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Abstract

Into the precontaminated farm milk hydrogen peroxide (H,O,) was added at the concentrations ranging
from 0.01% to 0.05% and kept at 30°C for 16 hours with periodical determinations for viable counts,
residual HyO;, and lactic acid. Under the tested conditions the initial level of contaminated bacteria could

be arrested from growing at least for 8 12, and 16 hours by treating the milk with 0.01, 0. 02, and 0.03

per cent of HyO,, respectively. Furthermore,

when the Hy0, concentrations ware limited within the level

of 0.03 per cent the added H;O, was completely decomposed within 12 hours without the aid of external

catalase and the decomposition time decreased in parallel with the H,O, concentrations. A safer use of H,

O, for preserving farm milk temporarily by limiting its concentration has been discussed.

Introduction

The germicidal properties of hydrogen peroxide
(H;0;) have been tried to be utilized in dairy in-
dustry for many years. The early investigations have
been reviewed thoroughly by Luck® and Roundy
@0 The bactericidal efficiency varies with different
organisms, with the bacterial count, the concentra-

tion of Hy0,, the period of time, and the tempe-

rature of the treatment. Among the micro-orga-
nisms isolated from milk, the coliforms are more
susceptible to destruction by HyOs than are spore-
forming aerobes and the lactic acid bacteria are in-
termediate22.23), Treatment with HyO, destroys most
of the pathogenic organisms but Mycobacterium
tuberculosis is more resistant than other pathogens.

It resisted H,O, concentrations as high as 0. 8% .

1. This investigation was supported by Korean
Traders Scholarship Foundation.
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Bovine tubercle bacilli added to milk having 0.08
% of Hy0, survived up to 25 hours®”. Treatment
with H;0; to replace pasteurization is therefore re-
commended only for tubercle-free milk. The works
on the possible side effects of this strong oxidizing
and bleaching agent on the quality of milk, i.e.
flavor, vitamins, milk sugars, proteins, amino aci-
ds, casein, enzymes, have also been reviewed by
Luck(®. In general the effects are mild, if pre
sent, and no significant damage on milk quality
could be expected if the treatment is not unneces-
sarily strong. Furthermore, there are reports of fla-
vor improvement associated with the HzO; treatment
of milk(12,19,20,26,30),

Generally, the addition of chemicals to foods has
not been accepted. However, HzO; can be destroyed
easily, quickly and completery through the addition
of catalase, the enzyme which splits HyOz into H;0
and O, Preservation of milk with HzO,, therefore,
been tried in some countries, namely, Italy, France,
India, South America and South West Africa. Hy-
drogen peroxide may be used in the United States
also® as a desirable bacteriocide®® in milk used
to make certain types of cheese. Recently it has
come under consideration by the Food and Agricul-
tural Organization of the United Nations®™, which
concluded broadly that the use of any preservative
in milk is undesirable and should be adopted only
in exceptional circumstances, such as obtain in coun-
tries which do not have a highly developed milk
handling system. The report further emphasizes that
H,0, merely improves the keeping quality of the
milk and should not be substituted for pasteuriza-
tion since, at the recommended concentrations of
0.01 to 0.08% (w/v), certain types of pathogenic
organisms are not destroyed. Since pure food grade
H.0, is now commercially available and the break-
down products, water and oxygen, have no toxic
effect, the only risk should be worried is the incom-
plete destruction of the added HyO, This may ha-
ppen through mishandling the treatment by plant
workers such as omitting catalase addition. Unpas-
teurized milk contains variable amounts of catalase,
and its content increases parallel with the increase

in bacterial count. Hydrogen peroxide is slowly de-

composed by the natural catalase of unpasteurized
milk®,

This study was undertaken to find possibility of
a safe use of H;O; as preservative of whole milk
using a limited amount of HyQ, without further
addition of catalase. Small amount of HyO, was
added to the precontaminated milk and its bacteri-

cidal effect and stability were observed.

Materials and Methods

Freshly drawn milk from a local dairy farm was
brought to the laboratory and stood both in a ref-
regerator and at the room temperature for various
times to obtain different degrees of microbial conta-
mination. 99 ml each of the milk samples was then
transferred into milk dilution bottles. The original
reagent of 309 Hy0, (Wato) was pre-diluted with
distilled water at various ratios so that an addition
of one ml of the resulted solutions to the 99 m! of
milk may give desired concentrations of H,0; in the
milk to be treated.

Residual Hy0, in the milk after the treatment
was analysed by the method of Ferrier et al®,
except that 20% of trichloroacetic acid instead of
1% was used. APHA Standared Methods Agar
(Compositions ; tl"yptone 5g, yeast extract 2.5g,
glucose 1g, agar 15g, distilled water 1000 m/)was

used for the viable counts.
Results

In the freshly drawn but contaminated farm milk
various concentrations of Hy0» were added and kept
at 30°C for 16 hours with periodical counts for vi-
able cells. As shown in Fig.1, the initial bacterial
contamination around 1X105 cells per m! was redu-
ced rapidly with the increased level of Hy0, added.
In the case of 0.01% H,0s, the initial
population could be recovered within eight hours
followed by a rapid growth. When the HyOp con-
centration doubled (0.02%) the milk could be pre-
served at 30°C at least half a day, whereas higher

however,

concentrations were needed 1o suppress the growth

of the survived bacteria for longer than 16 hours.
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Fig.1. Effect of Hydrogen Peroxide on the Survi-
val and Growth of Bacteria Contaminated in
the Fresh Milk. Hydrogen peroxide was ad-
ded to the milk to make initial concentra-

tions indicated before incubation.

A complete sterilization could not not _be expected
even with the 0.05% level of H;0,.

The H,0; which had been added in the unpaste-
urized milk was found to be destroyed rapidly at
30°C (Fig. 2).

When the initial concentration of
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Fig. 2. Stability of H;0, in the Fresh Milk. The

same milk as for Fig, 1 was used.
O~ and -A-: Contro), -@- and -A-:
Wlth 0- 02 % HZOZ-

composition time decreased in parallel with the H,0,
concentrations. However, if the concentration exce-
eded 0.039%, parts of the HyOz undecomposed and
remained in the milk for long.

The unstable characteristics of the HyO, in fresh
the H;0, was less then 0.03%, a complete decom-

position was observed within 12 hours and the de-
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Fig. 3. Relation between Stability and Bactericidal
Effect of HyO; in the Fresh Milk. Data ado-
pted from Figs. 1 and 2.
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Fig. 4. Effect of Initial Contamination Levels of
Milk on Bactericidal Activity of H;0,.
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milk reflects on the bactericidal effect as shown in
Fig. 3. The 0.02% H;0; added to the fresh milk
was completely disappeared by eighth hour at 30°C
and this was the time from which viable counts
started to increase. The same situation was observed
in the case of 0.03% H,0; where the shifting oc-
curred after 12 hours of incubation. *

The bactericidal effect of H,0, was substantially
reduced when the milk was heavily contaminated.
As it may be seen in Fig. 4 the growth inhibition
by the 0.02% HyO; in the 1X107 cells per m con-
taminated milk (-O-)was released within four hours
followed by a rapid growth, while, in the 1X10°
cells per ml milk (-A-), the inhibition lasted at
least for eight hours and a slower growth followed
after that. Apparently bacterial catalase facilitated
decomposition of the added H,Op in the heavily
contaminated milk.

The milk having about 2.2X10° bacteria per ml
was weated with 0.02% H;O, and stored at tempe-
ratures ranged from 5°C to 30°C (Fig.5). The
results suggest that the level of treatment was eno-
ugh to preserve the milk for 16 hours at all tempe-
ratures tesied except 30°C at which bacteria excee-
ded the initial population during the period.

“When the untreated miik was stored at 30°C the
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Fig.5. Effect of Storage Temperatures on Bacteri-
cidal Activity of 0.02% H,O; added to the
Contaminated Milk.
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Fig. 6. Relation between Bacterial Growth (broken
lines)and Lactic Acid Production(solid lines)
in the Milk treated with 0.02% HO,
(-@-) and Untreated (-O-).

initial bacterial population of 1X10% cells per ml
could reach 1108 level in eight hours (Fig.6).
However, the lactic acid production remained un-
changed until eighth hour from which a rapid pro-
duction started. The same delay of acid production
behind the population increase was observed in the
H,0, treated milk also during the later period of
the storage. These findings prove the fact that the
early spoilage of contaminated milk is due to the
growth of miscellaneous types of bacteria which will
gradually be predominated by the lactic acid ba-

cteria.
Discussion

Satta et al. BV reported that an addition of 0.05
per cent of 130 vol. HyO: solution (equivalent to
0. 02 per cent by weight) arrested the multiplication
of bacteria for more than 15 hours at 15°C and 22°
C. The rapid growth of bacteria under the same

concentration of HO; in the present case (Fig. 1)
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may due to the higher storage temperature of 30°

C. We can not expect to remove the contaminated
bacteria completely by treating the milk with 0. 05
per cent of HyO, (Fig.1), because even with (.08
per cent Minaci®” could reduce only 96. 3 per cent
of the initial bacterial count at 28°C~30°C.

Catalase has been usually added to the milk after
the treatment with HyOs to decompose the residual
H;0, into nontoxic compounds of HzO and O, This
type of detoxication, however, often accompanies
risks of accidental mishandlings by the plant wor-
kers. The results appeared in Fig. 2 suggest a safer
use of the HyOp. When the amount of HyOp added
was restricted to the level below 0.039%, the H;0,
decomposed completely without the acid of external
catalase under the tested conditions. The rapid de-
composition of H;Op in the milk may mainly due
to the natural catalase liberated from the cells of
contaminated bacteria®®. Luck@® also pointed he-
avy metal ions and lactoperoxidase as catalytic agents.
In addition, environmental conditions such as tem-
perature and pH effect rate of HyOp decomposition
1,5,6,3%), On the other hand Hy0, destroys catalase
to05,35),  According to Molland® the decomposi-
tion of HyOp by bacteria and the inactivation of
the catalase take place simultaneously. The quan-
tity of catalase inactivated is proportional to the
quantity of Hy0, decomposed. The inactivation of
catalase by HyO, is intensified by increasing tempe-
rature’®. The incomplete decomposition of Hy0O,
in the milk when the concentrations exceeded 0.04
% (Fig.2) may be ascribed to the principles found
by these authors. The excess H;O, must have ina-
ctivated catalase completely before the HyOs conce-
ntrations are further reduced. Therefore, the rest-
riction of the HyOp amount is of paramount impor-
tance if the milk is to be preserved by treating
with HyO, alone, although other factors such as
contamination level, pH, temperature and duration
of time are also to be considered carefully.

The long and extensive study has proved H,0,
as one of the ideal preservatives. However, the
application of HpO; in the dairy industry has not
been generally approved. The main reason for this

is due to the risk of remaining undecomposed H;0,

in the milk. The natural decomposition of added
H,0, in the milk may reduce the preservative effi-
ciency of the agent, but may be applied safely for
a temporary storage of milk such as the overnight
storage of farm milk or during the transportation
to the milk processing plants.
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