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GENERAL

INTRODUCTION
During recent years great efforts have been
by many countries with hot or tropical cli-
o develop their dairy industry. In these
goountries there are numerous difficulties in handling
et milk, simply because milk will only remain
| Gl for a very short period of time at high tem-
ratires. [Furthermore, it is often necessary to
port the milk over long distances. Different
methiods have, therefore, been tried to prolong the
ghing; quality, among which the most important

(i) Artificial cooling on the farm as well as
i during transport

i) Double or manifold pasteurization

(1), Preservation

% and, for the present, impossible to be
in many hot oozbﬂnow. The second method

1):It must not react with any of mpm constit-
- uent parts of the milk.

:It must be easily destructible in the factory
efore using the milk for human consump-
ion or for industrial purposes.

‘must be non-poisonous, odourless and
asteless,

None of the known milk preservatives fulfils
demands but at the moment hydrogen
petoxide:is the most preferable.
he application of H,0, in the dairy industry
been generally accepted. The leaders of
blic health work frown upon the addition of
@Em_@ to foods. However, H,0O, is one of the
eservatives, because it can be destroyed
quickly and ooEEmﬁm_% through the addition
Woficitilase, the enzyme which splits H,O,. The
Whicakdown products, water and oxygen, are not

“After destruction the remaining substances
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detectable and there is no residual toxic effect after
the destruction of the hydrogen peroxide.

Hydrogen peroxide has found interest in the
dairy industry in treating milk for two purposes:
mamz% as a short time treatment in place of pasteur-
ization by heat, in order to reduce the total bacterial
count, and secondly as a preservative to maintain the
keeping quality of milk for a longer period. In the
first method H,,0, is present in the milk only for a
short period (up to 1 hour); in the second method
the contact with the preservative is much longer
{several hours or days), hence any reaction of the
H,0, with the constituent parts of the milk will be
more intensified.

Under certain conditions traces of H,O,, pro-
duced by anaerobic lactobacilli, can be found natur~
ally in dairy products. Probably the inhibitor lacto-
bacillin, generated by lactobacilli, is identical with
H,0, (Wheater ef al., 1952).

HISTORY OF H,0, PRESERVATION

The germicidal properties of hydrogen per-
oxide have been known since its discovery by the
French chemist, Thenard, in 1818. The first ex-
periments of preserving milk with H,0, (o4 per
cent of a § per cent H,O, solution= o-o12 per cent
H,0,) were made by Schrodt (1883) followed by
Heidenhein (1890), Low (1900), Jablin and Gonnet
(1go1), Renard (1g9o4) (addition of o-0g per cent
H,0,) and Nicolle and Duclaux (1g04) (addition
of 006 per cent H,0,). Budde (1904) combined
H,0, and low heat treatment (o-05 per cent HyO,
for 8210 hr. at 52°C, or 0-035 per cent H,0, for 30
min. at 48°-50°C and 2~3 hr. at 52°C). gﬂnv and
Rémer (19o6) used H,0, decomposing enzymes
(“Hamase”, “Hepin”) to destroy the residual per-
oxide.

Consequently the methods of using Hy0, as
a dairy preservative, of treating milk at these tem-
peratures in the presence of HyO, and of adding
enzymes to destroy the tesidual peroxide are very
old. In this article the literature, published since
the last war, is reviewed.

CHEMICAL ASPECTS _
Hydrogen peroxide is a strong oxidizing,
bleaching, and germicidally active agent. As men-
tioned above its decomposition yields water and
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oxygen. In dilute HyO, solutions the oxidizing
effect is reduced. The concentrations used in the
dairy industry appear to influence the constituent
parts of milk, especially the native proteins, very
little and to a lesser extent than other available pre-
servatives. Generally the influence of H,0, on milk
is intensified by an increase of the temperature and
by prolonging the period of treatment. Highly con-
centrated H,0, should be diluted with water before
being added to milk.

A disadvantage in using H,0, in tropical coun-
tries is ‘its instability which is accelerated by con-
taminations. To-day, very pure H,O, can be man-
ufactured but the presence of one part per million
of iron or o-05 p.p.m. of copper can cause rapid
decomposition. The stability decreases as the pH

Table 1.
Equivalent concentrations of hydrogen peroxide.
Per cent Per cent
H,0, concentration P.p.m, Mole Per cent  of @ 40% of a 130
(by wt.) soln. vol. soln.
o-0I mole 340 0-0I100 o034 0-085 0086
100 p.p.m. 100 ©-002Q 0-0I0 0025 0-025
o1 % (by wt.) 1000 0-0204. 0100 0250 0253
o-1 % (40 %) 400 00118 0-040 0-100 o101
o1 Y% (30%) 300 o-0088 ©-030 o075 0-076
o1 % (r30 vol.) 395 00116 ©-040 ©-009 0100

A 130-volumes H;0, solution contains 39.5 per cent H,OQ,. This means, that the
decomposition of one litre of this peroxide solution vields 130 litres of oxygen.

OTHER PEROXIDES USED IN THE DAIRY INDUSTRY

Hydrogen peroxide reacts with bases to form
peroxides. Calcium and magnesium peroxide have
only been of historical importance as dairy preser-
vatives (“Kalkodat” and ‘‘Magnodat” process)
(Brichta, 1909; Mayerhofer, 1910). Calcium per-
oxide (CaO,) seems to be unsuitable for milk treat-
ment even under exceptional conditions. The addi-
tion of o'5 g. of a preparation of calcium peroxide
containing 71-3 per cent CaO, per litre of milk, gave
an objectionable taste, increased the reduction test
and decreased the acidity of milk by o-8°—1-6°
Soxhlet-Henkel (0-018-0-036 per cent lactic acid)
(Csiszdr, 1944)
_ Several salts form peroxyhydrates. Sodium
carbonate-peroxyhydrate cannot be recommended
for practical use. Although o1 per cent of this
substance (containing 237 per cent H,0,) gave
satisfactory preserving qualities for 48 hours at
room temperature (Csiszir et al., 1949), the treat-
ment decreased the palatability, had an adverse
effect upon the colour and diminished the acidity
by 1-2°-2+0° 8.H. (0-027-0-045 per cent lactic acid).
Hydrogen peroxide forms solid molecule com-
pounds with organic amines and their derivatives
(Fialkov & Shokol, 1949). These addition com-
pounds are very considerably dissociated in aqueous
solution. As a milk preservative the urea compound,
CO(NH,),"H,0, (“Hyperol”, “Ortizon“), contain-

DAIRY SCIENCE ABSTRACTS, Vol. 18 No. g "

increases, decomposition becoming rapid at sl
By addition of small amounts of organic or inor,
stabilizers the stability is conserved. |
For the preservation of milk the hydroge
oxide must be of high purity (edible grade),
for hygienic reasons and secondly because tracé
the heavier metals promote. oxidation of the
Only stainless steel or other corrosion-r
material should be used in contact with milkfen
taining H,0,. Copper and tin are chemicallyji3
tacked by H,0,. A comparison of the resul
in the literature is often difficult because.
units are used for the description of the p
concentration. Table I allows an easy calculi
and comparison*,

ing 64 per cent urea and 36 per cent H,0,, s
tested with good results (Dahlem et’al
Banerjee, 1947). Solid substances ar
handle than liquid preservatives, but the addi
urea to the milk may be objectionabl
hygienic point of view.
Another peroxide, benzoyl peroxid %w
recommended for the bleaching of milk’ ind
for cheese manufacture (Kuramoto & Jezeski®

INFLUENCE OF H,0, ON THE CONSI}
UENT PARTS OF MIL

TASTE

The influence of hydrogen peroxid
flavour of milk is transitory unless too’high
centration of the preservative is used.:
H,0, is demonstrable by chemical rei

of treated milk, containing undecompo
is called “metallic” (Voitkevitch et al 04

et al.. 1943).

* Unfortunately . the H,O, concentration
different papers are often not stated clearl
avoid mistakes, the same concentration units
in this article as in the original papers




'hen HyO,-treated milk was subsequently
rocessed, there was no undesirable flavour
isiectable, even after long storage.
cases where high concentrations of the pre-
Evative (500 p.p.m. and above) are used to pre-
evemilk having excessive bacterial counts, off-
ay develop. Milk containing an appreci-
ount of undecomposed peroxide developed
ight: “oxidized” flavour after prolonged storage
Nimbudripad et al., 1952) These authors have
ther found that the material of the containers
ufiticiices the development of off-flavours. The
samples treated in aluminium cans gave rise to
lipht oxidised flavour. Glass containers were the
gststinned brass, porcelain and aluminium contain-
enfcoming next in order of preference. Trans-
f milk preserved on the farm with o-2 per cent
ol: HyO, (Romani, 1944) caused a smoky
your:
All - the above-mentioned disadvantages are
nsidered big enough to be of great importance.
cimore, the treatment of milk with H,0,
pior;to . pasteurization and homogenization can
IEYEnt he development of a typical solar-activated
fayour in homogenized milk samples (Weinstein
1951) whilst high-temperature heat-treat-
6°F, 80°C for § min.) neither retarded nor
prevented its development. The H,0, treatment
Pt . qe N
elays”the development of an oxidized flavour in
mkiduring storage at —17°C (1-4°F) (Bell &
. +1949). Morris (1g950) found that oxidized
eveloped in 70 per cent of the pasteurized

cause traces
n of the!

~3

amples;i(0-2 per cent Hy0,, followed by addition
Uifcitilase), the odour and flavour of which was
siisfactory apart from a slight malty flavour. In
iefime way the development of a “tallowy”
favor during cold storage of milk can be retarded
btddition of H,0,(Krukovsky &Guthrie, 1946).

‘ VITAMINS

B he vitamins of milk are damaged very little
byftreatment with H,0,. Only ascorbic acid is
ously influenced, but this is not important be-
semilk is not an important source of this vitamin.
Aitétaddition of o°1 per cent H,0, (130 vol.) the loss
afascorbic acid in milk held for 20 hours at 15°, 22°,
ogand 32°C (59°, 72° 79°, 90°F) was 54, 78, 85
fdlo2:5-per cent against 84 per cent in the controls
¢t al., 1943). Higher peroxide concentrations
er temperatures intensify the destruction.
hetinstability of ascorbic acid in milk containing
oxide"has been confirmed by other authors
& Calendoli, 1943; Banerjee, 1947; Kru-

al. 1949). The ascorbic acid oxidation varies
’ y with the quantity of H,0, added to the
) tetmilk (Krukovsky & Guthrie, 1946). The re-
trations

Biction'was retarded appreciably when the amount
BIEC, preservative added was in excess of that
~to oxidize ascorbic acid completely.
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Peroxidase may be responsible for the loss of ascor-
bic acid (Krukovsky, 1949) and destruction of this
enzyme with higher H,0, concentrations may
explain the above-mentioned inverse relationship
between the retardation of ascorbic acid destruction
and peroxide concentration. .

After treating milk with ox per cent H,O,
(x30 vol.) the vitamin 4 content decreased by 22—42
per cent (Giolitti, 1949). Satta e al., (1943) have
shown that the addition of o-3 per cent H,O, (130
vol.) at 20° or 32°C (68° or o°F) for 36 hours reduced
the vitarhin 4 content from 158 L.U. to 125 LU. per
100 g. The corresponding figures for the stored
controls without H,0, were 130-135 1.U. The
thiamine content dropped in the same treated
sample from 25—30 L.U. to 12-15 L.U. and in the
controls to 15—18 1.U. per 100 g. In biological assays
of vitamin D with rats, no appreciable change in
the milk treated with up to o-4 per cent H,0, (130
vol.} and held at 22°C (72°F) for 36 hours could
be noted. :

None of the B-complex vitamins examined by
Nambudripad et al. (1952) was found to be affect-
ed by peroxide treatment of milk. The thiamine,
riboflavin, nicotinamide and cobalamin contents
were nearly the same in H,O,-treated pasteurized
milk (300 p.p.m. of H,0, added and the milk
pasteurized at 63°C (145°F) for 1—2 hours) as in
the control milk which was only pasteurized.

MILK SUGAR AND BUTTERFAT

The lactose content of peroxide treated milk
is somewhat lower than of untreated samples
(Banerjee, 1947). The same results were confirmed
by Arnaudi and Treccani (1953). The sugar con-
tent of untreated milk was 5-01 per cent but, after
treatment with 0-025, 0'05, 0'1 or 0'2 per cent H,0,
(130 vol.) at 30°C (86°T) for 16 hours, the figures
were 5-01, 4-95, 4-95 and 4-60 per cent respectively.
Giolitti {1949) found no changes for lactose, fat,
total N and pH.

No exact figures are available yet on the in-
fluence of H,0O, (at concentrations used for milk
preservation) on the butterfat, especially on the
unsaturated fatty acids., Butterfat was not changed
in treated samples of milk containing o1 per cent
H,0, (130 vol.) (Giolitti, 1949). Butter made from
preserved milk (300 p.p.m. H,0,) did not differ
appreciably in quality from that made from fresh
milk. (Nambudripad et al., 1952; Negretti, 1952).

PROTEINS

Hydrogen peroxide in higher concentrations
oxidizes proteins, aldehydes, ketones and acids
being formed. Dilute peroxide solutions do not
show this effect. Rondoni and Bassi (rg51) have
studied the influence of dilute H,O, solutions
(approximately o-3 per cent of H,0,, 40 per cent)
on partly autolysed protein solutions (liver extracts,
serum). The addition of peroxide brings about an
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aggregation of the protein molecules, judging from
the increase of the trichloracetic acid precipitable
N. Among the many proteins investigated by Sizer
(1947), only pepsin, trypsin, chymotrypsin, bovine
fibrinogen, casein, mucin, and soya bean proteins
were oxidized by H,0, in the presence of peroxi-
dase. 'The tyrosine part of the suspectible proteins
seems to be changed.

Amino acids.

* Certain amino acids are very sensitive towards
H,0, particularly cysteine, cystine (Schormiiller,
1949) and methionine (Mohan et al, 1949).
Tyrosine and tryptophan can also be easily oxidized.
Fortunately, the -SH groups of the milk proteins
are relatively resistant to oxidizing agents.
Addition of o-03 per cent H,0, (by wt.) or o003
per cent H,O, with 8 x 10-% per cent Cu had no
effect on the —-SH groups in skim-milk after 20
hours at room temperature (Zweig & Block, 1953).
Even the addition of o-25 per cent H,0, (40 per
cent) for one day at 30°C (86°F) or 20 minutes at
55°C (x3:°F) did not noticeably reduce the —SH
content (Liick & Joubert, 1955 ¢). Treatment with
higher peroxide concentrations or at higher temper-
atures and for longer periods of time diminishes the
sulphydryl groups content. Addition of o3 per
cent Hy0, (39 per cent) to milk does not affect the
amino acid content (Previtera, 1945) by giving rise
to the formation of keto acids and ammonia.

In spite of this fact changes in the nitrogen
content are noticeable. Giolitti (1949) found that
Hy0, treatment (o1 per cent, 130 vol.) had in-
creased the albumin content from o-042 to 0061
(in N percentage and decreased the casein content
from ©:367 to 0-317 per cent as N. The soluble N
expressed as a percentage of the total N amounted
to about 30 per cent in peroxide sterilized milk
(1 per cent H,0,) after one month at room temp-
erature (Peltola & Mattson, 1950). The same figure
for milk sterilized by autoclaving for zo minutes
at 120°C was 10 per cent.

In the presence of metal jons (Cu, Fe) or of
peroxidase the oxidizing effect is catalytically accel-
erated, With a peroxidase derived from haemo-
globin H,0, was able to deaminate asparagine but
did not deaminate the amino acids glycine, alanine,
leucine, glutamic acid and aspartic acid (Solsone
& Mora, 1949).: Of all amino acids studied by Sizer
(1947, 1953) only tyrosine, tryptophan, lysine and
possibly cystine were oxidized in a peroxidase—
H,0, system (37°C (99°F) and pH #%-3), the most
readily oxidized being tyrosine.

Casein,

According to the experimental results on cheese-
making from H,O, -treated milk, changes of the
casein molecule are to be expected. Generally,
peroxide has a softening action on casein. Arnaudi
et al. (1949b) have investigated the influence of H,0,

treatment on the coagulation of milk by renne
found that the addition of up to o1 per cent'Hj0
(130 vol.) improves the coagulum. The addits
o-2 per cent and more decreases the firmness
curd. Schormiiller and Ballschmieter (1g52)ihig
observed that at the beginning, after the addifol
of sodium hypochlorite solution, the CO, deyelip
ment of peroxide-treated casein (o-0g pery
H,0,) is more intensified than in untreated sam
Electrophoresis experiments did not-indic
any difference between the casein in treated
untreated milk (Liick & Joubert, 1955¢). - Exper
ments with the ultracentrifuge have shownjia
after 5-6 days’ preservation with o-25 or 1:pes
H,0, (39 per cent) at 4°C (39°F) a part of the
has dissociated. The sedimentation consta
fast sedimenting component was reduced#f
6-2 X 10718 in untreated milk to 3-8 X 107
in treated samples (Liick & Joubert, 1955
slowly sedimenting component (550 = 13 XiIop
has not been changed. The effect mentionedind
explain the longer period of time required fof(s
coagulation by rennet, observed in milk asiwe
in pure sodium caseinate solution (after additjon
CaCl,). Compared with untreated samples thes
of the casein particles in milk was not’chs
signficantly when examined under the: el
microscope. The alcohol titre is a littlesly
This means that the alcohol concentration fo
coagulation of treated milk is a little lower:than
the same milk when untreated. The decribedH0!
effect on casein is not as serious as it may:seemitg
cause untreated milk, if kept for a longer period§
time at'a low temperature, undergoes the samejl
ation (11 days at 4°C). Recent investigations
& Joubert, unpublished) have shown tha
vation for 24 hours at 25°C (77°F) cause
changes. When the sedimentation diagramsofir
casein and casein from treated milk (025 perley
H,0, (40 per cent) for 24 hours at 25°C) argog
pared, a considerable increase in the concentfalig
of the s, ; component is noticed. The viscosiyl
treated alkaline casein solutions is somewh
than that of untreated samples.

Whey proteins.
As in the case of casein, the S-lactoglobul
milk also shows similar changes. The st 4
skim-milk with 1 per cent H,0, (40 pericerti
7 days at 4°C resulted in a complete breakd
the B-lactoglobulin (5,9 = 3-0X 10723} int
ponent of much lower sedimentation i
(S50 = 13 X 10713) (Liick & Joubert, 1933¢
the addition of o-25 per cent H,0, (39 pes
(6 days at 4°C), separation of the brok
p-lactoglobulin component indicates heteroge
No significant change in the fast sedimenti
ponent (immune globulin, s,y = 6-9 X 1071
be found after peroxide preservation (1-pea
H;0, (40 per cent) for 7 days at 4°C),  Soli

ctivated. is proj
Becom .mmm.. -H_..T_




bipure crystalline fS-lactoglobulin appear to be
resistant to dilute H,O, solutions than
1¢ protein in milk. Identical sedimentation
1s were obtained for treated (x per cent H,0,
pér.cent) 7 days at 4°C) and untreated samples.
wever, the sedimentation constant is somewhat
or the treated pure protein (treated: sp, =
10713 untreated: 55, = 2-57 X 10718),
lectrophoretic studies carried out by the same
hors (1955¢, 1955¢) also show an influence of
i m@r,w n the whey proteins of treated milk. Spread-
0 the boundary is noticed and this is accom-
itd by a decrease in the electrophoretic mobility.
dition of 1 per cent H,O, (40 per cent) for 6 days
1C.splits the B-lactoglobulin into two compo-
ith considerably lower mobilities. Moreover
lirge number of minor components are observed.
the pure B-lactoglobulin is affected less than
ame protein in milk.

part of thecasel]
1 constant ot

Hydrogen peroxide preservation influences the

es of milk to a certain extent. The phosphat-
Y&t for distinguishing raw and heated milk is
plicable to peroxide-treated milk. The addition

. mitk as:wellls
after additionfod
samples thejs

as not ¢ "3 per cent H,0, (39 per cent) both at freez-
er the ftemperature and at 20°-30°C did not affect
s a ki ylise; lipase, tryptase and phosphatase, but nearly
antration fAfthG ed peroxidase, catalase and reductase
le lower thanifod 0,:1045).

e decrib Hy0, (0-06-0-15 per cent) is used as a milk

servative, and the preserved milk is kept for a
triod (10 days to 3 weeks) under summer
ns at room temperature, the activity of the
miképhosphatase is seriously inhibited (Sanders &
e mqu@v. The delay of milk coagulation by ren-
ansed by an H,O, influence on the casetn and
e rennet enzyme {Liick & Joubert, 1955d).
wo per cent of a 10 volumes H,0, solution
0 destroy all peroxidase in milk, whereas

longer petiadfol
s the samé'ligy

he concentratog
The vistisinng dse to persist (Banerjee, 1947). Fortunately,
: ilis and peroxidase are destroyed by H,0,.
ffipeioxidase would persist the danger of oxidizing
Ak ;
cids and proteins would be much greater,
alase would persist, all the preservative would
posed after a very short period of treatment
ihe preserving effect would be much reduced.
famasaki (1921) and Maximowitsch and Awtono-
(1928) were the first authors to investigate
krietics of the destruction of catalase accom-
iedhy the decomposition of H,0,. Later,
plolland'. (1947) made intensive studies on the
netics:of the decomposition of H,0, by bacteria
ithe inactivation of the catalase. Both reactions
lacé simultaneously, 'The quantity of catalase
ictiyated is proportional to the quantity of H,0,
iecomposed. ‘The inactivation of catalase by H,0,
Bhintensified by increasing temperature (Morgulis
ik 1926).
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Other enzymes are influenced by H,0, with
varying results. Papain (Bersin & Logemann, 1933)
is inactivated with M/500 H,0, in 5 minutes at
40°C. The effect of H,O, on urease was not greater
than uncatalysed aeration (Hellermann ez al., 1933).
The following amounts of enzyme inactivation by
H,0, (Barron et al., 1952) are given: urease o per
cent, yeast hexokinase o per cent, papain 40 per cent,
yeast alcoholic dehydrogenase 23 per cent.

DESTRUCTION OF BACTERIA BY
H,0, TREATMENT

INFLUENCE ON PURE CULTURES

Hydrogen peroxide is known as an effective bac-
tericidal and bacteriostatic agent. The mechanism
of its action is not cléar yet. In the older literature
the effect has been attributed to the developed
oxygen in statu nascendi but, as recognized today,
the undecomposed H,0, is effective (Miiller, 1921).
The bactericidal efficiency varies with different
organisms, with the bacterial count, the concentra-
tion of H,0,, the period of time, and the tempera-
ture of the treatment.

Molland (1947) has investigated the catalase
production of bacteria and their H,0, tolerance.
The strains which produced catalase are as a rule
most resistant towards H,0,. The aerobic strains
(about 101? cells per ml.) were able to grow in a broth
containing o-or25 per cent HyO, (estimated by
means of the turbidity of the medium after incuba-
tion at 37°C (99°F)). Even bacteria which do not
produce catalase or produce very little such as the
pneumococcus, the streptococci, Salbmonella typhosa,
Bacillus anthracis, and Erysopelothrix rhusiopathiae
could grow in a medium containing 0:0125 per cent
H,0,. The H,0, concentrations tolerated by
different strains of bacteria were as follows: Proteus
spp. 02, Bacterium coli, o-o5-0'1, Staphylococcus
aureys strain 1, 0-0125 —0°02§; strain 2, o*I— 02}
Brucella abortus, o-4; Streptococcus agalactiae, o4;
Str. zymogenes, o-o125; Neisseria catarrhalis, o-o125—
0-025 per cent.

Nambudripad et al. (1949, 1951) have studied
the bactericidal efficiency of H,O, with respect to
micro-organisms isolated from milk. In general,
the Gram-negative group of bacteria (coliforms)
are more susceptible to destruction by H,0, than
are Gram-positive species (spore formers). The
susceptibility of the lactic acid bacteria was inter-
mediate. The time required for 100 per cent des-
truction after addition of 50, 300 or 500 p.p.m.
H,0, (by wt.} to nutrient broth at 37°C was as fol-
lows: Str. lactis 6 hr., 4 hr, and zhr. 30 min.; St
liquefaciens 16 hr., 7hr., and 4 hr.; Sarcina sp. 8 hr.
10 min., 5 hr., and 2 hr. 30 min.; Lactobacillus
bulgaricus 6 hr., 4 hr. 30 min., and 2 hr. 30 min.;
spores of B. subtilis 36 hr., 24 hr. and 18 hr.; spores
of B. cereus 24 hr., 14 hr., and 7 hr.; spores of B.
megatherium, not determinable, 24 hr.,, and 16 hr.;
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Bact. coli 5 hr., 45 min., and 45 min.; Bact aero-
genes 6 hr., 1 hr., and 30 min.; Alkaligenes viscosus
2 hr., 1 hr,, and 40 min.; Torula sp. 24 hr., 7 hr,,
and 3 hr.; Oidium sp. 26 hr., 8 hr., and 3 hr. 30 min.
The surviving cells of Str. lactis exposed to oo
p-p-m. of H,0,, plated and inoculated (an isolated
colony) into sterile skim-milk showed a definite
retardation in acid production after 3 days (un-
treated: o071 per cent lactic acid; treated: o-48
per cent). The ability of the organisms to reduce
methylene blue was not significantly changed.

Other results with anomalous coliforms from
treated milk (Manzari, 1951) suggest that peroxide
treatment may change the metabolism of the sur-
viving bacteria (damage or mutation).

"The germicidal effect of H,0, in protein-free
solutions is more pronounced than in protein-con-
taining liquids (milk).

INFLUENCE ON PATHOGENIC ORGANISMS IN MILK

Treatment with H,O, reduces the bacterial
counts and destroys most of the pathogenic organ-
isms but Mycobacterium iuberculosis is more
resistant than other pathogenic organisms. It
resisted HyO, concentrations as high as 2-0 per cent
(130 vol.) (Giolitti, 19476). Treatment with H,0,
is therefore recommended only for tubercle-free
milk. Bovine tubercle bacilli added to milk survived
up to 25 hours (o2 per cent H,0,, 130 vol.) (Pere-
gallo, 1945). Similar results were obtained by
Monaci (1949). Two of nine milk samples, inocu-
lated with suspensions of Myco. tuberculosis bovis
and treated with H,0, were positive (guinea-pig
inoculation test).

"The experimental results of the destruction of
Brucella organisms in milk by H,0, are not uni-
form. Complete destruction’ of Brucelle abortus
and Br. melitensis has been obtained by treating
milk with o2 per cent H,0, (130 vol.) for three
hours (Biffi & Romagnoli, 1949), for 14—24 hours
at 20°-22°C and 28°-30°C (Monaci, 1949) and
for 30 minutes at 20° and 32°C (Satta et al., 1943).
Br. melitensis is less resistant than Br. abortus (Rosati
& Mitrovic, 1951). The first mentioned organism
survived addition of o-2 per cent (130 vol. H,0,)
at 20°-28°C (68°-82°F) for 12 hours, and the latter
for 24 hours. The authors conclude that al-
though H,0, treatment of milk does not necessarily
result in the elimination of brucellae, it is the safest
chemical method yet devised and deserves to be
used more widely. ]

Other authors, however, have found that an
H,0, concentration of o-z per cent (130 vol.) is not
sufficient to kill brucellae completely, Treatment
with 0-6 per cent H,0, (130 vol.) for 12 hours gives
complete destruction (Maestone, 1952; Giolitti,
1952).

Salmonella typhosa was killed in 8-9 hours
by o-z per cent HyO, (130 vol.) at 17°—32°C (63°-
90°F) and in 4—3 hours by 0'25-0+3 per cent at the

same temperature (Satta ef al., 1943). Tjp .
organisms could be isolated- (Monaci, 194
only one of 20 milk samples, inoculated with
typhosa suspension and treated with o2 per
H,0, (130 vol.) for 14-24 hours at 20°22
28°~30°C,

REDUCTION OF THE TOTAL BACTERIAL COUNT:IN
In the same way as pathogenic organis

e acid (4
Fasulate the p

ingi: s titr
killed, the total bacterial count of milk is 2l 18,0, or i
duced. The H,0, treatment causes a highet Pianston & R
terial reduction than pasteurization by heat.; J&rule, for a

obic spore-formers were entirely eliminated
1950). )

Satta et al., (1943) have determined the
centage reduction of the bacterial count
treated with o-2, 025, and o-3 per cent of 1
Hy0, and held for 2o hours. The resul

99-82, 99-88, and 99-88 at 15°-17°C; 9864, milk ca
and 9979 at 20°-22°C and 9357, 99-53 an Same colou
at 32°C. Addition of o005 per cent of the p B late. separ:

solution arrested the multiplication of bact
more than 15 hours at 15° and 22°C. Are
of the initial count for 24 hours was effected
per cent. Onset of multiplication was dely
hours over the control. Monaci (1949) has foin
reduction in total bacterial count varyingiing
743 to g6-3 per cent with o-2 per cent Hy
vol.) for 14-24 hours at 20°-22° and 28
Similar results were obtained by Moran
Nai and Giolitti (1947) recommend conta
o7-1-0 per cent of the disinfectant (130 v _
8-10 hours, because addition of o-25-03 pera .&:»&9 1
is said not to allow a sufficient safety marg i a-decr
winter the dose could be lowered to 0-4-0'6 pergs %mammm__ 105!
(Giolitti & Nardi, 1949) The rate of bacteriligees:". :
duction by H,0, depends on the initial quall

the milk 7.e. the initial bacterial count (Nambi
pad et al., 1952).

A short HyO, treatment at higher temperatis
—(02 per cent HyO,, probably 35 per cent's)ld
for 30 minutes at 120°F (49°C) (Morris et al.,:t
—reduced the average bacterial count from 3
per ml. in raw milk to 1,090 per ml. in pe
treated samples and to 11,485 in pasteurize
The coliform counts were 4,339 per ml
(treated), and xo (pasteurized). The aerobic sp
formers were reduced from .x,730 per ml {ray
68 in treated milk and to 88 in pasteurized sampi
Clostridium butyricum was greatly reduced
hours and disappeared in 24 hours. Thermobs
(Orla-Jensen) and Streptococcus lactis are ve
sitive to H,0, (Arnaudi & Treccani, 1953
results are available as to how tubercle bacill
to such a treatment,

sitive than :

HYDROGEN PEROXIDE IN DAIR
PRACTICE

TESTS ON H,0,
In the manufacture of dairy produce (ch




mg) the main problem is to ensure that no
ice of H,O, is left in the milk. Several tests are
mmended. For the quantitative determination
20, the milk (20 ml.) is mixed with trichlor-
ic acid (4 ml. of a 40 per cent solution) to
ulate the proteins. The solution is filtered and
ew drops of sulphuric acid and potassium iodide
Jare added to 10 ml. of the filtrate. The free
ne s titrated with sodium thiosulphate
0,) or is determined spectrophotometrically

COUNT IN M
> organisms
milk is also

s a higher b ¢ :

e enston & Rees, 1950; Patrick & Wagner, 1949).
Oy heat, An rule, for a qualitative test, the separation of the
xinated (Mor foeins is not necessary. The colour of the milk,

afier addition of some drops of sulphuric acid and
ime crystals of potassiun iodide, is compared with
untreated sample. If the treated sample becomes
dlow, the H,O, is not completely destroyed.
tfiith the quantitative method 3 mg. H,O, per
of milk can be detected. Hypochlorites, giving
same colour, are bound by the coagulated casein
d are separated by filtration together with the
(Pien et al., 1954). The presence of form-
iehyde and dichromate interfere (Pien et al.,
1053). In milk containing dichromate, H,0, can
determined by the blue colour after shaking with
and sulphuric acid (2 ml. milk -+ 2 ml. ether
‘drops of dilute sulphuric acid) (Rouquette,
55). This test can only be made up to 2 hours
rthe dichromate has been added, because H,O,
ts with dichromate at the pH of milk. In
ogical material H,O, is traceable through the
ction of skopoletin (6-methyl-7-oxy-1,2-benzo-
one) with H,O, in the presence of peroxidase
ving a decrease of the skopoletin-fluorescence
(Andreae, 1955). This method is very much more
gnsitive than any of the known tests since approx-
mitely 10~10 per cent H,O, can be detected.
bic acid, glutathione and Mn*+ions interfere.
0f 11 mentioned methods (Funk, 1949) for de-
teting H,O, in whey, only three are recommended:
i) vanadic acid dissolved in dilute sulphuric acid
forming a red colour with H,0,; (i) benzidine
cohol solution (10 drops per 1o ml. milk or
forming a blue colour in the presence of
oxidase; (z27) very sensitive method (10— per
¢ent) with aminophthalic acid (500 ml. whey -+
04 ¢, 3-aminophthalic acid + 30 ml. 1 per cent
a0H solution) giving a yellow-green lumine-
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(Other tests which may be of interest are the
bllowing: (7v) the decoloration test of black PbS
by H,0,, modified by Freytag (1950) (fluorescence
ture of the spotted PbS test paper in ultra-violet
tlight); (v) the oxidation of Fet+ to Fet+++ by H,0,,
fettt forming a dark green complex with feron
iodo-8-quinlinol-5-sulfonic acid) (Musha et al.,
1051); (v¢) an improved method with Ti(SO,),
Aquino, 1950) in which a 10 per cent solution of
i(50,), in 6N H,SO, is shaken in a test tube
ith pure amyl alcohol. After the two layers have
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separated, 1 ml. of the alcoholic layer is transferred
to another test tube and one drop of the H,O,—
containing solution is added giving a yellow colour.

CONDITIONS GIVING A MAXIMUM PRESERVING EFFECT

Theoretically H,O, should be unable to pre-
serve milk for any long period. Milk—like other
biological substances—contains catalase which is
originally present in the milk and additionally so
from cell and bacterial catalase. This enzyme de-
composes H,O,. After a certain period of time all
H,0, should therefore be split and no further
preserving effect should exist.  Fortunately, as
mentioned above, catalase is inactivated by HyO,
in the same way as H,0O, is decomposed by catalase.
By this means some H,0,, split by catalase, is
used up for the destruction of the catalase. The rest,
the undestroyed H,0O,, exerts the real preserv-
ative effect for a certain period. It is known that
the speed of the H,0, destruction by catalase is
increased by higher temperatures (in the physio-
logical range), but the destruction of catalase itself
is also increased at higher temperatures. The quan-
tities of Hy0, decomposed by milk which was
highly contaminated with coliform bacteria (Liick,
1955a) after 24 hours at 4°, 13°, 20°, and 30°C (395,
55° 68° and 86°F) were o044, 031 020 and 0’11
per cent H,O, (39 per cent) respectively. According
to these results the addition of o-25 per cent H,0,
(39 per cent) would satisfactorily preserve this milk
at a temperature of 20° and 30°C, but not at 13°C.

On the other hand if surplus H,0, in milk must
be destroyed by addition of catalase, the milk should
be cold. At lower temperatures it takes a longer
time to decompose the preservative, but much less
catalase is necessary for splitting the same quantity
of peroxide than at higher temperatures. The quan-
tity of H,O, decomposed by milk at a constant
temperature is proportional to the quantity of
catalase (cells, aerobic bacteria) in milk. For a
maximum preservative effect therefore, the H,O,
must be added after milking when the bacterial
content is low and the milk has a temperature of
37°C (blood temperature). Moreover the germicidal
action of the H,0, is more pronounced at higher
temperatures.

As pasteurization by heat destroys most of the
catalase, H,O, has a better preserving effect on
pasteurized milk than on raw milk.

Experiments have been done to improve the
preserving effect of H,0, by the addition of other
preservatives. Combination of o1 per cent methyl
p-oxybenzoate (“Abiol”) and o2 per cent Hy,O,
(130 vol.) (Ferrara & Salerno, 1954) increased the
time, during which milk kept satisfactorily, to 6
days at 15°C (59°F) and g days at 25°C (77°F).
Without peroxide “Abiol” had a very poor pre-
servative action on milk.
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PEROXIDE TREATMENT INSTEAD OF PASTEURIZATION
BY HEAT

Review articles on the 1,0, treatment of milk
have been published by Minut (1946, 1947),
Demeter (1953) and Rosell (1954). -

In this paragraph the methods are described
which use H,0, instead of pasteurization by heat
to reduce the bacterial count. H,0, treatment has
been recommended as a method of retaining the
raw milk properties when making high quality
Swiss cheese (Morris ef al., IQ5I, 1952, 1953), in
processing and canning whole sweet milk (Winger,
1952a) and in treating milk for human consumption
(Lewis, 1953).

For the manufacture of cheese, H,0, (edible
grade) is added to the milk and, after the effective
germicidal period needed to kill the micro-organ-
isms present, the rest of the H,0, is removed
through the addition of catalase. Normally, a
treatment with o2 per cent H,0, (35 per cent)
for 20-40 minutes at 120°-130°F (49°-54:4°C) is
recommended (Morris ef al., 1951; Armour & Co.,
1953). At this temperature the peroxide should
not remain in the milk for more than 1 hour. Pro-
longed treatment causes the casein to become
gummy. After the milk is cooled to 100°F (38°C)
catalase is added at a rate of o5 g. (dissolved in
water) per 2,000 Ib. of milk (Morris et al., 1951),
or at a rate of o5 g. “Armour Catalase 1o” for each
pound (450 g.) of 35 per cent H,0, previously used
(Armour & Co., 1953). Generally, the cheese made
from this milk (Swiss, Cheddar and Jack cheese)
was superior in flavour, body and texture when
compared with products made from raw and pas-
teurized milk (Morris et al., 1951). The cheese-
making procedure is normal although the use of
larger quantities of starter and cooking at slightly
higher temperatures than is customary are advisable.

The advantages of the process mentioned are
summarized as follows: (Armour & Co., 1953):

(f) Superior quality and fine flavour of the
cheese.

(#) Improved body and texture.

() Control of fermentation by variation in
temperature and in amount of peroxide.

() Elimination of “late gas formers”.

(v) Pre-treatment with H,0, does not inter-
fere with later cheesemaking operations.

(v7) Avoid the harmful action of high tempera-
tures (pasteurization by heat).

A similar peroxide treatment is used for the
manufacture of sterilized milk. The milk is treated
with o-1-0-2 per cent of 35 per cent H,0, at 120°F
49°C) for 30 minutes (Winger, 1952a). After re-
moval of the H,0, with the catalase (o'1-0'5 g. per
1,000 lb. (450 kg.) milk), the milk is homogenized,
;anned and sterilized at a temperature above 212°F
100°C). The product produced by this process
loes not contain the objectionable cooked and

THE

scorched flavour common to normally heat-sterilized
milk.

In another patent, Winger (19525) recommends
pasteurization before peroxide treatment by
addition of only o-o15 per cent of 35 per cent H,
(2 oz. HyO, for each 860 Ib. of milk) at 142°-14¢
(61°-62°C) for 30-35 minutes and no addition of:
catalase before sterilization. _

The low-heat-H,0,-catalase process has bet
recommended for the treatment of fresh milk:
tropical countries (Lewis, 1953). The effect of this
method on tubercle bacilli has not been invest
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ment must be prolonged and higher H,0, con
centration must be used (Nai & Giolitti, 1947)in
order to obtain the same destruction as wi
pasteurization by heat.

IMPROVEMENT OF THE KEEPING QUALITY OF MILK
ADDITION OF Hy0, :

The improvement in the keeping quality
milk obtained by treating with H,O, has et
pointed out by many authors. Two methods are ™
recommended: (7) addition of a relatively sm
amount of Hy0, to improve the keeping qualiy
between milking and arrival at the pasteurizati
plant, and (i) addition of a relatively high amo
of HyO, to improve the keeping quality and tore
der pasteurization by heat unnecessary. Bo
methods reduce losses from souring during
port which renders milk unfit for pasteurizati
and consumption. :

Romani (1944) notes, however, that H,0
treatment at the farm causes the sediment to
and promotes churning during transport.

The peroxide concentrations to be added
pend on the climate, the quality of the milk and th
period of preservation desired. The followin
quantities are recommended: o-3 per cent of a
per cent solution (0-023 per cent H,0,, 40 per (Plottner, 19 47).
(Vintika, 1948), 300 p.p.m. (0-075 per cent H 1130, (by wt.) produce,
40 per cent) (Nambudripad et al., 1952), 01-02888H0.) and even the iy
per cent H,0,, 40 per cent (Pien, 1948), 0204 revent the growth
per cent H,0,, 40 per cent (Satta ef al., 1943, ults were obtained }
1948). Because of the complete destruction of ddition of 0015
H,0,, addition of catalase, is not necess |
Pasteurized milk, in which most of the catalase
destroyed by heat, can be preserved with less Hy
than is normally used for raw milk. With: to
method it is possible to supply big towns
tropical countries with fresh pasteurized
from great distances.

Treatment of milk for food purposes by add
0-2-0-3 per cent H,0, (130 vol.) is useful in exte
ing the period of freshness but cannot replace p
teurization (Rosati, 1945, 1947). Milk presen
with HyO, must be pasteurized before using
human consumption unless the peroxide cong
tration or the temperature of treatment is inc
The second method mentioned above corres
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ese demands (Giolitti, 19472). It has found
prictical- application in Italy (Nai et al, 1951).
o025 to 0+6 per cent H,0, (130 vol.)—accord-
piothe catalase number—is added to raw milk at a
gl collecting centre. After 8 hours contact the
ess, peroxide is eliminated by the addition of
nd the milk is bottled and distributed.
of the method is slightly less than 6-z3
itre (3d. per pint). The H,0,-treated
les have a better keeping quality than pasteur-
ilk especially at 13°C (55:4°F) (Nemec, 1950).
eservation with peroxide concentrations
than 1 per cent has also been tried. Milk can
kept:at 5°C (41°F) by the addition of 1, 2, or 3
icerit H,0, (130 vol.) for 24—35 days, 32—40 days
“to 100-110 days (Romani, 1947). This
od,_cannot satisfactorily, however, replace
0dS-at present accepted for preserving milk
Imi, 1946). Romani (1944) considered that use
ght:bé made of the liberated oxygen, as in the
3process. Comparison of the keeping quality
W0 ~treated milk in tightly stoppered bottles
iEthat of samples in loosely stoppered ones has
that pressures up to 25, 4 and 6 atmospheres
creloped in the presence of 01, o2 and 03
1t-H,0, (130 vol.) at 28°C (82-4°F) respec-
dy."The keeping quality under pressure of oxy-
a5 better. An acidity of o-21 per cent was nor-
illy reached in the presence of 03 per cent H,0,
ool.)in 1 day at 30°C (86°F) and in 4 or 5 days
(50°F). In the tightly stoppered bottles
es were 2 days and 30~40 days respectively.
Skim-milk treated with H,0, (o2 per cent
30 vol.) can replace fresh skim-milk for
¢eding (Mainradi, 1952).
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r.cent H,O, to raw whey only limits the
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nirast to these results, Yunus (1953) re-
Joried:that the addition of o-x per cent H,0, has
poppreservative value for whey. Formaldehyde is
eeffective and prevents acid formation for at
days. .
preservation of cream by H,0, has also
tried: In a pre-war patent (Reichert ef al.,
e addition of H,0, in amounts ranging

e correspl 1:t0 0-09 per cent by weight and heating
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at a temperature of 6:°-63C for 15~30 minutes is
recommended. For the control of infections in
synthetic cream, o-005-0-02 per cent H,0, should
be added (Iobbs & Smith, 1954). In the presence
of butter, milk, and egg yolk, at least three times
the concentration of IH,0, is necessary as when
emulsified fat without added protein is used.

THE MANUFACTURE OF DAIRY PRODUCTS FROM MILK
PRESERVED WITH H,0,
Cheesemaking

As mentioned above the manufacture of cheese
from milk treated with H,0, (o-2 "per cent of a
35 per cent solution for 20-40 minutes)at 120°-
140°F) for a short time yields a product which is
often superior in quality to that made from raw or
pasteurized milk. On the other hand, cheese manu-
factured from milk preserved with H,0, (02 per
cent of a 40 per cent solution) for a longer period
(8-24 hours) is mostly of inferior quality, having a
pasty texture and a soft body (Morris, xg50; Liick,
19556). It is diflicult to obtain satisfactorily dry
cheese from milk treated with 1 per cent H,0,
(Peltola & Mattson, 1950). For these anomalies
two factors are responsible: (f) an inhibiting
after-effect on the lactic acid bacteria (Arnaudi
et al., 1949b) and (é) the influence of H,0, on the
casein (Liick & Joubert, 1955d). In order to
offset these disadvantages, the use of larger
quantities of starter and cooking at a slightly higher
temperature than is customary, are necessary.
Arnaudi et al., (19495} have added up to three times
the quantity of rennet normally used to obtain a
satisfactory firmness of the curd.

Hydrogen peroxide-preservation prolongs the
coagulation period by rennet and this is increased
when a higher peroxide concentration and a longer
preservation period are used (Liick & Joubert,
19554). The longer the coagulation period necessary
the less firm is the curd.

Cheesemaking experiments (Gouda and Ched-
dar cheese) with preserved milk (o025 per cent H,O,,
130 vol. for 24-30 hr. at 26°-30°C) were not very
successful, in spite of doubling the quantity of
starter culture and adding calcium chloride (Liick,
19550). The body of the Gouda was very weak.
The cheese sagged, lost shape and had an unclean
and foreign flavour. When such cheese becomes
older, it develops a bitter fiavour. The Cheddar
cheese had a Gouda body and after 8 weeks’ storage,
it had developed a strong off-flavour. The body is
pasty, greasy and pliable and similar to the body
of processed cheese,

'T'he flavour is also typical. Tt has been describ-
ed above as “foreign”; it is like a chemical salt
flavour with a slight bitterness. According to these
experimental results the manufacture of cheese from
H,O,-preserved milk (o-25 per cent 130 vol., 24
hr.) cannot be recommended. However, experi-
ments on cheesemaking from mixtures of preserved
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and untreated fresh milk, or from milk preserved
with a lower 1,0, concentration, gave good results.
Preserved and fresh milk are mixed before pasteur-
ization. The mixed milk should stand for approxi-
mately 4—1 hour, to enable the catalase of the fresh
milk to decompose the remaining H,0,. No addi-
tion of any other catalase is necessary. The Gouda
made from 50 per cent preserved milk had a slight
foreign flavour, but not the Cheddar. The samples
with 33 and 25 per cent of H,0,—preserved milk
were of even better quality than the controls,
especially during that season of the year, when the
milk arrives over-acid at the factory and the body
of the cheese had a tendency to become rough,
crumbly or even chalky (Liick, 19555).
The quality of cheese made from H,0,-treated
milk is better when the milk is preserved at intervals
~ with low H,0, concentrations than when the same
quantity is added in a single dose—for instance,
adding o-24 per cent in three equal lots at 8 hour
intervals is better than adding o-24 per cent in one
lot during 24 hours. ,
The preservation of milk with o-05—0-1 per
cent H,O, (130 vol.) does not affect the technique
of cheesemaking (Arnaudi, 1g49a; Treccani, 1g52).

Buttermaking

A few trials on making butter from H,0,-
treated milk (300 p.p.m. H,0,) (Nambudripad ef
al., 1952), have shown no appreciable difference in
the quality as compared with untreated milk.
No differences in yield or flavour were observed in
butter made on an industrial scale from preserved
milk (Negretti, 1952.) The milks were treated with
o5 per cent HyO, (130 vol.) and the surplus dis-
infectant was removed with catalase 8 hours later.
The butter from treated milk had a better keeping
quality and very much lower coliform titres and
bacterial counts. The bacterial count was nearly
zero.

Casein-making

There is no real difference in the casein manu-
facturing process from H,0,-treated (o-25 per cent
H,0,, 130 vol., 24 hr at 25°C) or untreated milk.
"The coagulation period of treated milk is somewhat
prolonged and the acidity of the whey before
cooking should be somewhat higher. Exact control
of the acidity is important, because casein manu-
factured from treated milk has a stronger tendency
to become rubbery and plastic at higher temper-
atures. - 'This effect can also be observed at higher
drying temperatures. It can be prevented by adding
some acid to the last wash water to obtain a pH of
4:6. Low acid curd from treated milk should not
be left overnight in wash water without the addition
of acid, otherwise it may become so soft and milky

by the next morning that it cannot be pressed and
dried (Liick, 19555).

HYGIENIC ASPECTS --

The influence of H,0, treatment or’pfe
vation on the constituent parts of milk is
the influence of other processes applied an i
ted in the dairy industry. The milk does,nodiaf
its nutritional value apart from a small :
of some vitamins, and a loss of ascorbic jcid

In an experiment by Satta et al., (1943}
infants aged 4—24 months were given treated
(o2 per cent H,0, 130 vol.) in their diet fi
days. The gain in weight was better than,f
controls on sterilized milk and a beneficil
dyspeptic action on the gastro-intestinal fupg
was recorded.

According to our knowledge of the infli

of HyO, on the organism, H,0, should be'n \ dC o, -
completely before using the milk—or oth vl (19459

products—for human consumption.

Hydrogen peroxide induces mutations
Neurospora spp. (Jensen et al., 1951;
Lotz, 1949} and in Bacterium coli (Demere;
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1951) and causes a decrease in the numb & Bioph
mal mitotic figures in the mouse intestin _ & Mucl
& Gompel, 194g). Organic peroxides are mutzjig - & Logen
and appear to produce a breakage of the long chitg G. & Rom

osomes of Vicia faba (Ross, 1950). A hypo
on the importance of undecomposed Hy0,i

for carcinogeneses has also been published (Ro
& Cudkowicz, 1953). Care should the
taken with undecomposed H,0, in huma
spite of the fact that H,0, is quickly splitinf
gastro-intestinal tract and in spite of the
that living tissues actually contain traces
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