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Introduotion. 

The need has long been felt for an efficient 

preeerTative for milk samples intended for chemical 

analysis. Since it is not feasible to make all anal

yses on the fresh sample some means must be used to 

preserTe the milk. The method used should make it 

possible for a oorrect determination to be made of 

each constituent. Considerable work has already been 

reported along this line but the knowledge available on 

the sub3eot is by no means sufficient or complete. The 

present inTestigation was undertaken with the hope of 

contributing something to the knowledge of this subject. 

Sinoe the entire subjeot of milk preserTation for chemi

oal analysis is broader than could be undertaken in the 

time 8Tailable, the investigation was limited to the 

preservation of the proteins. 

Preservatives Selected -- The preservatives chosen 

for comparison were formaldehyde, mercuric ohloride, 

potassium bichromate, thymol, toluene and cupric sulphate. 

The important characteristics of each of these preserva

tives 80 far as they have been found in the literature 

are given below. 
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formaldehyde -- ~ormaldehyde, tho only slightly 

toxio to certain forms of protoplasm. has been found, in 

general, to be quite poisonous to the lower organisms. 

Price (1) found that at ordinary temperatures formaldehyde 

1/1500 kills the more common bacteria found in milk; Rivas 

(2) states that formaldehyde 1/1000 killed all the bacteria 

in certain milk samples; Clark (3) found that formaldehyde 

in dilution 1/512 molar was fatal to Aspergillus and Peni-
( 

cillium in beet infusion medium. The germicidal effects 

of formaldehyde are probably due largely (4,5) to the 

action of the poison on the proteins of the organism. 

Cochran (6) and Lowenstein (7) found that formalde

hyde had a marked retarding action on the activity of oer

tain milk enzymes. Beven (8) had some years previously 

pointed out that the value of formaldehyde as a preserva

tive depended on the condition of the milk at the time of 

treatment. He reported that if considerable deoomposition 

had taken place formalin did not entirely oheck decompos

ition, but merely retarded it. Seligman (9) also found 

the initial condition of the milk to be an important 

factor in using formaldehyde as a preservative. Prioe (1) 

found that for m ldehyde in dilute solution did not have 

an appreciabl e influence on the aotivity of oertain pro

teolytic ferments. ~is stands in marked contrast to the 

work of Bandini (10). But of most significance is the 

finding of Sherman and !ioe (11). ~ey have shown that 
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at 200 C or above, formaldehyde aots merely as a retard

ing agent to proteolytio enzyme action, and does not check 

the latter completely, even in the case of milks treated 

with a preserTative soon after milking and kept in air

tight containers. !he action of oxidi81ng ferments of 

milk is aooelerated by formaldehyde according to Selig

man (9). 

Any unfavorable aotion formaldehyde may have on 

enzymes may possibly be attributed to the aotion of for

maldehyde with the compound on whioh the enzyme aots 

rather than to an action on the enzyme itself. This 

view is supported by the work of Herber (12). That 

formaldehyde does reaet with protein, altering certain 

. of its chemioal and phYSical properties was first record

ed by Trillat (4). Sohwarz (13) likewise showed that di

lute solutions of albumin on treatment with formaldehyde, 

especially in the absence of salts, lose their coagubi1ity 

on treatment with formaldehyde, while more concentrated 

solutions, on the contrary, under the Bame treatment re

tain their ooagulability in the presence of salts. Bene

dioenti (14) found the reaotion of formaldehyde with pro

teins to be a slow one, the maximum amount of formaldehyde 

as a rule, not entering into oombination until after two 

or three weeks. !his last is a very strong ~rgument in 

favor of the hypothesis that the retardation of rennet 

proteolytiC anzymes by formaldehyde is due to the form-
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ation of oompounds with proteins; for, as B~dini (10), 

has shown, the retardation of rennet action depends on 

the length of time the formaldehyde has been (standing) 

in contaot with the milk and on the amount added. 

Probably the same reaction to which formaldehyde 

owes its preservative qualities is responsible for an 

anomaly very unfavorable for its use as a milk preserv

ative at ordinary temperatures. Cavanaugh (15) attributes 

to such a reaction the low results obtained for albumin in 

milk preserved with formaldehyde. Patrick (16,17) called 

attention to the fact that formaldehyde in concentrations 

sufficient to prevent appreoiable proteolysis caused, in 

the ordinary course of analYSiS, an apparent increase in 

the amount of casein at the expense of the albumin. 

Concerning the effect of temperature on the preserv

ative action of formaldehyde in milk but little data was 

found. Leenhouts (18) called attention to the fact that 

milk was best preserved with formaldehyde at low temper

atures. Summerfeld ' (19) found the germioidal power of 

formalin to be greatest at 100 - 150 C, however he found 

it to be equally great at low temperatures if the initial 

baoterial oontent was amall. He reported that the retard

.tion of the coagulation of milk preserved with formalde

hyde at 3~o C was inappreciable. This stands in marked 

contrast to the results of (11) Sherman and Tice and of 

Jensen (20). They found that milk digested about as 
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rapidly at room temperature as at 350 0, "apparently", in 

the words of Sherman and Tice, "because the stimulation of 

the galactase by the higher temperature is counterbalanced 

by the fact that formalin affects the enzymes more injur

iously in warm than in cold solution". 

Seligman (9) discovered that formaldehyde one part 

to five thousand of milk exer ted an elective action on 

organisms preventing to a greater extent the development 

of lacti~ ac i d bacteria than of other forms. Schaps (9a) 
0(,0('('''5 

found Btaphyl~ pyogenes more to be resistant than 

lactic aoid bacteria to this preservative. Sherman and 

Tice (II) found that formaldehyde in concentrations much 

greater than this, in the case of samples ~ept at 20 0 C 

or above, permitted very little laotic fermentation but 

quite appreciable proteolytic action. 

The rate of disappearanoe of formaldehyde in milk 

has been studied by Rivas (2). He recorded that formal

dehyde in dilutions one part to ten thousand disappeared 

from milk in about five days, and that in dilution one 

part to a thousand an appreciable amount had disappeared 

in twenty-five days. He found further that the rate of 

disappearance was more rapid at high than at low temper

atures. These results have been confirmed by Williams 

and Sherman (21) who attribute the disappearanoe of for

maldehyde to its actual~destruction. 
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Merouric Chloride -- Merourio chloride has long been 

reoognized &8 a powerful germicide. Davenport (22) has shown 

that one seventy thousandth molar ooncentration in nutritive 

boulion prevented the development of spleenic fever baoteria. 

Clarke (3) found it to be the moet toxic agent toward certain 

fungi, one four thousandth molar concentration proving fatal 

to Penicillium and Aspergillus. Gerber (23) has made an ex

tensive experimental study of the effect of this salt on the 

aotivity of rennets of animal and vegetable origin. He found 

that it had accellerating action in very dilute solutions, 

("due probably to the hydroohloric acid set free by the dis

sooiation of mercuric chloride") and a retarding aotion in 

stronger ones. He concludes from his work that mercuric 

ohloride inhibits the activity of the enzyme not by virtue 

of any direct effect upon the latter, but by forming a oom

plex with the oasein which is not readily broken down. 

Mercuric ohloride on standing in contact with an 

organic substanoe is readily reduoed to mercurous chloride 

which is not very poisonous. Perhaps it is to this reaction 

that mercuric chloride owes moet of its antiseptic proper

ties. However, one could hardly hope under ordinary con

ditions to keep milk sterile for any great length of time 

unless large amounts of the salt were added or the contain

ers not opened after adding the preservative. Patrick (16, 

17) has pointed out that large amounts of merouric ohloride 

cause preCipitation of ~ther protein matter along with the 

oasein. 
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Potassium Bichromate -- In some oountries potassium 

bichromate is considered the b est milk preservative. The 

lrench government requires that milk samples which are used 

for judicial purposes be preserved with this agent. Lindet 

(24) ooncluded from numerous communioations received from 

analysts of different countries that potassium bichromate 

five tenths gram to the litre or sixty drops of formalin 

to the litre were the preservatives most fit for milk samples 

to be used for analytioal purposes. In this country this pre

servative has not met with muoh favor. Woll and Olsen (16, 

17), Patrick and Trescot (16,17), and Kenny (17) found it 

unsatisfactory for the preservation of samples for the de

termination of casein and albumin nitrogen. 

Clarke (3) found that potassium bichromate is al

most as fatal to certain moulds as mercuric chloride. Gerber 
<0 

(25) tested the effeot of ohromium salts and chromates on 

rennets from several sources. He found that in certain types 

ohromous salts accelerate rennet aotivity. In other types 

small amounts were found to retard, and larger ones to ao

oelerate slightly. Neutral ohromates were found to retard 

in all proportions, inoreasingly so in large doses, oheck

ing oompletely in oertain types of rennet. Dichromates 

were found to retard in certain types of rennin. In other 

types they retarded in weak doses, but accelerated in large 

ones. Some relation of these facts as to the effioiency of 

potassium bichromate as a milk preservative becomes apparent 
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if it is borne in mind that rennet activity implies peptic 

activity; and that the presence ot widely different types 

of organisms in milk may mean the presence of proteolytic 

enzymes of different characteristics as regards their be

havior toward the preservative. 

Gas card (26) studied the relation of light to the 

preservation of milk samples with potassium bichromate. 

He reports having preserved milk perfectly with this agent, 

five grams to .the litre at 120 - 20 0 C when the milk was 

kept in a dark plaoe. He found potassium diohromate one 

part to a thousand not altogether satisfactory even in the 

dark. In the light, concentrations as high as five parts 

to a thousand were found very unsatisfaotory. 

" Kuhn (27) found that potassium dichromate is a bet-

ter preservative at low temperatures than at high ones. 

!hymol -- !his oompound has been used extensively 

as a preservative of feces and urine. but very little mention 

is made in the literature of its properties as a milk pre

servative. Riohmond (28) states that it "keeps" the milk 

but allows the oream to rise to the surface where it sets 

in a firm layer and is not readily redistributed. Selig

man (9) found thymol to have no influenoe on the oxidizing 

ferments of milk. 

Toluol -- In view of the extensive use of toluol in 

autolytic experiments it was not expeoted that this agent 

would prot eot milk from enzymatic aotion. Seligman (9) 
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reports that toluol aooelerates the activity of the oxidiz

ing ferments of milk. 

Cupric SUlphate -- Conoerning the use of this pre

servative also very little data could be gathered from the 

literature. Windisch (29) found that Cupric ammonium sul

phate, when added in the proportion of one part to a thous

and, preserved the 'normal characteristics' of milk for four 

weeks. Clarke (3) found that oopper sulphate one part to a 

thousand effectually inhibited the germination of penicillium 

spores altho a molar concentration was required to kill them. 

But De Seynes (3) grew types of Penicillium in solutions con

taining from twenty to ninety-five parts of copper sulphate 

to the litre; and Pfeffer (31) found this mould growing on a 

concentrated solution of copper sulphate. Gerber (32) found 

oupricsulphate more marked than mercuric salts both in its 

accelerating and in its retarding action on various rennets. 

Method of Testing the Efficiency of 

the Preservatives. 

The first steps toward solving the problem in hand 

was of course that of adopting a prooeeding by which the 

efficiency of the respective preservatives was to be tested. 

After carefully considering the problem, ,we decided to ap

proach it from both a chemioal and a bacteriological stand

point. This was done in order to learn the condition of the 

milk at the time of adding the preservative, to differentiate 
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the effeots due to enzymes from those due to living organisms, 

and in addition, in order to identify any of the latter that 

might resist a given preservative. 

Analysis -- In the analysis of the preserved milk 

the samples were thoroughly mixed at the temperature at 

which they were stored. and then the sub-samples were taken 

for analysis. All determinations were performed as rapidly 

as possible in order to prevent any further change. With 

one or two exoeptions the result reoorded for each determin

ation is the average of two to four olosely concordent 

figures. 

In a few cases the ac1ditr of the milk was determined. 

This was done by titrating the milk direotly against normal 

sodium hydroxide. using phenolphthalein as indicator. 

Chemioal M~thods -- Total Nitrogen -- This is a 

modifioation of Hawk's (33) method for total nitrogen in 

urine. ten oubio centimeters of milk at 23° C was put in 

a Xjeldahl flask and digested with twenty-five cubic oenti

meters of " sulphuric acid.2/10 grams of powdered copper sUl

phate and six grams of sodium sulphate. The distillation 

was oarried out in the usual way. powdered pumice s' tone 

being used to prevent frothing and bumping. 

The methods used for the determination of oasein 

and albumin are modifioations of those of Van Slyke and 

Hart, (34). 

Casein Nitrogen 10 00 of the sample were put 
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into a olean beaker, warm water was added until the temper

ature of the milk solution was 440
_ 460 C. The temperature 

of the water added was adjusted so that the total volume 

when this 'point was reached, was about 140 co. A~proximate

ly 14 oc. of 1.5% aoetic acid were then added from a burette, 

the oontents of the beaker being stirred the While. The pre

cipitate after settling was filtered onto a Mllnktell's No.D.B. 

filter paper and w$shed with .15% acetic acid. The filter 

paper and preoipitate were then thrown into a Kje1dahl flask 

and the nitrogen determined as in the case of total nitrogen. 

The reasons for departing from the usual prooedure of wash

ing the precipitate with dilute aoid instead of water were 

threefold First: The casein of oertain preserved samples 

was found to be so altered when it was washed with water 
~ 

that it ran thru the filter paper. Satisfaotory result s were 

obtained when the oasein was washed with aoetic acid .of the 

above oonoentration. Seoond: The distilled water furnished to 

the laboratory was slightly alkaline due to dissolved lime, 

Ihird: Beohamp (35) has pointed out that casein is soluble 

even in pure water. 

Albumin Nitrogen -- ~e filtrate from the oasein, 

whioh in every oase amounted to about 225 co. was exactly 

neutralized with sodium hydroxide (Phenolphthalein was used 

as indicator) and 2 oc. of 1.5% acetic aoid added. The 

solution was then raised quickly to the boiling pOint and 
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-boiled for four minutes. The preoipitate was treated in 

a manner similar to that of the casein, except that it 

was washed with water instead of dilute aoid. 

Oaseoees and Peptones -- The filtrate from the 

albumin was treated with 16 cc. Almen's tannic aoid solu

tion and stirred. ~his precipitate was then treated in a 

manner similar to the precipitated albumin. 

Residual Nitrogen -- The filtrate from the aaseoses 

and peptones was poured into a Kjeldahl flask and its nitro

gen oontent determined as in the oase of total nitzogen. 

Bacteriological Methods -- !he methods used in the 

bacteriological analyses were essentially those given in 

texts on the subject. The media employed for the isol-

ation and counting of the bacteria (and moulds) were pep

tone-milk-aerum agar and milk-serum gelatin. Thruout most 

of the work only agar plates were made, slope cultures were 

made of predominating types of colonies and kept for future 

study. In a few instanoes some of the cultural and morpho

logioal charaoteristios were worked out but in most cases the 

qualitative analYSis has not yet been completed. !he sub

samples used for ~8oteriological analYSis were taken at 

the temperature (approximately) at which the original 

samples were preserved. 

Experimental Work. 

Experiment - I. -- A large sample of milk, the condition 
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of which is indicated by the anal~ses, was put thru the 

cream separator. !he skim milk was poured into a large 

oarboy and thoroughly mixed. Samples were then removed 

and treated with preservatives as indicated in ~ab1e I. 

!he milk was well shaken Just before withdrawing each 

sample. This preoaution was taken in all experiments. 

The samples were preserved in rubber stoppered bottles 

of approximately five hundred cubic oentimeters capaoity. 

Part of the samples were put in a dark locker at ISo - 25° 

C. and part were put in a dark cooling room at SO C. Im

mediately after taking the samples to be preserved. a 

sample of the milk was taken for bacteriological and JD7co

logical analysis and another sample was taken for ohemical 

analysis. !he plates for the bacteriological analysis were 

made as soon as possible and put in an incubator at 25° C. 

The chemical analysis was then started. The baoterial 

count for the milk at the time of sampling was 400,000,000 

per cc. The chemioal analysis gave 

Total nitrogen - - - - .683 % 
Casein nitrogen - - - .447 % 
Albumin nitrogen - .059 ~ 

Caseose and Peptone nitrogen - .049 % 
The treatment of the preserved samples and the results 

of the analysis of same are indicated in Tables I and 2. 

Experiment II. -- This experiment was performed 

primarily to confirm the results of the previous experiment. 
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!he Relation of Temperature to Preservative Aotion. 

Fifty litres of morning's milk were poured soon after milk

ing into a large carboy and stored in a cooling room at 30 C 

for nine hours. The carboy was then taken to the sampling 

room (temperature 160 C) where the sampling was done in a 

manner similar to that of Experiment I. Table III indicates 

the treatment of the samples and the results of analyses. 

Samples 6, 7, 12, and 16 were preserved in 2.4 litre glass 

stoppered bottles and the others of this series were pre

served in rubber stoppered bottles of approximately 3 litre 

capaoity. The number of baoteria in the milk at the time 

of sampling was 5,000,000 per 00. No mould spores were 

present. The ohemical analysis gave: 

Total nitrogen - - - - - - -

Casein nitrogen 

Albumin nitrogen 

.64B, % 

.422 % 

.056 ~ 

Caseose and Peptone nitrogen - - .039 % 

-Residual nitrogen - - - - - - - .028 % 

Experiment III -- The primary ob~ects of this ex

periment were to find the effect of weak diffused light, 

and the effect of compounding preservatives on preserva

tive action. About fifty litres of milk in two eight 

gallon oans were put soon after milking in a 30 C cool

ing room. After seven hours (approximately) the milk was. 

taken to the sampling room and thoroughly mixed in a large 
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carboy. Samples Were taken as in the preceding experi

ments. The samples were preserved in rubber stoppered 

bottles of 500 cc. to 700 cc. capacity, exoepting samples 

Na6, Nb5, and Db7, which were preserved in bottles of 

940 cc. 1440 oc. and 3600 oc. capacity, respectively. 

The treatment of the preserved samples and analytical 

results are recorded in Tables IV and V. The milk con

tained at the time of sampling 1,363,000 bacteria per cc. 

and no mould spores. The chemical analYSis was as fol

lows: 

Total' nitrogen - - - -

Casein nitrogen - - -

Albumin nitrogen - - - - - - -

.530 % 

.405 ~ 

.058 % 
Caseose and Peptone nitrogen - .046 % 

Residual nitrogen - - - - - - .028 % 

Exper,iment IV.-- This 'experiment was performed 

for the purpose of testing the degree of uniformity in 

the behavior of duplicate samples subjected as nearly as 

practicable to the same conditions. Twenty-five litres 

of milk were strained thru a thiok towel immediately 'after 

milking. The milk was taken to the sampling room and 

samples taken 8S in the last experiment. The treatment 

and results of analyses of samples of this Bet are re

corded in Table VI. 
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Experiment V -- The chief end in view in perform

ing this experiment was the determination of the relation 

existing between the preservative aotion of an agent and 

the oondition of the milk at the time o~ adding the pre

servative. Fifty litres of milk were taken to the sampling 

room as soon as it oame from the barn. fhe bulk of the 

milk was plaoed in a carboy and thoroughly mixed. - The sample 

was then divided into two parts. Samples were taken from 

one part immediately. The treatment and analyses of this 

set of samples are indicated in Table VII. The other part 

was allowed to stq.nd in the sampling room (temperature 170 C) 

for 40 hours. Samples were then taken from this portion. 

The treatment and analyses of this set of samples are re-

corded in Table VIII. 

Disoussion of Results. 

The Preservatives in General -- Most of the re

sults will be discussed under the head of the individual 

preservatives. However, there are a few remarks app1i

oable to all or a number of the preservatives which can 

appropriately be made here. In the first place, most of 

the preserved samples which had stood forty days or longer 

seemed t ,o show some alteration in the casein. This change 

was manifested by the behavior of the casein in the course 

of analysis. Whereas the oasein of fresh milk was almost 

entirely retained on the f ilter paper on washing with water, 
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a large per oent was found to pass thru in the ease of 

the preserved samples. This was especially true of the 

samples of series A at the time of making the last casein 

analysis recorded in Table I. The same was true in a 

lesser degree of all samples preserved, save possibly those 

treated with potassium dichromate. As has been mentioned 

previously, washing the casein with .15 % acetic acid in

stead of water prevented this peculiar passage of the 

casein thru the filter paper. 

All the preservatives showed greated anzyme re

tarding action at low temperatures than high. No excep

tion to this statement was found. The germicidal power 

of the preservatives also seemed to vary inversely with 

the temperature at which the samples were kept. The physi

cal condition of the samples was found to be uniformly 

better when kept at a low temperature than when held at 

room temperature or above. 

Although most of the preservatives showed a very 

marked germicidal power on baoteria none of them entire

ly prevented the development of moulds, especially if 

there was plenty of air space above the surface of the 

preserved milk. In case the samples were kept at low 

temperature the mould growth was greatly retarded, but 

even at 20 C some mould growth occurred if plenty of air 

was available. The proteolytic effect of equal amounts 





of mould growth was greater at room temperature than 

lower ones. The proteolytic effects of moulds on the 

preserved samples were greater than those of bacteria. 

The most important factor in proteolysis of preserved 

samples at low temperatures seems to be the proteolytic 

enzyme originally in the milk. A glance at Table VIII 

will show this fact very clearly. 

Formaldehyde -- !his preservative in concentra

tions 1/5000, was very unsatisfactory when the milk was 

preserved at room temperature, or at 20 C. At 20 C. it 

was found to be satisfactory in conoentration 1/2500 even 

when the milk had a high bacterial content at the time of 
o adding the preservative. At 8 C. or above proteolysis 

was not prevented by concentrations as high as 1/1670 re

gardless of the condition of the milk. (Baoteriologically 

speaking). Formaldehyde in concentration 1/1650 did not 

have any greater retarding effect on proteolysis, on 

hydrolysis of the sugar, or on ooagulation of the milk 

than in concentration 1/2500. In samples Experiment 1 

and Experiment 2 which had a high initial bacterial con

tent, the lactic acid increased some 30% in the first 40 

days after adding the preservative. This indicates that 

the initial condition of the milk is an important factor 

in the preservation of the milk sugar with formaldehyde. 

A marked increase in the apparent casein oontent 

was noted in Samples M 10 and M 13 which were preserved 

with formaldehyde in 1/1250 at 20 C. 
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This phenomenon is hard to explain on the basis of 

a direct reaotion of the formaldehyde with the albumin and 

globulin, but is readily explained on the ae·smnption that 

oasein, albumin, and globulin ·exist in milk as a complex 

and this complex is so affeoted by formaldehyde that less 

album'in and globulin are split off in making an analysis 

than is the oase with milk not treated with formaldehyde. 

Gerber (12) and Vandevelde (36) working along different 

lines found strong evidence that oasein, albumin and globu

lin exist as a complex in raw milk. Whatever may be the 

explanation for the apparent increase in casein nitrogen 

when formaldehyde is used as a preservative, my results 

confirm those of Patrick (16,17) Woll and Olsen (16,17), 

and Kenney (17). 

The importance of temperature in preserving milk 

with formaldehyde is well illustrated by comparing the 

results of sample E7 with those obtained for sample M 11. 

The latter milk oontained 4,000 times as many bacteria as 

the former at the time of sampling; yet, the casein in 

the latter sample was preserved, while there was a marked 

falling off in both the oasein and albumin in the former. 

The difference in temperature at whioh the two samples 

were kept was only 60 c. 1 It will be noticed that sample 

E7 oontained a considerable growth of mould, and this may 

aocount in part for the proteolysis which had taken place. 

This view is fUrther fostered by the fact that sample E7 
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showed almost as much proteolysis after 30 days as 

samples Ex1 and Ex2. ~he absenoe of mould in samples 

Ex1 and Ex2 is probably to be explained on the assump

tion that produots formed by the baoteria were toxic to 

the mould. This may partly explain why Mll contained 

so little growth of mould. However, the difference in 

the temperature at which the samples were kept is prob

ably the ohief factor in the explanation. It wss also 

noted that those samples whioh had been infected with 

moulds for some time showed decidedly more proteolysis 

than those free from mould. In the oourse of the in

vestigations it was frequently noted that an abundant 

growth of mould developed in milk preserved with formal

dehyde when the container was only partly filled. The 

tables do not illustrate this fact very well since no 

reoord was made as to the length of time mould growth 

was present before the chemioa1 analysis was made, and 

further, most of the oontainers were nearly full until 

the samples were removed for analysis. 

Merouric Chloride -- ~his preservative in conoen

tration 1/2000 permitted appreciable proteolysis under 

all of the experimental conditions tested. The results 

obtained with samples Dl and D2 are interesting in that 

they show that albumin may be one of the first cleavage 

produots formed when oasein is subjeoted to the action 

of oertain proteolytic ferments. This in the case of 

rennin has already been demonstrated by Schmidt and 

Nielsen (37). 
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Merouric chloride iB concentration 1/1000 proved 

eminently satisfactory as a milk preservative if the 

samples were kept at SO C. or at a lower temperature. 

(Samples M14 and h16). Semple Al is an exception. This 

may be accounted for p~rtly by the fact that it was brought 

to room temperature several t .1mes 'and possibly partly by 

the partioular enzymes from the dead and living bacteria. 

The faot that the milk was skimmed may also be signifioant. 

It should be noted in this connection that the milk used 

by most investigators for testing the protein preserva

tive action of various chemicals was skimmed milk, where

a8 the milk most generally used for analysis is whole milk. 

Samples Al and A2 show a falling off in bacterial 

numbers to less than I organism per cc. and then a gradual 

rise in number of organisms. Both samples also show ap

preciable mould growth. It will be noted that the rate 

of proteolysiS is greater during the period from the 28th 

day to the 79th day than ~ring the period from the first 

to the twenty-eighth day. The period of inorease in rate 

of proteolysis oOincides with the penod of inorease in 

number of organisms. The cheoking of proteolysis after 

considerable of the oasein has deoomposed is illustrated 

by sample A8. While there is appreoiable mould growth 

and even some baoterial inorease in the second period 

the rate of proteoly~is is lower in the seoond period 
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than in the first. This is probab17 to be explained on 

the basis that the decomposition products of the protein 

exerted an inhibiting aotion on the proteolytio enzymes. 

!he fluotuation in room temperature may also have had some 

influence on this aotion. 

The Remarks conoerning mould contamination of samples 

preserved with formaldehyde are equally applioable in the 

oase of samples preserved with mercuric chloride. 

Potassium Biohromate -- This preservative was not 

found satisfactory under any oircumstances. Proteolysis 

was several times greater in samples kept at room temper

ature than in samples kept at low temperature. For instance, 

the proteolysis in Sample M8 at 20 C. was, in the same 

length of time, but 1/6 as much as that in Sample M3. 

Mould growth was far more abundant at room temper

ature than it was at lower temperatures. This aocounts for 

much of the proteolysis that . oocurred in sampe M3. It is 

interesting to note that potassium dichromate permitted as 

much proteolysis when added to the milk, while fresh, as 

when added to the milk after the baoterial content had 

reached 3 billion bacteria per cubic centimeter. (Compare 

result on Sample E3 with that on Sample Ex4.) 

A oomparison of the results on sample Eo with those 

for Exo and those for Ex4 with those fpr Exo shows that the 

rate of proteolysis in milk preserved with potassium bichro

mate at eO C. was approximately '1/7 as great as that which 
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o had taken p1aoe at 17 C. in the milk without preservative. 

Diffused light was found to lessen the preservative 

action of potassium dichromate in concentrations 1/1000 

(samples NbS and IblO). Thus far the work of Gascard (26) 

is confirmed. His claim that potassium dichromate 1/200 

in the dark preserves the casein perfectly for a month is 

not confirmed. 

Cupric Sulphate o Cupric sulphate at 8 C. (sample 

E5) preserved the casein perfectly for thirty-five days. 

This chemioa1 has not yet bee~ tested for its preservative 

effect on the other constituents of the milk. 

ThymOl -- Thymol was found very unsatisfactory as a 

milk preservative. In all experiments with unskimmed milk 

thymol in concentration up to 1/170 failed to prevent co

agulation of the milk. In experiment I with skimmed milk 
o 

at 8 C. it prevented coagulation of two samples for ninety 

days, but portions of these samples brought to room temper

ature after this time coagulated in a short time. In this 

experiment one sample preserved with thymol at room temper

ature did not coagulate for thirty days. 

Thymol 1/5000 at 2
0 

C. did not stop the growth of 

organisms. In higher concentrations it caused a decrease 

in the number of bacteria, but did not completely sterilize 

the samples after a month or longer. Peculiarly enough, 

however, very few of the milk samples preserved with thymol 





alone showed mould growth. In Experiment It ~hymol 1/1000 

seemed to inhibit proteolysis in a degree very s11ghtlyless 

than mercuric chloride 1/2000. 

Toluol ~is preservative was very much more un-

satisfactory than thymol. In concentration 1/200 toluol 

cheoked proteolysis as much as thymol in concentration 

1/5000. 

0C?mplex Preservatives. 

By oomplex preservatives is meant two or more pre

servatives used in the same sample. More striking results 

were obtained by the use of complex preservatives than 

was anticipated. Table IV shows that mercuric chloride 

1/1000 plus formaldehyde 1/2500 at 80 C. preserved the 

oasein for thirty days. Mercuric ohloride 1/500 plus 

formaldehyde 1/5000 oaused an inorease in the apparent 

casein nitrogen. Thymol 1/2000 pl~s mercuric ohloride 

1/2000 was no more efficient than mercuric chloride 1/2000. 

Thymol 1/2000 plus mercurio chloride 1/1000 cauEed a slight 

increase in the apparent casein, whereas thymol 1/2000 plus 

formaldehyde 1/2500 caused a further increase in the amount 

of casein, 

_S_umm __ ~a=r~y 2! General Conclusions. 

Preservatives, in general, are most efficient at low 

temperatures. A few degrees difference in temperature may 

mean the difference between a good and an ineffiCient pre-
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servat1ve, at least 8S far as the milk proteins are con

cerned. 

The enzymes in the milk at the time of taking from 

the udder and moulds were the important factors causing 

proteolysis of the casein and albumin in the preserved 

samples. The effects on the casein and albumen of pre

served samples due to the enzymes produced by the more 
o common bacteria which developed in milk kept at 18 c. 

for forty hours were almost insignifioant when the samples 

were kept at low temperatures. 

Diffused light is an important factor in preserv

ation of milk with potaSSium biohromate in weak concentra

tion, but not in the case of formaldehyde. 

Mercuric chloride 1/1000 at 2° C. or thereabouts, 

is a perfect preservative of the casein and albumin for 

thirty days or longer. 

Formaldehyde 1/2600 is an excellent preservative of 

all protein constituents of milk provided the samples are 

kept at 20 C. or lower. 

Cupric sulphate 1/360 is an efficient preservative 

of the oasein for 40 days at 80 C. 

The above preservatives at high temperatures are 

not satisfactory preservatives. 

Potassium dichromate, thymol, and toluol are un

satisfactory as preservatives of milk for a week or 

longer. 





There is possibility of finding a very efficient 

milk preservative in a very weak concentration of the 

formaldehyde-thymol-merouric chloride complex' 

This investigation was undertaken at the suggestion 

of Dr.Matthew Steel, who is in oharge of the Dairy Re

search Laboratory of the United States Department of Agri

culture in cooperation with the Department of Dairy Husband

ry of the University of Missouri. 
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