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This work was undertaken at the instance of
an official enquiry prompted by & commercial firm
in order to know whether a limited amount of
hydrogen peroxide can be used in preservation
of milk for 48 hours longer than raw milk under
ordinary condition. Under the Public Health
Regulation now in force in the U.K. or India
hydrogen peroxide has been classed as a non-
permitted preservative in foodstuffs. Although

any kmd of preservative in a foodstuff has been
prohibited under the general restriction order,
i.t is doubtful whether such a course is expedient
in the case of hydrogen peroxide where a very
small amount 1is pecessary to preserve the
milk with hardly any loss of its taste, quality
and nutritive value. Begides, the chemical itself
°n remaining in contact with the organic matter
of the foodstuff breaks up into nascent oxygen
and yater, leaving it quite harmless.

Specially purified metallic free hydrogen per-
oxide is now being prepared by electrolysis in
some places in Italy.
country milk is actually being treated by the
chemical with success (Romani’ ]_944) There-
fore there is no reason why this method should
not be adopted in India where there is an acute
Shortage of milk in big cities like Calcutta. By
treating it with a small dose of the preservative
this valuable article of food can be brought here
within 48 hours from mgny distant places where
it is found in plenty a@nd can thus solve the milk
problem.

The practice ©f adding hydrogen peroxide to
milk was in yogue long ago. Budde, the Danish
Engineer, first thought ©of treating milk simul-
taneously with heat and hydrogen peroxide.
The milk so treated is termed ' Buddeised milk'
after his name. By this process one litre of
milk is mixed with 15 c.c. of hydrogen peroxide
solution of 3 per cent gtrength. The whole
thing is heated for 3 or 4 hours continually at
512C. The enzymes, viz, peroxidase and

catalase present in milk, decompose the hydrogen
peroxide into mnascent and molecular oxygen

respectively as well as The nascent
oxygen and heat act Conjointly to destroy the
bacteria. The result is that we get a milk which
remains fresh for 4 days (vide table 1) with-
out gny loss of taste due to the addition of
hydrogen peroxide. Yet the method is open to
objection on the ground that it is not only
impracticable from the commercial viewpoint,
but that the continued action of heat and oxygen
act deleteriously upon the vitamins pregent in
the milk. Besides, the commercial hydrogen
peroxide solution is likely to add poisonous
impurities to the milk (Harvey and Hill, 1937).
However, the Variety of Y202 solution that has
been used in the eXperiment has been tested to
be free of such j_mpurj_tj_es except = little citric
acid and sodium salt. In order to avoid this
sort of trouble as also instability of its strength,
solid Compound of hydrogen peroxide with urea
has been prepared i the laboratory in the
following way. This compound 1is perfectly
stable in the dry state at ordinary temperature
and its equivalent amount has been used in the

experiment just =s liquid H202 solution without
any difference (vide table II).

In many areas of this

water.

Method of preparation
1.8 gm. of urea is dissolved in 30 c.c. of
alcohol. To this are added gradually with
gentle shaking 30 c.c. of H202 solution of 10 vol.
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strength, A trace of citric acid is then added to

the mixture for stabilizing the hydrogen peroxide.
The whole thing is kept overnight in ice
chamber. The alcohol from the mixture is then
distilled under reduced pressure 2t ordinary-
temperature (35?C.). The residue is poured
shallow dish and treated with a little
absolute alcohol and left under electric fan to

evaporate slowly. After a while peautiful,
white prismatic crystals ©f peroxide,
CO(NH2)2, H202 appear. These are drained as
far as possible from the mother ligquor and then
washed with a little absolute alcohol to free
them from impurities. They then dried
over calcium chloride under vacuum.

The strength of the crystal in terms of H202
has been determined to be 30 per cent (theo-
retical?34 per cent). The compound is hygros-
COpiC. It decomposes at 60?C. into urea, water,
and oxygen. It is otherwise quite stable in the
dry state and can be compressed into tablets.
One gramme Oof the tablet dissolved in 10 c.c. of
water produces H202 of 10 vol. strength. Each
tablet weighing 16 grains is enough to keep =
pint of milk fresh for 48 hours if kept in an
open vessel. Any trace of H,02 Iis hardly
perceptible to the palate after the interval. It
completely disappears o= heating the milk.

over a

urea

are

Table I

Date of experiment?27th September, 1946
Fj_ndj_ng the dose of H202 per 100 c.c. of raw

milk
Dose of
HaOa soln.
(10 vol. 0)
11 C.C. m
Nature of milk added to
100 c.c. of clottlng
milk within
3J hours of
collection
1. Raw cowmilk (pure) 1.0 24 hours.
2. Do. do. 1.5 Do.
3. Do. (Buddeised) 1.5 4 days (closed
bottle).
4. Raw milk (above) 2.0 3 days (open
bottle).
5. Do. 3.0 18 days.
6. Do. 5.0 Not clotted aftei
20 days.
7. Pasteurized (Keventer) 5.0 21 days.
8. Do. 7.5 Do.
9. Raw milk (pure) 7.5 Not clotted aftei

20 days.

In order to find the minimum dose of H202,
100 c.c. of the same raw milk of acidity 16? are
taken 1in several uniform conical flasks and
treated with progressive doses of H202 of 10 vol.
strength within 3 hours of milking cow. The
flasks are plugged with cotton-wool and kept
at laboratory temperature (85?F.) for observa-
tion. It has been found that with doses below

2 c.c. of the peroxide solution, the milk
invariably curdles within and after 24 hours,
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while the milk having this dose remains fresh
for at least 3 days if kept in an open flask. The
closed flask containing the dose just decomposes
within 48 hours (vide table V).

Observation has also been made on Keventer's
pasteurized milk as well as on raw milk with
higher doses of the H202 solution, which keep it
fresh for about 3 weeks. It has been calculated
that roughly 2/5th5 of an ounce of H2(02 solution
of 10 vol. strength costj_ng about i an anna is
enough to keep = pint of milk sweet for 48 hours.
One company is understood to manufacture it
at 10 as. per b. A graph has been drawn show-

ing relationship between the doses of peroxide
solution and the number of dzyg to clot the milk.

No. of days taken to dot the milk

Icc. 2C.C 3C2. 4 C.C 5C.C. 6C.C.
No. i ccces U S0k S0 g Sty 000 sfmi 1t

Experiments were conducted to compare the
action of the peroxide compound with
that of the H202 of 10 vol. Strength‘ 100
of the same raw milk were taken in each of the
five uniform conical flasks. To the flask A is
added 0.12 gm. of the compound equivalent to
of Y202 solution. To the flask B 1 c.c.
of K202 solution is taken. To the flask C
0.24 gm. of the compound and to the flask D 2 ¢ c.
of the 202 solution are added respectively. The
fifth flask O Containing only milk serves as the
control. All the flasks are plugged with cotton-
wool and kept for 24 and 48 hours for observa-
tion. The results shown in the table.
There is hardly any difference between the solid
compound and its equivalent of H202 solution
so far. as keeping quality and
cerned. It is noticed that with
dose of either, no trace of H202 is found to be
present, Put peroxidase remains, while with the

proper dose or above, H202 persists during the
interval to the total destruction of the per-

oxide.

This experiment is performed With a view to
knowing what effect the optimum dose, viz 2
c.c., produces on the raw milk after 48 hours

so far as the analytical constants, vitamin A
and vitamin C are concerned.

urea

c.c.

1 c.c.

are as

taste are
the insufficient

con-
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Table. II
Date of experiment?27th November, 1946- Comparison of the solid urea compound with

liquid H?02 solution

Result after 24 hours

Nature of milk

Result after 48 hours

Remarks
L Perox- L Perox-
Acidity Ha0a idase Acidity Haoa idase
0. Raw milk (acidity 16?) 70? Nil Present  Curdled Nil Present
(curdled) .

A. Do. ¢ 0.12 gm. Of urea 19? Nil Trace  Curdled Nil Trace Just decomposes
compd. (equiv. to 1 c.c. of (st. acid). after 24 hours.
HaOa) per 100 c.c. of milk.

B. Do. 1 cec. of HaOi soln. 21? Nil Trace Curdled Nil Trace Decomposes after
per 100 c.c. of milk. (decomp. ) . 24 hours.

C. Do. ¢ o.24‘gm. of urea 16? Present Nil 172 Trace Nil Decomposes after
compd. (equiv. to 2 c.c. of (good) . 3 days.

HaOa) per 100 c.c. of milk.
D. Do. c. 2 c.c. of HaOa sola, 17" Present Nil 18? St. Nil Decomposes after
per 100 c.c. of milk. (good) . trace. 3 days.
Table III
Date of experiment?1lth December, 1946. Effect of the optimum dose on the vitamins and
the analytical figures
Percentage Percentage Vitamin C Vitamin A Remarks
of fat of lactose
Raw milk Normal
5.8 4.44 0‘2510:)“9- 0.7 IU Vitamin C Vitamin A
per e Per ©'c 0.7 mg. 2 I.U.
[per 100 c.c. per c.c.
Result after the addition of
HaOa soln. (2 c.c.)?
(a) After 1 hour 3194 0.14 mg.
(b) After 24 hours 3.90 0.11 mg. Raw milk
(cf. 0.19mg.)
(c) After 48 hours 5.8 3.90 0.10 mg 0.7 I.U.
It is found that the fat percentage remains Table IV

unaltered but the lactose is lightly reduced due
to oxidation; vitamin A remains yngltered, while
vitamin C decreases by 44 per cent from the
original value. 1In pagsing it is noticed that the
raw milk under experiment is rather poor in both
the vitamins compared Wwith normal milk.
The reason is that the cow is stall fed and not
allowed to graze. In 1India the question of
deriving vitamin C from milk is ruled out in as
much as the people generally wuse milk after
boiling. This destruction of vitamin C by H202
may, however, be compensated by taking
supplementary food, e.g. orange juice, etc.
Experiments conducted to note what
difference it makes by taking milk in closed
bottles as well as in gpen bottles with 1 c.c. and
2 c.c. of the Hg202 solution per 100 c.c. of milk.
In table V the experiment was done in a con-
firmatory way . It was found that the milk in
the open bottle kept 1onger than in the closed
bottle and during the same period more aCldltY
developed in the latter, The reason why this is

were

Result after addition of different doses of HJO?>
solution to closed bottle as ivell as to open bottle

to 100 c.c. of milk

After 24 hours

Dose of
H20* Acidity H,Oa Peroxidase
soln.
Nil (raw 897 (decomp.) Nil Present
milk) .
1 cec. 22? (curdles on Nil Trace
heating) .
2 c.c 16? (good) Present Nil
After 48 hours
Nil (raw) ' 1062 (decomp.) Nil Present
1 c.c. 70? Nil Nil
2 c.c. 16? (good) Present Nil
"Si J 1 c.c. 73?2 (decomp,) Nil Nil
o | 2 cc. 28? (curdles on Nil Nil
ojs * heating) .
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Table Y (confirmatory)

Uesult with 2 c.c. of H202 solution after 48 hours

Acidity Peroxidase H20,
(1) Open bottle 16? Nil V. M. trace
(2) Closed bottle 21? Nil Nil
(3) Raw milk 78? Present Nil

without H302.

so will be ascertained in the subsequent investiga-
tion.

Summary and conclus ion

The minimum dose of hydrogen peroxide
solution to preserve the milk for 48 hours is
found to be 2/5ths of an ounce or 16 grains of
the solid compound per pint. The milk so treated
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should Dbe kept preferably in am open vessel.
Vitamin A is not affected but vitamin C is some-
what reduced. Tfhe analytical constant’ viz fat
percentage, remains the game, while the lactose
percentage 1S slightly reduced. The taste of
milk is hardly altered py the small trace of H202
left behind which, however, disappears on
boiling.

My thanks are due to the Director, All-India Institute
of Hygiene and Public Health, and to the Director,

School of Tropical Medicine, for their interest in the
work.
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