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The amount of moisture present is luaown to be important in the ripening of cheese. Sammis and Germain (11) have shown that, in Cheddar
cheese, ripening is influenced by the ratio of moisture to solids-not-fat, and
they pointed out that bacterial growth and chemical changes are more rapid
in high-moisture cheese than in cheese that contains relatively less moisture.
Van Slyke and H a r t (13) showed that, in Cheddar cheese, an increase in
the percentage of moisture " f avor s active chemical changes in the process
of ripening," and attributed the increased ripening to the effect of moisture
in diluting the products of fermentation and increasing the activity of bacteria and enzymes.
Excepting papers in Swiss journals describing work of Koestler (7),
Dorner and St~hli (4), and 0rla-Jensen (9), very little has been reported
on the control of moisture in Emmentaler or Swiss cheese and the effect of
moisture content on quality. Koestler showed that a finely-harped curd
tends to retain moisture, and that the presence of cheese dust tends particularly to cause high moisture content, leading to excessive fermentation,
oversetting, and generally defective ripening. Dorner and St~hli expressed
the belief that an insufficient rate and amount of drainage is a common
cause of defects, and that when high moisture content results in excessive
final acidity, the low pH (high acidity) prevents the formation of normal
eyes and causes the curd to be firm and " s h o r t " so that cracks appear instead of eyes during the ripening. A similar observation has been referred
to in a previous publication (2) from these laboratories. 0rla-Jensen
found that the use of high cooking temperatures tends to dry the cheese
curd in the kettle, but at the same time results in an inhibition of the ripening and a decrease in the rate of eye formation.
The following data on the percentage of moisture in normal Emmentaler
cheese are taken from foreign literature. For green cheese: In 18 cheeses
(averaging approximately 50 per cent fat in dry matter), average percentage of moisture, 37.08 (7) ; in 1 cheese, 43.99 (15) ; in 1 cheese, 40.92 (1) ;
average of 20 green cheeses, 37.62 per cent moisture. For cured cheese:
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I n 4 cheeses, 34.71 (15) ; in 5 cheeses, 35.78 (1) ; in 4 cheeses, 36.05 (8) ; in
259 cheeses, 35.19 (12); in 14 cheeses, 35.34 ( 7 ) ; average of 286 cured
cheeses, 35.21 p e r cent moisture. Winkler (16), in a discussion of this subject, stated that 33 to 35 per cent is a desirable range of moisture content,
and t h a t 38.2 per cent ought to be the u p p e r limit. Orla-Jensen (9) has
given values between 35 and 36.5 p e r cent as being representative f o r cured
E m m e n t a l e r cheese.
Comparison of a large amount of data obtained in analyzing domestic
Swiss cheese with the data cited above indicates that, even though E m m e n taler cheese is cured longer than domestic Swiss cheese, much of our Swiss
cheese is a b n o r m a l l y high in moisture content in comparison with E m m e n taler cheese of similar age. There is a belief in some quarters, expressed
p a r t i c u l a r l y b y cheese dealers, t h a t the practice of incorporating excessive
amounts of moisture in this and certain other varieties of cheese is detrimental to quality. On the other hand, it is commonly believed t h a t the presence of a high percentage of moisture is accompanied by a proportionate
increase in yield, although no data on this subject have been published.
The purpose of this p a p e r is to present a r e p o r t of information collected
in a s t u d y of some of the factors causing variations in the amount of moisture in Swiss cheese and the effects of moisture content upon quality and
yield.
I~ETHODS

I n the laboratory experiments, two cheeses were made daily f r o m two
lots of the same milk, u n d e r conditions and b y methods as nearly as possible
like those prevailing in the factories. The milk used in each kettle was
weighed accurately in a receiving tank. Each cheese was weighed, and the
percentage of moisture in the interior was determined, both when the cheese
was one d a y old and when it was cut and graded. Both cheeses of each
p a i r were made and cured in the same m a n n e r except for the experimental
variation which was being studied. P l a n s were made to m a n u f a c t u r e not
less t h a n 3 pairs of cheese u n d e r each experimental variation and, if the
results were found to be inconsistent or if other i m p o r t a n t phases of the
subject required more study, additional pairs were to be made so t h a t averages for a larger n u m b e r would be secured. Moisture data for green as well
as cured laboratory cheese are presented, because it is believed t h a t the
f o r m e r data are more representative of the effects of variables in the making
process.
L a b o r a t o r y cheeses were scored by an arbitrary, numerical scorecard
system, which is intended to correspond as nearly as possible with the grading systems used b y buyers and cheesemakers in the factories, and in which
the relationship between grade and score is as follows: Fancy, 100 to 89; A
or No. 1, 88 to 76; B or Special, 75 to 71; C or No. 2, 70 to 61; and D or
Grinder, 60 or below. The principal points on the scorecard used, together
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with the numerical value assigned to each, are as follows : eyes, 40 ; body and
texture, 30; flavor, 20; and appearance, 10.
The data reported for f a c t o r y cheese represent results obtained in the
B u r e a u ' s portable laboratories, operating at factories in the States of Wisconsin and Ohio in cooperation with the Universities of these two States,
and other results obtained in a factory in Pennsylvania. The s t u d y covers
data on 226 cheeses made in 8 factories in Wisconsin, 160 cheeses made in
23 factories in Ohio, and 32 cheeses made in 1 factory in P e n n s y l v a n i a - - a
total of 418 cheesds made in 32 factories. I n the case of f a c t o r y cheese the
milk used in each cheese was not weighed and it was therefor no% possible
to obtain accurate figures for yield ; neither was it feasible to obtain samples
for analyses except at the time the cured cheeses were graded and sold.
RESULTS
Statistical averages of data for 218 laboratory Swiss cheeses are presented
in table 1, showing the relation of percentage of moisture in green cheese to
TABLE 1
Data showing average score and yield of experimental Swiss cheese of different moisture
content (218 60-lb. cheeses cured 2 - i / 2 to 3 months)

Moisture in
green cheese
per cent
&bove 39.7
~9.1-39.7
38.5-39.1
37.9-38.5
Below 37.9

Number
of
cheeses

Average
total
score

Average
eye
score

15
27
63
80
33

65.4
74.8
74.6
74.0
73.4

16.8
24.0
23.7
22.8
22.3

Pounds cheese
per cwt. milk
Green t Cured

Shrinkage
in curing
p~r ce~t

8.98
8.80
8.85
8.82
8.89

8.14
7.98
8.04
8.04
8.12

9.35
9.32
9.15
8.84
8.66

total score, eye score, yield of cheese per h u n d r e d pounds of milk, and
shrinkage of cheese in curing. Each cheese weighed between 56 and 61
pounds when made. Data in which the experiments involved abnormal
variations are not included in the tabulations in table ],--/.e., cheese made
from unclarified milk (table 3, variation No. 10), cheese made from milk
which had been ripened with lactic starter (variation No. 6), and cheese
made without the use of streptococcus starter (variation No. 1) are excluded.
The data indicate that a percentage of moisture above 39.7 in the green
cheese is usually detrimental to the quality of the cheese. This detrimental
effect was most evident in the eye formation. The defect known as " o v e r setting," a condition in which the eyes are too numerous and too small, was
very pronounced in most of the high-moisture cheeses, and they usually
tended to rise more rapidly and to a greater extent than low-moisture
cheeses. Along with poor eye formation there often oecurred, in highmoisture cheeses, a defective flavor usually characterized as " u n c l e a n . "
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Relationships between actual and theoretical yields, both for green and
cured cheese, are shown in figure 1. The theoretical yields shown in line
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FIG. 1. Data showing average yield of experimental Swiss cheese of different moisture content (218 60-lb. cheeses).

2 are the yields that would be expected if the average yield of cheese in each
moisture group was strictly proportional to the percentage of moisture.
[The theoretical yield values were calculated by multiplying the average
yield of cheese (green, 8.86 pounds ; cured, 8.04 pounds) by the average percentage of dry matter (green, 61.45 per cent; cured, 63.81 per cent), and
dividing the result by the percentage of dry matter in each respective moisture group.] A comparison of theoretical yields with actual yields shows
that as the percentage of moisture in the cheese increased, the increase in
yield was not proportional to the increase in percentage of moisture; as the
percentage of moisture decreased, the actual yield was greater than the
theoretical yield.
The data were therefore tabulated to determine the relationships between
percentage of fat in kettle milk, percentage of moisture in cheese, and yield
of cheese. The results shown in figure 2 indicate that as the percentage of
fat in the kettle milk increased, the percentage of moisture in the green
cheese tended to decrease. This fact has been pointed out previously by
European workers (3, 9, 12, 16). It is indicated also in figure 2 that as the
percentage of fat in the kettle milk increased, the yield of cheese tended to
increase in spite of the decrease in moisture content.

909

R E L A T I O N S H I P OF ~[OISTURE I N S W I S S CHEESE
925

39.9

u~

''"""~

38.7

~.

.........

9.00 ,.~,~

8=
~

4

;~'z:
o z 39~3 t

~ P E R MOISTUREt
C E N T GREEN CN'EESE

c~ x

~w

o-~: 38.1
o z

>-z

~ ~.s

8.00 m

37.7

BELOW 3.0
AV. 2.97

3.0-3.09
AV. 3 . 0 1

T.75 ~

5.l-3.19
3.2-3.29 3.3-339
3.4°3.49
AV.:3.1"~
AV. 3.22 AV. ~,30
AV. 3.41
PERCENTAGE OF FAT IN KETTLE MILK

$.50 OR ABOVE<
>
AV. 3,72

FIG. 2. Data showing average percentage of moisture and average yield of experimental Swiss cheese made from milk of different fat content (218 60-lb. cheeses).

Tabulation of data for 45 laboratory cheeses made from milks containing
the same percentage of fat (3.1 per cent) indicated that, when the factor of
fat variations in milk is eliminated, there is some increase in yield of cheese
as moisture content increases, but the increase in yield is not proportional
to the increase in moisture content. Cheeses in this group containing less
than 35.0 per cent moisture when cured had an average cured yield of 7.92
pounds; those containing more than 38.0 per cent moisture had an average
cured yield of 8.33 pounds.
While it is possible that the above results are not strictly typical of yields
that may be expected to occur in factory cheese, for the reason that losses
in moisture and in yield are smaller per unit of weight in the larger wheels,
it is believed that the trends in the two cases are similar and that variations
in the milk or making process will produce similar effects in the yield of
green cheese in either case. Effects of m a n u f a c t u r i n g variations upon yield
will be r e f e r r e d to below.
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FIG. 3. :Relation of moisture content to quality of Swiss cheese (418 factory cheeses
cured approximately 2½ months).
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Averages of data on moisture and quality for 418 factory cheeses are
shown in figure 3. These data tend to confirm the laboratory results. The
proportion of cheese of the A and B grades (good cheese) was relatively
high in those cheeses which contained less than 37 per cent m o i s t u r e - - a
figure which corresponds best with figures quoted above for foreign Swiss or
E m m e n t a l e r cheese. Similarly, the proportion of cheese of the grinder
grade (poor cheese) increased progressively as the average percentage of
moisture increased from below 37 to above 41 per cent.
The average percentage of moisture in the 418 factory cheeses was 39.40.
Averages of moisture data for the cheeses in each of the four grades were
as follows: A, 55 cheeses, 38.70 per cent; B, 119 cheeses, 39.30 per cent; C,
156 cheeses, 39.46 per cent; and D, 88 cheeses, 39.88 per cent. These figures
show a consistent downward trend in quality as moisture content increased.
Average moisture figures and grades were also tabulated for each factory.
These were divided into two groups, as follows: (a) 8 factories in each of
which the average percentage of moisture in the cheeses sampled was greater
than 39.4 per cent, and (b) 24 factories in each of which the average percentage of moisture in the cheeses sampled was less than 39.4 per cent. Of
226 cheeses sampled in the first group (moisture above average), 31.0 per
cent were graded No. 1 or special, corresponding to A or B grade (good
cheese) ; 39.4 per cent were graded No. 2, corresponding to C grade; and
29.6 per cent were graded grinder, corresponding to D grade. Of 192
cheeses sampled in the second group (moisture below average), 54.2 per cent
were graded No. I or special (good cheese) ; 34.9 per cent were graded No. 2 ;
and 10.9 per cent were graded grinder. The greater proportion of good
cheese was produced in those factories in which cheese of relatively low
moisture content was manufactured.
The possibility was considered as to whether the effect of poor quality
of milk might have predominated in producing poor average quality in
high-moisture cheese. Tabulations of the data for factory cheese showed,
however, that the average methylene blue reduction time of the milks used
in the cheeses in the low-moisture groups shown in figure 3 was actually
slightly shorter than that of the milks used in cheeses in the high-moisture
groups. The data indicated that the use of milk having a short methylene
blue reduction time resulted in a general but slight tendency toward a
decrease in moisture content in the cheese; this is probably the result of the
curd-drying effect of overripe milk, resulting from a rapid production of
acidity in the kettle and on the press when such milk was used. However,
it has been shown by Rogers, Hardell and Feutz (10), and also by Erekson
and his coworkers (5), that a short reduction time usually results in a rather
markedly detrimental effect upon the average quality of cheese. They
found that the proportion of good cheese was considerably greater when the
reduction time was more than 3 hours than when it was less.
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The results for f a c t o r y cheese were tabulated on the basis of a combination of methylene blue reduction time and moisture content of cheese.
Resulting data are illustrated in figure 4. I t is shown t h a t a methylene
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FIG. 4. Relation of methylene blue reduction time of milk and percentage of moisture
in cheese to quality of Swiss cheese (418 factory cheeses).
blue reduction time of more than 3 hours together with a relatively low
percentage of moisture produced the greatest proportion of good cheese,
while a reduction time of less t h a n 3 hours together with a relatively high
percentage of moisture in the cheese produced the greatest proportion of
grinders or cheese of poor quality.
Our data did not show t h a t the factors t h a t cause an increase in moisture
content always result in i m p a i r m e n t of quality of cheese. They did indicate t h a t the chances of making a relatively large p r o p o r t i o n of good cheese
are impaired when the moisture content is excessively high. Other factors,
in addition to those considered in this paper, unquestionably p l a y a p a r t in
influencing quality.
I t will be noted t h a t the range of values for moisture in l a b o r a t o r y green
cheese shown in table 1 is lower than the r a n g e in f a c t o r y cured cheese in
figure 3. W e have found it difficult, when using normal methods, to incorporate as large a percentage of moisture in l a b o r a t o r y cheese as is often
present in f a c t o r y cheese. Analyses show t h a t one reason for this difference
is the f a c t t h a t smaller cheeses lose moisture somewhat more r a p i d l y t h a n
larger ones by drainage on the press. A larger proportion of the milk used
in certain cheese-producing areas has a relatively lower f a t and total solids
content and a softer c u r d - - f a c t o r s which tend to produce an increase in
moisture content. Moreover, as has been demonstrated (13) in the case of the
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Cheddar variety, smaller cheeses lose a greater percentage of moisture than
larger ones by evaporation during curing.
Before results of variations in the making process are discussed, it seems
desirable to present data showing temperature conditions and the amount
and rate of moisture loss from the curd during this process. Such data,
taken from work on E m m e n t a l e r cheese reported by Koestler (7) and also
from our results on laboratory Swiss cheese, are shown in table 2. The labTABLE 2
Data showing temperature conditions and losses of moisture du~'ing Swiss cheese
manufacturing process

Stage in manufacturing process

Temp. I Moisture

°C.
Before curdling
Beginning of heating
End of heating
Dipping
hrs. a f t e r d~pping
),1 hrs. a f t e r dipping

Data by this laboratory,
average of 30 cheeses

Data by Koestler,
average of 4 cheeses

%

31.75
88.4
30.75
63.3
53.0 : 54.8
50.3
I 51.8
II 37.0

Loss of
moisture

%
0.0
25.1
8.5
3.0
14.8

Time
elapsed
rain.
0
77
31
48

Roisture

Loss of
moisture

°C.

%

%

32.5
32.0
53.0
50.5
48.3
39.0

87.8
64.9
53.6
52.6
42.1
39.1

0.0
22.9
11.3
1.0
10.5
3.0

Temp.

oratory data show percentages of moisture in the uncoagulated kettle milks,
in samples of curd taken from the kettle with a strainer and allowed to drain
for 2 minutes before being analyzed, and in plug samples taken f r o m the
interiors of the cheeses. It is shown that the greatest losses of moisture from
the curd occur during the time when rennet action is most rapid after curdling, and again when the curd is dipped and placed on the press. The greatest proportion of whey loss from the cheese after dipping occurs v e r y early
on the press, at a time when the activity of the streptococci is relatively great
in comparison with that of the lactobacilli.
There is presented in table 3 a list of those factors which in our experiments were found to influence the percentage of moisture in experimental
Swiss cheese and the resulting average yields. Only a few of the apparently
more important effects of the variations shown will be discussed.
I n variation No. 1, all cheeses made without streptococcus starters were
grinders, and their yields and moisture contents were comparatively high.
Results shown in variation No. 3 confirm the work of Koestler (7), who
found that fine harping caused a considerable increase in moisture content.
Even though flue particles contained a smaller percentage of moisture (and
fat) than large ones, cheese moisture content was greater because of more
retention of moisture on the greatly increased surface area of fine particles,
and because fine particles tend to cause a stopping-up or clogging of drainage capillaries. I n our experiments, the finely-harped cheeses were not in-
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TABLE 3
Dala

showing

effects
of variations
in the making
process
upon the
content
and yield of experimental
Swiss
cheese*

V a r i a t i o n in m a k i n g process

N~er
pairs

Moisture in
g r e e n cheese
Ave.
%

Diff.
'

%

average

moisture

Yield cured
cheese p e r
cwt. milk
Lye.

Diff.

lb.

lb.

1. No streptococcus s t a r t e r ................................
25 co. streptoeoceus s t a r t e r t ......................

3

40.16

2. Holstein milk standardized to 3.5% f a t
J e r s e y milk standardized to 3.5% f a t

3

38.80
37.50

3. H a r p e d fine ...............................................................
H a r p e d coarse .......................................................

5

38.97
37.94

4. 10% w a t e r added to kettle milk ............
No w a t e r added ...................................................

5

39.49
38.47

5. N o r m a l milk standardized to 2 . 9 % f a t
N o r m a l milk standardized to 3.4% f a t

30

38.68
37.69

6. Milk not ripened ..................................................
Milk ripened w i t h lactic s t a r t e r ............

5

38.40
37.50

- 0.90

7. 0.03% sodium citrate added to milk ..,
No citrate added ................................................

5

40.08
39.22

+ 0.14

8. H e a t e d in 26 m i n u t e s .....................................
H e a t e d in 60 m i n u t e s ....................................

10

38.73
37.91

-0.II

4

39.37
38.87

-0.06

18

38.70
38.20

3

38.43
38.00

9. 9 co. streptococcus s t a r t e r t .......................
27 ec. streptococcus s t a r t e r t ...................
10. Mitk not clarified .................................................
Milk clarified .........................................................
11. 5 cc. r e n n e t t
10 co. r e n n e t t

.........................................................
.........................................................

12. Set at 31 ° C ......................................................
Set at 35 ° C ........................................................
13. 20 ce. laetobacillus s t a r t e r
) t
12.5 ce. streptococcus s t a r t e r ~ ..........
60 cc. lactobacillus s t a r t e r ~
40 ec. streptococcus s t a r t e r ~ ..................

L39

38.46

3

38.63
38.20

6

38.87

- 1.70

L16

-0.23

- 1.30

'.94
L25

+ 0.31

-1.03

~.85
r.96

+ 0.11

- 1.02

'.74
:.95

+ 0.21

- 0.99

q68
L23

+0.55

-

0.02

- 0.04

+ 0.04

38.49

24. Cooked 50.5 ° C.; s t i r r e d 16 rain .............
Cooked 54 ° C.; s t i r r e d 60 rain ..............

38.61
38.24

I

-0.13

15. 5% cold w a t e r added before d i p p i n g
No w a t e r a d d e d ...................................................

38.90 I
38.651

+ 0.09

16. Cut 28 rain. a f t e r s e t t i n g
Cut 42 rain. a f t e r setting

38.93
38.59

-0.06

40.50!
37.53

-0.04

..............................
.............................

17. Combination of above variations**
Wet ...............................................................................
D r y ................................................................................

* The following variations resulted in average difference of less t h a n 0.25 p e r cent
moisture :
F o r e w o r k i n g 60 nfin. c o m p a r e d with 20 rain. ; yield 8.13 compared w i t h 8.25.
Cooking to 54.5 ° C. compared with 50.5 ° C.; yield 8.05 compared with 8.07.
S t i r r i n g out 50 mln. compared with 15 rain.; yield same.
H e a v y p r e s s i n g compared with light p r e s s i n g ; yield 8.11 compared with 8.08.
t P e r cwt. milk.
$ Conditions combined included variations Nos. 3, 8, 9, 11, 12, a n d 14.

914

GEORGE P. SANDERS, ET AL,

FIG. 5. Low-moisture and high-moisture cheeses made from separate portions of the
same milk: 112--1, 37.51% moisture ( g r e e n ) ; score, 74 (cured)--112, 40.55% moisture
( g r e e n ) ; score, 50 (cured).

ferior in quality. The yield of cheese, however, was reduced 0.11 pound by
fine harping. The wheys from the 5 finely-harped cheeses contained an
average of 0.64 per cent fat and 6.80 per cent total solids; corresponding
figures for the coarsely-harped ones were 0.52 and 6.65 per cent.
Effects of variations in fat content of milk, referred to earlier in this
paper, are pointed out in variation No. 5. Milk standardized to an average
of 2.9 per cent fat yielded green cheese containing an average of 38.68 per
cent moisture and 44.4 per cent fat in dry matter, and portions of the same
milk standardized to 3.4 per cent fat yielded cheese containing an average
of 37.69 per cent moisture and 49.1 per cent fat in dry matter. The highfat cheeses, which contained the least moisture, were generally superior in
quality, especially with respect to texture and flavor. The average yield
of cured cheese of the low-fat group was 7.68 pounds per hundred pounds
of milk and that of the high-fat group was 8.23 pounds. Corresponding
yields of cured cheese per pound of fat in milk were 2.66 and 2.34 pounds,
respectively. Methods of standardization, and effects of percentage of fat
on quality, will be discussed in a later paper.
The data shown under variations No. 8, 14, and 16 indicate that expulsion
of moisture is favored by extending the time of certain stages in the making
process. Our results indicate that this is particularly true when acidity is
developing rapidly in the kettle contents. Under this condition the drying
effect of a slow, prolonged heating period is especially marked. Vas (14)
has shown that long-continued heating not only increases the specific gravity
and decreases the water-holding capacity and surface adhesiveness of the
granules, but also stiffens the granular structure and promotes the wheycarrying effectiveness of the capillaries through which drainage occurs after
dipping.
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Long foreworking resulted in a slight decrease in yield, but had little
effect in decreasing moisture content except when acid was being formed
rapidly in the kettle.
In variations Nos. 1, 9, and 13, p i t values at dipping and at 3 hours later
showed relatively rapid development of acidity in the cheeses containing
the larger amounts of starter; the relatively lower moisture content in these
cheeses demonstrates the effect of acidity in drying the curd. Numerous
other experiments have demonstrated conclusively that acid development is
an important factor in drying the cheese in the kettle and on the press.
The expulsion of moisture in the presence of acid is readily explained by the
fact that, as the reaction of the curd changes toward pH 4.6, which is the
isoelectric point and the point of least solubility of casein, the curd shrinks
and tends to lose its ability to combine with or hold water. It has been
shown (2), however, that when acidity develops rapidly near the rind and
slowly in the interior, the high-acid rind forms a barrier that hinders proper
drainage of the cheese on the press. Such a condition may exist when the
number or activity of streptococcus starter organisms, which grow relatively
early in the interior of the cheese, is low in comparison with that of the
lactobacilli. Our results indicate that an increase in the amount or activity
of the streptococcus starter has a somewhat greater effect in promoting
drainage than an increase in the amount or activity of the lactobaccillus
starter.
In variation No. 6, cheese made from milk which had previously been
ripened slightly with a lactic starter containing only Streptococcus lactis
organisms showed a relatively rapid development of acidity on the press
after dipping, even though the activity of these organisms has been shown
to be stopped by the temperature used in the cooking process (6). These
ripened-milk cheeses in which acid was produced rapidly contained some
glass (glaesl'er defect) and were slightly short and inelastic in texture and
inferior in quality.
Dorner and St~hli (4) found that when water was added to the kettle
contents just previous to dipping (variation No. 4), the resulting dilution
of the whey caused a decrease in the amount of lactose contained in the
cheese and hence a decrease in the ultimate amount of acid which was
formed in the one-day-old cheese. The higher pt I value (lower acidity) of
the one-day-old cheese resulted in an increase in eye formation. These
observations are confirmed by our results--the addition of water caused
an average decrease in final acidity (increase in p H value) in the one-dayold cheese, and the tendency toward oversetting was greatest in those cheeses
having the highest average p H values when one day old.
Orla-Jensen (9) found that increasing the cooking temperature from 48 °
to 56° C. caused the percentage of moisture in the cured cheese to decrease
from 36.64 to 35.33 per cent, and he quoted earlier work of Schaffer which
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showed a similar drying effect resulting from high cooking. Both of these
workers found that the use of high cooking temperatures caused a decrease
in the rate of protein decomposition and ripening in the cheese. Orla-Jensen believed that the cooking temperature should be high enough to aid in
drying the cheese curd sufficiently without the necessity of a long stirringout period, but not sufficiently high to seriously inhibit ripening and the
formation of eyes. He believed that the use of a relatively high cooking
temperature together with an addition of eye-forming organisms would increase the possibility of making cheese of relatively high quality. Our laboratory results, in general, confirm the latter observation.
In our experiments, an increase of 3 ° C. in cooking temperature caused
an average decrease of less than 0.25 per cent in moisture in the green
cheese. Similarly, the decrease was very small when the duration of the
stirring-out period was increased markedly. A combination of high cooking
temperature with long stirring-out time (variation No. 14), not ordinarily
used in factory practice, resulted in a decrease of 0.37 per cent moisture,
and resulted in a slight improvement in the average quality of the experimental cheeses.
High cooking temperatures regularly caused the curd to be relatively
dry at the end of the cooking and of the stirring-out period. However, high
cooking temperatures retarded acid formation on the press rather markedly,
and the high-cooked cheeses lost moisture comparatively slowly after dipping, presumably because of slow pH change. When the kettle contents
were stirred out for relatively long periods, it was found that cooling was
more rapid in the kettle than on the press. Long stirring-out periods resulted in low dipping temperatures which served to accelerate, to a slight
extent, both acid formation and drainage on the press.
Analytical results showed that the effects of the variations listed in table
3 were not strictly cumulative. In securing the data shown in variation No.
17, six pairs of cheese were made in which the following factors were combined to produce high moisture content in one cheese of each pair: less
rennet, less streptococcus starter, lower setting temperature, finer harping,
lower cooking temperature, and a shortening of each stage of the making
process; in addition, in two cheeses out of the six, the percentage of fat in
the kettle milk was reduced to 2.9 as compared with 3.5. By combining
these factors against an opposite condition in each case, it was found that
the percentage of moisture could be varied within a range of about 3 per
cent. This range evidently would differ with con~litions involving principally the properties of the milk and the size of the cheese.
In figure 5 is shown a photograph of a pair of laboratory cheeses in which
the lower cheese contained a relatively high percentage of moisture and
shows oversetting and irregular eye formation. These cheeses were made in
experiments described under variation No. 17, table 3.
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I t has been pointed out above that a relatively low percentage of f a t in
kettle milk resulted in a relatively high percentage of moisture but a low
yield in cheese, and that fine harping had a similar effect. Other variations
in which relatively high moisture content was accompanied by a decrease in
yield were : No. 2, the use of Holstein or low-solids milk ; No. 4, the addition
of water to milk; No. 7, the addition of sodium citrate, which produced
soft-curd milk; No. 13, the use of relatively small amounts of starters; and
No. 15, the addition of water before dipping.
Studies of the analytical and yield data obtained in the present work
indicated that, in addition to the physical effect of the amount of moisture
present, the following factors tend to influence yield:
1. The use of milk standardized to a relatively low f a t content results
in relatively high moisture content in the cheese but decreases the yield
because of the decrease in amount of fat in the cheese.
2. Milk low in solids-not-fat content tends to have a low curd tension;
the use of such milk results in relatively high moisture content in cheese but
decreases the yield because of low solids content and because of an increase
in the proportion of solids lost in the whey.
3. High-moisture cheese loses a relatively large proportion of its moisture, and of its yield, during curing.
4. Some of the procedures used to increase moisture content cause losses
in yield b y causing an increased loss of solids in the whey.
SUMMARY

Correlations of analytical data with grades of 218 experimental and
418 factory Swiss cheesesindicated that the presence of an excessiveamount
of moisture is generally detrimental to the quality of the cheese.
L a b o r a t o r y results on yields of cheese per h u n d r e d pounds of milk indicated that some of the m a n u f a c t u r i n g variations which may be used to bring
about the inclusion of excess moisture actually result in decreases in yield,
and that in general the inclusion of a comparatively large amount Of moisture does not result in sufficient increase in yield to justify the practice.
A study is presented showing effects of numerous variables in the milk
and making process upon the moisture content of the cheese.
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