NGV L 1g0g

‘Wis. Bull. No. 101, CRUKEN T STATIONS
. Decartment of Agricatere.

ONIVERSITY OF 'n'NO!
RE Ligh:!

Circnlag; , UNIVERS)ry
ating copy mR/ch',URgFumm
‘\

Agricy; tulal Library

'UNIVERSITY OF WISCON SIN

Agricultural Expenmem Sation -

BULLETlN NO. IOl

* SHRINKAGE OF COLD-CURED CHEESE DURING
~ RIPENING.

MADISON, WISCONSIN, JULY, 1903,

$-The Bulletins and Annual Reporta of this Station are sent free to all
residents of the State upon request.




UNIVERSITY OF WISCONSIN,

AGRICULTURAL EXPERIMENT STATION

BOARD OF REGENTS.

THE PRESIDENT OF THE UNIVERSITY, EX-OFFICIO.
STATE SUPERINTENDENT OF PUBLIC INSTRUCTION, EX-OFFICIO.

State-at-large, WILLIAM F. VILAS, Madison.

State-at-large, ALMAH J. FRISBY, Milwaukee.

First District, H. C. TAYLOR, Orfordville.

Second District, B. J. STEVENS, Madison.

Third District, DWIGHT T. PARKER, Fennimore.

Fourth District, JAMES M. PERELES, Milwaukee.

Fifth District, ARTHUR J. PULS, Milwaukee.

Sixth District, MAJOR C. MEAD, Sheboygan.

Seventh District, EDWARD EVANS, La Crosse.

Eighth District, JAMES C. KERWIN, Neenah.

Ninth District, E. A. EDMONDS, Oconto Falls.

Tenth District, GEORGE F. MERRILL, Ashland.

Eleventh District, A. J. MYRLAND, Grantsburg.

Officers of the Board of Regents.
GEO. F. MERRILL, PRESIDENT. STATE TREASURER, Ex-officio Treasus
B. J. STEVENS, Vice PRESIDENT. E. F. RILEY, SECRETARY, Madison.

Agricultural Committee.
REGENTS MEBRILL KERWIN TAYLOR, PARKER, MEAD, ActiNg PRES. BIR

OFFICERS OF THE STATION.
THE PRESIDENT OF THE UNIVERSITY.

.

W. A. HENRY, . . . . . . . DIRE
8. M. BABCOCK, . . . Assrsmm Dmmcmn AND CHIEF CHE
E. P. SANDSTEN, . . . . . o o! HORTICULTU
W. L. CARLYLB, . . . . . . . . . ANIMAL HUSBANI
F. W. WOLL, . . . . . . . . . CHE
H. L. RUSSELL, . . . o . . . . BACTERIOLC
E. H. FARRINGTON, . . . . . . « DAIRY HUBBAN]I
A. R. WHITSON, . . . . . . . . PHYS.
E. G. HASTINGS, . e . . . ASSISTANT BACTERIOLC
R. A. MOORE, . . . . . . . AGRICULTY
GEO. C. HUMPHREY, . .. ASSISTANT ANIMAL HUSBAN]
U. 8. BAER, . o . . . CHEESEM
F. J. WELLS, . . . . ASSISTANT Aamcm.'mnu. PHYS
A. S. ALEXANDER, . . . . . . VETERIN:
FREDERIC CRANEFIELD, . . . ASSISTANT IN HORTICUI
J. C. BROWN, . . . . . . . . . . ASSISTANT CH
GEO. A. OLSON, .o . . . . . . . AsSsISTANT CH
U. B. RICHARDS, . . . . ASSISTANT IN ANIMAL HUSB!
LESLIE H. ADAMS, . . . . . . FARM SUPBRINTE!]
IDA HERFURTH, . . . . . . . . . [
FARMERS’ INSTITUTES,
GEORGE McKERROW, . . .. . . . SUPERINTRE
NELLIE B. GRIFFITHS o . . . CLERK AND STENOGR

General Offices and Departments of Agricultural Chemistry,
mal Husbandry, Bacteriology, Farmers’ Institutes and Libra:
agricultural Hall, near University Hall, on LUpper Campus.

Dairy Buiiding and Joint Horticuiture-Physics Building,
end of Observatory Hill, adjacent to Horticultural Groumnd:s
Experiment Farm.

Telephone to Station Office, Dairy Building and Fnrm OfMfic



|

G407 Aax

W75h
YW, \0)
“r3 -

SHRINKAGE OF COLD-CURED CHEESE DURING
RIPENING

S. M. BABCOCK, H. L. RUSSELL anp U. S. BAER.

INTRODUCTION.

-In our previous studies on the cold curing of cheezez no delermina-
tions were made of the progressive shrinkage which occurred in the
cheese when cuyred,at low temperatures, for the reason that in the
different series, most of the cheese were plugged more or less, and 20°
rendered it impossible to secure any large number of accurate weigh-
ings. .

During- the last year an exceptional opportunity was offered for a
series of studies on this point, in an experiment which we have been
conducting under the auspices of the U. S. Dept. of Agriculture.

At our suggestion, the Department instituted a series of experi-
ments on the cold-curing of cheese which was purchased under com-
mercial conditions in the different cheese-producing sections of the
country. The Eastern experiments were ﬁlaced under the control of
the New York Agricultural Experiment Station, and the Western ex-
periments under the direction of this Station.s !

For the purposes of this experiment, naturally Chicago would have
been chosen as a curing station, but we found it difficult 'torm?.ke

! NoTe.—This bulletin is one of a series that has been prepared with especial
reference to the promotion of the cheese industry. ¥or the information of par-
ties who desire the carlier bulletins of this series, which can be secured upon
anplication to the Wigconsin Agricultugal Ixperiment Station at Madison, the
numbers and subjects of those already issued are herewith appended :

Bulletin 60. The Cheese Industry: Its Development and Possibilities in Wis-
. consin—38. M. Babcock and II. L. Russell.

Bulletin 61. The Constitution of Milk with IEspecial Reference to Cheese
I'roduction—8. M. Babcock.

Bulletin 62. Tainted or Defective Milks: Their Causes and Methods of Pre-
vention—II. L. Russell.

Bulletin 67. l<‘a]cm:;y Tests for Milk-—S. M. Babcock, II. L. Russell and J, W.
Jecker.

Bulletin 70. Construction of Cheese-curing Rooms for Maintaining Tempera-
tures of 58°—68° F.—I. [I. King.

Bulletin 88. Da[i{ry Iﬂdustry in Wisconsin, with illustrated wall-map—II. L.
ussell. .

Bulletin 94. Curing of Cheddar Cheese, with especial reference to cool-cur-
ing: S. M. Babcock and II. L. Russell.

?Reported in detail in Bulletin No. 94 of this Station and also in 19th An-
nual Report for year 1902, p. 150.

*The full data relating to the influence which temperature exerts on the qual-
ity., as well as the shrinkage of cheddar cheese, will be found in Bulletin No. 49,
Bureau of Animal Industry, U. S. Department of Agriculture,
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arrangements for the range in temperature desired. Suitable arrange
ments, however, were made at the commercial cold storage warehouse
of the Roach & Seeber Co., Waterloo, Wis.,, where rooms were fitted
up and the desired temperatures secured.

SELECTION OF THE CHEESE.

As Wisconsin is the leading cheese-producing State of the west
naturally the bulk of the product selected should represent the typ:
of cheese manufactured in this .state. In order, however, to mor:
thoroughly cover the cheese-producing territory of the west, sample
were also secured from a number of the neighboring states. In thi
way, all types of American cheese were obtained, ranging from th
firm, export, typical cheddar cheese to the soft, open-bodied, mois
cheese intended for early consumption.

For convenience we may group these various lots of cheese unde
three different types as follows:

I. Close-bodied, firm, long-keeping type suithble” for export trad
(typical cheddar).

II. Sweet curd type.

III. Soft, open-bodied, quick-curing type suitable for early coi
sumption.

Type I represents the class of cheese that is espe\,lally manufu
tured in Wisconsin while as a rule Type III represents the kind «
cheese that is chiefly made in Michigan. The representatives of th
sweet curd type were taken from Jowa and Illinois, although this clac
is made to some extent in all sections.

Table I gives the location of the factories from which the differe;
lots were secured, also the size and amount of cheese so purchased.

TaBLE 1.— Origin of cheese and amounts used in experiments.

TypE I (export type). ) Size. A('%):;"
1
Wisconsin.
hos. Johnston, Boaz, Richland Co.. 600 |
H. J. Noyes, Muscoda, Grant Co . e eeen i 540 |
P. H. Kasper, Nicholson, Waupaca Co. . e s 540 |
La Crosse Cheese & Butter Co., Alma, Trempoalonu Co.."! ; aisies . 1,200 ;
Prints.. .. 7400 |
TYPE II (sweet curd type). K
Towa. . -‘
E. G. Hodges, Union, IOWa.....ccvvieeiiieiniiniieaninens wune Flats..... 6(!)i
Ilinois. : i
J. B, Gilbert & Co., Sterling, Ill................cooviiiiieen. Flats..... 600
TYPE IITI (soft home-trade type).
Mir'hig/n.n.
A. H. Barber & Co., Merrill, Mich.
I. E ...| Flats..... 270
II. .| Flats .... 210
III ...| Flats..... 80
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In having the cheese made at these various factories, directions
were given for the use of a uniform amount of rennet and salt. Color
was left optional ior each maker to follow his customary practice.
The use of three and one-half ounces of Hansen’s rennet extract and
two and one-half pounds of salt per 1,000 Ibs. of milk was recom-
mended in each case with the exception of the smaller cheese (daisies
and 10 1b prints), which were salted at the rate of two and one-fou:i:h
Ibs. per 1,000 Ibs. of milk. The cheese were made from September
26th to October 4th. The condition of the milk was influenced in
several instances by the fact that severe frosts had occurred in sonu.:
sections, which injured the quality of the product. This was partic-
ularly true in the case of the La Crosse cheese which were somewhat
tainted. The milk from which the Iowa cheese were made was also
reported as of inferior quality. The-Michigan goods were too high
acid, and were cooked low, making a soft cheese which was quick-
curing, and kept poorly,

Where it was necessary to secure cheese from such a wide range of
territory, it was manifestly impossible to expect that the curing could
be carried out as satisfactorily as it would bé if it had been done
directly at the factories. The varyimg period of transit to which the
cheese were subjected with no especial temperature control, affected
of course the initial stage of curing, but the conditions of the experi-
'ment prevented the carrying out of imm_ediate installation of the
cheese in the cold curing room, especially in the case of those made
outside of Wisconsin, although the shipments were made in October
when the temperature range was moderate.

The cheese were weighed and put in the respective rooms as soon as
received at Waterloo. They were stored in boxes during the curing
as is the custom in the handling of cold storage goods. The tempera-
tures at which we desired to hold the cheese for curing were 40°, 50°
and 60° F. These points were selected for the following reasons. In
our previous experiments we had found that the character of the
cheese cured at the lower temperatures, 40° and 50°, was muclk better
than that produced at 60°. Perhaps it would have been better for the
purpose of the experiment if the cold-cured cheese could have been
compared with the same make of cheese cured under the widely
variable conditions which prevail in most factories, where often the
maximum temperature is in the neighborhood of 80° F. and fluctuates
20° or more. But we have made this comparison with the very best

conditions that obtain in factories provided with sub-earth ducts, i

and other means of temperature control. In such cases a tempera-
ture of 60° can be maintained with a fair degree of constancy. The
experiments therefore compare the cold curing process with the best
prevailing conditions.

The temperatures actually maintained varied only slightly from the
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chosen points and in the two colder rooms were remarkably uniform
The 60° room was subject to somewhat wider fluctnations, but w:.:
much more unit;orm than obtains in summer where no artificial
refrigeration is practiced. The following table gives the average of
all the observations made at regular intervals, and the maximum and
minimum observed throughout.

TArIE 2.—Temperaturc records.

Cold rcoms. |
Normal
Temp.

Low. . Medium,

Room I. Room 11. Room 111,

’ “F.. °F, .

AVOIABC. .. iit it it it it i 36.8 46.9 58.5
MaXimum.....oooevecenniiiniierieidiins ceneaias 37.0 47.5 61.0
Minimum.....ooieiiiiiiii i e 35.0 | 45.0 | 57.0.

The daily fluctvations were inconsequential as can he seen by a series
of diagrams taken from the registering instrument.
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F16. 1.—Thermometric record for one week in coldest room.
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FiG6. 2.—Thermometric record for one week in medium cold room.

F1G. 3.—Thermometric record for one week in the 60° room.
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FACTORS INFLUENCING RATE OF LOSS.
.

. There are a number of factors which modify the rate at which a
cheese loses its water content during the course of ripening. The
following factors are known to exert a more or less marked influence,
although it is impossible to arrange them in order of their relative
importance, as they are always interdependent.

Temperature of curing room.

Relative humidity of air of curipg room.

Size and form of cheese.

Moisture content of the cheese.

Protection to external surface of cheese.

The influence of temperature is closely connected with the relative
humidity of the curing room, but in addition to the effect which the
higher'temperatureé exert on this factor, it should be remembered

that the wiiiundeminpuismatensinakianinighoinmenuiNEN R TTn

bk evaporation of water
in warmer atmospheres even though the relative humidity remains the

same. The more potent influence of temperature is however shown
by the effect which varying degrees of heat exert on the relative
humidity of the atmosphere. The relative humidity of the air is
practically doubled when the temperature falls 20° F. As the aver.
age relative humidity of air is generally over 50%, it therefore follows
in cold curing rocoms supplied with outside air in which the tempera-
ture is from 30°-40° lower in summer than the outside temperature,
that the air of these rooms is practically saturated, thus greatly re-
ducing the loss of moisture from the cheese.

So far as the cheese itself is concerned the moisture of the room
may be materially altered by the way in which the cheese is handled
during the curing process. If the cheese are shelf-cured, as is the
custom in most factories, the surrounding air more nearly approxi-
mates the average relative humidity of the ‘entire room than is the
case where the goods are box-cured. In the latter case the confined
air is more nearly saturated, as is shown by the greater liability to
mold and rind-rot.

This point is well shown in an experiment on the relative humidity
of the air in a box containing cheese placed directly therein from the
press. )

To show this the following observations were made. Wet and dry
bulb thermometers (Hydrodeik) were placed in a cheddar box with
a 30 . flat. An opening was made in the cover which was covered
with glass so that observations could be made directly without open-
ing the box. The apparatus was placed for a period in rooms at dif-
ferent temperatures and the observations recorded as follows:

o 0
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' TapLe 3—Relative humidity of air surrounding boz-cured versus shelf
cured cheese.

3

- RELATIVE HuMILITY.
TeMP.

Range —mn—r-ov-o---—
! Room. Cheese box.
Per cent Per cent.

ROOM I oerneieiieeiens eiinaeceeeinvnas 35°-40° 83-92 100

; ROOM L. eneeieeieeennieee tivieaane ceenanes 500-55° 55-75 94
weerereeneen.]|  60°-89° 50-70 84-90

P ROOMIIT 1uvenveeeveneceneeneanenaes

A factor which is frequently JVerlooked is the varying moisture
content of the cheese. The more moijsture there is left in the cheese,
the more rapid the evaporation. The varying moisture content of
different types of cheese is determined by the temperature at which

the curds are cooked, the time of exposure and the acidity of the

curd. ‘A cheese in which the acidity is developed is materially drier
than a sweet curd cheese. Salt also has a tendency to diminish the
water content. In the foregoing cases this diminution in moisture is
due to the shrinking of the curd particles under the influence of these
factors. An increase in fat lessens the drying of the curd. Much loss
of moisture can also be prevented by coating the cheese with paraffin,
A practice which is now coming into very general use for the prevention

f mold, and the lessened shrinkage in weight.
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EXPERIMENTS IN THE SHRINKAGE OF COLD-CURED CHEESE.

In these experiments the first carelul weighings were made whea
the cheese were received at the coid storage piant in waterioo. ‘Lne
cheese were shipped from the iactories altectiy aiter tuey weie re’
moved from the press but were in every case seveial uays upon tue
road. 1ln no instance was the interval between maxing and instaia-
tion in cold curing 100ms less than five days, and it 1anged niom this

.up to seventeen aays with one lot 11om Mmichigan which was deiayed
in transit. During tnis period which was 1n early Uctover tne chees\u
were subjected to varying conditions ot temperature and exposurc.
In a few cases boxes wele broken, and in other instances, the cheese
were delayed at points of transter. 1t was impossible to obviate these
diftficulties as the cheese were purchaseda from distant points, in order
to secure representation from a wide 1ange ot territory, and 1rom
different types of cheese. ‘This variation in initial diying changed,
of course; the rate of loss when cheese were placed 1n cold curing
rooms, so that this factor must be taken into consideration in study-
ing the data presented below. :

' The losses reported in this bulletin only cover those which took
place in the cheese after they had reached the cold curing rooms, but
careful records have been kept for the entire curing period and these
data we believe are of sufficient importance to warrant tull considGera-
tion in this connection.

DETAILS OF WEIGHING,

The cheese were all weighed on counter scales, weighing accurately
to fractions of an ounce. In order to check the accuracy of the
weights, each cheese was weighed separately and the weight recorded;
then the whole lot was weighed collectively. As these weights agree:l
within a few ounces they show the accuracy of the weighing. Foi
practical purposes it is desirable to know the losses which occur for
stated periods. It was however impracticable for all of the cheese tc
be weighed at exactly the same intervals, as they were put in storag:
at different dates, but it was designed to secure at least three weigh
ings for the first month of storage, two weighings for the second, anc
at about monthly intervals thereafter. If these data are charted, il
is possible to deduce an estimated loss for any stated period, and ir
doing so, we have selected the§ following intervals as being those con
cerning which data would be most frequently desired. For this pur
pose, 10, 20, 30, 60, 90 days, etc., have been selected.
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CONDITION UNDER WHICH THE CHEESE WERE STORED.

In this work the attempt was made to hold‘ the cheesc at 40°, 50°
and 60° F. The actual temperatuges secured averaged 36.8, 46.9° and
58.5° F. - :

The variation in temperature in the two lower rooms. was practically
negligable as it was- only’'2-21% degrees. The temperature of the
60° room oscillated somewhat more (4° F.) but was very much more
tuniform than ordinary factory curing rooms. (See figs. 1, 2 and 3 for
thérmometric data.) ' N
" Hygrometric data were not secured during the whole period as it
was at first thought that a saturated atmosphere would prevail where
the cheese were box-cured, but during the course of the experiments

-it was noted that the 50° cheese were not molding as much as were

those at 40° and 60°. This fact could only be explained by the as-
sumption that a less humid atmosphere was present in the case of the
50° room. Observations at the end of the experiment showed a rela-
tive humidity in the different curing rooms as follows:

. Temp. Relative
. degrees humidity. -
Fahrenheit.| per cent.
ROOM [ ..ot ieie et oo e e e e e e e 3 92
N
8 48 73
60 S PN 59 72

It will-be observed in the figures later presented (fig. 5) that the
difference in rate of loss at 50° and 60° was higher toward the end
of the experiment than in tile earlier stages. This probably means
that the relative humidity of Room III was diminished at this time,
bringing it down from a moister state to approximately the same
humidity as the 50° room. If this was so, this ‘'would account for the
lessened development of mold at 50° as mold is very sensitive to
hygrometric conditions.

DISCUSSION OF RESULTS.

As there are several factors which affect the rate of shrinkage
which the cheese suffers in curing, it will be desirable to discuss the
data collected under several heads. The conditions of the experiment
were such as to temperature that an especially favorable opportunity
was had for the study of the influence which this factor exerts on the
cheese. It is of course necessary in a study of this sort to have the
cheese uniform in size. The moisture content of the cheese cannot
be made alike, but we have grouped in this study the cheese
of the same type together, i. e, firm cheddars suitable for export or
softéer moister cheese intended for home trade.
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A. INFLUENCE OF TEMPERATURE ON SHRINKAGE.

To study the rate of loss of cheddar cheese when kept at differ
ent temperatures, 129 flats wege selected from nine lots of
cheese made by six makers. These were exposed at three dit
ferent temperatures which averaged as follows: 36.8°, 46.9%, and
658.5° F. In each of the following tables is given the number of cheesc
which were subjected to stated weighing. It will be observed that
much more data were collected on the lower temperatures than on the
60° lot. This was regarded necessary as up to this time we have ro
published data on cheese cured at so low a temperature. The follow-
ing tables give the actual loss in ounces of each lot of cheese together
with the percentage loss for each period observed.

In arranging these tables the lots of cheese that were simiiar in
type are placed together. This fact gives much more weight to these
figures than those secured on the smaller lots.

For purposes of convenience the different lots of cheese are divided
into three types, depending upon their character.

I. Firm bodied cheese (export type) made by Johnston, Noyes and
Kasper of Wisconsin.

II. Sweet curd type as represented by the Iowa and Illinois makes.

III. A very moist, soft type suitable for home trade (Michigan).

TABLE 4.—Shrinkage of firm (,l/picai cheddar cheese (Type I), cured
at different temperatures. )

Lot 1.—Thos. Johnston, Boaz, Richland Co., Wisconsin.

Loss IN WEIGHT AT DIFFERENT PERIODS OF STORAGE.

CurING PErIOD (Days). 40° F. 50° F. 60° F.

Ozs. |Per cent. Ozs. |Per cent. Ozs. |Percent.

 RUUUURUUUURURUURURRURUN (FUPRPRRRRN IOTRURON [SURURUTI! ISP 17 1.2
(DRORURRUROURRRUUDRRUROUONY | FUUPRRRUREY IRRRRRON 31 1.16 % ¢ 1.8
1 N . 17 365 ||......... £ IS | R
S VEUUURUUUUUTTUUNRRUUURUUNS | FRUTRVRTURN IOUURRORN 50 FC T LR IO
Bl e creee el 3T 796 68 2.55 “ 2.83
51 | 109 92 | 3.5 58 3.3
54 1.16 100 3.76 65 419
58 1.18 123 4.55 96 6.13

Weights of cheese when re-
ceived......ovevvnnnnnnnnns 299 1bs. 6 ozs. 166 1bs. 4 ozs. 97 1bs. 1 oz.

Number of cheese weighed . 9 5 3
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Lot 2.—-H. J. Noyes, Muscoda, Grant Co., Wisconsin.

13

CuRrING Pmuop (Days).

Loss 1N WEIGHT AT DIFFERENT PERIODS OF STORAGE.

10...
16...
240 e
158, .. ...l

40° F. 50° F. | 60° F.
Ozs Per ':,em;.I " Ozs Per cent ’ Ozs. |Per cent.
......... 14 912
107 26 1.69
.......... i et
................... 28 1.87
35 7 39 2.61
i1 ;7| 63 4.22
44 ~.994 It 4.75
50 112 52 5.49

Weights of cheese when re-
ceived........ooemnennnn

Number of cheese weighed.

2179 1bs. 12 ozs.

9

93 lbs. 5 ozs.
3

95 1bs. 14 ozs.

3

Lot 2.—P. H. Kasper, Nicholson, Waupaca, Co., Wisconsin.

CurING PERIOD Davys)

Loss IN WEIGHT AT D1FFERENT PERIODS OF STORAGE.

40" F. 0’ F. 60° F.
Ozs Per cent. Ozs. |Per cent.|| Ozs. |Percent.
13 .383 13 .815 11 116
.................... 25 1.62 22 1.43
34 Jicr7Z S FUURUUL DTN PR | PO P,
.................... 34 221
.............................. 38 2.47
40 52 50 2 T | I D
........................................ 56 3.64
15 .951 52 E 21 T | O DU
........... 60 390 ~
68 4.42 8 5.07
8 5 06 84 5.46

Weight of cheese when re-
ceive

Number of cheese weighed.

293 1bs. 8 ozs.
"9

96 lbs 2 ozs.
3

96 1bz. 1 oz.

3
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As ttfese three makes of cheese agrée quite closely in type, a com-
posite diagram made from the data collected will indicate more nearly
the average results which may be expected than where they are con-
sidered separately. The actual losses observed in the three foregoirg
lots of Wisconsin cheese were first charted individually and from
these an average curve constructed which is represented in Fig. 4.
In this and following figures, the losses are only shown for a period
of ninety days so that the tigures would be on tne same scale.

£

-

(¢

20 30 40 50 60 70 80 ?Jo

DAYS

Fic. 4.—Rate of loss of typlcal cheddar type of cheese cured at different
temperatures (40"—60 F.) -
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TaBLE 5.—Shrinkage of s

Lot 1.—E. G. Hodges, Union, lowa.

weet curd cheese (Type I11), cured at diﬁer-
ent temperatures.

Loss IN WEIGHT AT DIFFERENT PERIODS OF STORAGE.

CuriNGg PerIop (Days). 10° I, 50° F. 60° F.
Ozs Per cent.|| Ozs Per cent.|| Ozs. |Per cent.
.. 35 174 23 .933 12 .852
P SRR UUTUUUURUURTUUTUY | ISP INUURTRUURN | FUUPTY FOSTO 22 1.5¢
b 1 JRUDENII | FPPPPPPPITY PRPPIR 35 142 e
B e e s T o5l U0 T S | DO DTN 32 2 27
LY PRSP | FRSRRINPPY PRI 63 b2 N | D
.. . ) 120 || et 61 433
2 R | P k(3 3.07
.84, 69 1.59
97. .. 86 3.47
145 e 1o 116
163. .. 85 | 1.8 |(|....... SO0 IR | 1 IR
W&wa}l ’ Of cheese whenre 282 1bs. 7 ozs. 154 1bs. 7 ozs. 88 Ibs. 1 oz.
Number of cheese weighed 9 5 3

Lot 2.-J.B. Gilbert & Co., Sterling, Il

I

Loss IN WEIGHT AT DIFFERENT PERIODS OF STORAGE.

CuriNGg PERrIOD (Days>. 40° F. 50° F. 60° F.
Ozs. |Per cent.[! Ozs. |Per cent. Ozs. |Percent.
26 1.11 15 1.08
42 1.£0 26 1.88
317. R S P 58 2.41 40 2.89
i T PP 50 i.21 83 3.56 56 4.13
= 2 P 62 1.50 92 257 S | I B
200, .. oeeeeeeeeiaeenniiie 63 4.56
145. P | EE T PP 110 4.7 73 5.29
163.. 74 b I I | D
‘Weight of cheese when re-
ceived..................... 258 lbs, 145 1bs. 13 ozs. 88 1bs. 4 ozs.

Number of cheese weighed.

5

3
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A composite curve of this type of cheese was made in a similar
manner to that noted in Type 1 and is represented in Fig. 5.

In Figure 5 is reproduced in pictorial form the data which is given in
Table 5. This curve is made by charting the above data,. and from
these curves so comstructed, the curve as given is produced. It must
be remembered that in this type of cheese there is more difierence
tc be noted in the different lots than obtains in those represented by
Type I as would be expected where cheese was made in different sec-
tions of the country.
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TABLE 6.—Shrinkage of soft, moist home-trade cheese (Type 111),
cured at different temperatures.

Lot 1.—A. H. Barber & Co., Merrill, Mich.

’
Loss IN WEIGHT AT DIFFERENT PERIODS OF STORAGE.

CuriNGg PERIOD (Days). . 40° F. 50° F. . 60° F.

Ozs. |Per cent. Ozs. |Per cent. Ozs. |Per cent.

L 6 .30 6 1.15 5 1.05
N 10 1.92 7 1.47
10 8 U | D N
.................... 12 2.30
14 .70 16 3.07
20 1.00 18 3.46
......... 21 4.38
Weights of cheese when re-
ceived......ooovieiniiinnn. 125 lbs. 6 ozs. 32 1bs. 8 ozs. 29 1bs. 12 ozs.
Number of cheese weighed. 4 1 ! 1

Lot 2.—A. H. Barber & Co., Merrill, Mich.
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- Lot 3 —A. H. Barber & Co., Merrill, Mich.
ey - - —

Lo3s IN WEIGHT AT DIFFERENT PERIODS OF STORAGE.

Curing PERIOD. {Days.) 10° F. 50° F. 60° F. '
Ozs. |Per cent. Ozs. |Per cent. Ozs. |Per cent. s .

10.... B TP 42 .538 32 .88 17 814

f- | I U | FRTPURUDE R ‘ 6 2.08 28 1.34 -

i

3..... 3 935 102 2.79 4“4 2.10

L T R 82 1.05 124 339 65 3.25

100.. et et ee e 95 | 1.21 133 3.67 3 3.49

Weight of cheese when re-

ceived........ooviiiuniii 487 1bs. 14 ozs. 228 1bs. 130 1bs. 7 ozs.
Number of cheese weighed 1 15 7 4

Lot 4.—A. H. Barber & Co., Morrill, Michigan.

Loss 1N WEIGHT AT DIFFERENT PERIODS OF STOBAGE.

. CoriNGg PERIOD (Days). 40° F. ] 50¢ F. 60° F.
— |
Ogzs. |Per cent. Ozs. |Per cent.i| Ozs. |Per cent.
T iiee et iiiieee e 23 .676 9 928 [ 1.24
b S L F R A 11 2.28
0. e ' 17 175 |l
5 N 33 1.4 { 23 2.37 18 3.73
) 47 1.37 28 2.88 29 6.02
s 55 1.62 38 3.92 32 6 64
145.' .......... l .......... | 39 8.09

Weight of cheese when re-
cotved .vun e i aanenns 219 1bs. 7 ozs, , 60 1bs. 9 ozs. 30 lbs 9 ozs.

Number of cheese weighed. 7 2 1

In the four preceding lots of cheese considerable difference in rate
of loss will be noticed. This is explained when it is considered that
these lots were exposed during transit period to higher temperatures
for varying periods of time as follows: Lot 1, 17 days, lot 2, 14, 1ot
3, 12 and lot 4, 7 days.

Fig. 6 shows a composite curve of the Michigan cheese, which was
constructed in a similar manner to Figs. 4 and 5.

’
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GENERAL SUMMARY OF LOSSES AT DIFFERENT TEMPERATURES,

In Figs. 4, 5 and 6 the average curves showing losses of the different
types of ‘cheddar cheese are shown. Frequently thé cheesemaker
wishes to know what these losses would be for stated intervals at
different temperatures. With the data at our command, it is impos-
sible to answer definitely this question, because of the varying condi-
tions which surrounded the cheese during the transit period, but in
Table 7 the losses which occurred after the cheese were installed in
the respective curing rooms are presented for consideration. In this
table the average losses for 10 days or mulples thereof are given,
In constructing this table the data for each lot of cheese were first
charted. From the curves so obtained the losses of each lot for the
zieriods of 10, 20, 30, 60 and 90 days were taken from the above charts
by observation. An average of these losses for each type of cheesa
is given in the following table.
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TaBLE T.—Losses at different periods in cheese cured at different
temperatures.

Type I1 Type I1L.

Type L. .
(Typical cheddar.) (Sweet curd.) (Soft.)
No. cheese .
tested ....... 27 11 9 9 5 5 30 11 1 .
[ — — -
40¢ 50” 60° 40° 500 60° I 40° S50v 600

Per ct.|Per ct |Per ct.||Per ct.|Per ct. Per ct |[Per ct |Per ct.|Per ct.
: .92 .69 1.02 1. .49 42 .85

.46 05
44 1.48 1.74 .82 1.60 , 1 71‘ .64 1.89 1.39
.58 2.00 205 .96 2.10 2.10 1 .84 2.3 | 1.75

83 | 287 | 295 || 115 | 2.97 | 3.87 o8 | 298 | 2.7
1.00 | 3.64 | 38.57 '1.4‘.’.|3.60 1.53 121 | 3.44 | 4.02

As the number of cheese of the different types cured at the various
temperatures were not the same, the percentage losses given in the
above table for the varying periods noted are therefore not entitled to
equal weight. The smallest number of checese were those exposed at
60° while nearly 609% of the entire lot were kept at 40°. This gives
much greater weight to the figures presented in the 40° series.

In the table it will be observed that there are some .apparent dis-
crepancies, especially in the case of the 50° and 60° lots of Type IlT.
These discrepancies are undoubtedly explained by the fact that this
type of cheese which was the moistest of the whole lot in the begin-
ning lost more during the longer transit period, and hence the evapo-
ration was less than in other types after being placed in cold storage.

GENERAL DISCUSSION OF EFFECT OF TEMPERATURE.

1. The losses sustained by the different lots were very much less
at 40° than at either of the other two temperatures. For a ninety
day period, the losses of the 40° cheese ranged trom 1-1.49%, while the
50° and 60° product shrunk from 3.4-4.59% for the same time. In other
words by the use of the lower temperature for curing, practically two-
thirds of the losses which occurred at the temperatures of 50° and
60° were prevented. If these results are compared with what occurs
under ordinary factory conaitions, the loss at these low temperatures
for a period of ninety days (the minimum curing period) will not bhe
more than one-fourth of that which obtains under average factory
conditions when the cheese are held for a period of about twenty
days. The saving for any such factory making 500 pounds of cheese
daily would amount to at least 15 pounds (or $1.50) per day as an
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average for the season, or considei'ably more for cheese made in hot

weather. This saving in itself would go far toward meeting the extra ,

expense of lower temperature curing, even if the product was no bet-
ter than that cured at higher temperatures. -

2. The difference between the cheese cured at 50° and 60° is not
as marked as between 50° and 40°. It is quite probable, as before
mentioned, that the 50° room was somewhat drier than the 60° (as
shown by the lessened mold growth); and hence, the rate of loss was
abnormally increased in this room. This would tend to bring the two
curves nearer together.

3. If the firm Wisconsin type is compared with the softer varieties
as shown in Type II and III, it appears that the losses are consider-
ably less, especially at the higher temperatures, although this differ-
ence is not so observable at the 40°.

4. "The above data presented show a marked saving in losses where
the cheese were cold-cured, but in these experiments it must bLe
remembered that they were subjected to higher temperatures during
transit, and hence dried out somewhat more than they would have
done if they had been put in storage as soon as they were removed
from the press. Also, these cheese were box-cured, and therefore
under conditions which prevented rapid evaporation. Undcer
these conditions, the losses would have been greater than repre-
sented here, and the difference in rate of loss between the differen’
lots wider than reported above. This would still further increase the
saving.

B. INFLUENCE OF SIZE AND FOKM OF CHIEESE ON SHRINKAGE.

In order to study the influence of size of cheese on shrinkage dur-
ing curing, lots of two different sizes were purchased from the
same source. These two sizes were the customary Daisy type 12
inches in diameter and 314 inches high, weighing about 20 Ibs. apiece
and the newer type of print cheese put up in 10 Ib. blocks (10x10x2%
inches high). These cheese were of the usual Wisconsin cheddar
type afthough a little firmer than the Wisconsin flats used in these
experiments. On account of this difference in type it is impossible
to compare these cheese directly with the larger thirty pound size.

In the following tables are presented the actual and percentage
losses which were noted in two lots o. cheese (daisies and prints)
which were purchased from the La Crosse Cheese and Butter Co., of
La Crosse, Wis.
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TaBLE 8. — Shrinkage of different sized cheese cured at different

temperatures.

Lot 1.—Priots (10 pounds.

Loss IN WeIGHT AT DIFFERENT PERIODS OF STORAGE.

CuriNG FERIOD. (Days.) 40 F 50° F. 60¢ F.
Ozs Per cent. Ozs Per cent || Ozs. Per ce‘ut.
T.einn . P | O i 2 2 1.23
100 cieeer e e ‘ v 3 B 7 S | O I . .
,

16... [ | PP PR 3 .82 |l
2t .. I LEE TN L D U 4 2.46
TR . 7 835 5 3.1 8 4.92
[ TP M 1l 135 9 5 59 1t 8 61
100... 1t 1173 10 62 16 9 88
b L. I i 2t 2 61 12 1.45 18 11.11
Woeights of cheese wher re~'

ceived........ coounns e 50 1bs. 8 ozs. 101bs. 1 oz 10 Ibs. 2 ozs.
Number of cheese weighed. 5 1 1

Lot 2.—Daisies (20 pounds).

Loss IN WEIGHT AT DIFFERENT PERTODS OF STORAGE.

CuriNG PERIOD (Days). 40° F. 50° F. 60° F.
Ozs. |Per cent Ozs. |Per cent Ozs. |Per cent.

T PO | IR P 35 873 25 1.14

| ( J 33 .627 72 1.38 P
.7 SO | FR P | EEEERTRTE Y FEPR P 41 1.96
B0. . e e 66 916 R O | .

7 R N | PP 103 1.98 63 3.11
TRt cveeiien ee e 90 125 128 246 89 4.26
100, . ceeeiii it e 10¢ 1.40 134 2.58 917 4.61
b ¥ L 136 189 148 2.85 118 5.65
Weights of cheese when re-

ceived ...ooooviiiiiiin oon 419 1bs. 15 ozs 325 1bs. 8 ozs. 130 1bs. 9 ozs.
Number of cheese weighed. 24 17 7
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In Figs. 7 and 8 are represented graphically th‘e losses observed in
the smaller sizes of cheese (10 and 20 Ib. varieties). It will be noted
"that these losses at the different temperatures are greater as the 3
temperature increases, and that the differences .between the various ]
temperatures are more marked as the relative size of the cheese di- :
minishes. ’

In order that a comparison may be made between different sizes of
cheese at the same temperatures, and the losses at these respective ;
temperatures compared with each other, the foregoing data are rear-
ranged in Figs. 9, 10 and 11 so as to show the rate of losses of the 3
different sizes of cheese at the different temperatures.
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From these curves it is evident that at 40° (Fig. 9) the loss was
practically the same in both sizes of the cheese. This is probably
- because the relative humidity at this temperature was. practically
100%, and, therefore, in a saturated atmosphere the rate of evapo-
ration would be reduced to a minimum, regardless of the size of the
cheese. :

It must be remembered that the entire loss in weight during the
curing of cheese is not due to evaporation. A cheese in curing is
constantly breathing out carbon dioxide the same as any living organ-
ism, due to the development of microorganisms (bacterial growth
within the cheese as well as molds on surface). Aside from these
biological factors, it has recently been shown by Van Slyke and Hart!
that profound proteolytic decompositions also give rise to an appre-
ciable amount of CO,. With cheese at 60° F. in which external mold
growth was suppressed, they found a loss of approximately one-fourth
per cent. in ninety days. I1n our cold-cured cheese, copious mold de-
velopment occurred, and hence the losses of carbon from .the cheese
due to this growth would be considerably greater than if no such
growth occurred. With the nearly uniform rate of shrinkage shown
in these cold-cured cheese, (Fig. 9), regardless of size, it is quite
" problematical whether this loss in weight may not be chiefly due to
‘the operation of the foregoing factors. If this is so, we may consider
such losses as absolutely unavoidable under normal conditions, for the
action of microorganisms which cannot be suppressed will inevitably
result in the production of some volatile products.

At the temperatures of 50° and 60° where the relative humidity was
below saturation, the factor of evaporation is apparent and is in-
versely related to the size of the cheese. From a practical point of
view, it-is worth noting that the losses in both sizeé of cheese cured
at 60° are approximately fifty per cent. more than they are in the
cheese ripened at 50° F.

C. INFLUENCE OF PARAFFINING CHEESE ON SHRINKAGE DURING CURING.

Within the last few years the custom of coating the cheese with
an impervious layer has been suggested, mainly for the purpose of
preventing the development of mold. For this purpose paraffin has
tcen found to be the mos: suituble agent. The apdlication of such
a layer to the cheese pot only prevents the growth of mold spores, by
excluding the air, but materially retards the rate at which the cheese
loses its moisture. Paraffined cheese then dry out much more slowly
than tHe untreated product, and the application of this method is of
. particular service in the handling of the smaller types of cheese
which have a relatively larger superficial area exposed to the air.

1Bul. No. 231, N. Y. Agricultural Expt. Station, p. 3G.
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‘“To ~study the effect of this method of treatment at different tem-
peratures, a number of the smaller sizes of cheese (daisies and 10 1.
prints) were taken from the same make and part of them covered wiil
paraffin. These were divided into three lots and placed in the dif-
ferent curing rooms where they were held for a period of several
months.

In table 9 are recorded the data as to the percentage loss in both
the paraffined and unparaffined (control) lots,

TABLE 9.—Shrinkage in paraffined and unparaffined 10 lb. prints
and 20 lb. daisies cured at different temperatures.

Ten pound print cheese.

PERCENTAGE l.098 IN WEIGHT FPOR DIFFERENT PERIODS
OF STORAGE.

50° F. 60° F.

CuziNG PERIOD (Days). 40° F.

¢ Unpar. | Paral. { Unpar. | Paraf. || Unpar, Paraf.
TP S PR LY - 24 1.28 603
10........... e 31 | 49 l .......... I
16 1.82 YR | O TR
24 B DUSURRUUY | IO RO 2,46 1.8
Mo e L 885 | 1.08 3.1 ‘ 1.4 492 2.7
.. 1.35 1.48 56 2.9 .64 301
3.5 9.88 3.62
5 ‘ 1 5

Twenty pound daisies.

PERCENTAGE Lo8s IN WEIGHT FOR DIFFERENT PERIODS
OF STORAGE.

CurING PERIOD (Days). 40° F. 50° F. 60° F.

Unpar. | Paraf. Unpar. | Paraf. Unpar. | Paraf.

613 |.......... 1.14 Ry

1.33 .609
.......... 1.58
3 B | EEE TR TR TR PRPP O 1.98 914 3.1 2.5¢4
Tl e e 1.25 1.71 2.46 1.65 4.26 3.17
L 1.40 ... 2.58 20 4.64 3.49

Number cheese tested...... H 24 ‘ 4 H 1w | 1 H 7 1
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In order to permit of a more ready comparison of the above data,
the same are presented in graphical form in Figs. 12 and 13. At
60° F., thel application of paraffin resulted in reducing the losses to
less than one-half of that which occurred in the unparaffined lot. Thig
différence is naturally more observable in the smaller sized cheese
(prints).

\

60
b

1 /7
VA

N

' 10 20 30 DAYS 3 90

IFre. 12.—Influence of parattining 20 Ib. daisy cheese on shrinkage in welght.'

N

At 50° this ratio was slightly diminished but was in the samec
) general direction..

’ At 40°, a peculiarity was observable in both the print and the daisy
size, in that the paraffined cheese lost a trifie more than the unpar-
affined lot. We do not think this apparent paradox can be explained
on the hasis of errors in weighing as there were five unparafﬁned aund
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Fig. 13.—Influcnce of parvaffining 10 Ib. print cheese on shrinkage in weight. ness
. the pre
seventeen paraffined print cheese, and twenty-four unparaffined and 3. In
four paraffined 20 1. cheese in these experiments. Also the weighing | effect o,

of these cheese was made at frequent intervals and in every case - & cheese
the same relation was observed.t

1A new series of experiments with parafiined and unparaffined cheese has since
been made in which the losses in the unparaflined were found to be slightly more
than the paraffined, even at 40°.
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In the paraffined cheese at 40° the losses were reduced practically
to a minimum as was also the case with those unparaffined at this
temperature. As evaporation would certainly be lessened in the par-
affined lot, the uniformity of loss between these and the unparaffined,
still further substantiates the view advanced earlier that these losses
are not so much due to shrinkage from evaporation, as they are to
metabolic activities of organisms, and possibly chemical transforma-
tions within the cheese.

L4

CONCLUSION.

1. Influence of temperature. When cheese are cold-cured, the losses
due to shrinkage in weight are greatly reduced over what occurs under
erdinary factory conditions. In these experiments the actual tempera-
tures employed were on the average as follows: 36.8°, 46.9° and 58.5° F.
Cheese cured at the lowest temperature decreased in weight in ninety
days from 1-1 49, while that cured at the intermediate and higher tem-
peratures lost fully three times as much. This amount would be still
further incréased if comparison was made between the results of cold
curing and existing factory conditions. Under prevailing factory prac-
tice cheese are sold at a much earlier date than is advisable with cold:
cured goods, but the loss under present conditions, for even as brief
a curing period as twenty days, is fully four times as great as has
occurred in these experiments in a ninety day period (the minimum
curing period recommended) under cold-curing conditions (40 deg. F.).
This saving in a factory making 500 pounds of cheese daily would
average not less than fifteen pounds of cheese per day'/ for the entire
season, or considerably more than this if only summer-made cheese
were cold-cured.

2. Influence of type of cheese. In these experiments, different types
of cheese were used, ranging from the firm, typical cheddar to the
soft, moist, quick-curing cheese made for the home-trade. The losses
with the firmer type were considerably reduced in comparison with
the others, but the conditions to which the softer type of cheese were
subjected were not as favorable (because of initial delays), and hence,
- the losses with these types cannot be relied upon with such definite-
ness. As they were exceedingly moist cheese the total losses from
the press were undoubtedly greater than here reported.

3. Influence of size of cheese. The size of package exerts a marked
effect on the rate of loss. At ordinary temperatures, the smaller the
cheese, the more rapidly it dries out. This difference ir loss dimin-
ishes as the temperature is lowered and in our experiments at approxi-
mately 40 deg. F. was practically independent of the size. This con-
dition, however, was undoubtedly attributable to the relative humidily
of the curing room, which at this low temperature was 100%.
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4. Influence of parafin. By coating the cheese with melted parafin
the losses at 60 deg. were reduced more than one-half. At the intr-
mediate temperature the saving was somewhat less and at the lowest
temperature the difference was practically negligable.

5. As some loss occurs even in a saturated atmosphere where
evaporation is presumed not to take place, it implies that the shrink-
age in weight of cheese under these conditions is not wholly due t
desiccation, but is affected by the production of volatile products that
are formed by processes inherent to the curing of cheese.








