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CHAPTER 1

INTRODUCT ION

In many countries with hot or tropical climates there are numercus
difficulties in handling of fresh milk, because milk remains sweet for a
very ahort~period at high temperatures. Very oftenm, the milk has to be
transported over long distances to reach the consumer, Tﬁerafaré, great
efforts have been made in d?fferent,cguntries to develop their dairy
industry and different methods have been tried to prolong the keeping
quality. The most important of the methods tried are (i) cooling of
milkton the farm and during transport by artificial means, (ii) pasteuri-
zation, and (i31) preservation or chemical treatment.

. Even though the first is the idesl method, at present, it is very
costly in many hot countries. The second method is practicable if milk
depots exist. Therefore, preservation or chemical treatment has been
tried in countries like Italy, France, India, South America; and South
West Africa. .

In the selection of a suitable preservative for nilk, the following
should be considered, o |

1) It must not react with any of the milk constituemts,

.2) It.must‘be_g§§ily éestrugtib}glbefore‘the_milk is consumed.

3) Theﬂsubstances_fprmed after destruction must be colorless,

| odorless, tastcless, and nompolsomous.

At present, hydrogpnuperéxide ;s the most preferable one of all the

precervatives: Hydrogen peroxide is looked upon as one of the fclassical

preservatives.® This has caused considerable antipathy also against the




peroxide~catalase treatment of milk, although this dcés not mean the
addition of preservatives, begause the added hydrogen peroxide is entirely
decomposed and removed by catalase action. It may therefore be considered
more as & treatment rather than preservation. Hydrogen peroxide is
c‘onsidered to be one of the ideal preservatives becaﬁaa it ean be destroyed
easily, quickly, -and completely through the addition of catalase, the
enzyme whleh breaks down hydrogen peroxide. The break down - products, wéter
and o:qy-gen, are net detectable and there is fe res:_dual poisonous effect
after the hydrogen perox'lde is destroyed.

o Hydrggen_ peroxide has been found to be of interest in the dairy
industry for the treatment of milk fp;' Atwg‘ purposea: first as a short
time treatment in the place of pgsténfizgtion,'_ﬁo redﬁger the total bac~
terial count, and secondly as a preservative to maintain and prolong the
- keeping quality of milk. In the first method hydrogen peroxide is

present in the milk.fgx}_'about' an hour whereas in the second method it
 remsins for several houre or:days.. xn ‘the major part of 211 reqeiving
dopots in the world the milk arrives with 8 bacterial combent that varies
between a fov hundred thousand and soveral millions, The peroxide-
catalase treatment provents the growth of bacteria and it inereases the
keeping :quglipyr of the niilk, ﬁp‘?reveﬂt growth of bacteria after milking
the addition of a few milliliter of electrolytically pure hydrogen
peroxide per liter will be sufficient.

The purpose of this investigation was to f£ind ocut the influence of

hydroger; perpxide_... on.tptal bactema; count in raw m_:tlk aml on pure o
Qultu.zfes' of organisms so that the same can be applied for the preservation

of raw milk for a period of four days.



CHAPTER. IT
REVIEW OF LITERATURE .

History of Hydrogen Peroxide Preservation . |

o ‘The early expe‘z*ﬁneni;s of preSérvir‘;g ‘milk with hydrogen peroxide
were made by Heidenhain (39), by adding 10 per cent and Jablin and -
Gonnett (hl) by using 8 per cent while Chick (19) made use of 0.1 %o

0.2 per cent, Renard (87) added 0.09 per cent, and Duelaux and Nicolle
(2h) used 0.06 ‘pe;-”ce.n'hl.' ‘Budde (18) combined hydrogen peroxide and low |
hea;t@reapmgnt (Q.QS per cent hydrogen peroxide for 810 hours at 520 ¢,

or 0,035 per cent hydrogen peroxide for 30 mimutes at L48~50° C. and 23
hours at 52° C.). Curran, Ivens,and Leviton (22) studied the sporicidial
actiOn of hydrpéen peroxide z—_m;i'the use of crystalline eatalase to
dissipate the residual peroxide. It was difficult for a muber of years
to 'obi;ain hydrpggn péroxi@evfrea of thg he‘gvier metals and sulfuric‘ acid,
but later electrolytic production of hydrogen peroxide gave a product of
- high purity. This method was used during the World War IT period
~especially in Ttaly, ..

Since different units are used for the description of the peroxide
concentration, Table I will be useful for easy calculation and comparison

(53).

C«hemis’ary of mrogen Peromde Preserva'&sion o

It has long bean known that hydrogen perox:.de iz a strong |
o:midizing, bleaching and gemici&al]y active agent._ It decomposes to
yield water and oxygen. The oxidiz:ing effeet of }vdrcgen peroxide is
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reduced in weak or dilute soluti.ons. Of all the avallable presewatives
used m ’ohe da‘.xry indus’cry, hydz-ogen peroxide, in concentra‘b:t.ons used
far preservation, appears to have very 11%19 influence on the constitu-
| ents of mlk, eapecially proteins (SL ,85 ) Highly concentrated hydrogen
peroxide should be diluted with wa*ber before being added to milk (53).
The influenca of mrdrogen peroxide on m:!.lk is intensz.fied by an inerease
.-oi' ‘the oemperature and by prolonging the period of treatment.

N ~ The main disadvantage of making use of hydrogen perox:i&e in
trcp:i.aal countmas 15 1’be instabilify and aontaminations. The presence
of 1 part of n.ron or 0 05 part of copper per million parts of hydrogan
pere}d.de will cause rapid decomposition. At present very pure hydrogen

’pero}d.de is ma!mfactured. 'l‘he stability‘deereases as the pH increases.
The decomposi‘bion is rapid at pH 10.0. By adding small amounts of organic
or inorganic stab:.l:.zers the stabx.lity of hydrogen percxide can be
conserved (53).‘ ) - _

For the use in dalry mdustry th» hydrogen peroxide used must be
of high purity and edible grade. For hygienic reasons and since the
presence of heavier metals promote axidatlcn of milk, the hydrogen
peroxide rmst be electrolytlcally pura. The milk contaim.ng hydrogen
ﬁeremde should be allawed "bc cone iﬂto contact wi.ﬁh on];y stainless steel
or other corrosion resistant ma'berlal. Gopper, iron and tin shcmld not
be used since they are attac}.ed by hydrogen peroxide chemically. The
strength of hydrogen peroxide is often ?efevred a8 tyols® {velumes)

t:;e strength of hydrogen peroxide is 130 vols, this means that the_

&egpmppﬁtion af one liter of this peroxide will yield 130 liters of

oNyEen,



"_I_@rovement in the Keeping Qualitx of Hi.lk

~ The’ mcrease in the keep:z.ng quality of milk obta:.ned by treating
milk wit-h hydragen peromde has been pein’oed out by many authors as
reviewed below. .

~ The peroxide concentrations to be added depend on the climabe, the
' quality of the milk, aﬁd the amount of preservat:.on required. 'Budde )
lhas described a method z«:hich cons:.sts in the addition of 0.9 gram of
hydrogen perox.xde per liter and heating rapidly to 559 C. or lwdrogen
.permci.de may be added to milk previously heated to about 50% C., so that
it win contam about 0,35 gram of hydrogen peroxide per liter. This
me’ohcd :x.s k:nown as the “Budde's Method“ of stemlizatz.on of milk and 1s
baged ‘on"ghe action of nascent. oxygen .an‘ the m;lcroorgamsms in milk at a
termperature above ke© €. Bandini (3) hag stated that the addivion of
hydrogen peroxide in the proportion of 1:100 to 3:100 preserved milk for
156 days, Jablin and Gonnett (k) have mna t}iat,; 1 mmiitef of 8 per
cent hydrogen perozdde preserved )] li’ber of milk for 2 days, 2 nilliliter

o for ’4 da;vs and 3 milliliter .t‘or 6 days. Vintika (110) has recomended

Q. 3 per cent of a 3 per cent solution of hydrogen peroxide. /,C?o 075 per
Icen%» of hO per cent pydmgeg pero:;:.de/has been ;E‘oun_d e:’c‘fect:.ve by
Nambudripad. namarayéna and Iya (75)e Pien (81) found 0.1 to 0.2
per eent of a hﬂ per cent solution of rgérogen pera}d.de was ei‘fective

- and Sabta (101) has recoxmnended 0.2, to 0.3 per cent of a hO per cent
bydrogen péroxide solution. Because of the camplet.a dcstruc-hmn of the
hydrogen peroxide, addition of catalase is not necessary. Pasteurized
milk, in which most of the catalase is destroyed by hesty can be
preserved with less hydrogen peroxide than is required for yaw milk.
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- Rosati (92,93) has stated 'bho't the treatment of milk for food

purposes by adding 0.2'40 0.3 per cent of hydrogen pero:ade (130 velunes)
ﬁ.s useful in e:&endmg the period of freshneso but cannot replace
‘pasteuriz.;ba.cn. o . o ‘
Mk preserved wi‘bh m,rdrogen peroxide must be pasteurized before

using it for humen consumption 'imless the peroxide cnncentration or the-

temperature of treatment is -increased. Gz.oli sed (31) agrees w:rbh the
| second method described by Rosati, and Nai et al“'(?l) have stated that this-
‘hag. i’ound practi.cal appl:.ca%wn in Italy. From 0.25 to 0.6 per cont
hydrogen pero*dde (130 vo}.nmes) is added to raw milk ab & smell m'):!.lectif.nb
center.; After 8 hours contact the excess peroxide is elm.mated by Lhe
add:.tion of catalase, and the milk :i.s ba‘btled. Temec (77) has found that«
the Tydrogen peroxide-treated sanples have & better keeping quality then
pa‘sﬁéuriz‘eﬂ mil!r eSpecially a‘b '139 G.v Preservation with peroxide
ccncentratians higher than l per cent has: also been employed by many
workers, Ramani (89). found that mille ean be kept at 5° G, {(l1°F.) by
the addition @f 1, 2 or 3 per cent hydrogen peroxide (130 volumes) foz' .
22; to 35 days; 32 to LLO days and up to 100-110 days respect:.vely. Anselmi
(1) has stated that the addition of 2 te 2.5 per cent lydrogen peroxide
is not 2 sa’c.lsfactory method -for. acceptancco T Lo
~ Romani (88) made camparison of 'hhe keeping qnalz.ty of hydrogen
| perémde treated rilke in t:z.ghtly stoppered bott les m:t.h 'bhat- =o£ aamples
in loosely stoppered ones,. and has «hom that pressures up to 2.5, by and
6 a‘r.mospheres were developed in the presence -of 0, l, 0. 2y and 0.3 per )
cent lvdrogen pero:....de (130 volumes) respcctively a’o 28° C. The keeping

qualm.ty under pressure of a:wgen was better. 4n acidlty .of 0_.21- per cent



was normally reached in ’ch_e presence of 0.3 per cent hydrogen peroxids

{130 volumes) in 1 day at 30° C. and in k or & days at 10© C.. In the
tightly stoppered bottles these time periods were 2 days and 30 to kO
days respectively. Roushdy (99) in his investigations has found that
the addition of 0,03 and 08,05 per cent hydrogen peroxide to vaw milk,
effectively reduced the bacterial populations. There was a relationship
between the ca-talase content of milk and the efficlency of hydrogen
peroxide, the higher the catalase the greater was the destruction of
bacteria. The keeping qﬁali?»y was influenced by the holding temperature.
in lower concentration of 0.03 per cent hydrogen peroxide when added to
nilk at 36° ¢. effectively reduced the bacterisl count and such treated
milk could ‘be kept without changes in olor or i‘lavor for 3 to 7 days
R mean) at 20+ 2° C.
 Mainardi ( 58) has studied the. degree of the keeping properties of
centr:d:‘uged milk as compared with whnle milk, the efflcxency of electron
Iytie hydrogen peroxide at 130 vola for the keeping of centrifuged milk,
and the possibility to use centrifuged milk in the raising of calves.
He has dravn the follmmng conclusions L Ny ‘
1) centrifuged milk turns sour mxch more qu:z.ckljr than whole milk
2) electrolybic hydrogen peroxide at 130 vols used at the retio
| of 2 parts per thousand is a practical and économica}. means
for the storage of centrifuged milk and N
3) centrifuged milk stored with hydrogem peroxide c&n well
_‘ replace fresh centrifuged milk in the feeding of calves.
Roushdy (99) studied the effect of feeding treated mi].k on the
growth rate of &lbino rats., The absende of any significant difference




, 9
in the growth rate of albino rats fed exclusively on treated milk (0.05
per cent hydrogen peroxide) diet and those fed on the normal .stock ration

for h? days wmg observed.

Peroxide 'i'reatment and Pasteumzation '

. "’he treatment of milk by l'gdrogen peroxida has beem x'eVieWed by
Mim'b (59, 60) and Rosell (95 )o' Hydvogen pero:dde treatment as a method
01 retaining the ‘properties of raw milk when ‘making h:.gh qual:.ty Swiss
cheese is reconmended by NMorris, Larsen, and Johnson (68,69). Hydrogen
“ paroxide haa been used in processing and canning whole sweet milk (115). )
Lewis (h9) has used lwdrcgez.;\- peroxide in treating milk for human
*cmamptmn. " | |

, In the maxmfaeture of cheess edzble grade hydrogen peroxide is added
"?.gaithe milk and, after the ngcessary period to kill the microorganisms
present, the rest of thg};ydrqgen{pemﬁde‘ is removed by the addition of
ca‘balase Hﬂk is treated with 0.2 per cent 'hydxngen peroxide (35 per
cent) for 20-h0 mimbes at 120° - 1300 F. (68). &% this temperature -t-,ne
'peroxide is not allowed %o remain in the milk for more than one lwur If 4
th:..s treatment is contimzed for more than one hour %the casein beccmes
gumny. The mi..k is then cooled to 100" F. and catalase at the rate of

0.5 gram per 2,080 pounds of milk is added (68). o ) -

.. The cheese made from milk which has been sub;ected %o the above
't.reatmem'. was. faund to be superior in flavar, body and texture when
- eompared with c;heese from raw and pasteurized milk (68), Roundy (97) |
has shown that Swiss cheese and cheddar cheese of excellent quahty anci
uniformity can be produced frem nilk treated with 0.021—0 060 per aen'b
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hydrogen peroxide and catalase. Treatment of milk at approximately 1250

F. for about 25 seconds with 0,02 per cent peroxide destroys nearly all |
the coliform organisms and leaves intact more of the natural enzymes and
beneficial organisms than accepted pasteurization prosedures. Consequently
cheese: made from mille properly treated with a small amount of hydrogen
peroxide and catalaso ripens faster and usual:i.y has & finer §lavor and
‘ "body than pasteurized-mill cheese, |
v A simdlar peroxide treatment is bsing recamended for the manu-
?‘aéiure*ofl sterilized milk, The mille s treated with 0.1 {m. 0.2 per cent
of a 35 per cent, hydrogen peroxide solu'b‘_:lqn at 120° F. for 30 init’ru'bes 3
,(115)‘_-. After thg;, removal of hydrogen peroxide with catalase (0.1-0.5
gram per 1,600" pounds of milk), the milk is homogendzed, canned, and -
sterilized at a temperature above 212° F., The sterilized milk prepared
in this wqy;‘gioe'é"vmt_posgess the cooked and scorched {lavor common to
heat, stériliz'zad nilk, Winger (116) hés also recommended pasteurization
before pérpxide treétmer_x‘t‘ by "c-be,édgiiﬁionv of enly 0.015 per cent of 35
per cent hydrogen peroxide at 1hg0-1h)° F, for 30 to 35 minutes and 1o
addition of catalase. ’ " ‘

Patterson and Willlams (80) have developed & new method of
caxming whole m:mk. It is done by adding a fraction of 1 per cent by
weight of edzble mrdrogen pero:d.de to *bhe m:.]lt at below pastenrizata.on
temperatures, alil.om.no it to remain in the milk for 30 mmtes before
removal by an enzyme natu_zjally _prgsem in mi‘;!_.k,i hompgenizmg, gaolingr and
éarming the milk, apd p’!.a‘;‘c'.,‘u,:;g;.‘-.’;.f!;~ in 2 "(s,terilizer for BO-mimtés at a
temperature above boiling. The resulting milk is said to be absolutely
s’;terile.» |



n

- Lewis. (49) recommends the low heat-hydrogen peroxide-catalase .
process for the treatment of fresh milk in tropical countries.. The

effect of this x;ethod_ on,mcaobacterium ;tub.erculosis has not been investie-

gated. Nai and Giolitti (72) state that at room temperature the period
of treatment mus"o. be prolonged and, ;liigher. hydrogen peroxide concentrations
{12:1,000) must be used, in order to obtain the same destruction as with

pastelrization,

Preservation e:f.‘ Whey and Gream by mdrogen Percxide

| ' The widespread and sanctioned use oi' hydrogen peroxide as a mﬂk
preservative m some count.ries (9k) has 1ed into investigat:.ons as to the
applieability of hydrogen peroxide as a preserva'blve for liquid whey.
Plottner (8L) has made some studies in this area and eoncluded that the
addition of O, 005 per cent hydrogen peroxide by weight produces a
disagreeable tasrte and even the addi’eiﬂn of 0.015 per cent and 0.03 per
cent hydrogen peroxide by weight to raw sweet whey was not qulte a
successi‘ul one. “‘he addn.titm of 0. 009 ‘per cent hydrogen peroxide to raw
whey enly limits the extent of souring, Plottner. (k) found thet after
the pre'cipitation of the proteins by heating at 98° C. for 10 mimites or
after the addition of small quantimess oi‘ yeast, the taste of the '
hydrogen peroxide disappears. In centrast o tha above results Yumu.a
(117) reported that the addition of 0.1 per. cent hydrogen peroxide hag

preservative value for whey. . ) o o
Jasewicz and Porges (LS) have stated that concentratmns of 0 02

per cent hwdrogen peroxide in cheese whey exerted a preservatlve efi‘ect

for as long as 10 days. Accord:mg 4o the data, hydrogen perorlde addn.ticn
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shertly after the separation of the whey from curd is recomended. 0.02
per -cent peroxide addition to conmtaminated whey.s of 28,000,080 micro-
organisms per milliliter resulted in a 97 per cent bacterial kill within
one hour,

- The preservation of cream by hydrogen peroxide has been patented
by =R§ichert,. MeAllistery and Hinegardner (86);, In this the addition of
hydrogen peroxide :Ln‘ amounts ;‘anging from 0,01 to 0.09 per cent by weight
and hegting a2t a temperature of 61° to 63°.G. for 15 to 30 minutes is
xecmgndgd. Hobbg and Smith (h?) have stated that 0.005 %o 0.020 per -
cént lwdlrogenhperoxide should be added for the control of infections in

synthetic éream.

Influence of Hydrogen Pefc“xiée on Milk Consﬁituénts‘

o _’_I‘ggj_g_. Unless too h:.gh a concentrat:.on of hydrogen peroxide is
empleyed, the influenee of hydrogen peroxide on t-he :E‘lavor of milk is
transitory. The milk has an obj ectionable taste only if the presence
of hydrogen peroxide is detectable by chemical tests. Bat if “the -
hydrogen peroxide is destroyed by catalase ‘ohe breakdmm products of
mrdrogen peroxide are not detec’oable. V:Lotkevitch, Davidov, and
Viotkevich (111) and Satta et al (102) have described the flavor of
treated mlk a8 “metallzm.“ When hydrogen perom.de treated mlk wag heat
pracessed after treatmcn‘o, no undesirable flavor could be de‘t;ec‘oed even
after long period of storage. Vhen high eoneentra‘blons oi’ lwdragen
peroxﬂ.de (more than 500 parts per mlllian) are used in the case of m:u.lk
hav:.ng excessive bact,ema’l counts ' off flavor may develop, \Iambudripad,

Laminarayana and Iya (75) have found ‘that mlk gontaining an appreciable
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amount of undecompoged peroxide developed a slightly oxidized flavor
after prolonged storage: . These workers have also found the® the develop=
ment of of f~flavors is influenced by the material of the containerss
aluminum cans gave rise tp a glight oxidized flavor, glass centainers
wére the best, tinned bras S8, porcelain and alumirmm containers coming .
next,. in order of preference. A smoky flavor has been ¢dused by the
j;y.ansgort. of milk preserved on jbhe farm wq.th 0.2 per cent of 130 volumes
hydrogen peroxide (88). Weinstein and Trout (133) have stated that the
treatment of milk with hydrogen peroxide prior to pasteurization and
h,omogenilzaizionh can prevent the; develppmem'of a typical solar-activated
:.t‘?.aw,or. in hemoggn:@ﬁed mlk s§mp1es,? whe:g'eas high t@mpera’;.ure_ heat ‘
t.faatment (1760’. ¥, for 5 minutes) di‘d not retard or vrei}énﬁ its develop-
ment. The dnvelopment of an oxidmed xlavor in mzlk during storage at
~17° ¢, haa been delaye& by hydrogen perox‘ide treatment. (12) Morris
(6‘?) fmmd that oxidized f‘lavor developed in 70 per- cen‘o of the pastear-
med milk sarrmles s but did not develop in samples treated vﬁ.th hydrogen
pero*cide (0.2 per cent, hydrogen peroxide and adda.tion of catalaee) ’
Ehceept for a slight malty flavor the odor and flavor were sa'tisfactory.
The addition of h‘ydrogen per‘oxide has retarded the development of &
'@"bé.lloiny‘“ flavor during eold st§rége of milk' (18). o

B _ | .Yita‘jn‘iﬁs;‘ By 'treéﬁﬁ;eﬁt' with hydrbge_n p_e;'o;c_ide very-v l;ttle_.déma’ge_
is dbhe to the vitaminé m milk. Only vitamin € is 's'-eriouéiy ixifluenééd.
Since milk is not & good source of vitanin ¢ this 15 not of great
importance. ’l‘he loss of ascorbic acid in milk held i?or 20 hours at 15%
2?9, 26° ang 320 Ces by the addi'bion of . 1 per cenb hydroge.n peroxide

(-139 vnlmnes) wag 5l per cent,» 18 per cmt, 85 per cen-t., and 92.5 per
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cent respectively, whereas in the control the loss was 8l per cent (102).

The destruction was more at higher concentrations of peroxide and
at higher ﬁemperatures, The effect of hydrogen peroxide treatment on
the ascorbic acid content of milk has been studied by various workers
(15, 9, L7)s ALl the workers confirm the instability of ascorbic acid
in milk contaﬁ.niﬁg peroxide, The ésgz@fbie acid oxidation has been found
to vary inversely with the quantity of hydrogen peroxide added to the
milk (L8). When the amount of the. preservative added was in excess of
that required to o::idiw ascorbi.c acid kg':oa"npletelyg the reaction was
retarded appreciably. ?grox}.dase has been f_ound to be responsible for
the loss of ascorbic acid (47) and destrdétion of this enzyme with higher
concentrations of hydrogen peroxide may serve as an explanation for the
jnverse i'eiatiqnship between the r‘e;*bardation‘ef ascorbic acid destruction
and peroxide eoncentration. _ ,
| The vitamin & content is decreased by 22 to L2 per cent by
treatment vvri‘.bh‘q.-lvper cent hydrogen peroxide (130 volumes) (3L4)., satta
gt &l (102) have found that the addition of 0.3 per cent hydrogen
peroxide (1_3() volumes) at 20° or 320;0).,1'61" 36 hnﬁrs reduceg_i the vitamin
A content from 158 I. U. to 125 I, U. per 100 grams, The corresponding
figures for the stored controls without the addition of hydrogen peroxide
were 130-135 I, U. In the same sample’__zf;he. ‘thiamin content was dropped
down $0 12 o 15 T, Us £rom 25-30 I. U, and in the controls it vas 15-18
I. U, per 100 grams. In biolqgicai assays of vitamin D with raté,;_ there
;&as_no detectable change in the milk treated up to Qj.h.‘per__cent ‘hydrogen
peroxide (130 volumes) and held at 220 . for 36 hours. Nambudripad,
Laxminarayana and Iye;' (75) have stated that none of the B-Complex
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vitaming were found to be affected by peroxide treatment. The contrel
milk was pastMized at 63° Co for 1-2 hours and the milk used for the
experiment was treated with 300 parts per million of hydrogen peroxide
and thon pasteurized as in the control. The thismin, riboeflavin,
nicotinamide and vitemin Eza content of both the samples were nearly
i’;l_xa fame. Bamjaz-';}ge (9 ) has stated that vitamin A is not affected but
vitamin C is somewhat redueced,

‘ L;actose.aiid butterfat;' ')Bane.xjjéa (9) found that the lactose was

81ightly reduced by treatment with hydrogen peroxide {16 groing per pint

of milk), These results have been confirmed by Arnaudi and Treceani (7).
Their results showed that the sugar éor_xt_'»ent of untreated milk wagz 5.01 per
cent, bub after treatment with Q.O?S,‘O.OISV, 0.1 or 0.2 per cent hydrogen
peroxide (130 volumes) at 30° O, for 16 hours, the figures were 5.01,

4,95, L.95,and L.60 per cent respectively. However; Gielitti (3h) found

no charige for lactose, fat, total nitrogen and pH by treating milk with
0.1 per eent peroxide, Not mich informstion is available on the influenice
of hydrogen peroxide on the butterfat, In milk containing 0.1 per cent
hydrogen. peroxide there was no change in the butterfat (3k). Nambudripad,
mmmrayana!@d Iya (75) have found that butter made from milk preserved
with 300 parts per milhen of hydrogen peroxide did not differ much in
quality from that mgdg from fresh milk. ) .N‘i gpf_:g_iderablg diffgren{ﬁeg

were found in the ield, organoleptical properties and pysico-chenical
constants of butter made from milk centaining 0.5 per cent hydrogen = . |
paf‘oxi&e (130 volumes) (76).
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- Proteins and'mniho;-acids% ' Bven though hydrogen persxide in higher

‘concentrations oﬁdiz‘es proteins, dilute solutions do-not show this effect.
Rondoni and Basei (90) studied the infldence of dilute hydrogen peroxié;e_'
solutions,. in concentration of 0.3 per cent of LO per cent peroxide, on
par'biy 'éuﬁolysed protein solutions like liver extract and serum. An aggree
gation of protein molecules and an increase of the trichloracetic acid
pifecipi’tabla. nitrogen resulted by the addition of hyéro'gén peroxide, Only
pﬁeps‘in,' éhmptmsm,t bovine f&.’brinogen,_ casein, mmein, and soya bean
prg’g.ei.ns.werel o:‘:idi-zg@ by‘“mdrga'gen peroxide in the presence of the enzyme
peroxidase (105). The amino acid méthicnine is very sensitive to hydrogen
peroxide. (6l)~',.:“ Tyros:me and *;_r'srp‘boﬁhan can easily be oxidized. . Addition
of. 0.03 per cen*h-:mqlmtg?n_peroﬁdg by weight or 0.03 per cent hydrogen
peroxide with 8 x 10"5 .per; pem; copper had no-effect.on the sulfhydryl
groups in skim milk after 20 hours st Toon temperature (118).. The
addition of even.0.25 per cent hydrogen peroxide (LO per cent) for one
day at 30° C. or 20 minutes ab 55° C. did mot noticeably reduce the
sulfhydryl content (5k). :Previtera (65) studied the amino acid behavier
in milk treated with pu'rgl electrolytic 39 per cent hydrogen peroxide and
found that the addition of 0.3 per cent hydrogen peroxide (39 per cent)
to mllk does m’b affect the amino acid ;:ontent. ’Tebley, Dersé and Price -
{108) have stated that nec marked changes in the ccfz:nposition or mitritive
value of milk treated with 0.1, 0.2 sud 0.5 per cent hydrogen peroxide,
or of the whey or qhé'es‘e obbained from that mill, Giolitti (3h) found
that hydrogen peroxide treatment (0.1 per cent 130 volumes) had increased
the albumin content from 0.042 to 0.061 {4in nitrogen percentage) and
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decreased the casein content from: 0.367 to 0.317 (in nitrogen percentage).
In the presence- of peroxidase or metallic ions like copper and iron the
oxidizingeffec“b is catalytically accelerated. Hydrogen peroxide, with
pe;ﬁoxidagé" obtained from -haemoglb}air‘r,f;' was able to deaminate the aming
acid gflypiz;é_,s ‘alanine, leucine, A gl;_it-agi;iig acid, and aspartic acid (107).
Sizer (105,106) has found that only tyrosine, tryptophen, lysine and
possibly_cysti‘m' were -b:@diééd in a peroxidase-hydrogen peroxide system
~ab 37° G, and pH 7.3. Geherally peroxide has a softening action on
c‘as.ein._ ‘I'he ‘adé'itipn of 0.2 per cent and more of hydrogen peroxide
decreases'the i-‘i_mhess of the curd. It has been observed that at the
beginning 1 after the addit:.on of sodmm hypochlomte solu’cmn the carbon
d1oxide of pc—:rcx:z.de trea'bed casein (0 09 per cent hydrogen peroxide) is
more- intensii'z.ed 'l'.han in m'xtreated samples (203). . No difference in
ea:sein of treatecl and un'hreated samples was not.iced by Lock and Jouber'b
(Sh) with elect.rophorcsis experiments. Pav‘ticle size studies were made
by means of an ultra centrifuge and electron microscope by Luck and o
Jeubert (55) The experiments have shovm ’ohat af'ber 5-6 dagrs preservation
with 0 25 or 1 per cent. hydrogen peroxide (39 per cent) at ho G. 5 a part
of uhe casein has dissociated., The sedmentation constant of the fast
sedimenting component was reduced £rom 6.2 x 10‘3-3 in untreated mi'.u: to
3 8 x 10"'13 in treated samples. The slowly uedmentlng eompenent (l 3 |
x 10713) vas Dot changed. This effect seems to explain the longer period
of time required for the coagulatien by rehnetl_obsémed in milk és well
as in pure sodium caseinate solution. An examinatieh under the electron
microscope revegled that the size of the casein particles in milk was not

changed significantly compared with that of unticated samplos. The
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aleohol concentration for the coagulation of trested milk was a little
lower than for the same milk when untréatedq Inck and Joubert (55) have
- coneluded that the effect of hydrogen peroxide on casein ig not serious
since untreated milk kept at L4° C. for 11 days undergoes some alteration.
Luck and Joubert (5h4) studied the effect of hydrogen peroxide on the
aulfmrdryl groups of wh_ey'pra’séins», - The add’i‘bion of 0.2%5 per cent hydro<
gen peroxide anldl‘s‘aor’age_ ml".'.the milk 2 days ab ;300_ C. ovr 35: minutes at
55° €.. did not reduce the content of sulfhydryl gmups‘ of the eorresponding
vwhey proteins signii‘icantl;f. The use of higher concentrations of hydros -
gen peroxide '(Q,'S-—';_L.O per cent) ai‘fec‘aéd significant reductions within
temperatures ‘of 55° and 650 C. Elegtﬁgphoretic‘ studies made by the same
authors (Sl 56) show an. influence. of hyc’irpgen peroxide on the whey
proteins of treated milk, --Spreadiﬁg of the boundary is noticed end this
is accompariied by a decrease in the electrophoretic mebility. Addition
of 1 per cé.nt: hydrogen peroxide (L0 per cent) for 6 days at L® C. splits
the be“halactoglobulm in“b_o_two components with considerably lower
mobilities. A large number of minor components are cbserved. . '

.. EotymeS, - The énzynes of the milk are not. influcnced o any grest
extent by the addition of hydrogen peroxide. The phosphatase test used
for heated milk is applicable to milk preserved with hydrogen peroxide.
The enzymes auglase, lipase, tryptase,:;and,phoéphatgse-were not- affected
by the additien of 0.2 to 0.3 per cent hydrogen p_eroxlde':(. 39 per .cgn’,c;) o
both at, freesing temperature and at 20 - 30° €., but pevoxidase, .
catalase, and reductase were nearly destroyed {20)i ° If milk containing
0.06-0.15 per ¢ent hydregen peroxide is kept for a pé‘riod of 10 days to

3 wecks: at roon temperature during the surmer time, the activity of the
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| ' millc phosphatase is sermusly inhib:.ted (100) Luck and Joubert (55)
| have fannd tha'b ‘bhe delay oi‘ milk coagulation by rennet is eaused by the
\ 4inf1uence of hydrogen peroxide cm the casein and not on t}w rannet ENZYNEe
'.Banerjee (9) found that 2 per. cent of a 10 valmnes hydrogen permdﬂe
‘ solutzon is reqm,red to destroy all peroxidase in mlk, and smner doses
of peroxide as.low some pe"oxidase -Lo persis'b. Ga*_halase and. peroxidase
are destroyed by hydrogen perum_de. . If peromdase persisbs, the danger
of em.dation of protems and amino acxds would be much greater. _If
ca‘oa}.ase ‘persists, the h,ydragen pero:d.de w:n.l he decmposed after a very
short peried of treatment and the preserv:mg effect will be reduced.
| -Molla.nd (62) nade inbensive stud::.es on the kinetics of 'the decomposition

o of ‘ydrogen peroxide by bacwma and the maetzwation of the catalase and

i‘ound that the quanuity of catalase ingetivated was proportienal to the
quan‘eity of hydrogen perozdde decomposed. Morgulms, Beberg and Rabk:m.
| {66) fmmd that the inactivation of catalasea by }wdrogen perox:x.de is
B f :i.ntenaified by increasing temperature. Bers.’m and Loganann (13) have
| .ata‘bed tha‘t, papam is inactivated 'with M/SOO hydrogen permd.de in 5
| mﬁmﬁes at hﬁo G. The effect of lwﬁrogen perozdde on urease was not
_ greater than uncata]ysed aeration (ho) ‘The follcwing amounts of enzyme
’ “inaetivation by m'drogen pemxide are given by Barron, Seki ané Jahnson
(10): urease O per cemtj yeast h_exq%;i:}as_e_‘_ 0 per cent; papain ho per

~ eenty yeast aleoholic dehydrogenase 23 per cent.

- 'Tests on .I-_Iy.dmgen Perox:r.de

“In the maxmfacture of dairy products like cheese from milk treated

" with hydrogen péroxide, the main problem'is to make sure thab no trace of
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| mdrogen peroxide is 1e£t :’m ‘hhe milk There are seVeral tes‘cs be:mg
reccfmended for the detect:.on of reszdual peroxz.de.‘ Adam (1) haa
endeavored to detemine whether milk fme from hydrogen perem.de was

‘previously %rea’ced with this subs‘oance, Storch's reagen’o cansisb:mg of

‘ paraphenylene diamine and Schardmger's reagent emls:.sting ci‘ metmrlene

blue and aldeh;,rde were tes‘oed for ‘bhxs gmrpose. . Raw fresh m:.‘u; not

'I.previously treated with hydrogen pem:dde :z.s colered red by .the addition

| of gualac and %Wdrogen peromde, ahd 'blue b;,r paraphenylene diamine. The

» .methylene blue is. decolomzed by the presence of an alde}wde. The sane
milk, when spo:iled, no 1onger glves the first two reaetlons s but still

| decolerizes Schardinger's reagent. Raer milk contama.ng mrdrogen permde
| .. gi.ves the celor reaetian with guaiac alona or with parapherwlene diamine
alone and does not change the color of Schardmger's reagent. Raw milk
prcv:.ously treated uith mrdrogen peroxide but no longer con‘taming thig

- substance gives, upon aga:m add:mg lwdrogen perax:.de, the same reac'hmns
- as pure milk with guan.ac and paraphenylene d:.amine, but unless pu'omfied,
| does not decolorize methylene blue. Bo:.led m:ﬂ.k shows none of *bhe N

N preeeding reae‘t:.ons. | ‘l‘he amauxrb oi' unéecompased hydrOgen perox:v.de in 'bhe

, mﬂk was detemined :m the i‘ollowing manner by Barthel (11) O.S m:-.llle- |
jliter of dilute aulfur:.e ac:id (1 3) was added to 25 mill'lliter of millc '

to coag:ﬂaﬁe ‘bhe proteim and to 5 m:.lliliter of the clear filtrate 10

, 'milliliter of a 10 per cent solutmon of potasszum iodide and 5 millilitez'
| ' Lof mzli‘uri.e aeid (1:3) Were added. The free :lodine was then tiﬁrated
) ";back with a tenth nomal thiosulfa‘he salu’oinn, after havirg been left
-, ‘standing m a dark Place for k hours and frequently shakc-m. It vas found-
that an excess af onl;,r 0. 05 gram of hydrogen peroxide per Ii.te@ m‘:‘ milk
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ig plainly noticesble by taste. Huwart (L3) found that the estimation of

hydrogen peroxide in milk by the liberation and determination of iodine
gave satisfactory results. Ovenston a.'nd.Ree's (78) and Patrick and Wagner
(79) have used the following procedure for the quantitative determinstion
of hydrogen peroxide in milk. 20 milliliter of the milk is mixed with
jt.ria_}_:iwoaeetie acid (hmmmter of a 1o per cent solution) to coagulate
the proteins. The solution is filvered and a few drops of eulfuric acid
and potassium iodide are added to 10 milliliter of the filtrate. The free
iodine is either titrated with spdimm thiosulfate or determined
gpgct:ophgtometrically,_ Por qug),#patz?.ve analysis the precipitation of
protein is not necessary, The color of the milk after the addition of
some drops of sulfuric acid and seme erystals of potassimm iodide is
compared with an wntreated sample. If the treated sample becomes yellow,
the hydrogen peroxide is not completely }deatro‘yed. With quantisative
method 3 milligram of hydrogen peroxide can be d;et»ect.ec‘;i. . P¥en, Desirant
and Lafontaine (83) have stated that hypochlorites, giving the same
color, are bound by the coagulated casein and are _A.sepigrated by filtration
togethey mth the casein. Pien, Desirant and Lafqntaine 82) 133‘1{:9 ‘Tound
that the presence of i‘omialde}gde and dichrpnigta i.ntexferg. Rouquette
(96) has shated that in milk containing dichromate, hydrogen peroxide
can be determined by the blue color after shalking with ‘ethe:‘ and sulfurie
aeid. (2 milliliter of milk + 2 nilliliter of ether + 5 drops of sulfuric
acid). This test can be made only up to 2 hours after the dichromate has
been added, because hydrogen peroxide reacte with dichromate at the pH of
the milk. Andreae (3) has developed a sensitive method for the estimation
of hydrogen peroxide in biclogical materials. In this test, hydrogen

S
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peroxide is traceable through the reaction of skopoletin (6 methyl - 7
oxy - 1, 2 benzo pyrone) with hydrogen peroxide in the presence of
pera:d.dase'gi?ing & decrease of the skopoletin flmrescénce;.. This method
| .is smch more. éénsipive than any of the tests, sinee aéprzo:dmately 10"'104'
per cent hydrogen peroxide can be detected. But the presence of ascorbie
acid, glutathione, and manganese lons interfere, Freytag (29) has
modified the decolorization test of lead sulfide by hydrogen peroxide
{£luorescence picture of the spotted lead sulfide test paper in ultrae
Yl‘é‘let.‘ light;),»l, ‘Musha, Higashino, and Doi (70) made miero determination
of hydrogen peroxide ferrous ferron ;?eagent; The oxidation of Fett 1o
Fet*t vy -hydrq‘gen-‘pefroxide takes place in this test and the Fe*** forms

a dark green compleX..

Condit-:!.one of Ma}dmwn Presewing Effeet with Hydrozen Peroxide

Mﬁlr caszains catalase, nomally present in milk and addn.tionally
fran cell andvbac‘oeria. "i-‘hl;s enzyne decqmposes hydrogen peroxide.. Because
of the presence of this enzyme in milk, one normally thinks that after a
cerbain periéd of “bime all hydrogen "p‘eroxidef will be d_ést,reyed ty catalage
and there w1l not be any preserving effect. Bub ab the same time catalase
is inactivated by hydrogen peroxide in the same way as hydrogen peroxide
ié c‘iec‘epxﬁpased'@;:‘y catalase. By this p‘mcesé“ some hs;drogen peroxide is
u_se‘d up :i‘or the destruction of _catalase.v‘ "I"he: remaining ;_‘lundestmyed |
Wérdgm iaeioﬁ&é, exerts ﬂie real preéérvative effeet for a‘éerbain
period. Both‘the épe‘ed of destruction of :dez*ogen peroxide by catalase
and the deéﬁmiipn of ca{'talasc_a,_ itself are increased at.hi’gher temperatu‘res.ﬁ
Luck (51) found that the quantities of hydrogen'permd.dé (39 per cent) |
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decomposed, by milk wh:wh was highl;y cantaminated m.th colifom bacteria,

after a period of 2h hours at ho, 13° 200, and 300 C. wers O.hh, 0.31,
0.20 and Ca 11 per cent resyectively. According to these results i’b wag
found that the addition of 0,25 per cent hydrogen peroxide (39 per cent)
would be able to preserve this milk a’c. a temoerature of 20° and 30° C. but
.nat at 13° €. If surplns hydrogen peroxide has ’c.o be destmyed the ‘
ca'balase shn'ald be added when ‘the milk is cold.‘ Ab lower temperatures,
nore of catalase and 1onger t:uue are required to decompose the same
.qaan’c.:r.ty of perm:ide than at higher 'bemperatures. The cmantn.ty o.f.‘ hydrogen
peromde destroyed at a constant temperature will be proportional ’oo the
amount o:t‘ catalase present- in milk If ma:dmm preservatz.va effect is
_' dea:.red, 'bhe hydrogen perox:.de hzaa to be added after milkmg when the
bac‘berial count- is low and the milk is abou'b 37° €. Again, ‘ohe germic:uial
ac’bicn of hydrogen peroxide is more a‘b higher temperature& Hydmgen
-perom.de has a better preservi.ng eifect on pastemzed mlk ‘than en rau
milk because the eatalase in pasteurized milk 5.8 deetroyed by heat. K
'Ferrara and Salerno (26) have i‘ound that "Abiol" (methyl P - omrbenzaate)
0.1 per cen't ?.ogether with hydrogen peroxide (139 volumes) 0.2 per cent

. was ver,v satisfactoz:y, as milk was preserved i‘or a week at 15 200 c.

‘Dairy Products Made from ¥ilk Preserved with _‘_ydrog n Peroxide

| Cheese: Cheese made from nilk treated with hydrogen peroxide (0.2
per cent of & 35 per cont: solution for 20-40 minutes at 120-140° F.) has
been found te be .ﬁup.eriéf. in quality %o that made from yaw or pasteurized
milk (96). - Gheese made from wilk preserved vith ydrogen peroxide (0,2

per cent of ‘& L0 per cént solubion) for a longer period of 8-2h hours id




mostly of inferior quality, having a soft body and a pasty texture (67,

52)s The- oé'mweme‘ of unsatisfactory dry cheese from.milk preserved with
hydrogen peroxide is due to two factores (1) an inhibiting after effect
on the 1actic aeid bacteria (6) andg (2) the :.nfTuence of hydrogen peroxide

“on the casa:m (58). To overcome these difficulties, the use of larger

qt;an’titifa?- of starter and cooking at a slightly higher temperature than

usual, are necessary. Axmaudi, Carta segna, and Passani (6) have added
three times the usual quantity oi‘ :cennet ’oo obtain a satisfactory firmness
in the curd. ' Luck and Joubert (55) have s‘ta‘aed that hydrogen peroxide
px‘r'olgngs. the coagulation period by remneb and this is increased when a

higher pe,roxide concentration and & longer preservabion period are used.

The longer the coagulation- perwd necessary the less Pirm is the curd

According to Band:m. (8) rennet acted the same in the case of nillk
preserved with hydrogen peroxide as upon nomél milk, ILuck (52) found
that Gouds and cheddar cheese made from preserved milk (0425 per cent

hydrogen 'pez'b:d.de, 130 volumes :?.'oi-'- 213-3'0‘ hours at 26-30° C ) were not

quf;pgr:eugn@, _cg}gmm' gh;or;gzqs, The bcdy £ the Gouda eheese was very

weakj the cheese sagged, . Zg.e'st shapey had an unclean flavor,- and on storaﬂe

develaped a bitter flaver.: The cheddar cheese after 8 weeks of sborage,
developed a strong ofi.' flavor and the body was greasy and pliable. But
experiments on cheese making with mixtures o£' preserved and untreate& :
wesh mz.lk, or with milk pz-eserveﬁ m:th 1ower concentrations of lwdrogeﬁ
peroxide, gave good results. ?reserved and fresh nﬂ.lk were mixed bei‘ore
past.euriaatwn. The mixed m:r.llc was allowed %o stand for - 1 hour, ta
enable the catalaso of the fresh milk {6 decompose the remainﬁ.ng hydrogen
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pex?o:cidéa o 'afdd.iﬁip_n of any other catalase was required, The Gouds
cheese made from SO per cent preserved milk has a slight foreign flavor,
but the cheddar cheese did not develop any off flavors. Cheese made out
of rew milk mixed with 33 or 25 per cent of hydrogen peroxide treated
milk were of better quality than cantrols, especlally during the season

“when milk arrived ovéz"-"oaeid at the f’actaxv and the body of the cheese had
a tendency to become rough; crumbly and: chalky  Arnaudi (5) and Treseam.
‘-‘(109) have stated that preservation ef mﬂl«: wn.th 0. 05 0. 10 per cent
‘-hydrogen peroxide (130 volmnes) doea no% ai’fect the techniqwa of cheese

~ meking, Roundy (97) has shown that Swiss cheese and cheddar cheese of
excellent quality 'arfd uni_iomi%;y oan be produced f?‘?m millk properly
treated with suall quantitles of hydrogen peroxide and catalase. Trestment
of milk at approximately 125° F. fgp‘ia}aqnﬁ 25 seconds with 0,02 per cent
hydrogen ;;ero__xiide destroys nearly all the coliform organisms and leaves
ixrt.act more of the natural enzymes and’ ‘beneficial organisms ‘bhan aceep'bed
pasteurization procedures.. Gonsquerxtly_cheeoe made i‘rcm milk p;'operly
treated with 2 small amount of hydregen peroxide and catalese ripens
faster and has a finer flavor and body than ’oﬁe cheese made from

pasteurized miJJc‘

Butter. Not many experzments have been condncted in the making 9£
butter from hydrpgen peroxide tregﬁed__mik. N&mbudripad, Lammarayana,
and Iya (75) have shown tpat.théyg-v'wé# uo appreciable difference in the
guality of butter made from tréaﬁed: milk g8 compared to that of untreated
nilk., No differences in yieidl-t)r flavor were observed in‘bnti;er made
from treated milk (76). Hegretti (76) treated the milk with 0.5 per cent
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hydrogen peroxide (130 volumes) and removed the surplus peroxide with -

c¢atalase 8 hours laters -

| Casein ?Iakixg. Ho real dii‘ference could be found in the easein
manufacturing process i‘rom hydrogen peroxide treated (0.25 per cent |
hydmgen peroxu.de, 130 valumes, 2h hours at. 250 G.) o untreated m:n.lk
The coagulatmn peried of treated milk was prolanged and the acid:n.ty o£ [
the whey bei‘ore caoking should be h:.gher. Since easem manufactured :
.’ffrom 'treated m:ilk has a mronger texzdency ‘ho becmne rubbery and plastic
at higher 'bemperatures, exact control of aci.di’c.y is mportan‘t. T can
be prevented by add:mg some acid to the lasb wash water to get a pH oi‘
,h.é. ~ Low acid curd fron trea’oed milk shculd fioh be left averm.ght in
'wash water witheut the addition of acz.d, since it may become so soft and
mllcy by the next morning that it cannot be pressed and dried (52)

Influence of. __gdrogen Peroxide on Bacteria

' Reduction in total bacterial count. Hydrogen peroxide hae been
recognised a5 2 bacterseidal agent for 2 long tine. The hydrogen peroxide
fﬁif;eafment‘ causes & higher bacterial reduction than pasteurization by heab.
Inkin (57) conducted experinental investigations on the stérilization of
mﬁk m.th hydrogen pe;io?gic?g (gnd‘foﬁndi tjhatl *bhe muber of bacteria in milk
is of fmportance in sterilization with hydrogen peroxide. At room and
ineubator benperatures the quantity required increases with the bacterial
content, A% §2° C. this velabion is fio longer nobiceable, Likin used
1argq_'q1‘;antity of hydz;‘ogénﬂperpxiﬁe_' (007 to 1.50 per cenﬁ :co;'reﬁs‘ppnding
0 245 to 600 milliliter of the 3 per cent solution per liter) for the
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sterilization of milk at lover. bemperatures, He concluded 'i';ha'b 0.036 per
gent of 12 milliliter of a 3 per cent solution per liter of milk 45
lsufficient, ‘except when the bactorial count is very high, then 0.05 pep

- cent is reqﬁired.' Cﬁrran, Ev;ns,4apd chiion (22) have_éﬁaluate& the.
germicidal acﬁivity.qf hydrogen Pé;03i5¢1?nd féuna that it is gbeaﬁly
facilitated by the noe of purified, orystalline ctalese which affords o
-rapid and efi‘icacicus means of dissipating re‘sldual peroxide, The

logamthmic cuve for sum::val of spores exposed to 1 per ccn" ‘hydrogen .

L peroxide {pH 6,9) ind..cat,e.;‘the rate. oﬂlkilling, of mo@, and possibly

all, of the spores is desqri'qed by the unimolecular law for. dﬁémical
reactions. MHydrogen~ien concentration affects the apparent sporicidal
éétivi’oy_ of hvydrogi;en‘ peroxide,, largely thrqugh its JAnfluence upon peroxide
stability. Tms:; there is greater sporicidal activity in acid media than
in neutral média and umgnyvless in strongly alkaline than in neut‘rall
media, In h0 = 70° C. (pH 6.9) range the time vequired for the destruction
of 50 per eent of the spores by 1 per. cent };ydrogen peroxide decreases
from. ane—hali‘ to oneathird for each 10° risc in temperature. The time
reqnired for to’oal destructmn of 'the spores thrsugh this range usua}ly _
" decreases x-m:h each 10° m.se in temperature. As the temperature is raised
frm 30 to 409 €. the time required for the destruction of 50 per cent of
the spores decr-eases from Qne-half to qpe-‘bhird. The tin;e required for
is‘bal 'de‘struction of the _spores increases with this change in temperature. |
The t;me required for the destructicn of spores ‘by hydrogen peroxide
increases as the concentration of spores is increased, and decreases as
the concentrgtien of peroxide is increased., Hox_-ris (67) has stated that_
anasrobic gpore formers were émsirely feliminated.» Satta et al (102) have
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Sebermined the percentage reduction of the bacterisl cownt in milk trested

with 0.20, 0.25, and 0,30 per cént of 130 volumes hydrogen peréxida and
held for 20 hours. The results were 99,82, 99.88, and 99.88 per cent
.;respectively'at 15.170 g,;":§18.6h~, 99,76? end 99.76 per cent respectively
.-at 20+22° Go3 and 93.57, 99.53, and 99.96 per cent xggsgﬁecﬁively ab 320 ¢,
Addition of 0,05 per cent of the peroxide solution arrested the multipli=-
cation of bacteria for more than 15 hours at 15 and 22° C. A zfeduc;t’:iqxi '
of the initial count for 24 hours was affected by O.1 per cent. Omset

of miltiplication was delayed 36 hours over the control. Monaci {63) has
found a reduction in total bacterial count varying from '71_1.’3' to 96.3 per
cent.with 0+2 per Cent hydrogen peroxide (130 voiumefs).for 1h-2l hourg
at 20-22° C, and 28-30° C. Similar results have been abtaiﬁed by Morandi
(65). Nei and Giolitti (72) recomnended contact with 0:7-1.0 per cent of
hydrogen peroxide (130 vg.lprﬁms.). for 8-—10 llxmgar_s,_b.ezca\‘xsg addition of 0.25'-‘-‘
0.3. per cent is said not to éllow .8 suf‘fic‘t!.eﬁﬁ safety margin. In winbey
the dose could be reduced to 0.1-0.6 per cent (36). Nambudripad, )
Laminarayana, and Iya (75) have stated that the ‘rate of bacterial re- |
dugtiog by hydrogen peroxide depends on the_init.ial bacterial count of
£he. nilk. & short hydrogen peroxide treatment ab higher ‘bemperaturea
(0.2 per cent of 35 per eent solution fo:f 30 mimtes at 120° F.) reduceé
the average bacterial count from 30k, 280 per miliiliter in raw milk to
1,090 per miliiliter in peroxide treated samples and o 11,h85 per
nilliliter in pasteuriéed milk. ‘I‘l'afe coliform counts were h-,339 per
mililiter (;'aw'milk;) » bt per milliliter (treated milk), and 10 per
milliliter '€pasteurizéd milk). ‘I"-h.e' aerobic spore formers were reduced

Lrom 1,730 poér miililiter (raw milk) to 68 per miliiliter in treated
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milk, and to 88 per milliliter in pasteurized milk gamplesa - Closbridium:

bubyricun was greatly reduced in 11 hours and disappeared in 2l hours:

£68). - Thermdbacteria =(1¢ac’wbacillus) and Streptococcus lactis are very

sensivive Yo hydrcgen pevexide (7). By experiments with xanthine oxidase
Lipnen and Owen (50) arrived at the conclusion that hydrogen peroxide is
inhibitery to. certain bacteria, mestly anaercbic and facultative anaercbic
types devoid of cabtelase. Monaci and Scarpari (6lh) have found that the
lowest counts were obtained when peroxide trested milk from receiving
stations was allowed to stand for 9-1"2% hours in containers.  The counte
reported are, however, comparable with those obtained from samples of
pasteurized milk in only & little more than half of the samples examined.
Roushdy (99) nade MBStigations into the effect of hydrogen peroxide on
milk in connection with its bacterial action on microorganiems normally
p:esenﬁh in miltk when kept at different ‘temperatures. ‘The mean colony
counts per niflliliter of untreated. milk,. (&) of milk treated with 0,03
per cent, and (B‘) with 0.05 per cent after b hours incubation at 300 C.
were 29,3803 12,1405 and 7,29L colonies and after 8 hours incubation the
mean counts became 5,172,0005 T,l6h; and L,150 respectively, After ok
hours incubation, the untreated sample had deteriorated, while ‘the mean
count had further decreased to 6,150 in 4 and 2,266 in.B. In 1l the
samples examined; the bacterial cownt was lower in batch A than in the
untreated milk, and lower in B and in 43 the activity of hydrogen
peroxide contimed up to 2 hours incubation at 309 G. and 18° C.,: except
in milk treated with 0.03 per cent at room temperature (20* 2° C.) when
kept ab 30° C. The time temperature condltions, under which the treated
nilk was kepty had a profound effect upon the efficiency of hydrogen
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pe'fo:d.d_e‘.' The initial temperature of the milk when treated was also &
factor. The percentage reduction in the mumber of organisms wag -
proportitnately greater when hydrogen peroxide was added to the still
warn milk (% 36° C.) than in milk treated at a temperature of 20 + 20 C, -
Jasewicz and Porges (LSY)'VS‘tud_:f.;e;iA the preservation of whey by hydregen
per;dézi&e -and’ found that 0.02 per cent hydrogen peroxide coticentration
showed both a bactericidal and bacteriostatic action against 1,000 bacteria
added per milliliter of vhey; and inhibited bacterial growth for as long
as 10 days. rBac‘cefial plate 'counts"weié'made of pero.x:'idé.-pre’served‘ wheys
of pH L9, 5.9, and 6.9, kept at 25, 37 and 50° ¢, According o the data,
Hydrogen peroxide addition is vrecommended shortly after separation of
Whe:,r from curd, The .baetéric:'_n&al '1j.1'nitat;ions of 0.02 per cent final
concentration of hydrogen peroxide on millk souring types of organisms

- were investigated by Jasewics and Porges (L5) who found that within 1. .
Houry & 97 per cent kill of 28 'x 107 bacteria was effected; a remarkable
achievenent considering that this mumber of bacteria represents a grossly
contaminated material. Studies showing 100 per cent destruction of m’:uc
microorganisms have been reported by Nambudripad, Laxminarayana, and

Iya (7).

Influence on certain types of bacteria. The bactericidel efficiency

of -rwdrogen pe’rofxid‘e varles with dii‘ferent organ‘isms, with bacterial
coun’t, the conaentx*ation of hydrogen peroxide, the per:t.od af *hime, and the
temperature of ﬁreatment. Lukin (57) found that hay and eoli ‘bacllli and
streptococcz added to milk in 1arge numbers are completely destrayed by
treatment m.th 0,036 per cent at 52’3' C. OCurran, Evans, and Leviton (22)
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have stated that malk treated with mrdrogen peromde supports the growth

“of Escherlchia col:x., Pseudomonaa aemginosa, and Aloal::&enes ‘bookeéri as

'well as milk trea’beé by heat. : Milk sterilmzed by hydrcgen permde

) 'retards ‘the growth of Streptococcus 1aetis, this is pmbably caused by -

' 4he hlgh omdation-reduct:.on potential of milk treated with peromde.
Mollanﬂ (62) has iavestigated the eatalase prod‘uction of bacteria and
their hydrogen pero:d.de talerance. ?he st.rams which ‘produeed catalase
_are as a rule most resistant towards ixyrlragen peromde. The aeroblc
strains (about 1010 cells per mi]liliter) were able to grow in a broth
containing 0, 0125 per.cent ‘hydrogen peroxide. Even bacteria which do

not producs catalase or produce very litt.le of it such as the pnemnacocci,

streptococet, Salnonclle typhosa, Becillus anthracis, and Erystpelothitx
Yhusiopathise could grow in a medium containing 0.0125 per cent hydrogen

peroxide. The hydrogen peroxide concentrations tolerated by different

sjbrains’ of bac‘teria wera as ifollows;.. Proteus Speciess 0.25 Bacterium coli

| .05-0.1‘ Staphyloooecua aureus strain 1 0 0125-0.025; strain II 0.1~0.25

Bmcella abartus . h; Streptococcus agalactiae 9 h, Streptocnccus zZymopenes

10.0125; and Neleseria eatarrhalis 0,0125-0,025 per cent, Nambudripad,
Iaminarayana, and Iya (73, ?h) have s‘oudied the hactericzdal efficiency

. oi.’ hydregen peroxide in relaticcp“to m‘icmor‘gamsms :lsoalted i‘rom mi.lk.
. They have found that the Gram-negative bacteria K?@lifmsﬁ), are more .
éuscevp‘giblé»‘to }wdrOgeu pero:zidé than are Grmn-pasitivé ofganims (spore~
‘i’omefs) The 1actic am.d bacteria were intemediate in auacep‘bibﬁ.lity.
The time required for total dea’cruc‘ba.on after addition of 50,300 and

500 parts per million by welght of hydrogen peroxide to mitrient brcth»

at 37% €. was 88 followss Streptococcus lactis 6 howrs, b hours, and 2
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f hours. 30 miﬁutes; Streptocoécus uquefaciens ‘1_6 hours, 7 hours, and h

hour.;; Sarcma Specxes 8 hours 10 minni.es, 5 hours, and 2 hours 30

5'm1mtes~ spores of Eacillus sub'bil:;.s 36 haursg 2h hours, and 18 hoursgy

3pores of Bacn.llus cereus 2h hours, 3}4 hours, and 7 hours spores of

Baczllus megathemum not determinable, 2k hours, and 16 hours, Bacteriun
goli 5 hours, LS mimites; and LS mimtess Bacterium acropenes 6 hours,

-1 hour, and 30 mimites; Alcaligenes yiscosus 2 hours, 1 hour, and kO

mizmtes; Torula species 2l 'haur,s.;,l 7 hénr's, and 3 hnurs; Oid:imn species
N 26 hours, 8 hours, and 3 hours 30 mimites. ‘The surviving cells of
Streptococcus lactis exposed to 500 parts per mllion of hydrogen peroxide,

| | 3 pla'bed and inocnlated m.th an isalated colany in‘so ster:.le Bkim mill
| shmed 2 defim.te retardat:,on in acic'i production after 3 days. The .
. treated milk had 0. bB per cent acid expressed as lactic acidy whereas the
untrea'bed m::.lk had 0.?1 per cent. ‘ ‘"’he abn.ll‘ty of orgam.sms tc x'educe
‘ methylene blue ‘was nob ‘s:«_gn:ti‘icantly changed.A Yambudripad, Lammrayana,
| and Iya ('ih) found 16 hours of exposure to 0.05 per cent hydrcgen peroxide

N at 37° c. was neeessary :E’or full destruction of Bacmus megathenum m

o brot.h solut:.ons. Th:Ls is in contrast to the much shorter t:.me of 304 ho,

‘and uS minutes required for 100 per cent kill:mg of Aerobacter aerogenes,

- Alcaligenas vwcosus, and Escherichw 001:3., respectz.vely, all Grmn-negative.

. and peroxide-sensitive forms (leS)‘ Hewlett (!;1) made an experimental

| ,investigation oi‘ the “Budde" prccess (addit.mn of 0 35 miniliter of - -

hgydrogen peroxide to a 1i'ber of mlk heated to 50° C.) i‘ar thez preservatﬁ.on'
~of milk Emlsions oi‘ cultures of varz.ous organisms wex-a added ‘Lo _samples A.
| ‘of milk treated by the Budde me’ahod. A Samples were also sub,jec’ced ’oo ‘the

same ameun*h of heat withaut the acldition of mrdrogen pemxide, and non-
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i’neculated, sémpleé were 2lso used as controls. The organisms tested were

Bacillus 'diphﬁheriae, Bacillus acidilaétici,. Bacterium coli, Bacillug

- Yyphesus, Paratyphoid bacillus, Bac’iilus stanteﬁae,_ Cholora vibrio,“

" Micrococcus pyogenes variety sureus, Bacillus_tuberculbsis, Bacillus

authracis with spores, Bacillus subtilis, Bacillus mycoides, and

Eenicillmn glaucum, /9’1‘?,'&9 three expver';im;ant# were made ;@:ith each m:lcr‘o;
orgénism. l, The results. showed that all the nonesporogenous organisms,
._"bo‘ih_‘paihogenia and nonfpathogenic; were destroyed by the Budde method.

, The spore forming orgmsms, while not destroyed, were greatly reduced -
in rmmbers._ The reduc‘c:r.on in nmnbersu of organisms by heating alone was
not so. grea't as ‘that by the Budde method.’ In m:ilk obtained in the
Inrdinary way, the number of microergamsms were reduced by the Budde
method over 99.9 per cent. Cordon (37)also stated that typhoid bacilli

and s;aores of Baci..lns subtihs added to milk were not des‘oroyed by the

Pudde method and quan’c.itics of 0.07 ‘per cent or more of ydrogen peroxzde
gave mpre_p_osi'bive result_s. Evidence is pre_seﬁntet_i by Pouassier (28) that

the microorganisms Bacillys subtilis and Tyrothrix tenuis, which resist

pasteurization are pat only able to decompose hvydrpgen‘pero:d.qe but
haéten the development of the lactic ferments by furnishing them a more
easily assimiiable culture medimn‘through the peptonizing ,aetion whiﬁh
they exert on the milk. The bacteriostatic and bactericidsl actions of
hydrogen peroxide have been studied by Giclitti (30). Serratia marcescens,

' Escherichma co»l:L.,;-Baoz‘.l:{.ush sub‘bilis, l_and,. Eberbhella Idysent'eriae;were‘

tested as test organisms for their d:.fferential ‘high’h and lnw'-;satalasg and
peroxidase conbents. Forty-eight hour cultures in 1.5 per cent lactose

peptone broth were treated with hydrogen peroxide, the cultures kept at
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370.0.,'and'the remaining h&drogeﬁ peroxide détermined by vanédic acid,

After 3l hours Serratia maréescenS'(withilarge_eatalase peroxidase

- activities) destroyed all the hydrogen peroxide and almost all of ‘the.

bacteria survived.. Escherichia coli (with considerable peroxidase and

~ catalase activities}lin 1afge’¢ongen£rat10n3'decomposed all the hydrogen
peroxide in 6~7 hours and in concentrated cultures there was a high
- percentage of survival while in low concentrations there was little -

surﬁival. The vegetative form of Bacmllus subtilis (wi h low catalase-

and highvperexadgae.activ;py) was destroyed by hydrogen peroxide with
1ittle hydrogen peroxide splitbing while the spores required a longer

period of‘bactericidalAagtion.__Ebsrthella dysenterise (lacking catalase

a§d vi%h littlexperngda§g)QWas répiﬁly'killed_with negligible peroxide
loss, These data show the relation of catalase and peroxidase activity
and suscept;bility to hydrogen perox 1de and the mechanism of bactericldal
action of hydrogen peroxide. He ‘has concluded a greater importance for |
the. action of ohe hydrogen perox1de ggg se than for the oxygen produced
from it. Haase (38) found that peroxidea and oxygen in general showed

low activity agalnst,Escherichia coli and Bacillu8~prod1giosus suspensiotis,

Giolitti (33),.by:comparing the bactericidal acbivity of peroxidase, -
catalase, and hydrogen peroxide on the same strains of bact teria, is of
~opinion that the bactericidal effect of hydrogen peroxide cammot be

| accounted forjmn the basis of the-liberation of moiecular oxygen but
probably depends.on a direct oxidative action of the hydrogen peroxide
molscule on the cell.. Hydrogen perpxide treatment is more effective
than pasteurization at 65° C. for 10 seconds in reducing the total

bacterial coﬁtent,'Eﬁpecially'colifbrms,.and the bubyric decid bacteria
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are reduced to within safe Limits if the original infection is not heavy
(112). Addition of 0.2 per cent of hydrogen peroxide (excess being
removed by catalase), which diminished the average bacterial count from
123,000 per milliliter of':ﬁilk to 15,.006 per milliliter, gave cheese a
firn body. and typical flevor, but ususlly with a slight chemical afber
vaste (10L).

. Effect of hydrogen perbxide on pathogenic arganisms; Treatment

with hydrogen peroxide reduces the bacterisl counts and destroys most of

the pathogenic organisms, But Mycobagterium tuberculosis is meore resistant

than other pathogenic organisms. It resisted hydrogen peroxide concen.
trations as high as 15-20:100 (130 volumes) and so it will be used only

in milk free from Mycobacterium tuberculosis (32). Monaci (63) obtained
positive results (guinea plg inoculation method) frem two out of nine
samples of milk, imoculated with suspensions of Hycobaterium tuberculosisg

variety bovis and treated with hydregen peroxide. Complete destruction

of Brucella sbortus and Brucells melitensis has been obtained by treating
milk with 0.2 per cent hydrogen peroxide (130 voiumeé) {1k, 63, 102).
Giolitti (35) has found that Brucella abortus and Brucella melitensis in

milk (30 million per millxli'ber) were killed by add:mg 0.5-0.7 per cent

hydrogen peroxide (130 volumes), leav::.ng for 8 hours, and eliminating the
exeess hydrpgen peroxide by ,catalase. ;Sal:nanella m}msa was k—:il_led in

8-9 hours by 0.2 per cent hydrogen peroxide (130 volumes) at 17~32 Ce. and
-'ln h-5 hours by 0.25-0. 39 per cent at the same temperature (102). Typhoid,
cholera and dysentery bacilli added to milk ateril:.zed by heating were:

destroyed in all cases by hydrogen peroxide in the proportion of - 0.35:10&0,
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the milk being heated to 'th-5Q°' C.3 typhoid bacilli were not all destroyed
in the proportion of 0.18;1000 at. h5® €. or 0.35:1000 at room temperatufe;
tubercle bacilli were alse destroyed in the propertion of 0.35:1000 and
inoculation experiments with guinea pigs gave negative results. Monaci
(63) isolated typhoid organisms from only one ocut of twenty. m:z.lk -séznples,

inoculated with Salmonella typhosa suspension and treated with 0.2 per
cent hydrogen peroxide (130 vpl'gn‘nes,)( for 1h-2k hours at 20-22° C, and
26-30° €, Roushdy (99) found thet Mycobacterium huberculosis variety

bovis in raw milk ‘treated with 0.05 or 0.075 per cent mrdmgen peroxide
and held at 30° C. for 2l; hours, wag edther partially destroyed or ite
virulence was Zmrered. . He concluded “that 1onger periods and higher
eoncentrations would probably destroy them. .

Hygieﬂi‘c_ ASpec"c.s, of Hydrogeg; Per’_'oxide Preservat.io_xl of Milk

Tt has been found that the milk treated with hydrogen peroxide
does not lose the mutritional value except for 'z_g\v small reduction of some
ﬁ.tgmins if.ikfe.a'sc;o;?bié’ acid., When hydrogen peroxide treabed milk is to
be used for. uman consumpbion, the r'esiduai lrxydrogen peroxide should be
cumple’cely removed. The addition of catalase has been recomgx;cded for

thig purpose. Jensen et al (hé), and Cleland and Lotz ( 21) have found

"ohat hydrcgen peram.de :i.nduces mu’oat:.ona in Neurosmra sPecies. Demerec,

Bartani, and Flint (23) stated that hydrogen Peroﬁde‘ causes mubations: in

?aetgrium. cpli.ﬁ Hydrogen peroxide has been found to cause a decrease. in

the mumber of normal mitotic figures in the intestine of mouse (25).
Rendoni and Guélcqw'icz (91} have put forward a hypothesis on the importance

of undecomposed hydrogen peroxide in the tissues for é‘arcinogenesis.. :
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Therefore, care should be taken to -see bhat the residual hydrogen peroxide

is completely destroyed before the milk is used for human consumption,
Under certain:conditions hydrogen peroxide may be found naturally in dairy

‘products.  This is produced by anaerobic lactobacilli. Probably the

i:mj.bitor lactobacilling produced by lactobacilli is identieal with
faydrogen peroxide (11h).
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EXPERTNENTAL WETHODS

Three prelmmary trials were made to determine the lowesb
concen"erat:.on of hydrogen peroxide retquired to preserve raw nilk for h
days at 37° G, .S'ampl»es' of raw milk were taken in sterile flasks«fmrn the
Umversi‘by of- iemessee Creamery and stored at. 5° €. in “ohe refrigerator
fer ?—3 hours xmtil they were used for the exper:zment The milk was
‘:}f'distaributed in i‘our sterile screw capped bﬂ‘btleu, 100 milliliter J.n cach
bottles The samples in the £our bottles were ra:r.sed to 30° c. by plac:!.ng
them in ‘water bath. Comercial hydrogen peroxide (3 per cent solution)
was added to ‘hhree of the samples at ‘ohe rate Of 3 mz.llilxter :t‘or the
i’irat sample, 5 mnmmer for the seec;mi sam.ple and 10 milliliter .mr
'the thlrd sample in m-der to o’btain & ﬁnal concentra'ba.on of 0 09, 0 1'5,
and 0.30 per cent hydx-ogen peroxi&e in the respective samples. To the
' i‘ourth bot'ble 0f mlk hydrogen percxide was not added and it served as ‘bhe

control. The mﬂl@ samplaa were shaken well. The mJ,lIc from the control

sgmple was p_ated according to Stanaard Hethods for 'the .Exammat:.on oi‘ _
Da:a.z-,y Producta (2) on mllx. protein hydrolysate (n Pﬁ) agar i'or the tota‘i

eo‘ant. Bllutions of 1*10, 13100 am} 1-1000 were made for the -botal o
coun’b. .m arder to ‘avoid quantiﬁies of 1/10 mi1liliter and 1 mill:.liter
ef mﬂk samples stlcking tn the plate or otherwise failmg to mix praperly
m ‘tshe agar, i mill..lﬂ.ter u:t‘ sterile water blank was placed in the plate
'prior ’so adding the milk sample and i‘.he milk was then added d:.rectly

mto the water.‘ "he plates were incubated ab 329 G. for hB ‘hours and

*i;hen counted for the numbez- of coloniezs. The experimaxrbal &amples Were



kept at 370 C. throughout the experiment, TFrom these samples sub-samples

Tor counts were taken at an' interval’of 2k, h8, 72, and 96 hours after - -
“the addition 'ﬁ."mdrégen}pemr;g}e and plated on miik protein hydrolysate
agar for the total count. - Three '-;seri'_e'sizbf trials were run in this m'y.v ‘
‘Thef-contrbl'sg&r.rrpie. was not: plated on the: S¢c9n;1;‘ third, fourth, and £ifth
days because it curdled uysually on ‘the ‘second or ’third ,day, denoting thab
theve 1s a large mcrease in the number of orgam.sms. _ .
-+, To find oub. ’che mi‘lueﬂce of different concentrations of hydrogen
‘peg?x:?.@g on Qi;:m-erent" types of bacteria the following procedure was
adopted. ' 100 aitliliter portions of skin nill were taken in four sorew
capﬁ.ed bottles, sterilized in the autoclave at '2_509 F, for'15 mimtes ab
15 pounds pres_surev and stored at 379 0. Twelve orgeanisms were selected

for the study. They were Aerobacter aerogenes, Escherichia cold,

Strep’cecoccus -1ae’cisf, Streptoéocmé' cremori@» Sbreptococcus iquefécieﬁs,

‘Streptococcus themephﬁus, Lactobaeﬂlua acidophilus, Lactobac:.llus ‘

 bulgaricus, Lactobaclllua casei, Bacillus megaterium, Baclllus polynmca,

| and B_acillus subt:.lis,. ‘Bhesg were seleg‘bedl -becaw;se of the_ir,importance

in the dairy i;iduétry.g A purej-c_'ﬁltuﬁev;ﬁ" these organisms was grown'in
Litmus milk for L8 hours &t their oﬁﬁimm growth temperatures. - The litms
milk containing each of these organiéms was plated in different dilutions
»&flbém';ding: to- Standard: ﬁﬁ";hpds fbrv't_xhe- Bramination of Dairy «Proéuéfts’; (2)

on milk protein hydrolysate agar o deternine the number of organisxw'peﬁ'
nﬁ.l‘.}n.liter. This was then standardized to cantain approximtely 50,000

to .:Z_&__,.QGO,_ organisus per m;i,ll;}.:.te:;. Te 'best tha effic:.ency of Nydrogen
peroxide un each of these orgenicus B suitable quantity of the standardised
culture of the ﬁrgarﬁm.was inoculated into edeh of the 100 miliiliter
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sterilized milk samples so that the cpnce;ltration Qf‘ the' orginiems in
these milk ‘samples was approximately _SO,,OOO to' 1,000,000 per nilliliter,
'.tfhe ‘sax&ples‘ were shaken well and one- of the s‘gmples was ploted on nilk .
protein hydrolysate agar: and incubated at 32° G, for L8. hours to determine
the number of organisms added to these samples. ~Cut of the by samples one
was kept as a control without the addition of hydrogen peroxides Com- :
mercial hydrogen peroxide (3 per cent) was added to each of the other
three samples to get a final concentration of 0.03, 0.05, and 0.09 per
cent hydrogen peroxide m‘che milk. .The cpn_‘i.:rpl as well as the experimental
samples were stored at 37° G, and each sample of milk was plated on milk

protein dely’sate agar using various dilutions as outlined in Standard

Methods for the Esamination of Dairy Products (2). The plates were
incubated at. 329 C.. for 48 hours to determine the humber: of viesble

organisms in each sample.



CHAPPER TV
RESUITS AND DISCUSSION

| In tmpical cnuntymes, the. keeping quality of milk is generally
very poor due %o unorganized methods af‘ produet:ion and d:n.sbri’but:lon, and

| the aﬂoptinn af rafrigerabed storage or 'branspart of milk nsi', poss:.ble

i‘er various economic reasons. So it has been found useful to explore the

| passibilities of adopting mrdrogen pero:dde treatmenis under controlled

| condi’omns as a means of preserv'hlg il far long distanee tranaporb.

mdpogen perezide is harmless and ha_s bacteriostatic and bactericidal

properties.

Ini’iiz'en‘_ée of Hydrogen Peroxide on Tobal Bacterial Cownt in Raw Milk

Initially, the effect of adding diffevent -emounts of hydrogen
peroxide to raw milk on its bacterial conbent and kesping quality at 37°
- C. was investlgated, Thi_s__ was'done to gietemﬁﬁe the conqentra@:ion of
. hydrg;ggn Péro;:_'lde toﬁbe used forjw find:mg oub ‘che_ influence_pn pure
cultures of organisms. The influence of 0.09, 10.15, and 0.30 per cent
by weight of }gdrbggmi_pgpo‘x’;dgz on the total bacterial content of raw milk
was detiermined, The results of the three trials aro shown in Table IL.
The initial bacterial content of the raw milk in the trials varied from
28,300 %o 65,000 per milliliter. By using 0.09 and 0.15 per cent
peroxlde there was found, uniforgly in o}l the trials, a considerable
reduction in the total count in 2 hpp}t's storage of the treated milk at
370 C. Thercafter, there was a graduael increase in \‘,hg total count on.

the secondy third and fourth days, but at a very slow rabte. There was a
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total destruction of bacteria in 1 milliliter cquantities in the milk

containing 0,30 per cént hydrogen perdx:ide. The desj;ruqt.ion of bacteria
with 0.09 per sent ixyarogen peroxide in 2) hour peried was 98.77, 97.31,
and 96.40 per cent respectively in brial I, 11, and III. With 0,15 per
cent destruction was 99.85, 98.16, and 95. 48 respectively for trial I,
II, and III. The results obtained witﬁ 0.15 per cent hydrogen peroxide
were ¢lose to the values obtained by Satta et al, (102) who found thab
0,12 per cent peroxide brought about a destruction of 99,96 per cent atb
320 g.

At the same time Nai and Giolitfi (72) recomended contaet with
0.28 to 0.40 per cent of the peroxide for B-10 hours, becsuse addition
of 0.1 %0 0.12 per cent did not allow & sufficlent safety navgin. Momaed
(63) has .‘foy.mt__l & reduction in t.he tetal bact,erigl cound varying from
Th.3 to 96.3 per cent wi:.th_ol,ﬂﬁ per cent for 1h-2h howrs at 28%- 30° ¢,
A rgduct;o# of 99,6 per cent of bact.,g;*ia}. count _wa{a reported by Morris,
Larsén, and Johngon (68) by using a concentration of 0.2 per cent hydrogen
peroxide in milk. But in this case the milk was heated and held at a
temperature of 120° F, (49° C.) for 30 minubes before the addition of
peroxide.. The marked variations in the amounts of hydrogen peroxide
used by several workers can be explained on the basis of the fact that
‘the percentage reduction in the numbey of organisms in milk will depend
upon time, temperature coﬁditions under which the treated milk ig kept,
the temperature of the milk ab the bime of addition of peroxide, the
initial bacterial count of the raw milk, the type of organisms present,
and the catalase conbent of the milk (78, 99).




s
Effect of &d_g_:ggg Peroxlde on Pure Cultures of Orgam.sma

In ’ohis work bactemolog:.cal analyses were made to determ:.ne the
effect of hydrogen pemxide on pure culbums m’? representa sive species o
of organl‘srns of comman dairy :.mportanc:e.‘ Table ITT and IV show the effect

of different concent.rat::.ons of hydrogen perOxide on Escherichia cali and

Aerobac'ber aerogcnes. Both these organisms belong to the group “cclifoms.

Both these orgam.ms were com; ﬂetely destroyed in 1 pilliliter samplea hy
0.03 pér cent hydrogen peronde’mthin 2l hours at 37° C. The bacterial
counts at the end of 4B, 72, and 96 hours were less than one in 1 milliliter
quantﬁ.ties.. These results were in c¢lose agreement with those obtained

by Nambudripad and go-wquers ('7!;_) and Rpuady_ (97, 98). Nambudripad and

co-—wox'-k‘ers', in 19119,: found that none of the Escherichia coli exposed to

"0 0S per cent hgrdrogen peroxide for 10 minutes at 37° C. were oble to
survive.. OnlJ 6 77 per cent of them surv:wed treatment with 0.03 per

gent peraxide for 30 mmutes. Aarobacter aerogenes was complete]y

| deatruyed by 0 .05 per cent m 30 minutes and. only 55 89 per cent of them
survived a peroxide treatment of 0.03 per cent for 30 mizmbes. The effect

of various con.eentrat_ions of peroxide on Streptoe,chus lactis, Streptococcus

¢remoris, Strept‘ococcus liquef‘aciens and Streptocoems thermophilus are

shown :ln Tables V, VI, VII and VIIZ respectively. It seemed that. - _
'Streptococcus 'thermophilus was almogh completely destroyed within 2h ‘hours

at. 37° . by ( .03 ‘pér cent peroxide treatment, Strepiococcus lactis seemed

to be next in sensitivity to hydrogen peroxide. Iven though the counts
on the first two days were less than one per milliliter there was & . .

slight increase in the third and fourth days, The destruction of

Streptococcns eremoris and Streptococeus ligquefaciens on the first day
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plied very slotﬂy on bhe_,se';:pnd‘,‘ third end fourth days but not to such a

great extent as in the control. Streptococcus liguefaciens seered %o be

& 1ittle more resistant than Streptococcus cremoris to 0,03 per cent '

peroxide treatment.  All the four organisms are acid producifig Grem-
positive; and acrobic in nature, From these it vas fownd that the

organisms of the gexms(&tregiocpccus seemed to be more resistant than

coliforms to peroxide treatment. Nambudripad and co-workers (Th) stated

that Strepbococeus lactis was censiderably move resistant to destruction

by pevoxide than coliforms, and Gram<positive and catalase<negative

‘organisms were more resistant to nasqgeni ‘oxygen from peroxide treatment.

Roundy (98) &lso found that 0,06 per ‘cent peroxide was remuired for 9.9’
per cent, Peduction of Streptococeus lactis exposed bo 1300 Fs - Armaudd

and Tx{eccé_rﬁ; (7} vecommended a‘“’congent;-‘;ap@pn of 0.05 per cend péﬁfbﬁde? :

for ‘@he 1ac‘b:w ‘ﬁh@mobacfbexig‘_‘éx_xa_' Stréptbco‘céu's_laéﬁis; « Most' of these

iﬁvestiga'tions*were in agreement. with the obsérvation made in' this’

imestiga‘t.lon with respeet to the’ Streptococcus group. ' But Lukin (57)

found that 0,036 per cent of peroxide killed' Streptocosed ‘completely at

52° C. The higher temperature (52° G, »)» prpbab]y was responsible for the
lower concentration being used in his study.

' The influence of hydrogen peroxide on Lactobaeillus group is =

shown in Tables IX, X, and XI.' The thies organisms taken for this study
were Lactobacillus acidophilus, Lactobacillus bulgaricus, and Lactobacillus

casei. There was complete destruction of the three species of bacteria

in 2h ‘hours by 0,03 per cent peroxide f’b;-eatm:ent. ‘The suscepbibility of

these organisms to hydrogen peroxide treatment seemed to be great as in
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the case of colifornm organisms. In the. contyol sample to which Lacto-.

= bacﬂlus bulgsricus was gdd‘e‘d, there was. an increase of 2% times “the -

'ox-‘iginal mmber in a' 2h hour period. TFrom the Second day omwards there:
seemed to be a s’c.-eady'réducti@n in the total number of organismsy which
r‘n‘:iight : héxjre’ been’ due to ﬂheffagtidious_ growth requirements of the drganiéxn.
‘T’heSé- organisms: seemed to be ’q.‘hej least r.e.sis’c.ant to destruction by
peroxide like the coliforns, whereas Nambudripad and co-workers (7h)

found that I;act'obacilius bulgaricus orgeniems were more resistant to

destrucftj.o:_;: than coliform organisms for treatment with bydrogen perozi:i.de-.

There was 'cbmplet’,:e‘ ;iestructicn of Lactobacillus bulgaricus with 0.03 per

coxt peroxide ag agatnst the 98.0 per cent destruction obtained by Roundy
(98) with 0,06 per cent peroxide. These bacteria are 'most_ly anaerobic
o microaerophilic.. The results cbtained seemed to be in agreement with
those of Iipman'and Owen (50), who stated that anserobic bacteria were
mostly sensitive to hydrogen peroxide, o

+ Tables XII, XIIT, and XIV show the effect of the various coﬁcén-
i;?ationfé _of‘m‘rdrbgen_perpxide on bacteria of the gems Bacé.llus. The

.spec;ific orgenisms ‘studiegi in ~th~is group w;vare"Bgcillus‘ subtilis, Bacillus‘

negaterium, and_Bae‘iilus- povl_yzrm:a.' fl?hese _Qrgani_.sms are Gram-positive and

aerobic spore-formers. Of all the three species included in this study

Bacillne subbilis seemed to be more resistant than the other two species.

A.very slow multiplication of .the organism was noticed on the ségond day

onwards in' concentrations of 0.03 and 0,05 per cent of hydrogen peroxide.
With 0.03 per cent hydrogen peroxide there was a destruction of 99.97 per
cent of Bacillus megaterium on the first day, bub the count was less than

one per milliliter of milk on the subsequent days. Probably Bacillus
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megaterium required a larger time than 2 hours for a more complete
destruction with 0.03 per went mdmgen.peroﬁde. There was a complele
destruction of this organism with 0.05 per cent hydrogen peroxide, which
was in agreement with the report by Nambudripad, Laxminarayana, and Iya
(7h), who found 16 hours of exposure to 0.05 per cent hydrogen peroxide
at 37° C. was necessary for full destruction of Bacillug megatheriun in
brobh solutions. Nambudriped, Laxminarayana, and Iya (7h) and Roushdy

(99) have reported independently that aerobic spore-formers like Bacillus

subtilis and Baciling megatherdum ave move resistart to the action of
hydrogen peroxide, But in this investigation it vas found that Bacillus
m%af.erim and Bacillus polymyxa were not so much resistant to peroxide

treatment, The longer period of exposure, namely 2l hours, would have

been the cause for this differsnce. Bacillus subtilis seemed to be move

resistant than Bacillus polymyxa and Bacillus megaterium. The eagy spore-

forming ability of ‘Baibillus.subtﬂis might have been the reason for such

resisténce, as spores required higher concentration of peroxide and more
time of exposure Lo bring about complete destmction. N

The results of the inveatlgat:lon showed that 0. 30 per cent rwdrogen
peroxide was the most effective concemrat,ian for the complete destructicon
of bacteria in raw milk. But the amount o:ifhydmgeﬁ peroxide required to

bring about a total destruction of the various organisms in pure culture

seemed to be 0,05 per cent for all the bacteria exeept Bacillus subtilis,
uhich required 0.09 per cent. There was a ¢ difference between the concen-
tration required for the totel @estmgticn_-of_ bacteria in raw mi:_l,k and_ |
that for \%‘he organisms of pure culture; a greater concentration of 0,30‘
per cont wWas ré@ired’ to bring dbout total déstruction in row milk whereas

s -
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0.09 per éent was effective for éll‘organisms including serobie spore-

former like Bacillug subtilis. This difference may be explained on the
basis of the fact that the influenice of hydrogen peroxide wag based more
on the type and proportion of the various organisms, the catalase content
of tiﬁe milk, an& the differences in the milk used namely raw milk and heat .
gberilized slcim milk. Probably the raw milk conbained initially more of
‘catalase and & type of bacterial flora which was less susceptible to the
dero;;en.- peroxide. N - o | |

~ 'Hydrogen peroxide is unlque among germicides. It can be used to
destroy organiems in milk, and after it has done its work, it can be
rapidly and completely broken down, Moreover, rgrérqgen’peroxide as it is
produced today is remarkably stable, and when used in conjunction with
catalase, does not impart-an off-flaver to the milk. TFor more than 50
years, hydrogen percxide has been used from time o time in milk. The
object of its use primarily was to extend the keeping quality of milk for
a ' peried of onie or more days by preventing bacberial increase.

The hydrogen peroxide pre;s@rvatim of ;n;llk must be considered ag

an aid to farmers and the dairy industry in countries with tropieal .
climates. Umiil ecomomic conditions permit the necessary improvements -
in production conditions (cooling on the farm and during transport), the
addition of hydrogen peroxide to milk can be recommended. The hydrogen
lp‘emxigie is added to milk on the farms which are far from the receiving
dairies and i% hes been effective in preventing souring during transport.
The addition of hydrogen peroxide may be suggested as a method if anything
unforseen happens, such as delay in milk transport or any mechanical
breakdewm which would cause losses throungh souring of the milk. The
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hydrogen peroxide. ’oreatment does not diminish the nutritive value of the
milk to any great extent. . e ‘

Peroxide processing of the milk,. therefore, would appear to be g
practical methed of preserving large quantit:.es from milk preducing areas
and require to be transported to long distances for consumption as.raw
mlk or for. narifactore of dairy products. ‘Even-though ’chis method of -
pregervation i_s, useful to[’pr_egewe. gon’d. g;;d’i“gi;‘fquglity milk i,i‘or-?long_ '
periods, .milk produced under unhygienic conditions is least suitable for
preservation by: this method. It has Eeen;_ reported by various workers
that. the pathogens are not completely desbroyed by the normal eoncentrations
belng used for the preservation of good and faly quality milk. Hven
Shongh Wigher' concentrations of hydrogen peroxide and longer period of
exposure may kill the pathagens:and preserve poor quality milk, it id not
practicable becausc of the 3.arger volmnes of hydrogen peroxide requireﬂ
and the development of - pronounecd mczdlzed flavor. Therefore for maxinum
preserving effect the milk has to be produced under hygienic conditions..

from animals free from any disease. ...

The results of the investzga len showed that compleve destruction
of bacteria in raw milk can be.produced by hydrogen peroxide treatments . .
This has a practical spplication in the cheese industry because the milk .

intended for choese making can also be treated in a. similar manner. ' This

msthod of treatnent wlth liydrogen peroxide has already. been ‘recommented
1n eheese ndustry by various workers (63, 98; 104). Thersfore kydrogen
‘peroxide treatment has been regarded as anothor spproach to bether
quality and cantrol in dairy products. In addition %o the destruction of

bacteria,: the ﬁﬁeatmaltv of fers an aveme. to control partially selection -
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of types of organisms for s‘pecif‘ic.uses. - Tt glves another type of . control _
of ‘body and ‘texture. in. cheese. :Good quality Swiss: and Domiatl cheeses
have been successfully. namafactured from hydrogen peroxide treated milk.
Thevpéro:’{ide-‘-cgtalase method of “treating milk for cheese is easily applied
and has good possibilities of improving cheese equality., Bub this
treatment will xot. cure everything, . Milk coptaining large mnber ‘of.
undesirable Agrganisms will definitelyxprpdu{:e cheese of ini‘er:ior.vq;zality.
Therefore a:l.gng w’:'ithz this treatment ‘éll efforts shonld be made to produse
clem, good quality mle, .

- Tn the United States, permission from regulatory officials is
requirgc;'lfcr t’}zgaz marmfacture pﬁ chgese,_ f;‘mm”mrdmgen“ ‘perq:;id‘e treated milk,
When more and more evidences are collected in the harmlessmess and
efi?‘ec{sivegxesg of the: m'drqgmh,peroxidg; treatment it may be approved by
the P@blic Eeali;h_ Service, Food and Drug Administration and other health

protection agéncles, .and find a place in the dairy industry.



- CHAPTER. ¥
 SUMMARY AND CONCLUSIONS

| The influence of 0.09, 0.15, and 0.30 per cent by weight of
hydrogen ’peroxide on’ thé toﬁal bacterial content of raw milk exposed %o
37° €. for 4’.1, k8, 72, and 96 hours was ‘determined. The initial bacterial
caum: ot” the raw millc ‘before the addition of" hydrogen peroxide varied
from 28, 300 to 65,-00(_)‘ per milliliter, There wag a to’oal_ destm;:t‘ion of
ﬁacteria-- in 1 milliliter quantities in the milk containing 0.30 per cent
hydrogen peroxide. The growth of the bacteria was greatly retarded in
milk containing 0.15 -and D.Oé? per cent hydr:_i'gen,Pez"oxideﬁ.- Bacteriologidai
gnalyges.we_re.’inade to. determine the effect of hydrogen peroxide’ on pure
euiture of- representative species of crggpisms- of comon dairy importance.
Goncentrations of 0.03, 0.05, .and 0.05 per cent hydrogen peroxide in
| sterile mllc were used for this study. The coliform erganisms, Escherichia

coli and Aerobacter aerogenes. were conpletely destroyed in 1 milliliter

casples by 0.03 per cent ydrogen peroxide within 21 hours at 370 C, The

orgenisns ‘of‘:‘tpe‘ genus Stieptococens ‘___se”_e?med to be more. resisbant than
eol:ifoms for rperoxide treatment, thereby _showing-thafp'the acidfproducing‘,-.
Cram=positive, aercbic bacteria required a higher concentration of OfDS
per-cent of hydrogen peroxide for complete destruction in 1 milliliter

samples-at- 379 C, The suscepbibility of -Lactobaeillus'group of organisms

(onzerobic and .microaerophﬂiq in natm:e) to hydrogen peroxide treatment
seemed to be great as in the case of coliforms. There was complete
destruct’ipn' within ol hours in 1 mi&lili@;er samples with 0.03 per cent
hydrogen peroxide at 370 C,. Bacillus polymyxa and Bacillus megaterium




6l
were completeiy desﬁ;*oyed in 2L hours at 37° C. by 0.03 and 0.05 per cend

peroxide respectively in 1 mj.‘lliliter samples. Bacillus subtiliS‘ required

0.0% per @eh’c‘peroaidgz for complete destruction in 1 milliliter gample.

The easy spz:jr-e" Torming ability of: Ear:i'llu's subtilis mighﬁ -1_1av‘e' been ‘ghe s
reason i'v‘ori the resisjbéhcg; to perp_:{idg_'jb?ea"omém. “0;.03‘, 0.05, and 0.09.

per' cent concentrations of hydrogen peroxide in sterile milk brooght

about complete destruction of organisms: in pure culture depending upon

‘the type of the organism, At trhei same time 0.30 per cent hydrogen peroxide
was the most effective cénﬁenti'ationl_ for the 6031@16";8 destruction of
bacteria in raw milk, This difference in the effective concentrabions -
required in elther' case was explained on the basis of the fact that the .
influence of hydrogeit pefoxide was based more on the type and proporticn
af:tha various brgani‘sms:@;l the vcat.aj.asz;: contont of' the mil;:,'and the

differences in the nilk used namely. raw milk and. heat sterilized milk.
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