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The butter industry is concerned with every factor that affects the 
market quality of its product. One of the most disturbing defects of 
butter on the market is the presence at times of mold spots on the sur
face and on the wrapper. Among the many possible sources of mold 
spores, parchment paper has often been suspected. The purpose of the 
studies reported in this bulletin was to determine whether contaminated 
parchment paper may be responsible for the molding of butter, and, 
if so, what methods are most acceptable for avoiding this source of 
infection. 

USE OF PARCHMENT PAPER IN THE BUTTER 
INDUSTRY 

Parchment paper is almost universally used as a wrapper for butter. 
It is a most acceptable protective covering for such a delicate food 
product, whether the butter is printed in small units or packed in tubs, 
boxes, or jars. 

The original parchment was an animal product made largely from 
the skins of sheep. However, the type employed in the food industries, 
known as vegetable parchment, is made from vegetable material
largely from cotton rag pulp or wood fiber. 

MANUFACTURE OF VEGETABLE PARCHMENT 

The rag or wood pulps, which are basally cellulose, are carefully 
purified and bleached. The prepared pulp goes through the regular 
pape·r-making process until it evolves as a sheet of paper, called "water
leaf ." This paper is then passed through a bath of strong sulphuric 
acid solution. The acid acts upon the cellulose fibers to form a colloidal 
substance known as amyloid. This material is rather gelatinous in nature 
and fills the interstices between the fibers of the paper in such a way 
that it forms an almost impervious film. Following this acid treatment, 
the paper is washed several times in pure fresh water to remove all 
traces of the acid, after which it is dried and cut into convenient sizes 
for the market. 
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PROPERTIES OF VEGETABLE PARCHMENT 

When the paper is prepared from carefully selected, high-grade raw 
materials, thoroly purified and washed, it should be odorless and taste
less. The acid treatment renders it tough, semi-transparent, water- and 
grease-proof. The better quality of vegetable parchment paper is not 
affected by repeated boiling in water or in concentrated salt solutions. 
Furthermore, it is practically impervious to gases. These characteristics 
insure an almost ideal protective covering for butter. 

It is desirable that butter should maintain its natural fresh aroma 
and flavor and its original moisture content. The vegetable parchment 
paper makes possible a reasonable retention of these properties, inhibits 
the absorption of undesirable odors from containers or storage rooms, 
and.checks dehydration. As the paper is tasteless and odorless, it does 
not impart any undesirable flavors to the product. ' The fact that the 
paper may be soaked o·r boiled without modifying its properties is an 
additional reason why it is peculiarly adapted for use in the creamery, 
where it may be desirable to use moistened paper or to sterilize it by 
boiling. 

Since the introduction of vegetable parchment, about forty yeaFs ago, 
its use has increased steadily and at present it is practically the only type 
of paper that comes into direct contact with the surface of butter m 
packages. 

PARCHMENT PAPER AS A SOURCE OF MOLD 
IN BUTTER 

It has been commonly believed in dairy circles that parchment paper 
may act as a source of mold contamination. Studies that have been 
made in a number of creameries, and examinations of the paper, have 
shown that parchment often carries large numbers of mold spores. 

In the manufacture of vegetable parchment there is little opportunity 
for mold spores to survive. The finished paper should not become 
contaminated in the factory unless it has been washed in impure water 
or handled carelessly in drying, cutting, or packing for shipment. In 
most modern factories every precaution has been taken to prevent 
contamination. It usually leaves the facto'ry in sealed cartons which 
exclude dust and moisture. Paper from a freshly opened carton seldom 
is found to be contaminated. 

Undoubtedly, the major part of the infection of parchment paper 
with mold spores takes place in the creamery. The most heavily con
taminated paper was found in creameries whe1·e it had been removed 
from the cartons and exposed to dust and dirt on open shelves. 

It has been demonstrated conclusively that parchment paper in the 
creamery is often heavily seeded with mold spores, so it is conceivable 
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that such paper may, at times, be a factor of conside·rable importance 
in the surface molding of butter and the discoloration of the wrapper. 
Data reported in this bulletin indicate clearly that contaminated paper 
may lead to serious molding of butter. This being the case, it is impor
tant that the user eliminate the possibility of contamination from this 
source. 

Data are here presented to indicate that the mold spores on parchment 
paper may be destroyed and the parchment be no longer a source of 
mold. 

REVIEW OF LITERATURE 

A search of the literature has revealed a number of references which 
deal with the subject of parchment paper, its effect upon the molding 
of butter, factors influencing the development of the mold from such 
a source, and methods for the treatment of the paper to overcome the 
difficulty. Burr ( 26, 28, 30) reviews some of the literature and dis
cusses the problem in general. Later, Burr and Wolff (31) make 
further 'reference to previous investigations and report some experi
mental data regarding the part which parchment may play in the surface 
molding of butter. Gripenberg (39), in a rather extensive way, dis
cusses the importance of parchment paper as a source of mold. Von 
Boltenstern (73, 74) is of the opinion that parchment is a very slight 
factor. 

While a numbe·r of references were found regarding different 
methods of treating parchment to destroy the mold spores, practically 
no experimental data are offered to substantiate the statements :.i.s to 
the effectiveness of any one method. 

Most of the material upon parchment paper and its relation to the 
quality of butter has been general in nature. It is not considered suffi
ciently pertinent to review in detail. However, a rather extensive 
bibliography which may be useful to some will be found in the appendix. 
As a matter of convenience, a key to the subject matter covered is 
included. 

EXPERIMENT AL 

Parchment Paper as a Source of Mold 

In order to determine whether or not contaminated parchment paper 
may contribute to the molding of butter, a test was made with butter 
prepared from sterile cream, churned in a sterile churn, handled asep
tically, then wrapped in parchment paper that was known to be con
taminated with mold spores. 

A quantity of cream containing approximately 40 per cent fat was 
autoclaved at 15 pounds pressure for 20 minutes and cooled to the 
churning temperature. It was then churned in a sterilized Dazey churn, 
washed with sterile water, and worked carefully in the glass jar with 
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sterile ladles. The finished butter contained from lS-4 to 15.6 per cent 
moisture. No salt was added. Platings made from the autoclaved 
cream and the finished butter indicated that both were sterile. 

The butter was wrapped in contaminated parchment paper with 
approximately Ys pound itY each sample. Check samples were wrapped 
in parchment paper that had been boiled in water for IO minutes. The 
wrapped samples were placed in sterile 12-inch desiccator jars provided 
with cotton-plugged outlets which admitted a constant supply of air. 
Part of the samples were placed in the cooling room of the experimental 
creamery at a temperature which fluctuated between 35 and 40 degrees F. 
The rest were placed in the laboratory refrigerator where the tempera
ture remained almost constantly at SS degrees F. The samples were 
observed at various intervals, as indicated in Table I, and precautions 
were taken to prevent contamination during these examinations. In 
order to increase the humidity in some of the jars, after a period of 
storage at ordinary humidities, water was added to the lower chamber 
of the desiccator jar. Some of the samples originally at 3S degrees F. 
were later placed at SS degrees F. in order to stimulate growth if there 
were any possibility of such activity. 

The designation "dry," in Table I, merely indicates the normal 
humidity of cooler or refrigerato·r, while "humid" indicates that water 
had been added to the jar so that the atmosphere in it became saturated 
with moisture. 

Check samples of sterile butter in sterile parchn}ent under all these 
conditions failed to show any mold even after three months storage. 

TABLE l 

MoLD DEVELOPMENT ON STERILE BtrTTF.R WRAPPED IN CoNTAMI~ATED PARCHMENT PAPER 

Temperature Total Humidity No. Samples showing mold spots on 
of period of with days of 

storage storage ·of exposure samples Butter Parchment 

• F. Days per cent per cent 

35 so Dry* 12 0 0 

35 60 Dry 0 0 

35 60 { 50 Dry 
IO Humid 

60.0 0 

35 So 60 Dry 

55 20 Dry 7 14.3 0 

80 { 50 Dry 
100.0 60.0 35 

10 Humid 

55 20 Humid 

35 IOO 60 Dry 100.0 100.0 

55 
{ 20 Dry 

20 Humid 

55 30 Dry IO 0 0 

55 so Dry roo.o 0 

55 80 Dry 100.0 0 

80 { 60 Dry 8 100.0 87.5 
55 

20 Humid 

*Dry= ordinary humidity; humid= high humidity. 
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It will be noted that all the other samples wrapped in contaminated 
parchment became moldy after a period of storage, the mold appearing 
sooner at high temperatures and high humidities. In most cases the 
mold spots appeared on both the surface of the butter and the paper, 
which became badly discolored. From these results it is apparent that 
a contaminated parchment may, under certain conditions, cause the 
surface molding of butter. High humidity and temperature unquestion;: 
ably accelerate the development ·of the mold. ' 

Treatment of Parchment Paper 

As it has been demonstrated that contaminated parchment paper 
may cause the molding of butter and the discoloration of the paper, 
it is necessary that some method for destroying the mold spores be 
applied. In the past, creamerymen have used a variety of methods 
and substances. In the course of these studies, methods known to be 
in use were tried as well as some others. 

The following were used : (I) Boiling water, ( 2) boiling super
saturated brine ( 35 per cent sodium chloride), ( 3) cold supersaturated 
brine ( 35 per cent sodium chloride), ( 4) cold supersaturated b'rine 
( 35 per cent sodium chloride) + ( 35 per cent potassium nitrate). 
( 5) formalin, ( 6) homemade calcium hypochlorite, ( 7) commercial 
sodium hypochlorite, ( 8) commercial sodium hypochlorite-alkaline 
sodium phosphate mixture, ( 9) commercial chloramine preparations 
I, 2, 3, and 4, (IO) salicylic acid, (I I) sodium benzoate, ( I2) fused 
bo·ric acid, (I 3) benzoic acid. 

Methods 

The methods used for the study of the effect of vanous prepara
tions upon mold-contaminated parchment paper were as follows: 
Parchment papers from a variety of sources and known to be infected 
were cut into approximately I -inch squares. These papers were then 
immersed in the solutions under investigation for va·rious periods of 
time. At the expiration of each period of immersion the paper was 
removed directly from the solution with sterilized forceps and placed 
in a sterile petri plate containing r cc. of r per cent sferile tartaric 
acid solution. Whey agar was then added and the plates were revolved 
so as to flood and wash the entire surface of the paper. The paper 
was left in the solidifying agar. The plates were incubated at room 
temperature for one week, after which observations were made. Fig
ure I illustrates the appearance of such plates. 

Exposures to boiling water and to boiling saturated brine were made 
for I, 2, and 5 minutes, respectively. With the chemical solutions the 
exposures were for 0 hour, I hour, and 20 hours. The last was 
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' chosen as representing, in creamery practice. a pe·riod commonly elapsing 
from the afternoon of one day until the following morning, when the 
churning is completed and the packing begun. 

Fig. 1. Testing Parchment Paper for Mold 
The cut on the left shows a piece of parchment in nutrient media in a culture dish. The 

spots are mold colonies, 21 in number, indicating that the piece of parchment carried at least 
that many mold spores. · 

The cut on the right shows results after sterilizing a second piece of the same parchment 
in boil~ng water. 

The results are expressed in percentage efficiency, that is, the per
centage of the total number of samples free from mold after being 
subjected to the particular solution and exposu1·e. If all were sterile 
after the treatment, the efficiency would be 100 per cent; if none were, 
the efficiency would be o per cent. 

The number of samples studied in each case is indicated in each 
table as well as the concentration of the solution and the time of ex
posure. \'lith the chlorine preparations, the percentage of available 
chlorine is given. \'lith dry substances, 1 gram of dry substance was 
added to 99 cc. of distilled water to make a I per cent solution, and in 
like manner for other concentrations. \Vith the liquid preparations, 
the solutions were made by volume. The formalin solutions were made 
from the commercial formalin (a 40 per cent aqueous solution of 
formaldehyde). The home-made calcium hypochlorite was prepared 
from a IO-ounce can of chloride of lime. This was made into a paste 
by the addition of cold water, after which it was diluted with water 
until a total of 4 liters of water was utilized in making the paste and 
the dilution. This preparation was mixed thoroly, shaken occasion
ally during the day, and allowed to stand over night in large flasks. 
In the morning the clear solution was decanted and the remainder 
filtered through coarse filter paper. This filtrate became the basic 
preparation from which the various solutions were made. Commercial 
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hypochlorite No. I was a liquid. Nos. 2 and 3 were powders or crystals 
containing a combination of sodium hypochlorite and an alkaline clean
ing powder. Commercial chlorine No. I was in tablet form, Nos. 2, 3, 
and 4 were powders or crystals. 

The 1·esults of the experiments are given in Tables II to XVII. 

No. of trials 

16 
16 
16 

TABLE II 

fREATMENT OF PARCHMENT PAPER IN BOILING \YATER 

Time of exposure 

min. 

Efficiency 

per cent 
100 

100 

100 

Table II indic<ttes that boiling water was remarkably effective, even 
after short exposures. The mold spores on the most heavily con
taminated papers we·re destroyed in every trial. This method is most 
satisfactory with parchment that is to be used on unsalted outter. 

No. of trials 

I 5 
15 
15 

TABLE III 

TREATMENT OF PARCHMENT PAPER IX BOILING BRI.\'E 

(35 % solution of sodium chloride) 

Time of exposure 

min. 

2 

Efficiency 

per cent 
87 
93 

JOO 

For some unknown reason, the boiling supersaturated brine did not 
become effective as promptly as the boiling water. However, a 5-minute 
exposure gave excellent results. 

No. of trials 

23 
23 
23 

TABLE IV 

TREATMENT oF PARCHMEXT PAPER I.:'i CoLD BRINE 

(35 % solution of sodium chloride) 

Time of exposure 

hr. 
y, 

2.(l 

Efficiency 

per cent 
0 

0 

0 

The results given in Table IV contradict the opinion of many cream
erymen that a cold supersaturated brine is efficient· in the destruction 
of mold spores on parchment paper. It is absolutely undependable. 
There is no evidence that any of the mold spores are destroyed even 
after long exposures to the cold brine. Experiments conducted in 
these laboratories have indica:ed that certain types of molds actually 
thrive and develop in a cold supersaturated brine solution where there 
are only the merest traces of food materials. If the cold brine does 
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not destroy the spores or inhibit the growth of certain molds, a con
taminated parchment paper soaked in such brine will still be a potential 
source of mold when it is wrapped about butter, which offers sufficient 
food fo'r the development of the mold spores. The presence of some 
concentrated brine on the surface of the paper in contact with butter 
may check the growth of some molds, but since it does not inhibit all 
forms, th.e parchment should be placed in boiling brine to minimize 
the dangers from contamination. The treatment of parchment with 
cold brine is an unwise practice. 

TABLE V 

TREATMENT OF PARCHMENT PAPER IN COLD BRINE 

(35 % so!ution of sodium chloride + equal parts of a 35 % solution of potassitfm nitrate) 

No. of trials 

IO 

IO 

20 

Time of exposure 

hr. 

0 

20 

Efficiency 

per cent 
0 

0 

0 

The addition of a solution of saltpet~r (potassium nitrate) to the 
cold saturated brine solution was suggested. The results of our trials 
with this combination are shown in Table V. The mixture was useless 
from the standpoint of the destruction of mold spores. 

TABLE VI 

TREATMENT OF PARCllMENT PAPER IN FORMALIN 

No. of trials Strength of solution 
Efficiency at various exposures 

0 hr. I hr. 20 hr. 

per cent per cent per cent per cent 
37 1.0 76 84 IOO 

37 0.5 41 58 84 
27 0-4 44 37 85 

Table VI gives data to show that formalin is effective in destroying 
mold spores when a sufficiently strong solution and adequate time are 
employed. There appears to be a considerable difference in the 
strength of various commercial samples' of formalin. A number of 
trials besides those reported show that certain samples of formalin were 
fungicidal in much weaker solutions and in shorter periods of time. 
Since. commercial formalin (which is supposedly 40 per cent formalde
hyde in water), varies so much in strength, it is rather questionable 
whether it may be depended upon for efficient work. It is also known 
to deteriorate with age. 
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TABLE VII 

TREATMENT OF PARC\JMENT PAPER WITH HOMEMADE CALCIUM HYPOCHLORITE 

No. Strength Avail- Efficiency at various exposures 
of of able 

trials solution chlorine Y, hr. l hr. 20 hr. 

per cent per cent per cent per cent per cent' 
lS 1.0 0.0216 100 IOO 100 
1S 0.5 IOO 100 100 
lS 0.25 100 100 S9 
lS 0.2 60 20 20 

The results reported in Table VII demonstrate that ordinary home
made calcium hypochlorite is particularly rapid in its action and in 
rather weak solutions. However, the more dilute solutions lost some 
of their fungicidal power after standing. This deterioration after ex
posure to light, air, time, and use is often rapid, especially in weak 
solutions. The solutions must be freshly prepared or sufficiently forti
fied with concentrated solutions to maintain their destructive power 
against mold spores. 

TABLE VIII 

TREATMENT OF PARCHMENT PAPER WITH SOLUTIONS OF COMMERCIAL SODIUM ffYPOCHLORITE 

No. Strength Avail- Efficiency at various exposures 
of of able 

trials solution chlorine · Y, hr. l hr. 20 hr. 

per cent per cent per cent per cent per cent 
24 2 0.1666 100 60 100 
24 96 96 96 
24 0.5 96 92 So 
24 0.2 S9 22 45 
24 O.I 45 50 67 

The results given in Table VIII show that these solutions of com
me'rcial sodium hypochlorite were not particularly dependable. Even 
with a higher chlorine percentage than that of the homemade calcium 
hypochlorite solution, the efficiency was not so great. Its power as a 
fungicide seemed to be questionable. 

TABLE IX 

TREATMENT OF PARCHMENT PAPER WITH A SOLUTION OF A COMMERCIAL M1XTURE

SODIUM HYPOCHLORITE-ALKALINE SODIUM PHOSPHATE 

No. 
of 

trials 

25 
19 
29 
IO 

IO 

20 

Strength 
of 

solution 

per cent 

4 
2 

0.5 
0.2 

0.1 

Avail
able 

chlorine 

per cent 
0.3873 

Efficiency at various exposures 

Y, hr. I hr. 20 hr. 

per cent per cent per cent 
92 56 92 
74 53 6S 
62 66 62 
60 40 So 
So 60 40 
75 70 45 

This mixture of sodium hypochlorite and alkaline sodium phosphate 
was not reliable in any of the solutions prepared. Even in the costly 
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4 per cent solution, as Table IX indicates, the results were not satis
factory, regardless of the fact that the percentage of available chlorine 
was more than ten times as great as in the homemade hypochlorite 
solution. These trials make doubtful the ·usefulness of such a prep
aration for the destruction of mold spores on parchment paper. 

TABLE X 

TREATMEXT oF PARCHMEXT PAPER WITH CoMMERCIAL CHLORAMINE No. r 

No. Strength Avail- Efficiency at various exposures 
of of ab1e 

trials solution chlorine Y, hr. I hr. 20 hr. 

per cent per cent per cent per cent per cent 
II 0.4 0.3190 lUU JOO 100 
II 0.2 IOO IOO 100 
II 0.1 82 82 100 

This solution of a· commercial chloramine compound was remark
ably effective, as illustrated in Table X, especially in the more concen
trated solutions. 

TABLE XI 

TREATMENT OF PARCHME~T PAPER WITH COMMERCIAL CHLORAMINE No. 2 

No. Strength Avail- Efficiency at various exposures 
of of ab:e 

trials solution chlorine Y, hr. I hr. 20 hr. 

per cent per cent per cent per cent per cent 
15 0.6556 IOO IOO IOO 

15 o.8 JOO 100 100 

15 o.6 ~ 100 IOO 100 

15 0.4 20 20 33 
15 0.2 40 12 53 

Table XI gives the results of trials with another chloramine prep
aration. It will be noted that there is a rather abrupt division between 
effective and non-effective strengths. This is unusual, but illustrates 
that a danger line is easily reached. 

TABLE XII 

TREATMENT OF PARCHMENT PAPER wrTH CoMMERCIAL CHLORAMINE No. 3 

No. Strength Avail- Efficiency at various exposures 
of of ab!e 

trials solution ch!orine Y, hr. I hr. 20 hr. 

per cent per cent per cent per cent per cent 
29 .03156 93 IOO IOO 

29 0.5 IOO IOO IOO 

29 0.25 92 IOO IOO 

19 O.I 32 26 53 

In the case of commercial chloramine No. 3, the results are quite 
satisfactory. Table XII shows that it requires somewhat mo·re time 
for action than Nos. I and 2. Again there is the sharp line of demar
cation between the satisfactory and the unsatisfactory concentrations. 
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TABLE XIII 

TREATMENT OF PARCHMENT PAPER WITH CoMMERCIAL CHLORAMINE No. 4 

No. Strength Avail· Efficiency at various exposures 
of of ab1e -------------------

trials solution chlorine Y, hr. I hr. 20 hr. 

per cent per cent per cent per cent per cent 
IO o.SS6o So 40 100 

20 0.5 40 50 70 

IO 0.2 0 30 So 
IO O.I 0 0 

Of all the chloramine solutions studied, No. 4 was least effective. 
The absolutely negative results of certain strengths, as shown in Table 
XIII, are rather unusual, especially when the percentage of available 
-chlorine is so high. 

TABLE XIV 

TREATMENT OF PARCHMENT PAPER WITH SALICYLIC Aero 

Efficiency at various exposures 
No. of trials Strength of solution 

Y, hr. I hr. 20 hr. 

per cent per cent per cent per cent 
IO IOO IOO IOO 

IO 0 5 IOO IOO IOO 

IO 0 25 IOO IOO IOO 

IO O.I 100 IOO IOO 

The results obtained when using solutions of salicylic acid (Table 
XIV) prove that this substance is a very powerful fungicide. In 
-every case, the mold spores were destroyed. Even tho it is effec
tive, its use for treating parchment can not be recommended because 
.of difficulties to be encountered from pure food laws. 

TABLE XV 

TREATMENT OF PARCHME:N"T PAPER WITH SODIUM BENZOATE 

Strength of solution 
Efficiency at various exposures 

No. of trials 
Y, hr. I hr. 20 hr. 

per cent per cent per cent per cent 
IO 70 So 90 

IO 0.5 30 50 40 

IO 0.25 50 30 50 

IO O.I IO 20 IO 

Even tho sodium benzoate is a common and effective food preserva
tive it did not have sufficient strength in the solutions listed in Table 
XV to destroy all the mold spores on the parchment. Its use is open 
to the same objections as is the use of salicylic acid. 

/ 
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TABLE XVI 

TREATMENT OF PARCHMENT PAPER WITH FUSED BORIC ACID 

No. of trials Strength of solution 
Efficiency at various exposures 

Y, hr. I hr. 20 hr. 

per cent per cent per cent per cent 
IO JOO JOO I~O 

IO 4 0 0 40 
IO 3 0 0 20 

20 0 0 35 
30 IO 

30 0.5 3 
30 0.25 3 

Altho a 0.5 per cent solution of boric acid has been 'recommended 
for treating parchment paper, the results recorded in Table XVI show 
that it is very ineffective. Excessively high concentrations are neces
sary to exert any noticeable effect upon the contaminated parchment. 
The element of time enters into its efficiency. Its use is not 
recommended. 

TABLE XVII 

TREATMENT OF PARCHMENT PAPER WITH BENZOIC ACID 

No. of trials Strength of solution 
Efficiency at various exposures 

Y, hr. I hr. 20 hr. 

per cent per cent per cent per cent 
IO JOO IOO JOO 

IO 0.5 JOO JOO 100 

IO 0.2 60 JOO IOO 

IO O.I IO 40 JOO 

Benzoic acid appeared to be a powerful fungicide when in sufficiently 
concentrated solutions. Table XVII shows that time is a factor in 
its action. However, in the concentrations necessary to destroy mold 
spores, some of the benzoic acid is precipitated out of solution into a 
crystalline or flaky form which is very apparent on the surface of the 
paper. This is objectionable and eliminates benzoic acid as a satis
factory substance for treating parchment even tho it is an effective 
agent against the mold spores. 

DISCUSSION OF RESULTS OF TREATING PARCHMENT 
PAPER BY VARIOUS METHODS 

It is well to consider the significance of the results obtained with 
various methods for the destruction of mold spores on parchment paper. 
(I) The purpose of treating the paper is to destroy the mold spores. 
The most effective method should be sought. ( 2) The more quickly 
the destruction is accomplished, the more satisfactory is the method . 
. (3) The results must be accomplished without introducing any dele
terious substance on the surface of butter, and without endangering 
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the health or well-being of the person using the method. (4) The 
method must be practical and economical. 

From the standpoint of destructive ability, many of the chemical 
preparations rank high. None, however, are any more certain than 
boil~ng water or boiling brine. Water is always of the same concen
tration, so introduces no difficulties as to strength. Brine solutions may 
vary in strength but one can never get more than a certain amount of 
salt into solution in water. After the saturation point is reached the 
excess settles out. Even if the concentration of the brine is not con
stant, boiling overcomes that cleficiency. In fact, the killing effect lies 
not in the salt but in the high temperature reached in boiling the solu
tion. \Vith the chemicals, however, effectiveness depends upon the 
strength of the solution. Hypochlorite solutions are very likely to 
lose their strength upon standing. Light, heat, and air have a decid
edly detrimental effect upon them, especially when they are in dilute 
solution. Even the concentrated solutions deteriorate with age. For 
this reason an operator can seldom be sure that the solution he is using 
is sufficiently concentrated to accomplish his purpose. Also, dilution 
of these solutions or of any other chemicals lessens their power. 

The combinations of hypochlorites and alkalies have a better keep
ing quality than the hypochlorites alone, especially as they are usually 
dry substances, which deteriorate much more slowly than liquids. How
ever, their efficiency as fungicides was found to be low. 

The chloramines are practically all sold in powder or crystalline 
form. In solution they often increase in strength, as measured by the 
chlorine percentage after evaporation. This is not true if they are 
diluted. But it must be borne in mind that the percentage of available 
chlorine is not the sole criterion of the effectiveness of a chlorine prep
aration, as the data show. 

The fact must also be considered that continued use of a chemical 
solution will weaken it. If chlorine, oxygen, or any other element must 
take part in a sterilizing action, the strength must decrease with. re
peated use of the solution. This is a very important point when de
termining the satisfaction which any chemical p·reparation will give in 
practice. Unfortunately, the average creamery is not equipped to test 
the strength of solutions day by day, hence there is a possibility that 
a solution may be useless before the operator is aware of the fact. 

The rapidity with which a given method will accomplish its pur
pose is a factor under practical conditions. An operator may wish to 
treat a supply of parchment in an emergency. If he must wait one 
hour or twenty hours the delay will be costly and often results in no 
treatment. Of all the methods, the boiling water is most expedient. 
Water is conveniently at hand, and in an average creamery there is 
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always plenty of steam or a source of heat for boiling the water if the 
boiling water itself is not always available. Five or ten minutes in 
boiling water is decidedly effective in destroying mold spo·res. Boiling 
brine is almost equally convenient and efficient. 

When chemicals are resorted to for treating parchment paper, diffi
culties beyond those already mentioned may arise.. The odor of 
formaldehyde is disagreeable. It causes the eyes to smart and the 
hands to become dry and c·racked. Chlorine solutions may bleach the 
surface of the butte'r. Benzoic acid in the necessary strength crys
tallizes out on the surface of the paper. Most important, however, is 
the fact that chemicals on the paper may be absorbed by the butter. 
The pure food officials may then deem the butter adulterated. Seiz
ures, fines, and embarrassment may be the result. Water ci.nd salt are 
not objectionable and their use is not illegal unless there is too much 
water in the butter because of faulty methods of manufacture. Not 
enough water is added with the parchment to constitute adulteration. 

The cost of many of the chemicals is a factor to be considered. 
If a solution is kept up to strength, more of the chemical must con
tinually be added or else the solution must be discarded and renewed. 
Water and salt are cheap and always available. 

Altogether, it appears that boiling water and boiling brine are by 
far the most satisfactory fo'r treating parchment paper for the elimi
nation of mold spores. 

RESULTS OBTAINED WITH TREATED PARCHMENT 

After the trials of various methods for treating parchment paper, 
studies were made to determine if contaminated parchment treated by 
ttie most efficient methods would actually be rid of the mold spores 
and not produce moldy areas on the surface of butter, 01· if traces of 
the solutions used would have any protective effect. 

Experiment I 

A batch of raw cream was churned in a sterile Dazey churn. An 
analysis of the finished butter revealed a few white molds, presumably 
Oidium lactis, but no colored types. The butter was wrapped in parch
ment paper that before treatment was badly contaminated with a 
va·riety of molds. The papers were treated by the most efficient meth
ods previously reported, and indicated in Table XVIII. A check 
sample was wrapped in untreated parchment. 

The samples were then stored at 35 and 55 degrees F. under con
ditions similar to those described on foregoing pages. 

The results are given in Table XVIII, in which "B" indicates that 
the butter exhibited areas of mold; "BP" that both butter and parch-
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ment were moldy, and "O" that there were no visible signs of moldiness 
on either. The term "dry" in the headings indicates that the samples 
were stored at the ordinary atmospheric humidities, while "humid" 
means that the butter was subjected to an atmosphere saturated with 
moisture. The latter condition was accomplished by the addition of 
water to the bottom of the covered jar, as already described. 

TABLE XVIII 

RESULTS OBTAINED WITH TREATED PARCHMENT PAPER 

(Raw cream butter with low mold content wrapped in parchment treated by various methods) 

Strength Time 
Appearance of mold spots after storage 

-----------------
Treating medium of of 50 days 60 days dry at 50 days 60 days dry+ 

solution exposure dry at 35 'F. + 20 days dry at 20 days humid 
35° F. humidat55'F.* ss'F.* at ss'F.* 

per cent hr. 
Check-untreated 0 B 0 BP 
Boiling water st 0 0 0 0 
Boiling brine 3S-O st 0 0 0 0 
~alcium hypochlorite o.s y, 0 0 0 0 
Commercial sodium hypo-

chlorite 2.0 y, 0 0 0 0 
Commercial sodium hypo-

chlorite + alkali 4.0 y, 0 0 0 0 
Commercial chloramine I 0.2 y, 0 0 0 0 
Commercial chloramine 2 0.5 y, 0 0 0 0 
Commercial chloramine 3 o.6 y, 0 B 0 B 
Boric acid s.o y, 0 0 0 0, 
Salicylic acid O.I y, 0 o· 0 0 
Sodium benzoate 1.0 20 0 0 0 0 
Formalin LO 20 0 0 0 0 

* B = mold on butter, BP = mold on both butter and parchment, 0 = no mold on either. 
t Minutes. 

The parchment paper used in the experiment reported in Table 
XVIII was known to be highly contaminated with mold spores before 
it was treated. The results with the check sample substantiate those 
obtained in earlier trials with infected paper. \Vith the exception of the 
results obtained with commercial chloramine No. 3, none of the butter 
wrapped in treated parchment exhibited any signs of mold spots even 
tho the same lots of paper before treatment had invariably p·roduced 
moldiness. The butter wrapped in paper treated in the chloramine No. 3 
solution had just one small area of mold, which might have been the 
result of an accidental contamination in the handling of the sample 
and not of an inefficient solution. The fact, necessarily, was reported. 
The effect of humidity may again be seen. 

Experiment 2 

The question naturally arose as to the possibility that the chemical 
solutions used for treating parchments might be carried into contact 
with the butter and exert a residual, inhibiting effect upon the develop-
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ment of molds on the surface of the butter when the butter itself was 
known to be contaminated. 

A sample of raw cream was inoculated with cultures of green and 
black molds (Penicilliuin sp. and Aspergillus sp.). It was later churned 
in a Dazey churn. The butter was wrapped in pa·rchment paper treated 
by the methods already mentioned. A check sample was carried in 
untreated paper. As before, the butter was stored at 35 and 55 de
grees F. Half of the samples at each temperature were left in the 
jars at ordin'ary humidity, while the rest were in ja·rs, the bottoms of 
which were filled with water to yield higher humidity. Table XIX 
sets forth the results obtained in this study. 

TABLE XIX 

PROTECTIVE EFFECT OF TREATED PARCHMENT 

(Butter contaminated with mold and wrapped in treated parchment) 

Appearance of mold after 6 weeks' storage* 
Strength Time 

Treating medium of of Low humidity High humidity 
so!ution exposure -------- --------

350 F. 55° F. 35° F. 55° F. 

per cent hr. 

Check-untreated B B BP BP 
Boiling water st B B BP BP 
Boiling brine 35.0 st B B BP BP 
Cold brine 35.0 20 B B BP BP 
Benzoic acid 0.5 y, B B B BP 
Boric acid 5.0 !/, B B BP BP 
Formalin 1.0 20 B B BP BP 
Salicylic acid O.I y, B B BP BP 
Sodium benzoate l.O 20 B B BP BP 
Calcium hypochlorite 0.5 y, B B BP BP 
'Commercial sodium hypo· 

chlorite 2.0 y, B B BP BP 
1 -Commercial sodium hypo-

chlorite + alkali 4.0 y, B B BP BP 
-Commercial chloramine I 0.2 y, B B BP BP 
Commercial chloramine 2 0.5 y, B B BP BP 
Commercial chloramine 3 o.6 y, B B BP BP 

* B = mold on butter, BP = mold on both butter and parchment. 
t Minutes. 

In all cases, the butter became moldy after six weeks storage at 
both 35 and 55 degrees F. The samples kept at high humidity were 
not only moldy on the surface, but. the paper itself was badly spotted 
and discolored with the mold growth that oven-an it. There was one 
exception to the latter condition. The sample wrapped in paper treated 
with benzoic acid did not show any mold on the paper. Crystals of 
benzoic acid covered the surface and apparently checked the growth 
on the paper. 

These experiments have demonstrated clearly that if butter is so 
made that it is free from mold (pa·rticularly certain types) and wrapped 
in properly treated parchment, it is reasonably safe from the possibility 
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of molding. On the other hand, if butter is heavily contaminated with 
mold, the treated parchment, even if it carries salt or other chemicals 
on its surface, has no marked protective effect against the development 
of mold. The destructive powe1· of the chemical is lost by dilution or 
decomposition, in all probability. 

Furthermore, it must be borne in mind that the appearance of 
mold spots on the surface of the butter does not necessarily incrimi
nate the parchment paper. The source of moldiness may be the butter 
itself, in which case the parchment paper, itself free from mold, may 
be badly spotted and discolored by mold growth. Consequently there 
must be not only an adequate treatment of the parchment paper, but 
also an application of thorn sanitation in the care and handling of the 
cream and butter throughout the manufacturing process. 

CONCLUSIONS 

I. Areas of distinct, visible mold growth may be produced on the 
surface of a mold-free butter by infection with spores brought into 
contact with the butter by contaminated pa·rchment paper. 

2. Parchment paper contaminated with mold spores may be con
sidered as an important potential source of mold on the surface of 
butter. 

3. Moldy areas resulting from the use of contaminated parchment 
paper may develop not only on the butter but also on the paper, pro
ducing an undesirable discoloration. 

4. Seve·ral weeks often elapse, depending largely upon humidity and 
temperature, before the growth of mold becomes visible to the naked 
eye as deeply colored areas on the butter or parchment. 

5. Contaminated parchment paper may be rendered mold-free by 
simple treatment. 

6. The simplest and most satisfactory treatment for the destruction 
of mold spores on parchment paper is complete immersion of the paper 
in boiling water or. boiling brine (supersaturated sodium chloride solu
tion) for at least five minutes. 

7. A number of chemicals, when in sufficiently concentrated solu
tions and when allowed to act for sufficient periods of time, destroy 
mold spores, but the objections to their use are such that none of them 
are recommended. 

8. Evidence is presented to show that when contaminated parch
ment papers undergo an effective treatment they are no longer sources 
of mold. 

9. Traces of chemicals which may remain on the parchment papers 
after treatment by the methods described do not inhibit the growth 
of the mold on the surface of butter when the butter itself is the source 
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of the mold, nor do these methods of treatment prevent the occurrence 
of moldy areas on the parchment paper. 

IO. The proper treatment of parchment paper, preferably by boil
ing water or boiling brine, is an absolutely essential part of the manu
facturing process in a creamery producing butte'r of the highest market 
quality. 
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