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INTRODUGTION.
2% 3k ko 9% 3% | i
* % ¥ 3
x> %
Since Prof. Leze wrote in Journal d'Agriculture Prac-
tique shout hydrogenperoxzide ss = rreservative of milk,
the publie has been very mueh aroused. Seientifie¢ and

deiry pepers presented quotesticns direetly or indirectly

from his article. Experiments were performed by M. M.

de'Waele, Sugg and Vandevelde. 1In conclusicn these gentle-
men sald "an gbsolute sterilizsticn is obtsined by using
hydrogenperoxide in excess snd the excess mey be reutral-
ized by blood serum previously passedthrough ¢ Chamberlend
filterv.

The objects of the following experiments were to find M

out whether or not an sbsolute sterilizetion cam be obtain-

[N

ed from hydrogen peroxide, &= above mentioned gentlemen ssgid,

e

ering it has on edulteration of milk, and

=g
¢}

to find out whet

to find out whether this is & precticel thing to be used in

Blood serum was not used in the following experiments
to neutralize excess of hydrogen percxide, for it was found
in & preliminsry experiment to be unnecessary.

Preliminary Experiment.
3% % %k

3k % 5k
>

“he cidity of hydrogen peroxide soluticn was deter-

mined by titrating it sgeinst standerd sodium hydroxide.




It wes so small e fraction of s rer cent thet its pre-
sence would not give eny more than the experiment:z1l errors.
Therefore it was neglected.

lhe strength of the hydrogen peroxide solutiorn wes
determined by & stendsrd solution of potassium permengsnste.
The standard solution of potecsium permen genate was mede

by the followine method: A weighed smount, corresponding
\T

to 0 of C. P. Potessium permangsnste was dissolved in

-2

& weighed

Ly,

water. Agsinst this solution, & solution o

Wwal
emeunt of pieno wire dissolved in dilute sulphyriec zecid,
wes titrated. By cslculation, the streneth of potesgium
vermencenate wes found to be .09474 normel.

Knowing the strength of potsssium pormsnpenste solu-
tion, the strength of hydrogén peroxide solution wes found
to be 1.9 per cent, or more exasetly, 19.2413 grems of
hydrogen peroxide in 1000 ce. of solution.

The stenderd _2_ sodium hydroxide solution wes mesde by

2
titrating sgeinst & stenderd hydrochloriec acid whose strength
£ < = a v ailve; itrst Thi tand 1 solutio

®as escerteined by silver nitrste. s standgrd solution

of sodium hydroxide wes employed throuchout the experiments.

Three 1/2 litre bottles were sterilized

-

obteined &at¢ the dairy barn of the College, fresh from a
out. into ‘the bottles. The milk was cecoled, immedietely,

to 20° C. Acidity of milk was ascertsined by titratine

the milk egeinst the standard potessium hydroxide solution.

20 cc¢ of hydroben peroxide solution were sdded to esch




112733

of the two bottles, 2 end B, and nothine was =dded to the

third bottle, €. An equsl smount of hydrogen peroxide was

3

added to each of A and B, for as this wes : preliminary
experiment, it wss necessary to see whether or not the
hyirogen peroxide preserved milk, and not to see what

amount of it was to be used. To accomplish this purpose

7]

it wes better to have duplicetes.
Milk from easch lot wes tested for its acidity et 3:00
« M, every day until £11 cosguleted. Th- genersel condi- I
tion of the milk was also noticed.
as was piven off from bottles A and B. The gas ap-

peared to be oxygen which sppnerently, csme from decomrosi-

-

tion of hydrogen peroxide. his was mostly given off on

the second snd third days.
Milk in bottle C was cosguleted on the third day, while

@ll the others were in perfeect condition end remsined sweet.

DPeily scidity test is shown in the fellowine tsble:
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Milk in bottle A becsme co

end thst

wa s

to which no hydrogen peroxide wa

s

within three deys.
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the scidity of milk in bottle: A
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the on the previous
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end distilled ws ohtsinah

showed
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Milk in bottle B, however,

acidity. For the first four dsy
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same reason as Stated above, the meximum ecidity of

«99 per cent was resched on the fifth day

‘est for presence of hydrogen vperoxide wes made bv

r me = B L &= o= b e G Tt - .
two methods. Yor the first, dilute sulphuric acid, starch
pzste, zine iodide, snd very dilute copper sulnhalte solu-
tion were used. This method, however
a feilure in presence of milk, for these reasgents gave s
blue color which was the resction for hydropen peroxide

wre +¥ - ] o " ~ 9 - A A ~ T b ) -
with these reesgents, regardless of whether hydrocsen per-

oxide was
from hydrogen peroxide geve a deep blue color. For this
reason the use of those resgents was s=bendoned. The sgecond
method, titanium dioxide solution in sulphuriec egeid, wes

o 4

8 proved itself to be the best. This rives deep
A

[ —

used. T7

o

vellow coloration to be in presence of hydrogen peroxide

but no cehenge in color of milk if hydrogen peroxide is sb-

sent. The wyellow color is due to thé formstion of

HpO2 + Ti0p = Hy0 + Ti0z (yellow)
AR
th this method it was possible to deteet the presence

of 15 perts of hydrogen peroxide in 10,000,000 parts of

g8 experiment the milk from

=

On the last day of thi

ey

bottles & and B w:s tested for hydrogen peroxide, hut no

trece of hydrogen peroxide wes left in the milk.
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Summarizine results:

l. Hydregen peroxide hss something to do with the
keeping quality of milk.

2+« Hydrogen peroxide decomposes in milk without the
8id of blood serum.

e Solu%ion of titenium dioxide in sulphuric seid
mey be used for detection of hydrogen peroxide in milk with

satisfaction.

The Amount of Hydrogen Peroxide

for Preservation of Milk.
33 Sk ok %
% %O
*

b
w

It has been found out that hydrogen peroxide a

o |

certain property of preserving milk. Then it was necessary

to find the proper smount of hydrogen peroxide for preserve-

o

tion. The greater part of the time was devoted to this ex-
reriment. The preservetive power of hydrogen peroxide and
practicebility of using this chemicel in dairying depends

largely upon the amount to be used.

Experiment I.

A3k Ak
b b S
&
Strength of hydrogen peroxide 1.9 per cent.
( Morning's milk, cooled and
Condition of milk -=-ee-ee-a { kept in refrigerator until
( afternoon.
Tempersture of milk 7® Q.
Tempersture of room s 28 - l-g2% @,

=

Aecidity of milk +1OB per cent.
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Milk wes pleced in two 500 ce bottles for every day's

testing and ten 100 c¢e hottles for different lots. Boitle

A and bottle B were filled with 500 ee of milk. To A

5 cc of hydrogen peroxide were sdded and to B nothing was

added. They were tested for seidity every dey. Bottles

I, £I,- 131, 1%, ¥, ¥I, YIE, VIIT, were filled with 100 oo - (IS
ef milk eseck and .2, .8, .4, b, &%, .8; end .9 es of

hydrogen peroxide solution were added respectively.

Bottle IX wee filled with 100 ce of milk pesturized st 75° !
C by steam. Bottle X wes filled 100 ce of untrested milk.

Bottles from I to X were not opened until the milk in hettle
A became sour. On the fourthe day the milk in bottles A

end B became sour. On the same dey 211 the bottles were
opened and the milk was tested for seidity. On the next

dey €11 the milk beceme coagulated. The amoutit of hydrogen
peroxide per litre of milk, number of days the milk remeined
sweet at room temperesture, and acidity on fourth day are
civen in the following teble. The amecunt of hydrogen per-
oxine per litre of milk was celculated from the strength

of the solution and number of cc used for 100 ce of milk.

No. of

bottle. Amt. of solu- fmt. Hos0, in Acidity on TNo. of days
tion used in 1000 ec * fourth day. the milk re-
160 oc milk. wmililk. mained sweet. fill e

oms . per cent.

T 2 . 028 « 225 3

[$3]

L5 .3 . 0567 « 220

e 4 . O%6 <180

>

(o2}

IV o . 095 +157
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T Pasteurized .none « 1595
(et 75°a@,
X none none I

1
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A.. 50 ec in 500 .190 .63
(ce of milk.

B. none

m

“*he result was very unsatisfesctory. This shows,
however, thaet the amount used in this experiment was too
little to preserve milk. No. VIII. had the lesst seid on
the fovurth day, yet it becsme cosrulated s bed ss the

others. ©No. IX., whech was pesteurized with hest was the

next. A, which contsal ned the most hydrog peroxide wss

the worst next to the untreated milk. This mey be ex-

pleined essily. No. A wes opened every dey, hence the

acteria may heve gotten into the milk from the sir.

wes suspected s0c have been con-

taminated. Therefore, snother set of experiments of the

v LIC
seme nature, but of g different plan was earried out.

Experiment Yo, 2,

Strength of Hydrogen Peroxide Solution 1.9 %y
Condition of milk. Morning's milk cooled tolgeC

Ascidity of milk ol

The experiment wes cserried on the seme menner, but this

time twelve 100 cc and two 500 ce bottles were used. The




A 2.4Y

100 cc: bottles were not opened until all the milk hecsme

o

o -~ o 4 M~y - - . - . -
coaguleted. +he results was & feilure as 211 the milk

without exception became cosgulated on the third dav. The

T

emount of hydrogen peroxide used varied from .019 ems. to
«209 gms. in 1000 cc of milk, Det® will not be given for
they have no figures worthy to be discussed.

ixperiment 3.

Strength of hvdrogen peroxide solution 2¢0TH %.

el

resh from cows

Condition ef milk I

fhoom tempereture 229 8.

his experiment was conducted on the ssme plan as

1 . - -] 41 sy o T+ wrec alr an h. ! = =« ESEEIRE E) BLe . .
changed am the milk wes tsken directly from the Diary Bern

of the Collece. The smcunt of hydroge peroxide varied from

02868 gms. to .Hl154 gme. per 1000 ee of milk

milk became cosgulated on the third dey, e&s before.

-

three experiments show that the amount of hydrogen peroxide

1 13 PO SR, T -
| 81:8 Therefore the use

0

~ TR = =] ~ o L2 =~ A - N e " poy
used wes not sufficient to preserve m

e

e £ PRy 3 G - S o 3 = -
of such & small amount of hydrogen peroxide wes abandoned

and the seme king of exneriments were conducted with larger

Experiment 4.

- - e & - al
Strenegth of hydrogen peroxide solution 2 b7 %

ition of milk Morning's milk directly
from Dairy Barn
ro iry 1

idity of milk 162 %
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The amount of hydrogen percxide u

m

ed in thig experi-
ment varied from .2577 gm. to 1.5452 ems. Bottles were
not opened until the milk beceme cosgulated in order to

gvoid any contemimation. Bottles were opened as soon &g

on

Al A
ClAallLy

—

=
—
—

VII. 1.0 3080 1.4420
VIIE. 1.15968 1.2500
IX 1.27880 1.0105

Ldv

X. 1.40735 1.1475

O
()
5

X1, 1.53620 « 9

oR

p. £ 1 none + 2885

o8]
=
)

51540 )

R none Leoabi

On the third dey No. I., II., XII., gnd B became cosgulet-

+

ed Therefore they were opened end the milk was t ested

e

for acidity. Untrested milk in No. XIT, and B testsd for

L v
| J

ecidity showed ghout three times &s much &s that treated

4




hydrogen peroxide. On the fourth dasy Fo. IT

e

s 0 r Tr T tr £ = 5 o = =l .
Eho Wy WES SULT A NTTT {, and A became cospulated

ecidity wess 8s erest S G

A . T AT T 5 -
before. On-the fi

mi o 991 4= £ { - Je : . = : 4
The result of this experiment threw some light

Uil L

proper emount of H,0_, to be used. In order to

is necessary to use more than one grs

DEe T 00 ce of milk. A smell varist
1 443 2l T € Ty ~ o~ - -~ 2 Shu— a 1
did not vary the keepine amality of the milk

T4
L U

& . +
y

xperiment 6.

upon

the amounts

result is rether interest

.25 gms. kept & dsy longer, with an exeption



Amount

irogen peroxide

e 'his peculisr result will be utnder "de-
'S i | - p o Ll - 3 s 9 - - .
o Lt10n of hydrogen peroxide in milk s its

1] -
From exnerin

is to say more them .5 gm of peroxide was the
proper emount preserve milk. But ss the result

it is not the proper smount to preserve milk for

nite time. Five bottles were tazken and differe

<

of hydrogen peroxide

e resu

1t g experiment:

i
e
Do
0o
(v |
($Y]

To. h i &8 became sour, three days
1d No. conteined .5154 gm. of hydrogen

ch con-

tept one dey longer then usuesl. No. 2

sweet

a agnout
o 1 Y 1
QI th "'th ¥4 more

. - -
= 4 mma s OF Lonegeer i &E11 Y a Vs
not cerried on longe: it e




rogen peroxide

g - : : :
regcted for hydrogen peroxide clee with tifenium

an | - - -
from ehove , following conclusions

reroxide to

l. Iess than .25 gm of hvdrogen loes not keep
milk s any perceptively longer time then untre
under the same o itions.
2. Increase amount of hydrogsen peroxide .25 gram f
shove . crem keeps milk sweet sbout one day longer until
th totel mo 1t ecch OTEM.
one grem on, & 1little inerease mount of

hyrodigen perox
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veeuum flesks for condensing it did not form as much foam

as new milk. These results suggest some change in slbumin

M. - iy .

the product tasted rancid very strongly end no one
of t}ﬁp Dadirv Hushandrsr Deavra r+meant £ 1 +o aat OFr aSme
dE 1€ Uairy nuspanary JLlepartment cared TO tagte or smell.
This showms thet changes glso took place in fat of milk.

These points will be discussed fully under, "The Effect of

Hydrogen peroxide tén Milk Constituents.™

The Effeet of Hydrogen Peroxide on Milk Constituents.
3 3K kk 3%
% K 3K
5k

It has been freguently suggested before, that hydrogen

peroxide hed some :ower to modify the composition of milk.
Experiments were carried on releting to the most importent

“)

tein. Butter fat was ss-

o

o

constituents, fet, sugar, end pr

o

certained by the extrsction method, sugar wes estimated

by tke optical method, snd protien was determined by the
Zjeldahl method. The milk was divided into two parts. To

one part hydrogen peroxide was added at the rate of 1.25 greams
to 1000 ec of milk. To the other psrt nothing wes sdded.

The lstter was kept in & refrigerastor. After three days
the milk was anslized for fet, sugar snd protien, meking
triplicate determinations of each. The results averaged

from three snalyses, as given in the following table:
Preserved milk. TUntrested milk.

in 1000 cc 1.:25 2n none.
Specific egravity of milk 1.0319 1.03354

Fat Sx bl ‘r?, 6.00 Yo

1258




The specific grevity of the milk was decressed sfter
the milk was treated with hydrogen peroxide. It can be
eagily seen, thet to add 1.25 gm. of hydrogen peroxide, it

was necessery to use 40 ec of solution to 1000 &c of milk.

~ 3 - iy o o 7
That is to say thet the milk wes diluted by 4 % of solu-

tion. Beside this, there was chence of decrease in sdlid
metter of milk. “he decreasse of specific gravity wes

00154 If there was no loss in solid metter of milk eand
the milk hsd simply been diluted with 4 ﬁ by soclution, re-
sulting specific grovity must be 1.0321, end the decrease
must be .0012, instesd of .0015. <he difference between
yege two which is .0003, must be sccounted for, either in
experimentel error or decrease in solid metter of mil
As the milk wes diluted 4 % by solution, the scetusl
2ioures on ebove table will not show very cleerly whether

hydrogen peroxide modified the milk content or not. The re-

fore, it is caleculeted as though it wss not diluted at all,

es shown in the following table:

Milk with Milk without Di fference.

T 0O Hole
Sp. Gr. ogao‘:j;“‘“‘ if%%aiz'"""'"" . 0003 S
Fat 5.99 % 6.00 % 101 4%
Suger 4.47 % 4.40 % incresse .07 %
Protein 3.30 % 3.6 & 83 %
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for by decrease of fat, becsuse decress must in-

@

crease specific gravity of milk. Therefore, it must be due

to the decrease of some other constituents. £&s lstter tehle

shows there was apperently rsther an ineresse of

slugar.

there was spperently a considersble decresse of protein.

This might have af1

the ash.
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“he decrease of fat wes .01 % which is very smell,

2 4

end can be sccounted for by experimental error. Yet, it

®

is also possible that the hydroeen psroxide assisted the

A=

to be the case. As stated nnder "Effeet of

Hydrogen peroxide on Consensing Milk", the condensed mill

Al

W = & S O 5 - o s s i s Senll o R
tasted so renecid. he rancid teste is due to the presenec

@

of saponified fet, especielly of butylene.
There was increase of sugar, sccording to the lest

table. It is impossible to inerease sugar in milk by add

tion of hydrogen

explain it in a little different way. As stated before,

Wwa o

milk was kept for three days. The untrested might have

uhdercone some decomposition of hecterie into lsesetic acid

by the ection of bascteria, hence a loss of suger in untr

peroxide checked the growth of bac-

milk, while

a - sm MA .
terie, hence no loss of sugar in preserved milk. <his di

- 7 o] o T e b £ =
ence of .07 % mey, therefore, be account for as loss of sugsar

ected the specific gravity. There mig

this must be seceounted
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ffer-
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in the untreated milk. The decresse of protien was .83%.

¥
2

of elbumin with

N

&

This mey be accounted for by los:

to loss of proteid substances, for slthoush albumin was

I 2y

~

coagulated by the setion of hydrogen peroxide, the nitrogen

mst be left in the milkesome form. By Kjeldshl's méthod,
it is possible to determine
it does not give any psrticulars of
gen Since &ll the nitrogen would be converted intc ammonis

there should be no difference in the s=mount of nitrocen

= ~ ) 1 - “y A S P s a L 5 5 = = = = | = A - -
and hence no difference in the cgleulated smount of pro-

L,

e .y p S Sl : e
tein Therefore, this difference is more likely to be an

4+ 7, 4=
|

experimentel error then anythine else. If this be the

e, it will be necesssasrvy to find out where this error hss

TR e e i A T a1 hrres 3 =, = S e § 4= {1
thet the ecagulsted slbumin was precipitated out. Then

- ‘ . s R - 5 o - S e . 4 A A ®
the semple was teken, this precipiteted &lbumin t
I = T s ) 2 LRy B < 2 12 o S P = ad
have been mixed well with the milk. In this way some of
the precipiteted 2lbumin might have feiled to show its pre-

the albumin wss precipitaeted snd &ll the precipitates fail

to be present in the semrle, the loss in totel protien might

r 5 I P Yl AR T e
be .4 %, but the sctual loss was .25 %. <+hereiore,

teted albumin did not fsil to get into the sample,_ or

gll the albumin was not precipitat-

o5l #4




Summe ry.

=z il oyl 1 £ - I . q
d. “here will be no fermentetion of milk suger
G s T ey = oy A s 1 i
hyarogen peroxide is used, hence no loss of sugsar.

A s o
4 i 1 oxid

T e V1 peroxide.
- 1

e nDe

T 4 1 - £ ~ 4 4 - - <] J > -

LE s been found thet 1 ten to fifty cubie centi-
meters of 2 » solution to ¢ T4+rae 4a R S s o
m Y =0 L1011 O Ll dS ecessary CO pregserve
e Pt Y - N ey L : :
millk. I'hen the cocs of litre of milk will inceregse from

ebout one

per quert. One quart o:

centeae Maarn +he ~rioe Mot he ineresac e e -1 I @
U (LU L Il ik rice must pe l1necrease L gl

4 P = g P e Tl R ~ —
to et the s mil nist he sold &t
e SR« B T 2 3 2

cent if it is preserved wi
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