth except near plug 

Some mold due to cracks and plugs 

22 17 10 83 Pair Cheese 

No mold growth except near plug. 

No mold growth except near plug. 

Ho mold gro'iirth except near plug. 

Wo mold growth except near plug. 

Some mold growth due to craoks and 
plugs, 

22 20 10 88 Good cheese 

No mold growth except near plugs. 

No mold growth except near plugs. 

No mold growth except near plugs. 

82 21 10 89 Crood mold growth but rather 
following the open spaces. 
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1, VJith the exception of three cheese. 

Series Kos. 7, 8 and 16, good mold grov/th did not 

develop though mold had gt?ov/n around the plugs. The 

air leak doiivn the side of the catheter tubes may in 

part account for the mold growth around the plugs, 

2, Of the three cheese which developed 

satisfactory mold grov/th, two belong to the group 

v/hich were made with added citric acid, 

3, In general, drawing air into the cheese 

by suction floes not point to a satisfactory way of 

increasing the grov/th of P. roqueforti in cheese. 
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B. FORCIKG orjTGEK DITO Tl-IE CliEESE. 

Introduction. 

Tlie forcing of oxygenj, from an oxygon cylinder, 

into a cheese presents a possible way of Increasing 

the oxygen content in the interspaces, and thus 

favoring the growth of P. roqueforti. 

Methods» 

Cheese, The cheese selected for the experiment were 

the duplicates from the citric acid experiments and had 

not been previously plugged. 

Catheter tubes. Catheter tubes, as in the previous exper

iment, were fitted into each cheese and the tubes sealed 

into the cheese by pouring hot liquid parav/ax around the 

top and allowing it to harden. Fig, 5, 

In.jecting Oxygen, The method used to inject oxygen is 

shorn in Fig, 5, One cheese at a time was connected 

up and a slov; flovj of oxygen allowed to pass into it 

for 5 minutes, "^he tube was then disconnected and the 

cork returned. All eheeoc in the experiment received a 

fairly unifonn flow of oxygen, as the flo?/ was not 

changed after the day'c injection was started. Twelve 

5~minute injections of oxygen vieve given each cheese 

between Uov, 25th, 1927 and Dec. 21st, 19B7, These 
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injections were given at S day intervals except for 

the last injection which was given at a 2 day interval. 

On Deo, 21st, the catheter tube.-s were withdrav/n and the 

plugs, v/hich had all gone moldy, were returned to the 

cheese. 

Results Obtained, 

All .the cheese v/ere scored on Jan, 10, 1928, 

and the results of these scores are given in Table 11, 

Prom the experiment, it was difficult to dravif conclusions 

as there are no true controls. On the other hand, it must 

be remembered that all cheese were plugged on Kov, 

24th, at v/hich time natural mold growth should have 

occurred and shov/ed no sign of mold. 

Prom the data in Table 11, the following points 

rtSLj be noteds 

1, With the exception of four cheese Series 

Eos, 7,8,11 and 16, good mold growth did not develop, 

though mold had grown out from the plugs in most cases, 

2, Of the four eheese which developed sat

isfactory mold growth, three belong t o the gro up which 

v/ere mado v/ith added citric acid, 

3, .iu general, the injecting of oxygen does 

not point to a satisfactory \k9.j of increasing the grov/th 

of P« rogueforti in cheese. 
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Table 11. 

Scores of V/ensleydale Cheese 
Oxygen Injected into Gneese 

Dat© Made Series Citrate Added Scores of Cheese Jc 
No. to 200 pounds 

milk 
grams 

Flavor 
40 

Texture Iviol 
25 

Dee. 29, 26 1 24 15 

4, 27 3 24 16 

Feb. 22, 27 5 25 15 

March 9, 27 8 35.5 22 

March 15, 27 ' 10' 30 17 

Apr, 25, 27 -15 r28 . 17 

Jan, 6, 27 4 . 84̂ 4 
2 11 HgO 25 15 

March 3, 27 7 
45.36 

GgHgO^, HgO 35.5 22.5 . 

March 10, 27 9 45.36 

°6%̂ 7 24 16 

March 17, 27 11 45.36 
35.5 22 

March 24, 27 13 45.36 
CeHaO^, HgO 29.0 17 

April 27, 27 16 
49.62 

36.0 22 
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Table 11. 
(leydale Cheese 
:ed into Cheese 

>rea of Cheese Jan, 10, 1928. Kemarks 
rop 
i 

Teicture 
25 

Molcl G-rovrtiii 
2'5 

Color 
10 

I'otial 
100 

15 

16 

10 

Ml 

10 

10 

59 

50 

P.Only Fair,T.Granular,Hard end Ik»y, 
Plug mDlded. 

Poor quality 

.5 

15 

28 

10 

21.5 

10 

10 

60 

89 

F, Pair, T. Granular, Hard and Dry^ 
Plug molded 

K. Wot quite typical 

17 14 10 71 T, GranularJ Mold in parts. 

17 12 10 67 A little mold in one or two places. 

15 10 10 60 F.Fair, Gpanular, Hard and Dry 
Plug molded 

.5 22.5 . 21.5 10 89.5 Plug raoldy, A good Cheese. 

16 10 10 60 P. Only ]̂ ir, T. Granularj, Plug molded 

.5 22 22 10 89.5 A Good Cheese 

•0 17 14 10 70 T, Granular, Mold in parts. 

.0 22 22 10 90 Good Cheese 
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0. ALTERHATINfJ REmCED AKD ATMOSPiEKIC PRj^SBUllE ON 

CHEESE IN AH IRON CYLIHDER. 

Introduction, 

Henry's Law states: "The Quantity of a gas 

(either weight or volume) at K. T. P. dissolved by a 

given volume of a given liquid at a given temperature 

is directly proportional to the pressure under which 

the absorption takes place," It was thought that this 

principle might possibly be used to increase the oxygen 

content of the cheese, provided the rind v/as pervious, 

and that, when the pressure was reduced on a cheese 

in an enclosed vessel, the absorbed gases v/ould be 

liberated in proportion to the composition of the sur

rounding gases and their absorption coefficients. 

Assuming the rind pervious and a high content of COg 

to be present in the interspaces in the cheese, the 

COg v/ould be given off by a reduction In pressure. 

The COg could be collected by passing it through a 

standard solution of Ba (OHg) and the amount deter-

mineii, After the cheese had been held for some tinB 

at reduced pressure, air could be alla'/od to enter 

the cylinder and atmospheric pressure slowly resumed. 
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By this increase back to atmospheric pressure, the 

gases of the air would be absorbed in proportion to 

the composition of the air, the absorption coefficient of 

the gases and the difference in pressure betv/een the 

reduced pressure and Uiat of the atmosphere* Theoretically, 

by this method, oxygen v;ould largely replace the 00„, 

The theory applies only to the water of which a Wensley-

dale cheese contains from 33 to 40 percent. 

Methods, 

Apparatus. The apparatus designed to teat the practical 

XYoifcing of the above theory is shown in Pigs. 5 and 7, 

It consisted essentially of a 6 fti length of 10 inch 

steam pipe capped at one end and v/ith a removable 

air tight door fitted to the other. 

Operation, To operate the apparatus, the wooden rack 

v/as filled with the experimental cheese, usually 7, see 

Fig. 6, 250 cc« of tap water were put into each water 

bath and the rack was then pushed into the 10" pipe. 

The round door, see Fig. 6., was placed on the pro

truding bolts and the nuts tightened. See Pig. 7. 

The nine gas vash bottles v/ere partly filled v/ith 

standard Ba(OH)g solution, 1000 cc. in all, and 

then connected up by rubber tubes to the primps and 

the centre tap of the 10" pipe. V/ith the centre tap 
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open and the pres^?ure guage tap closed, the puiups 

were started and run for 7 hours. 

At the close of the operation, the reduced 

pressure was recorded in mm. of mercury. The solution 

in all the gas v/ash bottles was carefully v/ashed into 

tv/o 2000 cc, flasks and titrated for excess of Ba (.OH}g, 

using standard HGl solution and phenolphthalein as an 

indicator. The cheese were removed from the apparatus 

after it had been allowed to gradually come back to 

atmospheric pressure. 

Blank for COg in Air in 10" Pipe, The blanl-is, that 

is the determinations of CO2 in the 10" pipe without 

cheese present, were run for the same time as the cheese 

vjere subjected to reduced pressure. The amount of CO^ 
A* 

in the blank v-'as subtracted from each run made with 

cheese present. By this method, the COg in the volume of 

air displaced by the cheese Y/as included in the blank. 

This introduces an error, which, though considerable , 

was of less significance than the unavoidable leakage 

of air by the door. 

Cheese. The V.'ensloydale cheese used in both experiments 

were seven lots of cheese made during Aug, and Sept, 
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1928. '̂he records of their irianufacture and inoculation 

are given in Chart 4., under their respective Series Kos, 

Re.'jults Obtained, 

ExToeriment I, 
- • I I-*- - I I ii-iiM fill 

The COg Collected from V/ensleydale Cheese. 

Seven 'fj'ensleydale cheese, one from each lot 

of the ahove makes of cheese, v/ere subjected to 25 

operations of reduced pressure in the iron cylindero 

The seven control cheese of the same make were kept 

on the shelvey in the same room. The weights of GOg 

collccted for each oj^eration are recorded in Table 12, 

which shov/3 the follo'.ving results: 

1, The total CO2 collected by reduced pre jsure 

(23 operations, 7 hours each) was 25 grairjs from 66" lbs, 9 

ozs. of cheese or less than ,1 percent by weight, An 

average of about 1 graci of GO2 was removed bj'' each 

operation, 

2, Ch/zing to variations in the reduced pressures 

frain day to day, as a result of uneven water pressure, 

individual operations were -.lifficult to compare, 

3, Crnsiiderably the greatest loss of COg 

from the cheese was in the first operation, 

4, '̂he loss of GOg Increased slightly towards 
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Table 12. 

5he COg Collected from vVensleydale Cheese, 

EJCperiment I« 

Cheese Series Nos. 40,46^, 52^ 58^ 64, 70 and 76. Weight of Ghees 

Date 
1928 

Tefflp, 
F, 

Min^ 

of Room 

MSx.,, 

Tims 
Hours 

Re 
Minutes Pr 

Oct. 24 7 
Oct, 25 7 
Oct; 26 52 54 7 
Oct. 27 54 55 7 
Oct. 29 53 56 7 
Oct a 30 54 56 n f 
Oct; 31 54 56 7 
Hov,' 1 54 57 7 
Nov; 2 55 57 7 5 
Nov; 3 55 57 7 
Nov; 5 55 58 7 
Nov; 6 54 57 7 
Hov; 7 53 55 7 5 
Nov; 8 53 55 7 
Nov, 9 52 55 7 
Nov, 10 53 55 7 
Hov; 12 53 55 7 
Uov. 13 53 55 7 
Nov, 14 51 54 7 
Hov, 15 50 52 7 15 
Hov, 16 49 52 7 
Hov, 17 51 52 7 
lov. 19 50 53 7 
Nov, 20 50 53 7 

5?otal 

Average 
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Table 12 

5 Cheese. 

u T 

64s 70 and 76, Weight of Cheese, 66 lbs, 9 oss. 

Tlifls Reduced C Og Collected 
Hours Minutes Pressure Grams 

mm. 
Grams 

7 625 +1.7349 
7 565 7̂093 
7 530 •9469 
7 675 1,1361 
7 65S 1.0644 
7 650 i;0578 
7 655 i;i414 
7 675 i;i425 
7 5 680 i;2089 
7 490 ;7689 
7 667 ;9843 
7 650 1.0589 
7 5 670 i;0336 
7 650 ;8642 
7 600 1.0065 
7 620 >9981 
7 530 ;9156 
7 630 1,1224 
7 Not determined 
7 15 620 .9629 
7 570 1.1693 
7 520 i;0402 
7 650 1.2802 
7 625 1.2509 

24,5982 

616 1.0695 
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the end of the experiment. The cause of this greater 

production of CO2 may hs.ve been the slight growth of 

Py roqueforti in Cheese Series Kos, 40,52 and 58. 

Discussion, 

In a preliminary experiment, such as this, 

it is as well to discusa the results before doing 

a further experiment. The following calcula tion i.3 

conducted to decide if GO2 is being produced during 

the time tlie e:roeriiiient v;as being conducted, 

A l^ensleydale cheese 2 to 3 months old contains 

approxiraately 55 percent of water. 'Jlien the 66 lbs. 9 ozs. 

in 1035 o'zs^ of Wensleydale cheese that were aerated contain

ed 372,75 ozs, of water, i. e,, 10,565 cc, 

^he figures of i'hom and Currie (37) shovs the 
f 

coniposition of the gases in a nevi cheese to be approx-

imately: 

COg 41 percent by vol# 

O2 4,5 " '• " 

Kg 54.5 " '• " 

Further assuming the same absorption coefficient 

for the water in the cheese as ordinary pure water, 

namely 1,194 at 10® C. for GO2, the 10,565 cc. of water 
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in the cheeso should contain: 

41 X 1.194 X 10,565 
100 ' ^^2 

= 517S cc of CÔ  

The volume occupied by the gr-ari; molecular v/eight of 

a gas at M, T. P, is 22,4 litres. 

Therefore: 22,400 cc. 002= grams 

5173 cc. COr.: 44 x 5173 
" ~22,400 

- 10.17 grems GO2 

It is seen from this cslculation that in the 

25 operations of reducing the pressure, 2^ times as 

Kiuch COg is removed as Virould probably be in the 

cheese; provided the cheese had no special absorption 

power for GO2. Neglecting for the moment the possibil

ity of 3 greater absorption pov/er in the cheese, the 

CO2 being produced during the experiment. Therefore 

the origin of the CO2 collected mst be f3?om GOq 

formed in- the cheese which could hardly have all come 

from the snsall aniount of mold growth recorded in the 

three cheese. The grov.-th of the mold or other organ

isms on the rind of the cheese is a possible addition

al source of 00^^ but as the production of 00^ does 

not decline vvith the reducod activity on the rind of 

the cheese, it cannot be significant. 
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Table 13. 
Scores and Welgiits of Wenslevdal 

C O S  T R 0 L 

W e i s h . t Scores of Cheese lov. 2 
Mold 

Date Made Series Start Finish. Flavor Texture Growtli Golor Total 
192B Humber lbs .ozs. lbs. ozs. 40 25 25 10 100 
Aug. 21 41 8 8 8 2 SO 20 Sil 10 SO 
Aug. 23 47 8 13 8 7 30 20 Ml 10 60 
Aug, 3G 5S 8 IS 8 4 SO 20 111 10 60 
Sept, 6 59 9 14 9 8 SI 21 Hii 10 62 

Sept.12 65 9 9 9 S SO 19 Hil 10 59 

Sept. 14 71 10 2 9 10 so 19 Kil 10 59 
Sept. 19 77 10 6 9 13 30. 5 19 Nil 10 59, 
Total 66 1 62 15 

Kote: The cheese made from Aug.Slat to Sept, 6th, 1938 inclusiv! 
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Table 13. 
Wenslevdale Cheese. Experiment I. • 

R E D U C E D  P R E S S U R E  

ise 107. 21st. 1938. Wei^t 

L Color Total Rsaarks Date Made Series Start Finiali 
10 100 1928 Hiamber lbs. oze. lbs. oss. 

10 80 F. New cheese Aug. 21 40 8 7 8 2 
10 60 F. Hew cheese Aug. 23 46 8 IS 8 3 
10 80 F. Hew cheese Aug. 30 52 8 11 8 5 
10 62 lew Cheese\ 

Smooth ' 
Sept. 6 58 10 4 9 15 lew Cheese\ 

Smooth ' 
Sept. 6 

10 59 Hew Cheese 
Kot Wet ) 

Sept.13 64 9 10 9 4 

10 59 F. New Cheese Sept. 14 70 10 5 9 12 
10 59.5 F. Hew Cheese Sei3t.l9 76 10 7 9 14 

Total 66 9 65 4 

J28 inclusive, were inoculated with P. roqueforti culture 32 
the remainder with P. roqueforti culture 33 
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Scores of Cheese Hov, 31st, 1938. 
1 Mold 

Flavor Texture Growth Color Total Remarks 
40 25 25 10 100 

32 20 15 10 77 F.lsew Cheese M, Slightly developed 
30 20 nil 10 60 F. He^? cheese 

Slightly developed 

U 30 10 10 71 Fo Hew cheese M. Trace of mold 
ss 22 12 10 77 F. Hew cheese 3'. Smooth 

29 18 Hil 10 57 F. Hew cheese T. Wet and leaky 

30 19 Nil 10 59 F. cheese 
SO. 5 19 Hil 10 59.5 F. Hew cheese 
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"""•So ••• 

Scores and of the Ivensleydale Cheese. 

The score and -a-eights of the cheese are re

corded in Tabic 13, v;hich sho\73 the follo^^ing results; 

1, There v/as a slif^^.t ^roY/th of ?. roqueforti 

in three checse that had heen aerated by reiiuced pressure* 

There was no growth 3.n any of the control cheese# 

2, The cheese vrere all rather nev; and it 

Y/as noted that only the older aerated cheese showed any 

mold grov/th. On the other hand, the difference in the 

strain of the two cultures 32 and 53 might account for 

variation in grov/th, th.ough in a previous investigation 

(14) it has bet̂ n shown that culture 53 usually r̂evi-

more rapidly thrm culture 32, which ivas not the case 

in these results. 

3, The total loss of v/eight for all aerated 

cheese during the month was 3 lbs, 5 ozs.j that of the 

control was 3 Ibs,^ 2 oss. The difference of 3 ozs, was 

within the range of experimental error. Therefore, the 

loss of v:eight due to ae.ration by suction was insig

nificant , 

4, The flavor and ter^ure of the aerated 

cheese v;as almost identical viith that of the conti?ol 
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except where the blue; mold had developedo 

ITote: Aei^ation of P. roguerorti Cultures on Potato 

Afl-ar« P. roquefortl cuB^re"^ S2 and 55 lnocvJ.atod~ 
on potato agar and' subjected to roduced pressure v;ith 
the cheese shov/ed normal growth as compared vlth the 
control. Two sets of inoculations v/ere tried at 
different times. 



www.manaraa.com

—87— 

Experiment II. | 
i 
3 

Tlie COg Collected from Wensleydale Cheese. | 

A second experiment was conducted v;ith the remaining » 
I 

four cheese of each make to determine the value of less fre- I 
;; 
ti 

s 
quent suction periods over an extended period^, the permeability I 

I 
of the rind to gases, and the significance of skewering the cheese. | 

The methods of aeration, collection and determination of the | 

COg and the length of each suction period were maintained the 

same. 

The groups were treated as follows: 

Group A Cheese, Chart 4, Series Hos. 45. 51« 57. 

63, 69. 75 and 81, were the controls for the three other groups. 

Group B. Cheese, Chart 4, Series Hos. 42. 48, 54. | 

60. 66. 72 and 78, were subjected to reduced pressure twice | 

a week for six weeks. | 

Group C. Cheese, Chart 4, Series Nos. 43. 49, 55, | 

61. 67. 73 and 79, had the bandages removed and v/ere then sub

jected to reduced pressure twice a week for six weeks. 

Group D. Cheese, Chart 4, Series Nos. 44. 50. 56, 62. 

68 . 74 and 80, had the bandages removed and were skevjered 

from one end (28 holes l/l6 of an inch) and then were sub

jected to reduced pressure twice a week for six v/eeks. 

The weights of COg collected for each operation are 

recorded in Table 14, which shovjs the following results; 
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The 00, 
. . TaT 

Collected f: 

Group B Bandage On 
Cheese Series Hos. 42.48,54 60,66,?2, and 78. 
Weight of Cheese 65 lbs! I'oz! ' * 

Oa^e 
1928 

Time 
Hrs. Min. 

Reduced 
Pressure mm. 

COg cell-ected 
^aas 

Date 
1938 

Time 
Hrs. Min. 

Reduc 
Pressi: 

Iov,26 7 10 605 1.72S5 Hov.27 7 0 580 

llov.39 7 1 5 600 1.0025 150V.3G 7 0 576 

Dec. 3 7 0 5S0 .7312 Dec. 4 7 0 650 
Dec* 3 7 5 530 Dec. 7 7 0 665 
Dec,10 7 0 S40 1.3457 Dec.11 7 0 640 
Dec.13 7 5 650 1.2780 Dec. 14 7 0 660 
Dec.17 7 0 560 1.2164 Dec.18 7 0 665 
Dec.20 7 0 635 .8184 Dec.21 7 5 695 
Dec.24 7 0 540 1.3167 Dec.25 7 5 655 
Dec.27 7 0 660 1.2705 Dec.28 7 0 665 
Dec.31 7 0 670 1.5609 Jan. 1 7 0 665 
Jan. 3 7 0 680 1.2230 Jan. 4 7 0 665 

13.4768 » 
Average 616.6 1.2252 Average 

CD CD 

Group C Bandage Reis 
Cheese Series Hos. 43,49,£ 
Weight of Cheese 63 lbs. £ 
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Ts.'bXo X4;, 
.ected from Wensleydale Cheese. Experiment II. 

«« »« T nn, ' Croup D Bandage Removexi. Cteese Skewered 
43.49,55,81,67,73, and 79. Cheese Series Hos. 14,50,58,62,88,74 and 80. 

>3 lbs. 5 oz. Weight of Cheese 65 its. 5 og. 

Reduced OOg Collected' Date Time Reduced COg Collected 
Pressure saa. grams ' 1938 Hrs. Min. Pressure ma. grams 

580 1.3939 iSov. 28 7 0 610 1.7065 

575 .9099 jDec. 1 7 0 580 .7352 

650 iBec. 5 7 0 500 
665 .8617 •Dec. 8 7 0 610 .9827 
640 1.0978 'Dec. 12 7 0 510 .4741 
660 1.0261 Dec. 15 7 0 645 1.7241 
665 1.0151 [Dec. 19 7 0 665 1.4003 

695 .9537 iDec. 22 7 0 685 1.2441 
555 .9399 'Dec. 26 7 5 840 .9273 

• 665 .7821 •Dec. 29 7 0 665 .9761 
865 .9933 •Jan. 2 7 0 670 1.0197 
685 .8481 'Jan. 5 7 0 680 .7953 

10.8096 t 11.9854 
648. S .9827 - I-

i Average 621.6 1.0896 
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1. The COg collected f r om Group  B was the greatest; 

that from Group D v/as next, and that from Group C v;as the 

least. I'he differences may possibly be due to a greater 

diffusion taking place in Group 0 and D Vvhere the bandages 

of the cheese were removed. The greater growth of roqus" 

forti in Group D may account for the greater COg production 

in Group D than in Group C. 

2r OvJing to variations in the reduced pressur-e from 

day to day as a result of uneven water pressure, individual 

operations \v8re difficult to con̂ are. 

3* As in Experiment I, a large quantity of GOg was 

collected during the first operation-

4. There was a considerable difference in the daily 

weights of GOg collected in different operations in the same 

group, which cannot all be accoimted for by variations result

ing from uneven pressurê  temperature or intervals of four 

and three days. 

5. The amounts of COg collected following the four 

and three day periods between operations showed no signifi

cant difference. 

6. With Group G, there was an average collection of 

GOg of .9827 grams for each operation v/hich was fairly 

constant. With Group D, there was an average collection 

of GOg of 1.0896 grams per operation, which, with the ex

ception of Dec. 8th and 12th, was fairly constant. 
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7. Group B is comparable with the Experiment I 

except for age of cheese and length of period betv/een 

operations. The average collection of GÔ  per operation 

in Experixaent I v/as 1.0695 grams; in Experiment II, 

1.2252 grams. The individual values on the amount of 

COg exhausted from the cheese (Table 12 and Table 14 

Groups B) showed no tendency to increase or decrease as 

the cheese aged. 

The longer periods between operations did not 

greatly increase the COg collected per operation. This 

can be accounted for largely by the diffusion of CÔ  from 

the cheese at atmospheric pressure. 
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Table 15. 
Scores of Wensleydale Cheese Subjected 

January 7ths 11 

GROUP A. GOJJTPtOL. 

Date Made Series Flavor Testure Mold Growth Co; 
1928 No. 40 25 25 i( 

Aug, 21 45 31 20 Nil i{ 

Aug, 23 51 31 20 Nil i( 
Aug,-30 57 31 20 Nil i( 

Sept, 6 63 31 21 Nil i( 

Sept, 12 69 31 19 Nil i( 

Sept, 14 75 31 20 Nil i( 

Sept, 19 81 31 20 Nil i( 

Average 31 20 Nil i( 

GROUP B BAHDAGE ON. 

Date Made Series Flavor Texture Mold Grovrt;h Cc 
1928 No, 40 25 25 IC 

Augi 21 42 36 23 23 IC 

Aug, 23 48 31 20 Nil IC 

Aug, SO 54 32 21 15 IC 

Sept, 6 60 31 19 Nil IC 

Sept, 12 66 34 22 23 IC 

Sept, 14: 72 30 20 Nil IC 

Sept, 19 78 33 21 18 IC 

Average 32,4 20.9 11.3 IC 

Jfotes The cheese raade from Aug, 21 to Sept, 6> 1928, inclusive, wei 
The remainder v/ere inoculated with rogue fort i culture 33, 
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Table 15. 
of vVensleydale Cheese Subjected to Reduced -nnd Atmospheric Pressurê  

January 7tli, 1929. Experiment II, 

Testure Mold Growth Color Total Rem'! rkB 
25 25 10 100 

20 Hil 10 61 P. Glenn mild. 

20 Kil 10 61 P. Clean mild 
20 Ml 10 61 Po Glean mild 

21 Ml 10 62 p. Clean 
T. Soft 

19 Kil 10 60 T. V/et Close 
20 Nil 10 61 P- Glean 

20 Ml 10 61 P.̂  Glean 

20 Nil 10 61 . 

Texture Mold Grov/th. Color Total Remarks 
25 25 10 100 

23 23 10 92 P. 
T. 

Very good 
Good developed 

20 Nil 10 61 Clean Mild 

15 10 78 
P. Clean 

21 15 10 78 M, in one place 

19 Nil 10 60 T. v7et close 

22 23 10 89 P. Typical culture 33 
22 23 10 

M. V/ell developed 
20 Ml 10 60 P. Glean 

21 18 10 82 M. One end. 

20.9 11.3 10 74.6 

to Sept, 6, 1928, inclusive, were inoculated ivith P. roqueforti culture 32 
I with roqueforti culture 33. 
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GROUP C 

Table 15 {Continued) 
Scores of Wensleydale Cheese Siibjected to '̂ educec 

January 7th, 1929. 
BANDAGE REMOVED., 

Date Made Series Flavor Texture Mold Grovvtl 
1928 No, 40 25 25 

Aug, 21 43 33 22 20 

Aug, 23 49 33 21 15 

Aug, 30 55 31 20 Nil 

Septi 6 61 31 19 Nil 
Sept, 12 67 -̂ 31 19 Nil 

Sept, 14 73 32 21 16 

Sept. 19 79 31 20 Nil 

Average 31.7 20.3 7.1 

GROUP D BAMDAGE REMOVED CHEESE SKElffiRED 

Date Mad© Series Flavor Texture Mold Grov/t] 
1928 No, 40 25 25 

Aug, 21 44 34 21 20 

Aug, 23 50 33 22 18 

Aug, 30 56 32 21 15 

Sept, 6 62 31. 19 Nil 

Sept, 12 68 33,5 22. 21 

Sept, 14 74 33 21,5 18 

Sept, 19 80 32 21 15 

Average 32,6 21.1 15.3 

Kotes The cheese made from Aug, 21 t o  Sept, 6, 1928, inclusive, wer̂  
The remainder were inoculated with P, roguefort1 culture 33, 
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15 (Oontimied) 
Subjected to rleduced and Atmospheric ̂ 'ressure. 
nary Vth, 1929, Experiment II, 

5Xtur© Mold Groivth Color Total Remarks 
25 25 10 100 

22 20 10 85 F® Good 22 20 10 85 
M, Chiefly one end. 

21 15 10 79 
P. Clean 

21 15 10 79 M, Developed in one place 

20  ̂Ml 10 61 P. Clean Mild 

19 Ml 10 60 Ti Wet close 

19 Nil 10 60 T, v-tet close 

21 16 10 78 - M, Slî t in one place 

20 Nil 10 61 P. Clean Buttery 

20,3 7.1 10 69,1 

Texture Mold Grw/th Color Total Renis.rks 
25 25 10 100 

21 20 10 85 P,- Fairly good 
T, V7axy 

22 18 10 83 P. Clean 

78 
P. Fair 

21 15 10 78 M. Slight 

19 Ml 10 60. T, iiVet Close 

22. 21 10 86,5 P, Typical Culture 33 

21,5 18 10 82,5 M, Slovvly developing 

21 15 10 78 M, Slight development 

21.1 15,3 10 79,0 

1828, inclusive, were inoculated vdth P« roquefortl culture 32« 
ûeforti culture 33, 
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Scores of Wensleydale Cheese. 

The score of the cheese directly after the completion 

of the sî c \¥eeks treatment by reduced pressure are given in 

Table 15; the following points appear; 

1. The mold grov/th with each group of cheese v;as as 

follows! 

G-roup Average Score Number of Cheese 
For Mold Growth Showing Mold 
Maximum pts.25 Growth 

A (Control) lUl Nil 

B Bandage on 11*̂  4 

C Bandage removed 7.1 3 

D Bandage removed and 15.3 6 
skewered 

These figures showed that the reduced pressure alter

nated with atmospheric pressure hastened the mold growth. 

With Groups B and C, there was some slight improvement by 

leaving the bandage on. With Group D» the skewered cheese, 

there was considerable improvement over Group C, which can 

be looked on as the control, the only difference being the 

skewering. 

The score of the cheese 10 v/eeks after the completion 

of the six weeks treatment by reduced pressure, are given 

in Table 16j the following points appears 
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Table 16, 
Scores of wensleydale Cheese Subjected to Reduced n̂d Attn 

GROUP A CONTROL 
March 16, 1929, , 

> 

Date Made Series Flavor Texture Mold Growth 
1928 No, 40 25 25 ; 

Aug, 21 45 35."5 21 23' 
Aug, 25 51 31.5 20 15 

Aug, 30 57 31 19,5 10 

Sept; 6 • 63 30 20 Nil 
Sept, 12 69 31 21 15 
Sept. 14 75 31 20 18 
Sept. 19 81 33 • pi 

- 21 

31,9 20.4 14.6 

GROUP B BANDAGE ON. 
Date Made Series Flavor Texture Mold Gravth 
1928 No, 40 25 25 

Aug, 21 42 35 -91' 23 
Augi 23 48 31 19,5 10 
Aug, -50 54 30 19 15 

Sept; 6 60 30 20 Nil-
Septi 12 66 35 22 22.5 

Sept, 14 72 30 19 Nil 

Sept, 19 78 34 • 21 22 

32,1 20.2 15.2 

Notes The cheese made from Aug, 21 to Sept, 6, 1928, inclusive, were i: 
5?he remainder were inoculated with P« roqueforti culture 35. 
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Table 16, 
subjected to Reduced and Atmospheric Pressure, 
March 16, 1929, i 

i 
Experiment II. 

Texture 
\ 

Mold Growth Color Total Remarlcs 
25 25 \ 10 100 

21 23 ̂ 10 89; 5 F, Very good 
20 15 10 76.5 

Very good 

19.5 10 10 70.5 
 ̂• 
T, Hard and dry-

•• M, One end, 
20 Nil 10 60 ;0 
21 15 10 77.0 P, Typical culture 33 

20 18 10 79,0 F. Typical culture 33 
21 21 10 85,0 F, Typical culture 33 

20.4 14,6 10 76,8 

Texture Mold Growth Color Total Remarks 
25 25 10 100 
8l • 23 10 89 • isligiitly overripe 
19,5 10 10 70 iS T. Hard and dry 
19 15 10 74,0 M. One end only 

20 Nil- 10 WiO 
22 22,5 10 B9i5 P, Typical culture 33 

19 Nil 10 59,0 T. Hard and dry 

21 22 10 87 P, Typical culture 33 

20,2 15.2 10 75.6 

, 6, 1928, Inclusive J, were inoculated with P. rogueforti culture 32, 
roqueforti culture 33, 
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Table 16 (Continued) 
Scores of Wensleydale Cheese Subjected t o Reduced 

March 16, 1929, 
GROUP C BANDAGE REMOVED. 

Date Made Series 5?lavor Texture Mold Gravth Go 
1928 No. 40 25 25 1 

Aug, 21 43 

Aug. 23 49 35 21 o5 21 

Aug. 30 55 32 21. 18 1 

Sept, 6 61 30 20,5 Nil li 

Sept, 12 67 33 21 15 11 

Sept, 14 73 35 21. 22 li 

Sept, 19 79 31. 20,5 10 1< 

32,7 20.9 14,3 

GROUP D BANDAGE REMOVED CHEESE SKEV/ERSD. 

Date Mad© Series Flavor Texture Mold Groivth Col 
1928 No, 40 25 25 1« 

Aug. 21 44 34 21- 21 1« 

Augi 25 50 33 20,5 18 1! 
Aug. -30 56 33 20 18 1< 

Septi 6 62 30 20- 10 1< 
Septtf 12 68 33- 21i5 SO K 

Sept; 14 74 f 33,;: 21i5 22 li 

Sept. 19 80 35 21,5 23 li 

33.0 20.9 18.9 1( 

lote: The cheese made from Aug, 21 to Sept. 6, 1928, inclusive, vvere i 
The remainder were inoculated with P. roqueforti culture 33, 
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Table 16 (Continued) 
3se Subjected t o Reduced and Atmospheric Pressure 

March 16, 1929, Experiment II, 

bure Mold Gravth Color ITotal Remarks 
5 25 10 100 

L.5 21 10 87.5 P. tPypical of culture S2 

1. 18 10 81 -

D»5 Ml 10 60,5 

1 15 10 79 P. Typical culture 33 

1. 22 10 88. P. Typical culture 33 

3.5 10 10 71,5 M. at one end, 

" 14̂ 3 10 77,9 

ture Mold Growth Color Total Remrks. 
5 25 10 100 

1 21 10 86 • M«- Irregular 

0,5 18 10 B1.5 T. Firm 
0 18 10 81 

0* 10 10 70' 
145 go 10 84i5 Pi Typical culture 33. 

liS 22 10 86.5 P, Typical culture 33 

1.5 ,23 10 , 89.5 F, Typical culture 33 

0.9 18,9 10 82,7 

6, 1928, inclusive, were inoculated v/ith P. roqueforti culture 32 
roqueforti culture 33, 
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1. The mold growth with each group of cheese v/as 

as follows: 

Group 

A Control 

B Bandage on 

C Bandage removed 

D Bandage removed and 
skewered 

Average score 
for mold growth 
Maximum pts.25 

14.6 

13.2 

14.3 

18.9 

number of cheese 
showing mold 

growth 

5 out of 6 

These figures showed that the reduced pressure, 

alternated with atmospheric pressure, had not finally in

creased the mold growth; for Groups A, B and C v/ere very 

similar. With Group D, the skewered cheese, there v/as con

siderable improvement over the other three groups. 

Considering Table 15 and Table 16, tv/o significant 

points are brought out; 

1. The alternation of reduced and atmospheric pressure 

hastened the mold grov/th but did not permanently improved it. 

2o Skewering produced a permanent increase in mold 

growth for the cheese in Group D, as shown by the final scores. 
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D. A PRELIMINARY EXPERIMENT TO DETERMI3SE THE POSSIBILITY 

OF REDUCING THE COg PRODUCED BY LOWERH^G THE PERCENT

AGE OP THE SUGAR INCORPORATED IN THE CURD. 

Introduction. 

The constituents of the milk that mainly go to 

form the cheese are those that are colloidal. In addition 

to these,, a normal Wensleydale cheese curd contains about 

43 percent moisture,, in which is dissolved a proportion 

of soluble milk constituents. Therefore, v;ith a normal 

rich milk, containing 5.0 percent of milk sugar, the cheese 

made from it will contain about 2.0 percent of milk sugar,, 

or fermentation products of it. Fere it possible to dilute 

the milk v/ith v/ater, or acidified water, before the rennet 

was added, and still make a satisfactory cheese, the content 

of sugar in the cheese would be reduced in proportion to the 

dilution. If the milk sugar in the cheese is fermented to 
1 

yield C02 as previously shown by Thom and Currie (37), a 

reduetion in the milk sugar incorporated in the curd would mean 

a corresponding reduction of the COg formed. For this reason, 

it was decided to undertake the experiments to see v/hether or 

not such cheese could be made. 

Methods. 

After several preliminary trials with rennet tests 

on various diluted milks, the following procedtire was adopted. 
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Aeidlfied water for dilution* A starter con -syas filled v/ith 

water -which was pasteurized to a temperature of 170° F., held 

for 10 minutes, and cooled. Bmaediately before the water 

v/as added to the milk, lactic acid (U-S.P. VIII) was added until 

the water gave the same acidity as the milk, as shown by the 

Mann's acid test. 

Milk« After pasteurization and cooling to 84̂  F., the milk 

was divided into two equal quantities. One vat of milk v/as 

diluted "by adcled 50 percent acidified water and the other 

was used as control. 

Method of Manufacture. The Wenaleydale cheese were made as 

far as possible according to the usual method of manufac

ture, both with diluted milk and the control. 

Results Obtained. 

She Manufacture of the Wensleydale Cheese. 

Betv/een Dec. 10th and 17th, six lots of diluted 

milk and their controls were made into Wenaleydale cheese. 

Fran Chart 5, v/hich is the record of manufacture, the follow

ing points are seen. 

1. The diluted milk gave a much quicker rennet test 

than the control; the usual volume of milk or diluted milk 

v̂ as used. 

2. The acidity and time of process up to drawing 

the whey were practically the same for both vats. 

3. The percentage of butter fat in the whey was 

much higher in the control vat than in that made from diluted 
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milk. However, if the results were expressed as the total 

fat lost in the whey, there would not be a marked difference. 

4, The control vat developed acidity faster in the 

second half of the making process, and therefore was made 

quicker than the cheese from the diluted milk. 

5. ?/ith the control, the iron test averaged just 

under 1 inch v̂ hen the whey from the curd showed an acidity 

of 0.365 percent. liifith the diluted milk, the average iron 

test was just under if inches when the whey from the curd 

showed an acidity of 0.347 percent. Prom the Chart, it is seen 

than an endeavor v;as made to get the same acidity in the curds 

at milling for both control and diluted vats, irrespective of 

the abnormal iron test. 

Weigjits of Wensleydale Cheese. 

The weights of all cheese were recorded approximately 

two, eight and sixteen weeks after manufacture. Table 17 

gives the weights on the dates recorded, and shows that: 

1. The total v/eight of the control cheese on Jan. 

3rd was 153 lbs. 14 ozs., and that from the diluted milk 154 

lbs. 6 ozs., a difference of 8 ozs. On Feb® 16th, this 

difference was increased to 15 ozs., and on April 12th it was 

1 lb. 13 ozs. 
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Normal 

T&hle 17, 
y/eights of Cheese 

Prom Koi?raal and Diluted I 

Dat® Made Series Jan, 3, 1929 Feb. 16, 1929 «prll 12̂  ] 
1928 No. 7/ei|̂ t ' Vfelght ' 1929. 

lbs. OSS. lbs. OSS, Weight 
lbs. ozs. 

Dec. 10 83 29 2 27 14 26 6 I 

Dec, 11 85 24 0 22 10 21 5 I 

Deo, 12 87 23 10 22 7 21 7 

Dec, 14 89 23 14 22 10 21 10 I 

Dec, 15 91 23 10 22 8 21 5 I 

Dec. 17 93 29 10 28 4 27 2 I 

Total 153 14 146 5 139 3 1 
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rahle 17. 
s of Cheese 
L and Diluted Milks, 

Diluted 

april 12  ̂
1929. 

I'/sight 
lbs, ozs. 

Date Made 
1928 

Sei'ies 
Kg, 

J0no3jl9g9 
iteight 
lbs. ozs. 

Feb o 16^ 
vi/eiglit 
lbs. 

1929« 

ozs. 

April 12, 
n'/eiglit 

lbs. 

1929, 

ozs. 

26 6 Doc, 10 82 30 2 28 15 27 12 

21 5 D«c..11 84 23 a 22 6 21 6 

21 7 Dec ,12 86 23 6 22 4 21 6 

21 10 Dec* 14 88 23 2 22 1 21 2 

21 5 Dec, 15 90 24 12 23 8 22 6 

27 2 D©c. 17 92 29 8 28 2 27 0 

139 S Total 154 6 147 4 141 0 
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Quality of Wensleydale Cheese. 

The cheese of both groups were examined on April 

12thj 1929, when they sliowed very little sign of ripening, 

due to having been held at a low temperature. 03ie general 

differences between the control group of cheese and the group 

made with diluted milk were: 

a. The cheese in the control group v;ere more acid 

in taste and firmer in texture than those made with diluted 

milk. 

b. The cheese made with diluted railk appear to be 

of a type that would ripen to a more satisfactory Weiisley-

dale cheese. 

Summary and Conclusions. 

The experiments on oxygen requirements thus far showed 

that; Sucking air into cheese| injecting oxygen? removing CO2 

by reduced pressure and allowing air to take its place; and 

skewering cheesej all either hastened or hastened and increased 

mold grov/th. 'Ihe GOg continued to be formed in cheese for 

at least four months after manufacture. The general trend 

of the COg production indicated that the chief origin of 

COg was not the growth of P. roqueforti. The score of the 

several lots of cheese shov/ed there were other factors than 

moid growth that go to constitute a prime cheese. 

The manufacture of cheese from milk greatly diluted v;ith 

acidified water was ôv/n to be possible, A greater reten
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tion of tlie weight of the cheese made from diluted, milk 

was observed during the ripening. 
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DISCUSSION OP liESULTS. 

A study of the effect of adding small amounts 

of citric and acetic acids to milk on the grov/th of 

P> roquefortl cultures 1,16,32 and 33, showed that 

acetic acid tended to reduce the digestion of the casein 

hy P. roqueforti while citric acid tended to increase 

the digestion of casein hy P. roqueforti. The activity 

of the mold was expressed as the relative amount of 

casein digested; an enzyme action on one constituent 

of milk, casein. Therefore, in their interpretation 

the results should be considered cautiously. In the 

results obtained, the variations from the controls were 

of such magnitude that the addition of citric or 

acetic acids could not be said to increase or inhibit 

mold grovfth. 

It is regretted that other methods, such as 

the weight of felt and size of colony, could not be 

used T/ith milk. The method of determining the per

centage of casein digested by mold in this case intro

duced two serious factors, local coagulation of the 

casein when the acids were added rendering the casein 

less available for mold growth, aiid an effect of the 

acid on the pH of the milk, v/hich, in turn, affected 
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the action of the protease liberated by the mold. 

There was no indication from the result s as 

to whether or not the fermentation of citrates to 

acetates in milk would increase the growth of 

P. roqueforti. 

In a study of the effect on the growth of 

P« roqueforti cultures 1, 16, 32 and 33 of adding 

citric and acetic acids to synthetic media, it v;as 

fully realized that the synthetic media in no v/ay 

approached the composition of milkj on the other hand, 

many of the comprications which arose v;ith milk did not 

occur with synthetic media. 

The method of grovdng one colony in a plate 

afforded a procedure for measuring growth from day to 

day and the results did not depend on the activity 

of one particular enzyme. In the data obtained 

P. roqueforti cultures 16,-32, and 33,and, to a much 

lesser extent, culture 1, showed a greater growth in 

the synthetic medium containing the hî êr percent 

of acetic acid, v/hile in the citric acid media 

growth was inhibited in proportion to the concentration 

Had the increased grov/th been only a question of 

higher acidity, both acids should have increased grov/th 
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The question of the availability of the salts in the 

media would not appear significant, because the salts 

were not precipitated, and the higher acid usually 

tended to clear up the mediim,. With these considerations 

in mind J it would appear that P,. roqueforti shov/ed a 

greater growth due to the presence of acetic acid and an 

inhibited grov;th due to the presence of citric acid 

irrespective of subsidiary factors. Therefore, these 

findings present a possibility that the fermentation of 

the citrates of milk to acetates ill increase mold grov/th. 

With cheese making, it is recognized that the 

colloidal constituents of milk mainly go to forra the curd, 

while the material in true solution is mostly found in 

the ?/hey« Therefore, in the particular problem it is of 

great significance to know T/hether or not the citr-atea 

in milk are in solution. If the citrates exist in the 

milk largely as calcium citrate, in accordance with, 

the idea of Sfildner (31), it would seem that a very 

considerable proportion '.vill be undissolved. On the 

other hand, if the citrates exist in the milk as 

potassium or sodium citrate, according to Van Slyke 

and Boswortfe (40), all the citrates will be in solution. 

The conflict in these two ideas makes it impossible to 

conclude whether or not the curd will contain a greater 
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proportion of citrates than the whey. 

The determinations for citric acid in milk 

and \Yhey from IVensleydale cheese aho/yed that all the 

citrates vsrere associated with the aqueous portion of 

the milk and mainly appeared in the v;hey. In addition, 

a number of l'!iensleydale cheese n̂ de from milk to which 

sodium citrate or citric acid had been added confimed 

these findings when the milk and v/hey were analysed 

for citric acid. Therefore, the citrates of milk are 

present in the cheese in such small proportions tliat 

their direct effect is likely to be insignificant, 

Î en sodium citrate was added to milk in small 

quantities, it was found that coagulation of the milk 

by rennet was almost prevented,' The failure to co

agulate was due probably to a complicated change in the 

salt balance. The addition of citric acid to milk to 

the extent of 0.05 percent anhydrous citric acid did 

not retard the coagulation of the milk by rennet, but a 

much softer curd was produced. The cheese made from 

the milk to v/hich citric acid had been added were 

heavier than the controls, particularly during the early 

stages of ripening, possibly accounted for by a greater 

percentage of moisture in the curd. 
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The cheese made with citric acid added to the 

milk tended to produce a more satisfactory mold ŝ ôwth 

than the controls; had seasonal conditions been more 

favorable the tiifference laî t have been more pronounced. 

The ammonia in freshly nade cheese was found 

by analysis to be extremely small̂  while cheese that 

had matured sLiowed considerable ammonia. These findings 

v/ere quite in conformity with the result s reported 

in the literature (28); together with the work of 

FJeisbrodt, which allowed the need of ananonium salts for 

the satisfactory development of P, roqueforti v/hen 

grown on synthetic media. They suggested that the 

absence of an-jmonia in fresh cheese might well account 

for the failure of P. roqueforti to grow in Wensleydale 

cheese, 

ĥe addition, of NĤ Cl, in quantities found 

satisfactory b\ Weisbrodt(41) for synthetic media, 

to the Wensleydale curd at salting did not increase 

the growth of P. roqueforti in the cheese. In fact, 

the growth of P. roqueforti was slightly retarded by 

the addition of NH4.GI, v/hich mî t be accounted for 

by the higher percentage of chlorides. 

ĥe inference to be drawn from these result s 

is that sufficient ammonia is formed to meet the 
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gravth requif̂ ements of P. roguefoii;! in the cheese, 

or that ?. roqueforti can use other sources of nitrogen 

for grov;th in cheese. 

The oxygen requirements of P. roqueforti have 

long been recognized, as shov,n by the literature (37), 

experiments were devised with the object of supplying 

more oxygen to the cheese, either as oxygen or air. 

The drav/ing of air into Wensleydale cheese by suction 

resulted in mold grov/th around the plugs of the cheese, 

but this growth did not extend far, shovdng that what

ever air was drawn into the cheese tended to fo3.1ow 

the sides of the tubes and not to penetrate through 

the rind. The injection of oxygen into the Wensleydale 

cheese again resulted, with a few exceptions that were 

good cheese, in mold developing around the sides of 

the catheter tube but not penetrating far into the body 

of the cheese. The results tend to show that there 

were either conditions wMch rendered the cheese very 

impervious to oxygen or that COg was formed so fast 

the oxygen supply was inadequate for the growth of 

P« roqueforti. 

Subjecting VJensleydale cheese, at intervals, 

to reduced pressure showed that COg was steadily 

being formed in Ivensleydale cheese for a considerable 
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period (at least four months) and that its mech

anical removal and replacement by air would hasten the 

groT/Tth of P. roQueforti, Skewering the cheese- farther 

assisted in the removal of COg and proved an additional 

advantage. Mechanical means of increasing the oxygen 

in cheese present a possible way of increasing the 

growth of P, roqueforti in Wensleydale cheese. 

HoŶ ever, tv;o main questions are as yet un

answered; 

1, The physical condition of the cheese 

that will favor the diffusion of gas 

to and from the cheese. 

2, The source of the GOg, 

The physical condition of the cheese is 

shown to be of significance by the greater mold grov/th 

in the skewered cheese. l?ihether or not skewering 

cheese is a question of more surface exposed to the 

air, a greater moisture content in the newly produced 

surfaces, or a combination of several factors remains 

obscure until fiorther investigations are conducted. 

If the milk sugar or its fermentation products 

in the cheese are the- source of the COg it imist 

originate from the milk sugar (about 2 percent) in

corporated with the curd. Therefore, a preliminary 
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study was conducted as to the possibility of remov

ing part of the milk sugar from the curd by diluting 

the milk to be made into cheese. It was found possible 

to mal-re a satisfactory cheese from milk which had been 

diluted with 50 percent or water acidified with laCtic 

acid, Thia dilution process did not reduce the yield 

of cheese or increase the total loss of fat in the whey. 

The process of manufacturing the diluted milk into 

V.ensleydale cheese was not strikingly abnormal except 

for one outstanding point, namely tlie iron test. This 

test̂  i7hich is supposed to correlate with the acid test 

at milling the cui'd, had entirely changed. Instead of 

correlating with the usual acidity, the length of the 

threads produced on the hot iron by the curd from the 

diluted milk had doubled, lowing that there was an 

outstanding factor other than acidity which influenced 

the iron test. Though the acidity, as obtained by 

I ifenn's acid test, was followed, there raay be some doubt 

j as CO î /hether or not the iron test v/as more correct, 

j Further, it ia highly probable tliat normal milks of 

i different composition produce curds with relatively 

1 abnormal acid and iron tests# 

I At the present time, the ripening of the 

cheese, both from the diluted milk aM the control. 

I 
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is not sufficiently advanced to draw conclusions. 

The loss of weight from the two lots of cheese during 

ripening is significant, the cheese from the diluted 

milk retaining the weight much better than the control. 

Until this v/ork is repeated in conjunction \rith complete 

analytical data, the definite reason for the diluted 

cheese retaining the \veigjit better than the control 

cannot be given. Hovirever, it is probable tliat there is a 

relationship betv/een the acid formed from the milk sugar 

and the salts to act as buffers. 
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DISCUSSIOK OF PRACTICAL APPLICATION, 

The practical applications of the findings 

in this work are one of the significant features to 

be considered. The results from the standpoint of the 

practice of cheese msking must be considered under tv/o 

headings, namely: 

1, The significance to cheese mking as a 

v/ho3e . 

2. The development of blue mold in cheese, 

With reference to cheese making, the citrates 

of milk, though they do not appear in the curd to a 

significant extent, would seem to have an important 

relation to the v/ater holding capacity of the cheese 

during ripening. The literature cited reports the 

percentage of citric acid in the milk and shows no 

great difference in the percents for summer and v/inter, 

but it does not fully emphasize the relation of citrates 

to cheese making solids, particularly casein. 

The addition of .05 percent citric acid to high 

testing winter milk v/ould seem, to be of less significance 

than keeping the percentage of citrates the same and 

reducing the casein by 1,00 percent as in the case of 

natural sumriJier milk. It would appear that the natural 
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citrates of milk have a real significant bearing 

on the seasonal variation of cheese making# 

The variations in acidity and rennet action when 

citrates were added to milk aixl the difference showi in 

acidity and iron test, in the milk dilution experiment, 

show the practical cheese maker that the tests commonly 

relied upon to control the process are not infallible, 

and that more reliable tests are urgently neecied,. 

The reasons for the development of blue mold 

in cheese have not been established. 

The citrates of milk, though not present in the 

curd in significant quantities, undoubtedly play an 

indirect part in the production of blue mold growth 

in cheese. The relatively slov/ loss of weight of the 

cheese made from milk v/ith citric acid added v/ould appear 

to be the significant factor. The seasonal variation 

of mold groif/th referred to in previous work (14) v/ould 

conform to these findings, for tlie relatively hi|̂  

citrate content of natural milk occurs in s pring and 

summer. The sumrijer and fall choeiie would be assisted 

in holding moisture by favorable ripening room temper

atures, The cheese made in sumi-er and fall, which are 

usually the best, have both these factors in their favor 

for blue mold growth. 
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Though blue mold growth v/as favored by 

additions of NĤ Cl to synthetic media, the opposite 

appeared to be the case when KIÎ Cl ivas added to curd 

for cheese making. A synthetic media in biological studies 

answers the very desirable purpose of examining one 

factor at a time. On the other hand, the addition of 

the one desirable factor to a complex ripening process 

of an organic substancej such as cheese, has every 

probability of introducing several other factors. For 

example, had the work reported been conducted on a much 

more complete and extensive basis, it mî t have been 

pes sible to say that the add! tlon of KH4CI increased 

mold grosr/th, but at the same time introduced two 

inliibiting factors, for example.a lower moisture content, 

and a decreased early fermentation. The practices, 

which are sonBtines disparagingly termed "test tube 

cheese making experimoits" are of considerable value 

but their application to the practical process is 

extrene ly complicated« 

The oxygen requirements of P, rooueforti 

can, to some extent, be met by mechanical means of 

introducing oxygen or air, the old practice of 

skewering cheese being as satisfactory as any of the 
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other methoda tried. The reason for the more satisfactory-

results from skewering are most likely due to the slow 

dilTusion of oxygen through the cheese; the sirral.! holes 

in skewering bring a little oxygen to all parts, of the 

cheese. The factors vhich limit difrusion of gases to 

the cheese are not ansv/ered, but there are indications 

that the moisture holding capacity is significant. The 

practices, which tend to retain the weight of the cheese 

during ripening, probably by increased water holding 

capacity, appear to produce more suitable cheese for mold 

growth. On the other hand, the pmctices v/liich are knovm 

to reduce the water holding capacity, such as the 

addition of salts (e, g. KH4CI) to the curd, produce less 

suitable cheese for mold developments Therefore, it would 

appear that e:cperiraents to increase moisture holding 

capacity might be fertile in improving conditions for 

air diffusion and mold growth. 
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EXPERIMENT '  AMMONIUM CHLORIDE ADDED TO CURD AT SALTING. 

PASTEURIZED MILK STARTER 

Date Series 

Made Number 

Min. 

Held 

Weight 

lbs. 

Fat 
Acid- ozs. 

jty Amount Time 

% 100°ibs. 

8/12/27 

9 f 

13/12/27 

13/1/28 

24-/2/28 

1/3/28 

9 9 

» f 

14/3/28 

9 9 

21 

2 2  

23 

24 

25 

26  

27 

28  

29 

30 

31 

32 

33 

•34 

35 

36 
37 

38 

500  

50G 

500  

465  

445 

390 

, 84  8  40  9 -40  D ^  
S 0 

. 86  8  40  . 9-30 

.88  8  40  9 -35  

.9 8 36 9-55 

. 78  8  36  10 -5  

.86  8  32  10 -0  

Average 
.85 
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WENSLEYDALE CHEESE 
RECORD OF PROCESS OF MANUFACTURE 

G H A K T  

MILK AT TIME RENNET ADDED SCALD 
TO STIR 

Rate «CUT 

Rennet Acid- Amount 
Test Rennet of Temp. Time uy Time ny 

sees % % Started « Finished 
to drams ' 

lbs. 

17  .2  1 -50  17  10 -10  84  10 -58  11 -20  .13  12 -20 .135  12-40,14 

16  .2 1-50  17 10-5  84  11-10 11-30  . 13  12-30.14 12-50 .15  

15  . 2  1 -30  17  10 -15  84  11 -15  11 -40  .13  12 -40 .155  1 -0  .14  

,195 T-50 15̂  10-30  84  11-30 Ti-50  . 13  12 -50 .135  1-10.14' 

1 6 . 2  1 - 3 0  1 5  1 0 - 4 5 8 4  1 1 - 5 0 1 2 - 1 0 . 1 2 5  1 - 1 0 . 1 3 5  1 - 3 0 . 1 4  

. 2  1 -30  13  10 -40  84  11 -40  12 -0  .125  1 -0  .135  1 -20 ,14  

16  .20  84  

*Cut three times, allowing IO*minute interval^!. 
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RE 
TABLE 

SCALD PITCHED WHEY DRAWN ANV^URNED ""sROKEr" 

Start Finish 
Final Acid- Acid-Ity Temp. Time Ity from Time Time ity Time ity Time ity 

% % =F. % Settino % % % % 7o 

D .135 12-40.H . 9 0  1-30  .14 3-20  1-35 .U5.T55 2-5  .175  2 -30  .12  2 -50  .24  3  

3, 14  12 -50 .15  90  1 -30  .15  3 -35  1 -40  .155 .165  "2 -10 .2  2 -40  .24  3 -10  .27  

D .135  1 -0  .145  90 1-45 .15 3-35 1-50 . 15  .16 2-20 .i b 5  2-50  .24  3 -20  .28  

.135  1 -10 .145  90 1-45 .15 3-30 2-0  .155 .16  2 -30 .18  3 -0  .22  3 -30  .29  

,135  1 -50 .14  90  2 -5  •  . 145  3 -25  2 -10  .145 .15  2 -40 .17  3 -10  .21  3 -40  .24  ^ 

. 135  1 -20 .14  90  2 -10  . 15  3 -30  2 -20  .15  .16  2 -50 .18  3 -20  .21  3 -50  .24  

90  3 -29  .150 .158  

tervaUi 
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TABLE 

pitched whey drawn TnVtuXd """BROKEr" 

Final AcTd'- Add-'' *"'''• 
Temp. Time 'ty Time Time "V Time "y Time I'y Time "y 

°F. % Settlna % % ^ 

90 1-30  . 14  3 -20  1 -35  .145.155 2 -5  .175  2 -30  .12  2 -50  .24  ^-5 .2 f )  

90  1 -30  .15  3 -35  1 -40  .155 .165  2 -10 .2  2 -40  .24  3 -10  . 27  3 -40  .3  

5  90  1 -45  .15 3-35 1-50 . 15  .16  2 -20 .i b 5  2-50  .24  3 -20  .28  

3  90  1 -45  .15  3 -30  2 -0  .155 .16  2 -30 .18  3 -0  .22  3 -30  .29  3 -40  .32  

90  2 -5  •  . 145  3 -25  2 -10  .145 .15  2 -40 .17  3 -10  .21  3 -40  .24  4 -0  .3  

90  2 -10  . 15  3 -30  2 -20  . 15  .16  2 -50 .18  3 -20  .21  3 -50  .24  4 -20  .28  

90  3 -29  .150 .158  
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EXPERIMENT AMMONIUM CHLORIDE ADDED TO CURD AT SALTING. 

t—' 
cc 
=5 

o 

MILLED 

INOCULATION 

Series Acid- P- Rogueforti 
Number , Iron Curd Salt Culture 

Test J lbs. Ozs, No. 
SekDna vc 

21  5-5 3-15  3/4 •29 24 7 32 4-5 

22 24 7 32 4-5 

23 34 9'3/4 32 4-5 

24 . 5-40 3-45 3/4 .5T 24 7 32 4-40 

25 24 7 32 4-40 

26 24 7 32 4-40 

27 5-15 3-30 3/4 .29 24 7 32 4-5 
28 24 7 32 4-5 

29 • 24 7 32 4-5 

30 5-15 3-45 3/4 .32 24 7 33 4-10 

31 24 7 33 4-10 

32 24 7 33 4-10 

33 5-25 4-10 3/4 .33 22 6^ 33 4-45 

34 22 6^ 33 4-45 

35 22 6^ 33 4-45 

36 5-40 4-20 3/4 .29 21 6  1 / 4  33 4-50 

37 21 6  1 / 4  33 4-50 

38 18 4-̂  33 4^50 

Average 5-23 3/4.305 
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WENSLEYDALE CHEESE 
RECORD OF PROCESS OF MANUFfACTURE 

PUT TO PRESS •TURNED 
TURNED INTO 

FINE CLOTHS 

OCULATION 

RoquefortI 

Cufiure 
Time 

Acid
Pressure 

Time' 
Pressure 

Time 
Pressure 

Pressure ^ ^ 

No. 
Time ity 

% lbs. 
Time' 

lbs. 
Time 

lbs. NB4'CL. 

ADD ED 
GRAiMS 

32 4-5 200 5-0 200 28..35 

32 4-5 200 5-0 200 35.44 

32 4-5 200 5-0 200 NilL.^ 

32 4-40 •49 200 5-30 300 28 ..35 

32 4-40 .49 200 5-30 300 35 "44 

32 4-40 .49 200 5-30 300 NHL. 

32 4-5 .51 200 NHL. 

32 4-5 .51 200 28.35 

32 4-5 .51 200 35.44 

33 4-10 .52 200 5-0 300 Nil L. 

33 4-10 .52 200 5-0 300i 28«i35 

33 4-10 .52 200 5-0 300 35144 

33 4-45 .58 200 5-30 Nl! L. 

33 4-45 .58 200 5-30 26|,00 

33 4-45 .58 200 5-30 321.50 

33 4-50 .48 TOO 5-30 100 9.A.M. 200 Nk. 
i 

33 4-50 .48 100 5-30 100 9.A.M. 200 24.ebo 

33 4r5?) = .48 100 5-30 100 9 . A . M .  200 2 6 . 6 0  

Individual 

Cheese 

Number 

I 

GREEN CHE: 

Date 
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TABLE 

GREEN CHEESE RIPE CHEESE SCORE OF RIPE CHEESE 

Date 
Weight 

lbs. ozs. 
Date 

Weight 

lbs. ozs. 

Shrink

age 
Flavor 

40 

Texture 

25 

Mold 

Growth 

25 

Color 

10 
Total 

100 

REMARKS 
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EXPERIMENT AERATION BY SUCTION.  

PASTEURIZED MILK STARTER 

Acid- ozs. 

ity Per 
Made Number Held lbs. % Ozs. Added 

Dale Series op_ Min. Weiflht ny Amount Time 

STARTE 

2 1 / 8 / 2 8  4 0 -45 4 6 0  4 . 8  . 8 6  8  3 8  9 - 2 0  

2 5 / 8 / 2 8  4 6 - 5 1  5 0 0  4 . 9  . 8 8  8  4 0  9 - 1 5  

3 0 / 8 / 2 8  5 2 ^ 5 7  5 0 0  . 8 9  6  5 0  9 - 5 0  

6 / 9 / 2 8  5 8 - 6 5  5 0 0  4 . 9  , 7 7  4  2 0  1 0 - 0  

1 2 / 9 / 2 8  6 4 - 6 9  4 7 0  4 . 8  . 8 4  4  1 9  1 0 - 1 5  

1 4 / 9 / 2 8  7 0 - 7 5  5 0 0  4 . 9  . 8 6  4  2 0  9 - 5 0  

1 9 / 9 / 2 8  7 6 - 8 1  5 0 0  5 . 0  . 8 2  4  2 0  9 - 3 0  

I 9 

Average 4 . 8 8 . 8 4 6  5 . 4  
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WENSLEYDALE CHEESE 
RECORD OF PROCESS OF MANUFACTURE 

CHART. 4 , 

MILK AT TIME RENNET ADDED SCALD 
TO STIR 

Rale »CUT 

Rennet Acid- Amount 
Time Ity Rennet of Temp. Ximo Time 

Added r/ a Started m Finished 

STARTER.  • lbs. 

9 - 2 0  °slft 1 8  . 1 9 5  1-30 I5i 10-10 84 10. 5 5  1 1 - 1 5  .125 12- 1 5 . 1 3  1 2 - 3 5  .  

9 - 1 5  "  1 7  . 1 9  1 - 3 0  1 6 ^  9 - 5 0  8 4  1 0 - 3 5  1 0 - 4 0  . 1 2 5  1 2 - 0  . 1 3  1 2 - 2 0  .  

9-50 * '  -2 1 - 3 0  1 6 - 4 0  1 0 - 1 0  8 4  n- 0  1 1 - 2 0  . 1 2 5  1 2 - 2 0 . 1 3 5  1 2 - 4 0 .  

1 0 - 0  "  IT . 1 9 5  1-30 16^ 10-30 8 4  1 1 - 1 5  11-35 .13 12-35.135 1 2 - 5 5 .  

1 0 - 1 5  "  1 8  . 1 9  1 - 3 0  1 5 ^  .  1 0 - 4 5  8 4  1 1 - 2 5  1 1 - 4 5  . 1 2  1 2 - 4 5 . 1 2 5  1 - 0 5 .  

9 - 3 0  "  1 9  . 2  1 - 3 0  1 6 ^  1 0 - 0  8 4  1 0 -45 n - 5  . 1 2  1 2 -5 . 1 2 5  1 2 - 2 5 .  

9 - 3 0  "  1 8  , 2  1 - 3 0  1 5 - - 4 0  1 0 - 0  8 4  1 0 - 5 5  ' ' 1 - 1 5  ' 1 2  1 2 - 1 5 . 1 2  1 2 - 3 5 .  

1 7 . 8 . 1 9 6  8 4  

*Cut three times, allowing 10>minute intervals. 



www.manaraa.com



www.manaraa.com

RE 
TABLE 

SCALD PITCHED WHEV DRAWN ANL TURNED "ToKEr" 

Add- Acid- p|„3| Acid- Hours Acld-^ ^'''''' ^'''''' 

r, Temp. Time Ky Time ^ . Time Hr Time ity Time !tY 1 
% Finished % 95, % 

5 . 1 3  1 2 - 3 5  . 1 5 5  9 0  1 - 1 0 . 1 5  5 - 1 0  1 . 2 0 . 1 5 5 . 1 7  1 - 5 0  . 2 2  2 - 2 0  . 3 3  2 - 4 0  . 3 ^ 5  

. 1 3  1 2 - 2 0  . 1 4  9 0  1 2 ^ . 4 5 ^ 1 4 5  3 - 0 0  1 2 - 5 0 . 1 5  . 1 7  1 - 1 5  . 2 0 5  1 - 3 5  . 2 5  2 - 0  . 3 3  2  

0 . 1 3 5  1 2 - 4 0 . 1 4  91 1-15.145 3-15 1-25 .15.18 1-45 . 2 2  2 - 5  . 3  2 - 2 5  .45 2 

5.135 1 2 - 5 5 . 1 2 5  90 1 - 4 0 , 1 3 5  3-35 2 - 0 5  . 1 5 . 1 6 5  2 - 2 0  .155 2 - 4 0  . 2 4 5  3-5 . 2 7  3 

, 5 . 1 2 5  1 - 0 5 . 1 3  9 0  1 - 5 0 . 1 4  3 - 2 5  2 - 1 0  . 1 4 . 1 6  2 - 4 0  . 1 8  3 - 0  . 2  3 - 2 5  . 2 6  ^  

. 1 2 5  1 2 - 2 5 . 1 3  8 9  1 - 2 0 . 1 3 5  3 - 5 0  1 - 5 0  . 1 4 5 . 1 6  2 - 1 5  . 1 8  2 - 4 0  . 2 3  3 - 0  , 2 5  

5 . 1 2  1 2 - 3 5 . 1 2 5  9 0  1 - 2 5 . 1 3 5  3 - 4 5  1 - 4 5  . H 5 . 1 6  2 - 1 5  , 1 9  2 - 4 5  . 2 4  3 - 0  . 2 8  

9 0  3 - 3 0  . 1 4 8 . 1 6 6  

ntervals. 
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TABLE 

pitched whey drawn Zd'Turned '"eroker" turned 

1  A  ! j  . .  s t a r t  F i n i s h  ^  . . .  . . .  . . .  
I- pinaj Acid- Hours Acid- Acid- , Acid- Acid-

Temp. Time 'ty Time l^y .. Time ity Time ity Time 'W Time ity 

®F. Settino % % % % 7o % 

55 90 1-10.15 3- 1 0  1 . 2 0 . 1 5 5 . 1 7  1 - 5 0  . 2 2  2 - 2 0  . 3 3  2 - 4 0  .3^) 

1 -  9 0  I 2 - 4 5 ; H 5  3 - 0 0  1 2 - 5 0 . 1 5  . 1 7  1 - 1 5  . 2 0 5  1 - 3 5  . 2 5  2 - 0 -  . 3 3  2 - 3 0  . 4 7  

I 91 1-15.H5 3-T5 1-25 . 1 5 . 1 8  1-45 . 2 2  2 - 5  . 3  2 - 2 5  .45 2-40 . 5  

2 5  90 1 - 4 0 , 1 5 5  3-55 2 - 0 5  . 1 5 . 1 6 5  2 - 2 0  .ib5 2 - 4 0  . 2 4 5  5 - 5  . 2 7  3-30 . 3 0  

5  9 0  1 - 5 0 . 1 4  3 - 2 5  2 - 1 0  . 1 4 . 1 6  2 - 4 0  . 1 8  5 - 0  . 2  3 - 2 5  . 2 6  3 - 4 0  . 3 4  

5  8 9  1 - 2 0 . 1 5 5  5 - 5 0  1 - 5 0  . 1 4 5 . 1 6  2 - 1 5  . 1 8  2 - 4 0  . 2 5  3 - 0  . 2 5  

2 5  9 0  1- 2 5 . 1 5 5  5 - 4 5  1-45 .H5.16 2 - 1 5  . 1 9  2 - 4 5  -24 3 - 0  . 2 8  

90 5 - 3 0  .148.166 
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EXPERIMENT AERATION BY SUCTION.  

f-
D:: 

MILLED 

INOCULATION 

Sorlos Add- P- Roqueforll 
Number , Iron n„ Curd Salt Culture 

from Time ^ 
. Test cx, lbs. Ozs, No. 
Sett ng Vc 

40—45 4-35 2-45 .44 6? 16 3/4 32 

46-_51 4_5O 2-40 3/4 .48 70 'ij-k 32 

52—57 4-50 3-0 1 . 5 6  69 17 3 2  

5 8 — 6 3  5-15 3-45 3/4 .38 •74 2 1  3 2  

6 4 - 6 9  5  3 - 4 5  3 / 4  . 3 5  7 0  2 0  3 3  

^  7 0 - 7 5  5 - 1 5  3 - 1 5  3 / 4  . 3 4  7 6  2 1  3 3  

2 
re % H 

I 7 6 — 8 1  5 - 1 0  3 - 1 0  3 / 4  . 2 9  7 6  2 1  3 3  

Average 4-59 4 0 6  
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WENSLEYDALE CHEESE 
RECORD OF PROCESS OF MANUFACTURE 

PUT TO PRESS "TURNED 
TURNED INTO 

FINE CLOTHS 

INOCULATION 

P. Roquofortl Add- Pressure 
Individual 

Culture [i„ Pressure Pressure Pressure Off 
,, Time liy Time Time Number Date 
No, ^ lbs. lbs. lbs. 

70 ' 

3 2  3 - 1 0  . 6 2  1 0 0  4 - 0  1 0 0  5 - 0  2 0 0  8 . 0 0 . P . M .  4 0 —45 

3 2  3 - 1 0  , S 6 = i o o  4 - 3 0  3 0 0  5 - 1 0  8 . 3 0 . P . M .  4 6 — 5 1  

3 2  3 : - ' 2 5  . , 7 ;  1 0 0  4 - 0  1 5 0  8 . 4 0 . P . M l ?  5 2 — 5 7  

3 2  4 - 1 5  . 5 8  3 3  5 - 1 5  1 0 0  9 . 0 0 . P . M .  5 8 — 6 3  

3 3  4 - 1 5  ' 5 3  3 3  5 - o  l o o  9 . 0 0 . p . m .  6 4 — 6 9  

3 3  3 - 4 5  . 5 1  3 3  4 - 3 0  1 0 0  8 . 3 0 . p . M .  7 0 — 7 5  

3 3  3 - 3 0  . 4 1  3 3  4 - 1 5  1 0 0  8 . 0 0 . p . M .  7 6 — 8 1  

.573 
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IRE 
TABLE 

GREEN CHEESE RIPE CHEESE SCORE OF RIPE CHEESE 

Date 
Welflht 

lbs. ozs. 
Date 

We/flht 

lbs. ozs. 

Shrink-

age 

% Flavor 

40 
Texture 

25 

Mold 

Growth 

25 

Color 

10 
Total 

100 

-81 
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EXPERIMENT MADE WITH AND WITHOUT ADDING WATER TO THE MILK.  

PASTEURIZED MILK STARTER 

Date 

Made 

Series 

Number 

op ivifn. Weight 

Held lbs. 

Fat 

% 

Acid

ity 

9r 

O2S. 

Per 

100 lbs. 

Amount 

Ozs. 

Time 

Added 

1 0 / 1 2 / 2 8  

C
O

 

2 0 0  5 . 5  .94 8 '  , 1 6 , :  1 0 - 3 0  

1 1 / 1 2 / 2 8  8 5  1 6 0  5 . 6  .87 8  13 0
 

1 ro
 

0
 

1 2 / 1 2 / 2 8  8 7  1 6 0  C
O

 
ro

 

8  13 10- 0  

J1 4 /12/ 2 8  
0 

89 160 5,2 8  13 10-10 

115/12/28 91 160 5 . 2  8  13 9-55 

"17/12/ 2 8  93 2 0 0  5 . 2  .94 8  1 6  10- 0  

AVERAGE 5.34 .89 

Q 
UJ 

n  1 0 / 1 2 / 2 8  8 2  

2  5 1 1 / 1 2 / 2 8  8 4  

212/12/28 86 
I— 
§  S i  4 / 1 2 / 2 8  8 8  
o I— 

g 315/12/28 9 0  

CL 

O 
LTV 

17/12/28 92 

200 

1 6 0  

1 6 0  

1 6 0  

1 6 0  

200 

5.4 

3.4 

94 8 16 1 0 - 3 0  HANJ 

8 7  8 1'3 1 0 - 2 0  
» i 

82, 8 15 10- 0  
f I 

8 13 10-10 
> I  

8 13 9-55 
9 1 

94 8 1 6  10-0 
1 ; 

Average 3.45 .89 
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WENSLEYDALE CHEESE 
RECORD OF PROCESS OF MANUFACTURE 

CHART. 6 .  

MILK AT TIME RENNET ADDED 
STARTED 

TO STIR 
SCALD 

Rennet Acid-

Test Ity 

sees. 9c 

Rate 

of 

Rennet 

drams 

to 

lbs. 

Amount 

of 

Rennet 
drams 

Time 
Temp. 

®F. 

^CUT 

TIME 

Time 

Acid. 
ity 

% 
Time 

Started 

Acid. 

Ity 

% 
Time 

Finished 

Acid
ity 

% 

HANSEN'S 

» > 

n .195 1 - 3 0  6-- 4 0  n  - 8  8 5  1 1  -45 12-15. 1 2 5  1 - 1 5  .14 1-45 . 1 4  

17 .195 1 - 3 0  5-- 2 0  11 8 5  n  -30 1 2 - 0  . 1 2  1 0
 

•
 

1 - 3 0  . 1 4 5  

1 7  .195 1 - 3 0  5-- 2 0  10- 4 0  8 5  1 1  -10 1 1 - 4 0 .12 12-40.135 1 -10 .14 

17- ,20 1 - 3 0  5' -20 1 0 - 4 5  8 5  11 -17 1 1 - 4 7 . 1 2  12-47.13 1 -17 .135 

1 7 .  . 1 9 5  1 -30 5-- 2 0  10- 3 5  8 5  11 -5 n - 3 0 .12 1 2-30.14 1-0 . 1 5  

1 7  . 2 0  1  - 3 0  6 .  - 4 0  10- 4 5  8 5  11 -15 11- 4 0 .12 12-40.14 1 -10 .14^ 

17 .197 85 

30 

20 

0 

1 0  

55 

0 

HANSEN'S • .19 1--30 6 -- 4 0  11- 8  8 5  11 -45 12-15. 1 2 5  1-15 .135 1 - 4 5  .13' 

10 . 1 9 5  1 -30 5-- 2 0  11 -.0 8 5  11 - 3 0  tv>
 1 0
 
.
 

. —1
 

1- 0  . 1 3 5  1 - 3 0  .14 

10 .195 1 -30 5" - 2 0  1 0 - 4 0  8 5  11. -10 1 1 - 4 0 .1 2  12 - 4 0 . 1 3 5  1 -10 . 1 4  

8  . 2 0  1  -30 5-- 2 0  1 0 - 4 5  8 5  11 -17 11-47.1 2 12- 4 7 . 1 3 5  1 -17 .14 

8  . 1 9 5  1 -30 5' - 2 0  10- 3 5  8 5  1 1  -5 1 1 - 3 0 . 1 3  12- 3 0 . 1 4  1 - 0  . 1 4  

8  .20 1 -30 6 --40 10- 4 5  8 5  11 -15 1 1 - 4 0 . 1 2 5  12- 4 0 . 1 4  1 -10 . 1 4 '  

8.8 .197 85 

*Cul three times, allowino lO-mlnute intervals. 
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TABLE 

SCALD PITCHED WHEY DRAWN 
CUT IN CUBES 

AND TURNED 
TURNED AND 

BROKEN 
TURNED 

î cld-
Ity 

% 

T)mo 

Finished 

Acld-
n y  Final 

Temp. 

"F. 

Time 

Acid- Hours 

from 

% Setting 

Time 

Start 

Acid-

ity 

% 

Finish 

Acid

ity 

% 

Time 

Acid

ity 

% 
Time 

Acid

ity Time 

Acid
ity 

% 
Tim 

4 1-45 . 1 4  8 8  2 -10 . 1 4 5  3-37 2 - 4 5 . 1 5  . 1 8 5  3 -10 . 2 1  5' -45 .325 

35 1 - 5 0  .145 8 8  2-5 .145 3 - 4 0  2 - 4 0 . 1 5 5 . 1 9  5 -10 . 2 4  3' - 4 0  . 3 2 0  

35 1 -10 .H 8 8  1-45 . 1 4 5  3-40 2 - 2 0 . 1 5 5 . 1 9 5  2-45 . 2 4 5  3' -15 . 3 2 0  

5 1 - 1 7  .135 8 8  1 - 5 0  .145 5- 4 0  2 - 2 5 . 1 5 5 . 2 0  2-55 . 2 5 5  3-- 2 5  .55 

1 4  1 - 0  . 1 5  8 8  1-35 . 1 4 5  3-30 2 - 5  .16 . 2 1  2-35 . 2 5  3' -5 .52 

1 4  1 -10 . 1 4 5  8 6 ^  1-47 . 1 4 0  3-35 2 - 2 0 . 1 5 5 . 1 9 5  2 - 5 0  . 2 5  3 - 2 0  .305 

IN  WHEY AT F 

3-37 . 1 5 5 . 1 9 6  

1 3 5  1-45 .135 8 8  2 -10 .155 5-52 2 - 4 0 . 1 4  . 1 6 5  5 - 1 0  . 1 9  5--45- .245 

135 1 - 3 0  . 1 4  8 8  2-5 . 1 4  5-55 2 - 5 5 . 1 4  .16 5 - 0 5  . 2 0 5  5' -35 . 2 7 5  

135 1 -10 . 1 4  8 8  1-45 . 1 4 0  5-55 2 - 1 5 . 1 5  .17 2-45 . 2 1  5' -15 .265 

135 1-17 . 1 4  8 8  1 - 5 0  .15 5 - 4 0  2 - 2 5 . 1 5 5 . 1 8  2-55 .22 3' - 2 5  . 2 9  

1 4  1 - 0  . 1 4  8 8  1-35 . 1 4  5.50 2-5 .15 .175 2-55 . 2 2  5--5 . 2 7 5  

1 4  1 -10 . 1 4 5  8 8  1-47 , 1 4 0  5-55 2 - 2 0 . 1 5  . 1 8  2 - 5 0  . 2 1  3' - 2 0  . 2 6 5  

^/o SA

WNEY AT P 

3-55 . 1 4 8 . 1 7 2  

lid. 
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. PITCHED WHEY DRAWN 
CUT IN CUBES 

AND TURNED 
TURNED AND 

BROKEN 
TURNED TURNED 

Time 

Acid

ity 

% 

Hours 

from 

Setting 

Start Finish 

Acid- Acid-

ity ity 
% % 

Time 

Acid

ity 

% 
Time 

Acid

ity 

% 
Time 

Acid
ity 

% 

Acid-

Time ity 

% 

Z-AO .145 3-37 2-45.15 .185 3 -10 .21 3-45 .325 

2-5 .145 3 - 4 0  2-40.155.19 3 - 1 0  . 2 4  3-40 . 3 2 0  0/0 FAT 

1-45 .145 3 - 4 0  2-20.155.195 2-45 .245 3-15 . 3 2 0  IN  WHEY AT P ITCHiNG 

1-50 .145 3 - 4 0  2-25.155.20 2-55 .235 3-25 .33 . 2 8  

1-35 .145 1
 

0
 

2 - 5  .16 . 2 1  2-35 .25 3-5 .32 .24 

1-47 . 1 4 0  3-35 2 - 2 0 . 1 5 5 .19 5  2 - 5 0  .23 3 - 2 0  .305 .24 

3-37 .155.195 .253 

2 -10 .135 3-52 2 - 4 0 .14 . 1 6 5  3 - 1 0  .19 3-45 .245 

2-5 . 1 4  3-35 2 - 3 5 .14 . 1 6  3 - 0 5  . 2 0 5  3-35 . 2 7 5  0/, FAT IN 

1-45 . 1 4 0  3-35 2 -15.15 . 1 7  2-45 . 2 1  3-15 . 2 6 5  WHEY AT PITCHING 

1 - 5 0  . 1 5  3-40 2 - 2 5 . 1 5 5  . 1 8  2-55 . 2 2  3-25 . 2 9  .14 

1-35 . 1 4  3.30 2-5 .15 .175 2-35 . 2 2  3-5 . 2 7 5  .14 

1 - 4 7  . 1 4 0  3-35 2 - 2 0 .15 .18 2 - 5 0  . 2 1  3 - 2 0  . 2 6 5  .13 

3-35 .148.172 .136 
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50 PER CENT ACIDlFlED 

WATER ADDED.  

Continued from Table CHART 5 

VO <X> OO 
ro o oo 

vn vji vn 
I  1 1 1  —» ro —' —' 
4̂  o o o 

4̂  V>1 VM 
1 1 1 

4̂  \J1 
v_n 

_i 
Ki wl- v» 

• rn 4̂  Vjvl V>1 • 9 
4̂  VM VJvl 
v_n -<1 vn 

V>1 ro rN3 
«x> -q 

00 --3 CTl 
— —1 V_N1 

3> 
< 

00 OO 00 m cr> 4̂  ro 
>-

0 
m 
4̂  

1 1 3 1 .—t —i ro VJT 
0 0 ro 4̂  

V-M 4̂  4=-
1 1 1 
W1 —1 V>1 
0 0 0 
-* .—1 ro 
Vf-J 
4̂  4̂  • • 
• « VjJ 
V>J V_N| 4̂  CTi 
"o-i V>J VJl 
VJI VJI 
ro r>o v>J 
-o VJl 

i\̂ - r\Dl-

CTi cn 
 ̂V>J CD 

4̂  4::=̂  4̂  4i>. 

VwN V-M 
V-M VM ro ro ro 

CONTROL.  

m 
X 
TJ 
m 
;o 
•M4 

m 
z  
H 

3> 
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WENSLEYDALE CHEESE 
RECORD OF PROCESS OF MANUFACTURE 

PUT TO PRESS 'TURNED FUTE''CLOTHS GREEN C 

INOCULATION 
_ _ . _ Individual 
p. Roqueforll Pressure Randaned Cheese 

Culture iiy Pressure Pressure , Pressure Off m u 

No. 'I lbs. lbs. lbs. 

PER 
CHEESE.  

32 4-25 50 3/1/29 

32 4-TO 50  

3 2  3-55 5 0  

33 4-5 50 • 

33 3-45 50 

33 4-5 50 

3 2  4 - 5 0  . 4 8  5 0  3 / 1 / 2 9  

3 2  4 - 2 5  50 3/1/29 

3 2  4 - 1 0  5 0  

3 3  4 - 2 0  5 0  

33 4-5 5 0  

33 4-50 50 " . 
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I E  

TABLE 

GREEN CHEESE RIPE CHEESE SCORE OF RIPE CHEESE 

jat 

Date 
Welflht 

fbs. ozs> 
Date 

Weioht 

fbs. 02S. 

Shrink
age 

9c l-'lavor Texture 

40 25 

Mold 

Growth 

25 

Color 

10 
Total 

100 

REMARKS 

3/1/29 29—2 

"  24—0 

23—10 

23—H 

2 5  — 1  0  

29—10 

3/1/29 30--2 

3/1/29 23--8 
f J 23--6 

$ 9 23--2 
t 9 

24--12 
9 9 

29--8 
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EXPERIMENT CITRATES NOT ADDED, 

EXPERIMENT 

PASTEURIZED MILK STARTER 

Date 

Made 

Series 

Number '  

Min. 

Held 

Weiflhi 

lbs. 

Fat 

% 

Acid-

fty 

'7c 

Ohs. 
Per 

100 lbs. 

Amount 

Ozs. 

Time 

Added 

29/12/26 1 HO 30  200 4 .7  . 7  8  16 10 

4/ 1/27 3  200 •  4 . 7  . 85  8 16 10 

22/ 2/27 5 200 4 .8  . 79  8  16 9-50  

9/ 3/27 8  200 4 .7  .87 8 16 9 .45  

15/ 3/27 10 200 4 .8  .82 8 16 9-45  

22/3/27 1  2 200 5 .0  . 96  8 16 9-30  

20/4/27 14  200 4«6  .82 8 • 16 

0
 

1 

25/4/27 15  200 4.8 .9 8 16 9-4  

28/4/27 1?  200 4 .9  . 92  8  16 9-30  

10/5/27. 19  200 4 .9  1 .0 8  16 9-10 

Average 
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WENSLEYDALE CHEESE 
RECORD OF PROCESS OF MANUFACTURE 

Chi^Rl ]. 

MILK AT TIME RENNET ADDED 
STARTED 

TO STIR 
SCALD 

Time 

Added 

STARTER 

Rennet 

Test 

sees. 

Acid

ity 

% 

Rate 

of 

Rennet 

drams 

to 

lbs. 

Amount 

of 

Rennet 

drams 

Time 

•CUT 

TIME 

Time 

Acid
i ty Time 

^ Started 

Acid

ity 

% 

10 D 144 20 .18 1-40 5 10-45 84 11-55 12-20 .10 1-20 .12 

10 0.1.44 21 .175 1-40 5 10-45 84 11-30 11-55 .1112-50 .12 

9-50 0 144 17 .22 1-40 5 10-50 84 11-45 12-5 .14 1-5 .155 

9.45 0 144 18 .215 1-40 5 10-45 84 11-40 12 -0 .14 1-Q .15 

9-45 

9-50 

9-50 

Time 

Finished 

D 144 

D 144 

D 144 

17 .22 1-40 5 

17 .215 1-40 5 
FULLWOOD AND BLAND 

28 .21 1-30 6k 

10-45 84 11-4-5 12-5 .135 1-5 .145 1T25 

10-30 84 11-30 n-50 .14 12-50.145 1-1C 

10-50 84 11-35 11-55.145 12-55 .15 1 t1^ 

9-40 0 144 

9-30 

9-10 

D 144 

D 144 

HANSEN'S 
17 .2 1-30 7 10-35 84 

17 .21 1-30 7 10-0 84 

16 .22 1-30 7 9T35 84 

n-15 11-35 .13 12-35 .14 12-5^ 

10-55 11-15 .14 12-15 .15 12-3^ 

10-15 10-35.135 11-35 ".15 11-5^ 

*Cui three itmes, allowing lO^minute intervals. 
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5E 

CTURE 
TABLE 

SCALD PITCHED WHEY DRAWN 
CUT IN CUBES 

AND TURNED 

TURI^ED AIMD 

BROKEN 
TURNEl 

Tfme 

Started 

Acid

ity 

% 
Time 

Finished 

Acid-

ity 

% 

Final 

Temp. 
° F .  

Time 

Acid

ity 

% 

Hours 

f r o m  

Setting 

Start Finish 

Acid- Acid-

ity Ity 

% % 
Time 

Acid

ity 

% 
Time 

Acid

ity 

% 
Time 

1-20 .12 1.45 .125 88 2-05 .13 3-15 2-35.135.15 3.20 .21 3-35. .24 4-00 

12-50 .12 1-10 .125 88 1-30 .13 2-45 2-00.135.14 2-20 .17 2-45 .20 3-OS 

1-5 .155 1.25 .155 88 1-50 .155 3-50 2-30.16 .18 3 . 0  .22 3-20 .26 3 - 4 0  

1-0 .15 1-20 .15 88 1-55 .155 3.30 2-15.155.165 2-45 .2 3-15 .24 

IV5 .145 1t25 .15 88 2-10 .155 3-25 2-20.165,17 2-50 .2 3.20 • 23 ^-5C 

12-50 .145 1-10 .15 88 1-55 .155 3-40 2.10.16 .175 2-40 .21 3-10 .24 3.40 

12-55 .15 1T15 .155 88 1 -40 .165 3-45 2-15.165.19 2-45 . 2 4  3-5 .2» 3-25 

12-35 .u 12-55 .14 89 1-45 .15 3-20 1-55.165.175 2-25 .21 2.55 . 2 7  3 . 2 5  

12-15 .15 12-35 .15 88 1-20 .16 3 . 3 0  1 .30.165.185 2.0 .2 2.30 . 2 4  3.0 

11-35 / .T5 11-55 . 1 6  89 12-25 .16 3 12-35.16 .17 1.5 .2 1.35 . 2 4  2 . 5  

10-mlnule Intervals. 
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TABLE 

PITCHED WHEY DRAWN ANVTURNED """BROKEr" 

'''• Final 

^ Temp. 
0 op 

Time 

Acid

ity 

% 

Hours 

from 

Setting 

Start Finish 

Acid- Acid-

ity ily 

% % 
Time 

Acid

ity 

% 
Time 

Acid

ity 

% 
Time 

Acid

ity 

% 

Acid-

Time ity 

25 88 2-05 .13 3-15 2-35.135.15 3 .20 .21 3-35 .24 4-00 .30 

25 88 1-30 .13 2-45 2-00.135.14 2-20 .17 2-45 .20 3-05 . 2 4  3-30 .2q 

55 88 1-50 .155 3-50 2-30.16 .18 3.0 .22 3-20 .  26 3-40 .3 

15 88 1-55 .155 3.30 2-15.155.165 2-45 .2 3-15 .24 3-/1^ . 2 «  

15 88 2-10 .155 3-25 2-20.165.17 2-50 .2 3.20 .23 3-50 . 2 7  

15 88 1-55 .155 3-40 2.10.16 .175 2-40 .21 3-10 .24 3.40 . 2 7  

35 88 1 -40 .165 3-45 2-15.165.19 2-45 .24 3-5 . 2 a  3-25 • 31 I 
0

 

U 89 1-45 .15 3-20 1-55.165.175 2-25 .21 2.55 .27 3.25 

15 38 1-20 . 1 6  3.30 1 .30.165.185 2.0 .2 2.30 .24 3.0 .3 

16 89 12-25 .16 3 12-35.16 .17 1.5 .2 1.35 .24 2.5 . 2 7  2 - 3 0  - 2 9  
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EXPERIMENT CITRATES NOT ADDED. 

MILLED 

Series 

Number 
Hours 

from Time 

Setting 

Iron 

Test 

Acid

ity 

% 
Curd 

lbs. 

Salt 

Ozs. 

INOCULATION 

P. Roquefort! 

Culture 

No. 

1 5-30 4-15 3/4 .36 34 8-^ 16 

3 5-15 4-00 3/4 .39 31 8 16 

5 5-10 4-00 3/4 .32 34 8^ 16 

• uc 
>=Z 
zc 

H 
E 

8 5-15 4-00 3/4 .33 32 8 16 

10 5-20 4-5 3/4 .31 33 8 16 

12 5-40 4-10 3/4 .29 33 8 1/4 16 

14 5-30 4-0 3/4 .37 31 8 16 

15 5-5 3-40 3/4 30 74 16 

17 5-0 3-0 3/4 .31 51 Ih. 16 

19 5-0 2-35 3/4 .3 31 7 3/4 16 

Average 
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CULA 

Roque 

Cultui 

No. 

16 

16 

16 

16 

1 6  

16 

i6 

16 

16  

1 6  

WENSLEYDALE CHEESE 
RECORD OF PROCESS OF MANUFACTURE 

PUT TO PRESS •TURNED 
TURNED INTO 

FINE CLOTHS 

Time 

Acid

ity 

% 

Pressure 

lbs. 
Time 

Pressure 

lbs. 
Time 

Pressure 

lbs. 

Pressure 

Off 
Bandaged 

individual 

Cheese 

Number 

4-30 .49 50 5-05 50 

4-25 .60 50 5-00 50 

.52 

30/12/26 
9.A.M. 9-10.A.M. 
6 /1/27 

11 .A.M. 11-15.A.M. 

4-30 .45 50 5-5 100 

4-25 .44 50 5-0 100 9.P.M. 

4-35 .45 50 5-0 100 9.30 "  

4-20 .62 50 5-0 150 9.P.M. 

4-5 • 64 100 5-0 150 9.P.M. 

3-20 .54 100 4-0 150 9.P.M. 

2-50 .49 100 3-50 , 200 0
 
0
 

10,P.M. 

WHEY 38 

VERY FAS 

VERY FAS 

FOR WEIGHTS OF CHEESE SEE SEPARATE TABLE 

ALL CHEESE SCORED SEPT,,20.,1927. 
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HEESE 
\NUFACTURE 

GREEN CHEESE RIPE CHEESE SCORE OF RIPE CHEESE 

Bandaged 

Individual 

Cheese 

Number 

26 
,  g - ' iO ,A ,M,  
'-7 
/ I .  11 -1  5 .  A .M.  

Date 
Weight 

lbs. 02s. 
Date 

Weight 

lbs. ozs. 

Shrink-

age 

9i Flavor 

40 

Texture 

25 

Mold 

Growth 

25 

Color 

10 

Total 

100 

30 N I L .  10 55 

30 N I L .  10 56 

3T 16 N I L - 9 56 

WHEY 38  29 18 Nl  L  10 57 

30 20 Ni  1 L .  10 60 

r  9 30 19 Nl  L .  10 59 

VERY FAST AFTER WHEY OFF.  28 16 Nl  L .  10 54 

VERY FAST AFTER F IRST TURNING.  29 19 Nl  L .  10 58 

30 20 Nl  L .  10 60 

YI. 11.5.27. FAIRLY GOOD PROCESS THROUGHOUT,  30 20 Nl  L .  9 59 

E SEPARATE TABLE 
r on 1 norr 



www.manaraa.com



www.manaraa.com

TABLE 

iESE RIPE CHEESE SCORE OF RIPE CHEESE 

Weight _ ^ Weight 
Date ,, 

lbs. 02S. lbs. 02S. 

Shrink-

age 
% navo. Texture 

25 

Mold 

Growth 

25 

Color 

10 

Total 

100 

REMARKS 

30  15  N I L .  10 55 T.  DRY AND CLOSE.  

30 IF  N I L .  10 56  T.  DRY AND CLOSE.  

31  16 N I L .  9  56 T.  SLIGHTLY CLOSE 

29 18 N I L  10 57  T.  OPEN AND LEAKY-

30  20 N I L .  10 60 F.  CLEAN AND FAIRLY OPEN 

30  19 N I L .  10 59  T.  CLOSE.  

WHEY OFF.  28 16 N I L .  10 54  T.  VERY DRY.  

F IRST TURNING.  29 19  N I L .  10 58  T.  CLOSE.  

30  20 N I L .  10 60 T.  OPEN.  

ROCESS THROUGHOUT.  30  20 N I L .  9  59  T.  A L ITTLE CLOSE.  
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EXPERIMENT CITRATES ADDEDo 

PASTEURIZED MILK STARTER 

EXPERIMENT 

Date 

Made 

Series 

Number 

Mln. 

Held 

Welflht 

lbs. 

Fat 

% 

Acid

ity 

% 

Ozs. 

Per 

100 lbs. 

Amoun 

Ozs. 

Time 

Added 

30/12/26 2 140 50 200 4.7 .75 8 16 10. 

i h l i i  4 200 4.6 .85 8 16 9.45 

24/2/27 6 200 4.8 .78 
0 
0 16 9-30 

3/3/27 7 200 4.9 .9 8 1 c 
C L 0

 

1 

10/3/27 9 200 5 . 0  .91 8 -J 
9-30 

17/3/27 n 200 4 . 9  .76 8 

0
 1 

24/3/27 •13 200 4 . 9  .88 8 K 9-20 

27/4/27 16 200 4.7 .8 8 16 9-30 

29/4/27 18 200 .91 8 16 9 - 1 5  

20 200 5 .91 8 16 9-0 

Average 
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WENSLEYDALE CHEESE 
RECORD OF PROCESS OF MANUFACTURE 

CH^RT 2 . 

MILK AT TIME RENNET ADDED 
STARTED 

TO STIR 
SCALD 

Time 

Added 

STARTER 

10. D 144 

9.45 D 144 

9-50 D 144 

Rennet Acid-

Tost ity 

Rate 

of 

Rennet 

drams 

to 

lbs. 

Amount 

of 

Rennet 

drams 

Time 
Temp. 

®F. 

'CUT 

TIME 

Time 

Acid

ity 

% 
Time 

Started 

Acid

ity 

% 

Time 

Fin)sh( 

40 .20 1.30 6 2/3 1-50 84 3-20 3-40 .185 3-55 .19 4-c 

35 .18 1-40 5 

.21 1-40 5 

12-15 84 1-10 1-35 .n 2-10 .15 2-2 

10-3084 VERY SOFT COAGULUM TOO 

6 10-43 D-144 .235 1-40 5 11-43 84 12-40 1-0 •
 

co
 

RO
 

1 0
 

.19 2-2 

6 9-30 D 144 1-40 5 

1 
0
 

1 0
 

0
0
 

11-25 11-45 .175 12-45 .185 1-^ 

6 9-30^ D 144 1-40 5 10-30 84 11-45 12-5 .18 1-5 .195 1-2 

c. 9-20 D 144 .26 1-40 5 10-25 84 11-25 11-45 .18 12-45 .19 1-^ 

6 9-30 D 144 

6 9-15 D 144 

6 9-0 D .144 

.27 1-30 7 

1-30 7 

1-30 7 

10-25 84 n-20 11-35 .18 12-35 .19 12-^ 

9-45 84 TO-40 11-0 ,18 12-0 .19 12-2 

9-25 84 TO-IO 10-30 .18 11-30 .">9 11-^ 

•Cut three times, allowlnn 10-mlnulo Intervals 
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TURE 
TABLE 

SCALD PITCHED WHEY DRAWN 
CUT IN CUBES 

AND TURNED 

TURNED AND 

BROKEN 
TURNED 

Time 

Started 

Acid* 

ity 

% 
Time 

Finished 

Acid* 

ity 

% 

Final 

Temp. 

° F .  

Time 

Acid

i t y  
% 

Hours 

from 

Scttino 

Time 

5-55 .19 4-05 .20 88 4-05 .20 1-30 4-10 

2-10 .15 2-25 .155 88 2-35.155 2-05 
0

 

1 
C

V
J 

OAGULUM TOO SOFT TO CUT <L .C.>  

2-0 .19 2-20 .19 88 2-40 .19 3-0 2-45 

2-45 .185 1-5 .19 88 1-40 .19 3-10 1-45 

1-5 .195 1-25 .2 88 2-0 .2 3-30 2-10 

2-45 .19 1-5 .2 89 1-35 .2 3.20 1-45 

2-0 .19 12-20 .2 88 1-5 . 2  

start Finish 

Add- . Acid

ity ity 

% % 

1-30 .19 n-50 .2 90 12-55 .2 

3-30 1-15 .2 .21 

3-10 12-40 .2 .21 

Time 

Acid' 

Ity 

% 
Time 

Acid

ity 

% 
Time 

3-15 .21 5-45 .24 4-15 

2-15 .2 2-45 .23 3-15 

2-40 .22 3-10 .25 5-40 

2-15 .23 2-45 . 26 5-15 

2-30 .26 3-0 .52 3 - 2 C  

1.45 .24 2-15 .29 2-30 

1-10 .23 1-40 . 2 6  2-10 

•minute lnterval$< 
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TABLE 

PITCHED WHEY DRAWN 
CUT IN CUBES 

AND TURNED 

TURNED AND 

BROKEN 
TURNED TURNED 

i-
Final 

Temp. 
°F. 

Acid-

Time Ity 

% 

Hours 

from 

Settino 

Time 

start Finish 

Acid- . Acid

ity ily 

% % 
Time 

Acid

ity 

% 
Time 

Acid* 

ity 

% 
Time 

Acid

ity 

Acid-

Time 'ty 

6 88 4-05 .20 1-30 4-10 .23 .25 4-25 .33 4-40 .40 

55 88 2-35 J 55 2-05 2-50 .160.15 3-10 .23 3-25 .26 3-40 .33 

T TO CUT <^L.C.> 

9 88 2-40 .19 5-0 2-45 .19 .19 3-15 .21 3-45 .24 4-15 .27 

9 88 •  1-40 .19 3-10 1-45 .19.195 2-15 .2 2-45 . 2 3  3-15 .2h 5-40 .29 

88 2-0 .2 5-30 2-10 .2 .2 2-40 .22 3-10 .25 3 - 4 0  
.26 

89 1-35 .2 3.20 1-45 .2 .205 2-15 . 2 3  2-45 .26 3-15 .3 3-4C .33 

89 1-55 -21 3-35 2-0 .215.225 2-30 .26 5-0 .32 3-2G . 3 6  

88 1-5 .2 3-30 1-15 .2 .21 1.45 .24 2-15 .29 2-50 .31 

90 12-55 .2 3-10 12-40 .2 .21 1-10 .23 1-40 .  2fi 2-1 0 .28 
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Continued from Table CHART 2 . 
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WENSLEYDALE CHEESE 
RECORD OF PROCESS OF MANUFACTURE 

INOCULATION 

P. Roqueforll 

Culture 

No. 

PUT TO PRESS 

Time 

Acid

ity 

% 

Pressure 

lbs. 

'TURNED 

Time 
Pressure 

lbs. 

TURNED INTO 

FINE CLOTHS 

Time 
Pressure 

lbs. 

Pressure 

Off 
Bandaged 

Individual 

Cheese 

Number 

/4 

15 

16 

5-05 .52 50 5-35 50 

4-10 .61 50 4-40 50 

NOT COMPLETED. 

31/12/26 
10.30.A.M. 11 .A.M. 
7/1/27  ̂

3.00.P.M. 4.P.M. 

/4 

16 5.0 .4 50 5-30 100 9.P.M. 

16 4.30 .41 50 5-0 100 9TP.M. 

16 4.20 .46 50 4..45 100 8.P.M. 

16 4-15 .5 50 5-0 100 9-PMM. 

16 4-0 .53 100 5~o 150 lO .P .M.  

16 3-10 .46 100 4-0 150 8,30.P.M 

16 . 2-35 .38 150 3-30 

0
 

0
 

8.P.M. 

WHEY .36 

VER^ 

NICER CURD THAN 

FAIRLY FAST 

FAIRLY FAST 

FAIRLY GOOD 

FOR WEIGHTS OF CHEESE SEE SEPARATE TABLE. 

ALL CHEESE SCORED SEPT.20.,1 927, 
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:sE 

-ACTURE 

TABLE 

GREEN CHEESE RIPE CHEESE SCORE OF RIPE CHEESE 

Individual 

d Cheese ,,, . . . ,1, , . .  
^ Woiflhl „ , Weight 

Number Date Date 
lbs. ozs. lbs. ozs. 

Shrink

age 

% Flavor 

40 

Texture 

25 

Mold 

Growth 

25 

Color 

10 

Total 

100 

»A •  ROTT 

P . M .  28 16 N I L  9  53  T .DRY 

WHEY .36  31  20 N I L  10 61 T.  MCI  

29  i t t  N I L  10 57 T .  LEA 

VERY SOFT AND WET CURD.  30  20 N I L  10 60 F.  CLE 

CER CURD THAN NO,  11 . ' 'FAIRLY FIRM CURD' .  > 30 19  N I L  10 59 T .  CLU 

FAIRLY FAST.  30  20 N I L .  10 60 T.  UPE 

FAIRLY FAST BUT CHECKED.  30  20 N I L  10 60 F.  CLE 

FAIRLY GOOD PROCESSS THROUGHOUT.  30 20 N I L  9  59  T .  OPE 

SEPARATE TABLE.  

,1927. 
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TABLE 

ripe cheese score of ripe cheese 

Oht 

ozs. 
Date 

Weight 

lbs. ozs. 

Shrlnk-

noQ 

% Flavor Texture Color Total 
40 25 Growth 

25 

REMARKS 

ROTTEN. 

28 16 N I L  9 55 T.ORY CLOSE.C.SLIGHTLY BROWf 

NO WET CURD, 

"FAIRLY FIRM CURD'/ 

CKED. 

S THROUGHOUT. 

31 20 N I L  10 61 T. MOIST AND OPEN. 

29 1« NIL 10 57 T. LEAKY AND OPEN. 

30 20 N I L  10 60 . F. CLEAN AMH OPEM. 

30 19 N I L  10 59 T. CLOSE • 

30 20 N I L  10 60 T. OPEN. 

30 20 N I L  10 60 F. CLEAN . T. OPEN. 

30 20 N1 L 9 59 T. OPEN, 
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