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INTRODTJCTIGK 

3ji many cou3^trie0 uith hoti or liropicaX climates there are numeroue 

difficulties in handling of fresh milk, because milk riaaains sweet for a 

vexy short period at high ten^eratures. tery often, the milk has to be 

transported over long distances to reach the consumer. Therefore, great 

efforts have been made in different countries to develop their daixy 

industxy and different methods have been tried to prolong the keeping 

quality. The most inportsnt of the methods tried are (i)cooling of 

milk on the farm and during transport W artificial means, (ii) pasteuri-

aation, and (iii) preservation or chemical treatment. 

Even though the first is the Ideal method, at present, it is very 

costly in mai^ hot countries. The second method is practicable if milk 

depots exist. ThCT^efore, preservation or chemical treatmoat has been 

tried in countries like Italy, France, India, South America, and South 

West Africa, 

M the selection of a suitable preservative for milk, the following 

should be considered. 

1) Xi must not react with ary of the milk Constituents. 

2) It mast be easily destructible before the milk is consumed. 

3) The substances formed after destruction must be colorless, 

odorless, tasteless, and nonpoisonous. 

At present, lydrogen peroxide is the most preferable one of all the 

preservatives. %drogen peroxide is looked upon as one of the •"classicai 

preservatives.»» This has Caused considerable antipathy also against the 
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pel'd^de-cataXase treatiaent of mtllc, although this does not mean the 

addition of presepvativee, heoause the added hydrogen peroside is entirely 

deeoBiposed and reraou'ed hy oatalase action. It may therefore be coaeidered 

more as a treatm^t rather than preservation, ^drogen peroxide is 

considered to be one of tl^ ideal preserratives because it can be destroyed 

easily,sickly, and completely through the addition of catalase, thS 

ensyme which breaks down hydrogen peroxide. The break do^m productsj water 

and o3iygen, are not detectable and there is no residual poisonous effect 

after the i^drogen peroxide is destroyed. 

hydrogen peroxide has been found to be of interest in the dairy 

industry for the treatment of milk for two purposes: first as a short 

time treatment in the place of pasteuriaation, to reduce the total bae» 

terial count, and secondly as a preservative to maintain and prolong the 

keeping qpality of milk. In,the first method hydrogen peroxide is 

present in the milk,for about an hour whereas in tl® second method it 

remains for several hours or days. In the major part of all receiving 

depots in the world the milk arrives with a bacterial conbent that varies 

between a few iiundred thousand and several millions. The peroxlde-

catalase treatment prevents the growth of bacteria and it increases the 

keepii^ «pality of the milk. To prevent growth of bacteria after Miking 

the addition of a few miHiliter of electrolytically pure hydrogen 

peroxide per liter wHl be sufficient. 

The purpose ©f this investigation was to find out the influ©aoe of 

hydrogen peroxide on total bacterial count in raw MUc and on pure 

cultures of organisms so that the same can be applied for the preservaticsi 

of raw miUc for a period of four 



CHAPTER.,II 

REinffilf OP LlTERATtJRS 

History of %drogen Perd:d.de Preaervatlon 

The early experments of preserving milk tfith hydrogen peroxide 

were made ly Heidenhaiii (5^), by adding 10 per cent and Jablln and 

Gonnett (14^) by using 8 per cent while Chick (IP) made use of 0.1 to 

0,2 per cent, Renard (8?) added O.OP per cent, and Duelaux and HicoHe 

(Sb) used 0,06 per cent, Budde (l8) combined hydrogen peroxide and low 

heat treatment (O.05 per cent hydrogen peroxide for 8^10 hours at 52° G, 

or 0,035 per cent hydrogen pero3i.de for 30 aiinutes at i}8-50^ C. and 2-3 
hours at 52° C,); Curran, Evan8,andtoiton (22) studied the sporicidial 
aotion of hydrogen peroxide and the use of crystalline eatalase to 

dissipate the residual peroxide. It was difficult for a number of years 
to obtain hydrogen peroxide free of the heavier metals and sulfuric acid, 

^^^.;^?^®?''®^®Gtro3ytic production ,of hy peroxide gaire a product of 
high purity. This method was used during the World War JI period 

especially in Italy, 

Since different unats are used for the description of the peroxide 

concentration. Table I will be useful for easy calculation and comparison 

(53). 

ChoaiStry of Hydrogen Peroxide Preservation 

It has long been known that hydrogen peroxide is a strong 

oxidiali^, bleaching and germicidaily active agent. It deeonposes to 

yield water and oxygen. The oxidizing effect of hydrogen peroxide is 

https://pero3i.de
https://Perd:d.de
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i?educed in weak or dilute solutions, Qf all- the available preseryatifea 

used in the dairy industry, lydrogen peroxide, in concentrations used 

for presenration, appears to have trery little influence on the constitu-' 

eats of milk, especially proteins (5h,8^). Highly concentrated hydrogen 

peroxide should be diluted with wati^ before being added to iidlk (53), 

fhe influence of lydrogen peroxide on milk is intensified by an increase 

of the temperature and by prolonging the period of treatment. 

The main disadvantage of raakisg use of iydrogen pea?oxide in 

tropical countries is its instability and contaminations. The presence 

of 1 part of iron or 0.05 part of copper per million parts of Iydrogen 

peroxide will cause rapid decongjosition. At present very pure hydrogen 

peroxide is manufactured. The stability decreases as the pH increases. 

The decomposition is rapid at pH 10,0. %adding email amounts of organic 

or inorganic stabilisers the stability of hydrogen peroxide can be 

conserved (53), 

For the use in dairy industry the hydrogen peroxide used must be 

of Mgh puriiy and edible grade. For hygienic reasons and since the 

presence of heavier metals promote oxidation of milk, the hydrogen 

peroxide must be electrolytically pure. The milk containing hydrogen 

peroxide should be allowed to come into contact with only staiaaless stOel 

or other corrosion resistant material. Gopper, iron and tin should not 

be used since they are attacked ly hydrogen peroxide chemically. The 

Strength of hydrogen peroxide is often referred as %ols'* (volumes). If 

the str^igth of hydrogen peroxide is 130 vois, this means that the 

decomposition of one liter of this peroxide will yield 130 liters of 

ojygea. 
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in the Keeping Qaality of Hllk 

The iiicreas© in the Keeping qaality of siilk obtained by treating 

Bsllk Mth l^drogen pero3d.de has been pointed oist try inargr authors as 

reviewed below* 

The peroxide concentrations to be added depend on the climate# the 

r^lity of the raiilti and the amount of preservation required, fiudde (It) 

has described a method which consists ih the addition of 0*9 gram of 

hydrogen peroxide per liter and heatirig rapidly to 55® G. or hydrogen 

pero3d.de be added to milk previously heated to about 50® €.# so that 

it win contain about 0.35 gram of hydrogen perpjcide per liter. This 

method is known as the «Budde»s Method" of sterilization of miiic and is 

based On the action of nascent osygen on the microorganifims in miiic at a 

terraperature above ItO® G. Bandini(B) has stated that the addition of 

hydrogen peroxide pi the propoition of lilOO to 3slOO preserved milk for 

156 days, dablin and Gonnett (hk) have found that# 1 milliliter of 8 per 

cent hydrogen peroxide preserved 1 liter of milk for 2 days, 2 milliliter 

for li. d^s and 3 Edlliliter for 6 d^S. Vintika (110) has recommended 

0.3 per cent of a 3per cent solution of hydrogen peroxide.,0.075 per 

cent of iiO per cent l^rogen peroxide has been found effective by 
Mambadripad# haxmiaarayana and lya (75). Ii;en (81)found 0.1 to Ow2 

per cent of a UO per cent solution of hydrogen per©3dtde was effective 

and Satta (101) has recommetided 0.2 to 0,3 per cent of a hO per cent 

hy<^ogen perosdld© solution. Because of the cemplete destruction of the 

hydrogen peroxide# addition of catalase is not necessary. Pasteurized 

miiK, in which most of the catalase is destroyed by heat# Can be 

preserved with less hydrogen perosdde than is required for raw milk. 

https://pero3d.de
https://pero3d.de
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Rosati (92,93) has stated thst the treatment of ni±2Ic for food 

purposes by adding 0,2 to 0,3 per cent of bydrogen peroxide (130 voinaies) 

is nssful in extending the period Of freshness but cannot replace 

pasteurization. 

Mlk preseanred with hydrogen peroxide Kaist be pasteurized before 

using it for hnmaa coiKtoption unless the peroxide concentration or the 

temperature of treatment is increased, Qiblitti (31) agrees with the 

second method described by Rosati, and Kai^al-(71)have stated t^^^ 

has found practical application in Italy. Prom 0,23 to 0.6 per cent 

tydrogen peroxide (130 vplumes) is added to raw idlk at a small coHeeting 

center. After 8 hours contact the esjqss peroxide is eliminated by the 

ad<^tion of catalase, «md the itllli is bottled. Kemec (77) has found that 

the hydrogen peroi^de-treated samples have a better keeping quality than 

pasteurised iadlk e^eciaHy at 13^ Q, Preservation with peroxide 

coiie^trations higher than 1 per cent has also foe®i employed by maiy 

woikers. Romani (8?) found that miHt Can be kept at 3° 0, (lil® P.)ly 

the addition of 1^ 2 or 3 per cent hydrogeii peroxide (130 volumes) for 

^to 33 days>. 32 to kO days and up to 100-110 days respectively. 

(h) has stated that the additidn of 2 to 2,3 per cent hydrogen peroxide 

is not a Satisfactory method for ace^tancec 

Romani (88) made comparison of the keeping quality of hydrogen 

peroxide treated milk in tightly stoppered bottles "^jith that of ean^les 

in loose^ stoppered onesy^.to^ has sbusTO that pressures up to 2,3i h, and 

6 atmospheres were developed in the presence of Oil, 0,2, and 0,3 per 

Cent hydrogen pero3dde (130 volumes)fespeCtiveiy at 28® G, the keepii^ 

quality under-pressure of -osygen was better,. An acidity'.of 0,21 per.cent 



was nomally reached In the presence of 0,3 per cent hgrdrogs^ pef02dd© 

(130 voliaaes) in 1 day at 3t^ 0, and in if or ̂ days at 10*^ G., |n the 

tightly st«^pered hottles these tiae periods war© S dsys and 30 to hO 

days respectitreiy, Roushdy ($9) in his investigations has found that 

the addition ©f 0,03 and 0.05 per cent l^drogen peroxide to raw milk, 

effectively reduced the bacterial popQlations. There was a relatitaiship 

between the cabalase cont<^t of milk and the efficienc^r of J^drogen 

peroxide, the higher the catalase the greater was the destruction of 

bacteria. The keqpi^ quality was influenced ly the holding tmperature. 

la lower concentration of 0.03 per cent lydarogen peroxide wh^ added to 

milk at 36® 0, effectively reduced the bacterial connt and such treated 

xallk could be kept without changes in color or flavor for 3 to T days 

(4.7 mean) at 20+ 2® C. 

Ifelnardi (58) has studied the.degree of the keeping properties of 

centrifuged milk as compared with whole milk, the efficiency of electro 

lytic fydTOgaa peroxide at 130 vola for the keying of centrifuged mUk, 

and the possibility to use centrifuged milk in the raising of calves* 

He has drawn the follotjing conclusions. 

1) centrifuged milk turns sour much more quickly than whole milk 

2) electrolytic hydrogen peroxide at 130 vols used at the ratio 

of 2 parts per thousand is a practical aiad eeonomieal mes^ 

for the storage of centrifuged milk and 

3) eeatrifuged^ milk stored with hydrogen perosdde em well 

replace fresh centrifuged jjilk in the feeding of calves. 

Roushdy (99) studied the ̂ fect of feeding treated milk on the 

growth rate of -albino rats. The absence of aiE^ significant difference 
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in the ga?owth rate of albino rats fed ̂ clusiveiy on treated milk (0*G5 

per cent l:|7drogcn peroadde) diet and those fed on the normal stock ration 

for k2 dsgrs tmS observed* 

Peroxide Treatment and Pastenrigation 

The treatment of millc by iydrog*^ peroxid© has been reviewed by 

Mhiat (S9»60) and Resell (95)• Rydrogea p^oxide treatment as a method 

Of retaining the properties of raw milk when making high quality Swiss 

cheese is recommended by iforrlSi liarsetii^ and dohnsoh (68,69). Hydrogen 

peroxide has been used in processi% flBfid canning x^hol© sweefe milk (115). 

Lewis ih9) has used hydrogen peroxid© in treating milk for hJaaan 

conaamption. 

Uq the manufacture of chees® edible grade hydrogen peroxide is added 

to the milk and, after the necessary period to kill the adcroorganisras 

present, the rest of the hydrogen peroxid© is reiooved by the addition of 

catalase. Mlk is treated with 0.2 per cent hydrogen peroxide (35 per 

cent)for §0-h0 mdnates at 1^® - 130® f,(60). 4t this temperature the 

peroxide is not allowed to rmaln in the milk f» more than one hour. If 

this treatment is continued for more than one hour the casein becomes 

gummy. The i^Llk is then cooled to 100® F. and catalase at the rate of 

0*5 gram per S,GOO pounds of milk is added (68). 

The cheese made from milk which has been Sub|eeted to the above 

treatment was found to be superior in flavor, body and texture when 

coa^ared with cheese from raw and pasteurized milk (68). Roundy (97) 

has shown that Swiss chees© and Cheddar cheese of excellent quality and 

uniformity em be produced from Mlk treated with 0«o2l*p.0^ per ceijt 
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peroxide and catalase. Treatmeiit. of Kilk,at approsdniatelsr 

F* for about seconds itdLth 0.02 per cent peroxide destroys nearly aJl , 

the coliform organisins and leaves intact more of the natural ©nsyiaes and 

beneficial organisms than accepted pasteurisation procedures. Consequently 

cheeeei raade from milk properly treated tfith Q: mall amoiuat of hydrogen 

peroxide,and oatalase'ripens,faster and usnaliy Ms- a finer flavor and 

bo^.than pastearized-mill< cheese. 

" A siinilar perosdde treatment is being reccmaiended for the manu 

facture of sterilised miHE. The mills is treated idLth 0.1 to O.S per cent 

of a 35 per cMt hydrogen peroxide solution at 120® F. for 30 minutes 

(115). After the renoval of hydrogM peroxide with eataiase (O.i-0.5 

graa per 1,000 pounds of milk), the millc is homogMiaed, canned, and 

sterilized at a tOBperature above 212® F. The sterilised milk prepared 

in this wey does not possess the cooked and scorched flavor common to 

heat sterilized milk. Wingep (lid) has also reccmBtiended pasteurization 

before peroxide treatment hy the addition of only 0.015 per cent of 35 

per cent hydrogen peroxide at lk2®-llilt® F.for 30 to 35 miMtes and no 

addition of catalase. 

Patterson and Mliiams (80) Mve developM a new method of 

canning whole aiilk. It is done ty adding a fraction of 1 per cent 

weight of edibie hydwgen peroxide to the miilt at below pasteurization 

t^peratures, alloTfing it to remain in the milk for 30 minates before 

removal by an en^e naturally present in milk, homogenizing, cooling and 

canning the ailk, and placing it in a sterilizer for 30 minutes at a 

temperature above boiling. The resulting milk is said to be absolutely 

sterile. 
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lewis (ii9) reeonrmends the low heat-hc^rogen pefoxide-catalase. 

process for the treatment of fresh milk in tropical countries. The 

effect of this method on K^eobacterium tuherculosis has not been investi 

gated* Nai and Giolitti (72) state that at room ten^jerature the period 

of treatanent jaanst be prolonged and higher hydrogen peroxide concentrations 

(12sljG00) mast be asedj in order to obtain the same destruction as with 

pasteurization. 

Preservation of tflbtgy and Greara by Hydrogen peroxide 

The ^despread and sanctioned use of hydrogen peroxide as a mnk 

preseryative in some countries (9h) has led into investigations as to the 

applicability of hydrogen peroxide as a presesvative for liqjaid tjhey. 

Plottner (8li) has made some studies In this area and concluded that the 

addition of 0.005 p©r cent !^drogen peroxide by weight produces a 

disagreeable taste and even the addition of 0.015 per cent and 0.03 per 

cent i^drogen peroxide by weight to raif sweet, whey was not quite a 

successfiil one. The additicn of 0.00^ per cent by^ogen peroxide to raw 

wh^ only limits the extent of sour^. Plottner (8b)found that after 
the precipitation of the proteins by heating at 98° C. for 10 minutes or 

after the addition of small quantities of yeast, the taste of the 

l^drogen peroxide disappears, fa ecntrast to the above results Tumus 

(117) reported that the addition of 0.1 per cent lydrogen peroxide has 

no preservative value for whey. 

4^asewlcs and Forges (145) have stated that concentrations of 0.02 

per cent hydrogen peroxide in cheese wh«^ exerted a preservative effect 

for as long as 10 days. According to the data, i^drogen peroxide addition 
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shortly after the separation of the whey from c\ird is recommended, 0,02 

per cent poroxide addition to contaminated wheys of 28,000,000 micro 

organisms per millillter resulted in a 97 per dent baoterial kill within 

one hour. 

The preservation of cream by hydrogen peroxide has been patented 

by Reichertj McAllister^ and Hinegardner (86);, jji this the addition of 

hydrogen peroxide in araounts ranging from 0,01 to 0,09 per eent by weight 

and heating at a terf^erature of 61° to 63° C, for l5 to 30 mimtes is 

recommended. Hobbg and Smith (h2) have stated that 0.005 to 0,020 per 

cent lydrogen peroxide should be added for the control of infections in 

synthetic cream. 

Influence of Hydrogen Peroxide on Mlk Constituents 

Taste,-: Unless too high a concentration of hydrogen peroxide is 

empl<yed, the..^luence 0^ hydrogen peroxide en the flavor of milk is 

transitory. The milk has an ob;jectionable taste only if the presence 

of iydrogen peroxide is detectable by chemical tests. But if the 

hydrogen peroxide is destroyed by catalase the breakdotm products of 

hydrogen peroxide are not detectable, Viotkevitch, Davidov, and 

fiotkevich (lH) and Satta et^(102) have described the flavor of 

treated milk as "^metallic,'* tJhen hydrogen peroxide treated milk was heat 

processed after treatment, no tmdesirable flavor could be detected even 

after lor^ period of storage. Tpaien high concentrations of hydrogen 

peroxide (more than 500 parts per million) are used in the case of milk 

hiaving excessive bacterial counts, off flavor may develop, Hambudripad, 

liaxainarayana and lya (75) have found that milk containing an appreciable 
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aTncatitfc of •undeccmiposed peroxide developed a slightly oxidiaed flavor , 

after prolonged storagei These x-rorkers have also found that the develop 

ment of off-flavors.is. Influenced hy the material of the containers| 

aluminum,cans gave rise to a slight oxidised flavor, glass containers 

xfere the best, tinned brass,, porcelain and aluminum containers coming 

next,in order of preference. A smol?S'' flavor has been caused ty the 

transport of milk preserved on the farm with 0.2 per cent ©f 130 volumes 

hjrdrogen peroxide (88). ¥einst©in and Trout (113) have stated that the 

treatment of milk i^jith hydrogen peroxid© prior to pasteurization and 

hpmogeniaation can prevent the development of a typical solar-activated 

flavor In homogenized milk san^jles, whereas high temperature heat 

treatment (176® f. for $ minutes) did not retard or prevent its develops 

ment. The development of an oxidised flavor in milk during storage at 

-17® C. has been delayed by hydrogen peroxide treatment (12). Morris 

(67) found that oxidized flavor developed in 70 per cent of the pasteur 

ised milk sauries, but did not develop in samples treated with hydrogen 

peroxide (0.2 per cent hydrogen peroxide and addition of eatalase). 

Exc^t for a slight malty f^yor the odor and flavor were satisfactory. 

The addition of hydrogen peroxide has retarded thie development of a 

"tallowy" flavor during cold storage of mills 

ITitaminsi 5y treatment with hydrogen peroxide very little damage 

is done to the vitamins in milk. Only vitamin 6 is Seriously influenced. 

Stoce Biiik is not a good source of vitamin G this is not of great 

Iji^rtaace. The loss of ascorbic acid in milk held for 20 hours at 

22®^ 26® and 32® C.^ hy the addition of 0,1 per cent hydrogen peroxide 

{130 yoiumes) was per cent, 78 per cent, 85 per cent, and 92,5 P^ 

https://off-flavors.is
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cent respectively, whereas in the control the loss was 8U per coit (102)* 

The destruction was more at higher concentrations of peroxide and 

at higher tenperatures. The effect of hydrogen peroxide treatment on 

the ascorbic acid content of milk has been studied by various workers 

{IS9 9f h7)» All the workers confirm the instability of ascorbic acid 

in milk containing peroxide* The ascorbic acid oxidation haa be©a fottad 

to vazy inversely with the quantity of hydrogen peroxide added to the 

milk (U8). When the amount of the preservative added was in excess of 

that required to oxidise ascorbic acid completely, the reaction was 

retarded appreciably, Peroxidase has been found to be responsible for 

the loss of ascorbic acid (h7) and destruction of this eni^e with higher 

concentrations of hydrogen peroxide may serve as an e^qjlanation for the 

inverse relationship between the retardation of ascorbic acid destruction 

and peroxide conceatration. 

The vitamin A content is decreased hy 22 to h2 per cent by 

tr^tment with 0.1 per cent hydrogen peroxide (130 volumes)(3h). Satta 

nt ai (102) have found that the addition of 0.3 per cent hydrogen 

peroxide (130 volumes) at or 32^ C,for 36 hours reduced the vitamin 

A content from 158 I, U, to 125 1. 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 the thiamin content was dropped 

down to 12 to 15 I. U* from 25-30 I,. U., and in the controls it >7as 15-18 

I. 0. per 100 grams. In biological assays of vitamin 0 with rats, there 

was no detectable change in the milk treated up to O.h per cent hydrogen 

peroxide (130 volumes) and held at 22® C, for 36 hours. Harabudripad, 

laKsinar^ana and lya (75) have stated that none of the B-Gon^lex 



15 

vitamins were foniid to be affected ty peroxide treatment* The control 

milfc was pasteurized at 63^ 0. for 1-2 hours and the milic used for the 

experiment was treated with 300 parts per million of hydrogen peroxid© 

and then pasteurised as in the control. The thiamin, riboflavin, 

nlcotinamid© and vitamin 'Bj.g content Of both ssm^les wero nearly 

the same. Baner^ee (9) has stated that vitajidn A is not affected but 

vitamin C is ̂ mewhat reduced. 

laetose.and butterfat^' Baner^e© (9)foinad that'the lactose was 

slightly reduced ty treatmsat with hydrogen peroxia© (I6 grains per pint 

of milk). These results have been confirmed by Arnaudi and freceani (t). 

Their results showed that the sugar content of uiifereated milk was 5.01 per 

cent, but after treatment with 0.025? 0.65, 0,1 or 0.2 pop cent hydrogen 

peroxide (130 volumes) at 30® C. for I6 hours, the figures were 5*01, 

h,95j h.95,and ii.6o per cent respectively, Boweverj Giolitti (3h)found 

no clmnge for lactose, fat, total nitrogen and pH by treating milk with 

G.l per cent peroxide, Not iraich Information is available on the influence 

of I^drogen peroxide on the butterfat. Xn milk containing 0,1 per 

lydrogen peroxide there was no change in the butterfat (3h). Harabudripad, 

I.a;:sninarayana ̂ d lya 05)have found that butter made from Mlk preserved 

with 300 parts per mlllicaa of lydrogen peroxide did not differ raach in 

quality from that made from fresh milk. No considerable differences 

were.found in the yield, org^oleptical properties and physico-chemical , 

eoratants of butter made from milk cmtainlng 0.5 p^ cent ifydrogen 

peroxide (130; volimres) (76). 
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Pr6teiyi8 and amino-aeids* Even though l:^ii8ogen peroxide in higher 

coiicentratlojis oxidizes proteins, dilute solutions do not show this effect. 

Eondoni and Bassi (90) studied the inflUenc© of dilute hydrogen peroxide 

splntionS|, in concentration of 0.3 per cent of hO per cent peroxide, on 

partly autolysed protein solutiohs like liver extract and serum. An aggre-* 

gation df protein.molecules, and ̂ inprea'se of the triehloracetic acid 

preoipitable nitrogen resulted by the addition of bydrog^ peroxide. Onjy 

pepsiaj chymotrypslny hovine fibrlnogen, casein, inaein, and soya bean 

proteins were oxidized by bydrog^ peroxide in the presence of the enzyme 

peroxidase ,(.iOS). The amino acid methionine is very sensitive to hydrogen 

peroxide (61). Tyrosine and tiyptophan can easily be oxidized. Addition 

Of 0^03 per cent hydrogen peroxide by weight or ©♦OS per cent hydrogen 

peroxide with § x 10"^ per cent copper had no effect on the sulflydjyl 
groups in skim milk after 20 hours at room temperature (118). The 

addition of even-0.2^ per dent lydrogen peioxide (hO per cent) for one 

day at 30® G, or 20 minutes at 53® G« did net noticeably reduce the 
suifjydryl ojntent (31i). Previtera (85) studied the am^o acid behavior 

in milk treated with pure electrolytic $9 per cent hydrogen peroxide and 

found that the addition of 0.3 per cent hydrogen peroxide (39 per cent) 

to millc does not affect th© amino acid content. Tepley, Berse and Price 

(108) have stated that ne marked changes in the esxt^josition or nutritive 

value of miUc treated with 0.1| 0,2 ®ad 0.5 per cent hydrogen peroxide, 

or. of theVihey or cheese obtained from'that millc. Giolitti (3lj)'found 

that lydrog^ peroxide treatment (O.l per cent 130 volumes) had increased 

the albumin content from 0.0h2 to 0.661 (in nitrogen percentage) ^d 
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decreased the casein content from 0.367 to 0.31? (in nitrogen percentage). 

In the presence of pero3^dase or metallic ions like copper and iron the 

osiiditing effect is catalytiealiy accelerated, l^drogen peroxide^ lolth 

peroxidase ohtained from haemoglobin^ was able to deamiiiate the araino 

acid glycinej aianine, lencinei glutamic acid, and aspartic acid (107). 

Sizei* (103,106) has found that only tyrosine, tryptophan, lysine and 

possibly cystine were oxidized in a peroxidase-hydrogen peroxide system 

at 37® 0. and pH 7.3. Generally peroxide has a softening action on 

casein, fhe addition of 0,2 per cent and more of hydrogen peroxide 

decreases the fiztaness of the curd.. It has been obsenred that at the 

beginning, after.the addition of sodium isypochlorite solutif^ the carbon 

dioxide of peroxide treated casein (O.O? per cent hydrogen peroxide) is 

more.intensified than in untreated saij^les (103). No difference in 

casein of treated and untf-eated samples was noticed by luck and Joubert 

(5h) with electrophpresis experiments. Particle eise studies were made 

by means of an ultra centrifuge and electron mloroscope by Luck and 

doubert (5!?). The experiments have shown that ̂ ter 5-6 d^s preservation 

with 0.25 or 1 per cent hydrogen peroxid© (39 per cent) at h® 0,, a part 

of the casein has dissociated. The sedhnentation constant of the fast 

sedimenting oomponent was reduced frcsa 6.2 x lO*"^ in untreated ndlk to 

3.8 X 10"^^ in treated samples. The slowly sedimentii^ component (1.3 
was not changed. This effect seems to explain the longer period 

of time required for the coagulation hy rennet observed in milk as wen 

as in pure sodium caseinate solution, Jba examination under the electron 

microscope revealed that the size of the casein particles in milk was not 

changed significantly compared with that of untreated sanples. The 
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alcohdl;concentration for the coagulation of treated miHc was a little 

lower than for the same milk when untreated. Xiuck and Joubert (55) have 

concluded that the effect of hydrogen pepox5.de on casein is nQt serious 

since untreated milk kept at li® C. for 31. days undergoes some alteration. 

Luck and Joubept (5)^) Studied the effect of hydrogen peroxide on the 

mlfhydryl groups of whey proteins. The addition of 0.25 per cent iydix)*» 

gen peroxide and storage of the milk 2 d^s at 30^ G. or 35 minutes at 

55^ C, did not reduce the content of sulflydryl gixtups of the corresponding 

whey proteins significantly. The use of higher concentrations of hydro*' 

gen peroxide (0.5--1.0 per cent) affected significant reductions Within 

tei^eratures of 55*^ arid 65® C. Electpophoretie studies made by the same 

authors (5^? 56) show an. influence, of hydrogen peroxide on the Miisiy 

proteins of treated iailk,, Spreading of the boundaay is noticed and this 

is accoir^anicd by a decrease in the electrophoretic mobility. Addition 

of 1 per cent hydrogen peroxide ()40 per cait) for 6 days at b® G. splits 

the betalactoglobulin into two cor#onents with considerably lower 

mobilities. A large number of minor ccaxponents are observed* . 

. .'En^roeb. • • The eiKymes of the riiHc are not Influenced to any great 

extent by the addition.;of hydrogen,peroxide. The phosphatase test used 

for heated,milk is applicable to milk preservedvWith hydrogen peroxide. 

The ensymes aitylase, lipasej tryptasej. and phosphatase were not affected 

by the addition of 0.2 tp 0.3 per cent hydrogen peroxide( 3^ per cent),, 

both at.freesing tenfierature and at .2(5 •* 30® G,, but peroxldase, 

catalasei and reductase were nearh^ destrcyed (20). If milit containing 

0iG6-0.l5 per Cent iydrogen peroxide is kept for a period of 10;days to 

3 weeks at roeaTi tenq)erature during the suRmer timej the activity of the 

https://0iG6-0.l5
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phoephatase ia serioasiy inhibited (100). luck and ̂ oubert (5$) 

have found that the delay of milk coagulation ty rennet is eansed ty the 

iaflu^Ge of lydrogen peroxide on the casein and not on the rennet enayme. 

Banerjee (9) fotand that 2 per cent of a 10 volumes hydrogen j^roxid© 

solution is required to destrcy all peroxidase in loilk; and Stoaller doses 

"of^ peroxide' alloi? some peroxidase to pes^ist. Catalase .and peroxidase 

are destrcyed by hydrogen peroxide. If peroxidase persists^^ the danger 

of oxidation of proteins and amino acids would be much greater. If 

caialase persists, the hydrogen peroxide T^iill be deecsdposed after a trery 

short period of treatment ®ftd the preserving effect will be reduced. 

Holland (62) made intensive sttidies on the kinetics of the decomposition 

of hydrogen peroxide ty bacteria and the inaetivation of the catalas© and 

found that the quantity of catalase inactivated was proportional to the 

quantity of hydrogen perordde decos^osed. Morgulis, Beber^ and Rabkin 

(66)found that the inaetivation of catalase by hydrog^ peroxide is 

iiit^sified by increasing tenperature. Bersin aad logemann (13) havSi 

stated that papain is inactivated with M/500 hydrogen peroxide in 5 

lidsmtes at li.0^ 6, The effect of hydrogen peroxide on urease was not 

gi^ter than uncatalysed aeration (hO). The following amounts of ©nspi© 

inactiyation hy hydrogen peroxide are given by Barron, Seki and Johnson 

(ld)t tirease 0 per cent} yeast hexoklnase 0 per cent} papain hO per 

cent} yeast alcoholic deiydrogenase S3 per cent. 

Tests an.^drogen Peroxide 

m the manufacture of dairy products like cheese from milk treated 

with hydrogen peroxide, the main problem is to make sure that no trace of 
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l^jrdrogen peic^xide is ieit lii the ia33l£. Thei?e..are several tests being 

iipeccesaeiided for the detection of reBidual peroxide. Adeia (1)has 

©ttdeavored to - detenaine whether-milJt free froia- J^drogeh'perosdLde was' 

previously treated ̂ dth this substanc©> Storch*s reagent consisting 

parapheijylene diamin© and Schardinger's reagent consisting of methylene 

blue and aldelyde were tested for this purpose, ftew fresh laili? not 

previously treated with hydrogen peroxide is colored red by the addition 

of gualae and hydrogen peroxide, and blue by parapherylene diamine. fhe 

meti^lene blue is decoloriaed by the presence of an aldehyde. The same 

milfe, when /^oiledj, no longer gives the first two leaetions, but still 

deooloriaes Schardis^er*S reagent. Ito milk containing iydrogen peroxid© 

gives the color reaction ̂ ^rith guaiac alone or with paraphenylene diamine 

alone and does not change the color pf Schardinger's reagmb. Raw milk 

previously treated i4th iydrog^ peroxide but no longer contaiiiing this 

substance gives, upon again adding iydrogen peroxide, the same reaeiions 

as pure miiR with guaiac and paraphecylene diasdne, but unless putrified, 

does not decolorize methylene blue. Roiled milk shows none of the 

preeet^ng reactions. The amount of undecon^osed hydrogen peroxide in the 

milk was determined in the foUowiag manner by Barthei (11). O.R milli** 

liter of dilute sulfuric acid (1:3)"t^as added to^miililiter of milic 

to coagulate the proteinj and to ̂ miililiter of the clear filtrate 10 

miililiter of a 10 per cenfc solution of potassium iodide and 0 miililiter 

sulfuric acid "(1:3)'vem added. TSse free iodine,was then,titrated 

bac^c with a tmth normal thiosulfate solution, after having been left 

Standirg in a dark place for U hours and frequently shaken. It mB found 

that an excess of cffily '0,05,gram of'l^drogen peroxide per'llt^ ©f milk 
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is plain3y Noticeable by taste. SEawart (1»3) found that the estitnation of 

hydrogen peroxide in milk by the liberation and determination of iodine 

gave satisfactory resttlts. Ovenston aijd Bees (78) and Batrick and Wagner 

(79) hare used the following procettjre for the ̂ aantitative determination 

of hydrogen peroxide in milk. 20 milliliter of the milk is mixed with 

triehioroaeetie acid (h milliliter'of a ibO per;cent solution) to coagulat© 

the proteins. Efhe solution is filtered and a fetr drops of sulfiyic acid 

md potassium iodide are added to 10 milliliter of the filtrate. The free 

iodine Is either titrated with spdiom thiosulfate or determined 

^^trophotometrically• For qualitative analysis the precipitation of 

protein is not necessary. The color of the milk after the addition of 

seme drops of sulfurlo acid and some eiystals of potassium iodide is 

CCBi^ared with an untreated sample. If the treated san^le beotmies yellow^ 

the hydrogen peroxide is not completely destroyed. With quantitative 

metlK>d 3 milligram of hyti^gen peroxide can be detected. P±e% Desirant 

and lafontaine (83) have stated that hypochlorites, giving the same 

Color^ are bound by the Coagulated casein and are separated by filtration 

together with the casein. Plena Besirant and lafontaine 02.) hay© found 

that the presence of formaldehyde and dichromate int^ere, Houquette 

(^6) has stated that in milk ccntaining dichromate, Igndrogen peroxide 

can be determined by the blue color after shalsing with ether and sulfuric 

acid. (2 miliiliter of milk + 2 milliliter of ether ♦ 3 drops of sulfuric 

acid). This test can be made only up to 2 hours after the dichromate has 

been added, because hydrogen peroxide reaets with dichr<miate at the pH of 

the milk. Andreae (3) has developed a sensitive method for the estimation 

of hydrogen peroxide ist biological materials. 31a this test, hydrogen 
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pes?©3d.de is traceable through the reaetiqa of skopoletia (6 xaetiiQrl - 7 

0^ - 2 bena© i^73?one) •eith ligrdrogen peroxide in the presence of 

peroxidase gi^Sng a decrease of the skopoletin fInQrescenc©;*. !rhifi. method 

is wch more sensitive than smy of tim tests, since approxiraately 1©"3,Q 

pes> c^t hgrdrog^ peroxide can be detected. But the presence of ascorbic 

acidj gintathibaej and manganese ions interfere. Fregrtag has 

modified the decolorisation test of lead si^ide Igr bgrdrogen peroxide : 

(fluorescence picture of the spotted lead sulfide test paper in ultra* 

violet light)., ISishaj, Higashino^ and Doi (fo) made micro determination 

of ligrdrogen peroxide ferrous ferron reagent. The oxidation of to 

hy hydrogen peroxide takes place in this test and the Fe*^'^ forms 

a dark gre^ c«s»iplex. 

Conditions of ̂ iaximum Preservisig Effect with Hydrogen Peroxide 

Milk contains catalase^ noraally present in milk and additionally 

froa cell and bacteria. This en^aae decomposes iydrogen peroxide. Because 

of the presence of this ensjaae in milk, one normally thinks that after a 

Certain period of time all hydrogen peroxide will be destrcyed ly catalase 

and there Will not be aiy preservii® effect. Bat at the same time catalase 

is inactivated ly hydarogen peroxide in the same way as lydrogen peroxide 

is decomposed by catalase. %• this process some Jydrogen peroxide is 

used up for the destruction of catalase. The remaining, undestrcyed 

hydrogen peroxide, exerts the real preseryative effect for a c^ain 

period. Both the Speed of destruction of tydrogen peroxide by catalase 

and the destruction of catalase itself are increased at higher tes^eratures. 

Buck (5i)found that the quantities of lydrogoi peroxide (39 per cent) 
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decosgjosed, by miBt which was highly contaminated "^th coliform bacteria^ 

aftejr a period of Sh hours at h°f 13®> 2bo, and 30® C. were O.Jbli# 0.31# 

0.2© and G.11 per Cent respectively. According to these results it was 

found that the addition of 0.23 per cent Jydrogeh peroxide (39 per cent) 

would be able t© preserve this milfc at a teirperature of 20® and 30® C. but 

not at 13*^ G. If surplus hydrogen peroxide has to be destroyed the 

catalase should be added wh^ the milk is cold. At lower teu^eratures, 

more of catalase and longer tame are required to decompose the same 

cuantity of peroxide than at higher temperatures^ l^he quantity of hydrogen 

peroxide destroyed at a constant ten^erattire win be proporbional to the 

amount of catalase present in milk. If maxlmuni preservative effect is 

deairedj the hydrogen peroxide has to be added after milking when the 

bacbe3?ial count is low and the milk is about 37® G. Again, the germicidal 

action of hydrogen peroxide is more at higher temperatures. %drogen 

• pex^aide has a better preserving effect on pasteuriaed milk than on raw 

mil^ because the eatalase in pasteurized milk is destroyed by heat. 

Ferrara md Sale^o (26) haye found that «Abio%« (methyl p - oxybensoate) 

0.1 pgr cent together with hydrogen peroxide (130 volumes) 0.2 per cent 

was very satisfaetoiy, as milk was preserved for a Week at l3- 20® G. 

hairy Products hlade from -Milk Presezved with Hydrogen ̂ Peroxide. 

Cheese? Cheese made from rniik treated z^ith hydrogen peroxide (0.2 

per cent of a 33 per cent solution for 30-h0 minutes at 120-lltO® P.) has 

been found to be superior in quality to;that made from raw or pasteurized 

milfc (98). Cheese made from, milk preserved with hydrog®i peroxide (0.2 

per cent of a lip per cent solution) for a longer period of 8-2ii hours iS 
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mostly of infeifier qaOlity, having a soft bo<^ and a pasty toxttire 

00* Ths ocourence of tinsatisfactory dry cheese from milk preserved idth 

i^drogen peroxide is due to two factorss (i) an inhibiting after offeofc 

oh the laetio acid bacteria (6) and (2)the iafliiance of i:y^drogen peroxide 

on the casein (00), To overcome these difficulties, the use of larger 

^^tities of starter ahd cooking at a slight^ higher temperature than 

usual, are neeessaiy. Axnaudi,; Carta segna, and Passani (6) have added 

three times the usual quantity of rennet to obtain a satisfactory firmness 

in the curd. Luck and jJoubert (00) have stated that lydrogen peroxide 

prolongs the coagulation period ri^et and this is increased when a 

higher peroxide concentration and a longer preservation period are used. 

The longer the coagulation period necessary the lessfirm is the curd* 

&ca>rding to Bandini (8) rennet acted tte same in the case of millc 

preserved iffith iydrogen peroxide as upon normal milk. iMCk (02) found 

that Gouda and Cheddar cheese made from preserved milk (0*20 per cent 

bydrogen peroxide, 130 volumes for 2h-30 hours at 26-30° C.) w^e not 

eatisfactoryji in spite of the addition of denisle the i^^tity of starter 

culture and calcium chloride. The bo^ of the Gouda cheese ̂ s very 

weak]; the cheese sagged, lost shape, had an uheiean flavor, and on storage 

developed a bitter flavor. The Cheddar cheese after 8 weeks of storage, 

developed a strong off flavor and the bo«Sqr was greasy and pliable. But 

esperimeats on cheese makit^ Td.th mixtures of preserved and untreated 

fresh milk, or with milk preserved with lower cc^ertrations of bydrogen 

peroxide, gave good results. Preserved aM fresh milk tfere mixed before 

past^irisntion. The mixed mills was allowed to stand for i -1 hour, to 

enable the catalase of the fresh milk to deconpose the rema.ining hydrogen 



2^ 

perosdd©. Ho addition of other cataiase was required, the Goiida 

cheese mad© from 5© per cent preserved milk has a ̂ ight foreiga flavor, 

hut the bheddar oheese did not develop off flavors* (^ees© mad© oat 

of raw milk mised with 33 or 25 per cent of hydrogen peroxide treated: 

milk were of better qu^ity than eontrois, e^eially during the season 

when milk arrived over-acid at the factosy aad the bo# of the cheese had 

a tendency to become roughs crumbly and chalky. Amaudi (5) and freocaai 

{109) have stated that preservation of milk with 0.05 - 0*10 per cent 

bydrogen peroxide (130 volumes) does not affect the technique of cheese 

making, Bouady (97) has ̂ own that Swiss cheese and Cheddar cheese of 

exoellent <pality and uniformity can be produced from milk properly 

treated with araall quantities of 3bydrog©a peroxide and catalase. Treatment 

of milk at approximately 125® F, for about 25 seconds with 0,02 per cent 

hydrogen peroxide destroys nearly all the coliform organisms and leaves 

intact more of the natxiral ensymes and beneficial organisms -ytiaa accepted 

pasteurization procedures, Gonsequently cheese made frcm milk properly 

treated with a small amount of hycbpogea peroxide and catalase ripens 

faster and has a finer flavor and body than the cheese made from 

pasteurized milk* 

Butt^. Hot many experiments have been conducted in the making of 

butter from tydrogeii peroxide treated milk. Hambudripad, Laxminarayana, 

and lya (75) have shown that there was no appreciable diffa?ence in the 

quality of butter mad© from treated milk as compared to that of untreated 

milk. No differences in yield or flavor were observed in butter made 

from treated milk (76), Negretti (76)treated the milk with 0,5 per coat 
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b3r<33?ogm peroxide (130 volmije&) and remor^ the surplus peroxide with, 

cetalase 8 hours later.- i 

Caseia ho real differenGe could he found in the casein 

manufacturing process from hydrogen peroxide treated (0.25^ per cent 

i^rogen peroxide, 130 volumes, 2h hours at 25® 6.)or untreated milk. 

The coagulation period of treated EiHk was prolonged and the acidity of 

the wh^ before cooking should be higher. Since casein manufactured 

from treated milk has a stronger tendency to become rubbery and plastic 

at higher temperatures, esact control of acidity is in^jortant. It can 

be prevented by adding some acid to the last wash water to get a pH of 

h,6, how acid curd from treated itdik should not be left overnight in 

wash ijater without the addition of acid, since it may become so soft aiki 

milky by the next morning that it cannot be pressed and dried (52), 

Influi^ce of Hydrogen Heroxlde on Bacteria 

Beduction in total bacterial eeunt. Hydrogen peroxide has been 

r^ognized as a bactericidal agent for a long time, the hydrogen peroxide 

treatment causes a higher bacterial reduction than pasteurization by heat, 

IiUidn (57) conduoted ejqjerJmental investigations on the sterlliaation of 

mSlk with bydrogen peroxide and found that the number,of bacteria in milk 

is of iti5»ortance in sterilization X'd.th hydrogen peroxide. At room and 

incubator temperatures the quantity required increases with the bacterial 

content. At 52® C, this relation is no longer noticeable, ttkin used 

lai^e quantity of hydrogen peroxide (0.07 to 1.50 per cent corresponding 

to 2U,5 to 600 milliliter of the 3 per cent solution per liter) for the 

7 
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steriiizatipn of mill: at lower,tenpejfattiras. He concluded that 0.036 pet 

cent of 12 milliiiter of a 3 per coat solution per liter of milk is 

snffic!ient> exdept When the bacterial count is very high, then 0.05 pdr 

cent is required. Currant Brans,, and lerlton (22) have evaluated the 

ge^icidal activity of l^srdrogen pero3d.de and found that it is greatly 

facilitated "ly the use of purified, cfl^fstalline c.atalase which affords a 

rapid and effiCacloas means of dissipating residual perojdde. The 

logarithmic curve for survival of spores ejcposed to 1 per cent hydrogen- , 

peroxide (pH 6.9) Indicates the rate of killing e£ most, and possibly-

all, of the spores is described by the unimblecular law for.chemical 

reactions. Ifydrogen~ion concentration affects the apparent sporicidal 

activity of lydrogen peroxide, largely through its.influence upon per02d.de 

stability. Thus, there is greater sporicidal activity in acid media tlian 

in neutr^ media and uiaiaHy less in strongly alkaline than in neutral 

media. In liO - 70® C, (pH 6.9) range the time ret^ired for the destruction 

of ̂ 0 per cent of the spores by 1 per.cent lydrogen pero3iide decreases 

from tme-balf to one-third for each 10° rise in t^eratt^e. The time 

recpired for total destjniction of the spores through this range usually 

decreases with each 10® rise in temperature. As the ten^jerature is raised 
.1 ' ' ' 

froa 30 to hO® G, the time recpired for the destruction of ̂ 0 per cent of 

the spores decreases from <me-half to one-third. The time required for 

total destruction of the spores increases with this change in temperature. 

The time required for the destruction of spores by hydrogen per03d.de 

increases as the concentration of spores is increased, and decreases as 

the concentration of pero3d.de is increased, Morris (6?) has stated that 

ana^obic spore formers were entirely eliminated. Satta et^(102) have 
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https://pero3d.de
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detesjminedi the perceatags reduction of the bacterial count in milk treated 

with 0.20> 0.25, and 0.30 per cent of 130 rolumes hgrdrogen peroxide and 

held for 20 hoard. Th^ resulis were 99*02# 99.88s and 99.88 per cent 

respectively at <?.j 98.61js 99»t8# and 99«?8 per cent respectively 

at 20-22° G,| md 93.^7# 99.^3» and 99.98 per cent respectively at 32° G. 

Addition of 0.05 p^ Cent of the peroxide solution arrested the wultipli-

catlon of bacteria for more than 15 hours at 15 arwJ 22® G. A reduction 

of the initial count for 2lj hours was affected by 0.1 per c^t. Onset 

of mttltiplicatioo was delayed 38 hours over the control, ionacl {63) has 

found a reduction in total bacterialeounfc varyirg frcsa 7U.3 to 96.3 per 

cent with 0.2 per Oenfc hydrogen peroxide (130 volumes)for llt-2h hours 

at 20-22° G. and 28*'30® G. Similar resulta have been obtained by Korandi 

(65). Nai and Giolitti(72)recommended contact with Oi7-1.0 per cent of 

hydrogen peroxide (130 volumes)for 8-10 hours^ because addition of 0.25-

0.3. per cent is sMd not to aHow : a saffieient safety margin. In winter 

the dose could be reduced to O.h-0.6 pier cen& (36). Kambudrlpad, 

l#axminarayana, and lya (75) have stated that the rate of bacterial re 

duction by hydrogen peroxide depends on the initial bacterial count of 

the milk. A short hydrogen peroxide treatment at higher t^eratures 

(0.2 per cent of 35 per cent solution for 30 mimtes at 1^°F.) reduced 

the average bacterial count fr®n 3Gh#280 per miUlliter in raw isiiHt to 

1,090 per nill0iter in peroxide treated samples and to li,l}85 per 

miHiliter in pasteurized milk, fhe cbliform counts were li,3l9 per 
I 

miHiliter (raw milk), k per miliiliter (treated milk), and 10 per 

milliliter (pasteurised milk). The aerobic spore formers were reduced 

frcai 1,730. per milliliter (raw milk,) to^ 68 per miliiliter in treated 
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siillCjf and to 88 per railHliter in pastetirisaed milk samples i. Gldstridium 

imtyricm t^s greatly reduced In H hotsrs and disappeared in 2h hours ̂ 

(68), Thermohacteria (laetobacillus) and Streptococcus lactis are very 

sensitive to hydrogen peroxide (7),, % experiments with xanthine oxidase 

Eipr-ian and Owen (^0) arrived at the conclusion that hydrogen peroxide is 

inhibitory to certain bacteria, mostly anaerobic and facultative anaerobic 

types devoid of catalase, Monaci and Scarpaii (6h) have found that the 

lowest counts were obtahsed when peroxide tre^ed millc frcia receiving 

stations was allowed to stand for 5-12 hours in containers. The counts 

reported are^ however, conparable with those obtained from sauries of 

pasteuriaed milk in only a little more than half of the 03855103 examined, 

■^ushdy (99) made investigations into the effect of hy<h'og^ perpxide on 
milk in cwinection with its bacterial action on nicroorganiOTS normally 

present in milk when kept at different teBperatures. The mean coloiiy 

counts per milHllter of untreated milkj (&) of milk treated with 0.03 

per cent, and (B ) with 0.05 per eeiib after h hours inGubation at 30® C. 

were 2b5#38Gs 12,liii05 end 7,25U colonies and after 8 hours incubation the 

mean counts became 5,172>0G0j 7,lt6hs and lj,150 respectively. After 2h 

hours incubationj the untreated sanple had deteriorated, while the mean 
0-ount had further decreased, to 6., 150 in-A and 2^.266 ia^B:* ' la all the ■ 
samples exarainedi the bacterial count was lower in batch k than in the 

untreated milk, lower in B and In A3 the activity of hydrogen 

peroxide continued up to 2h hours incubation at |05 q, and 18® G. ,; exempt 

in milk treatei with 0.03 per cent at room temperature (SG*^ 2® G.) wh^ 

k^>t at 30® C. The time temperature conditions^ under which the treated 

mSlk was kept^ had a profound effect upon the efficiency of dydrogen 
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peroxide. The isiitial tes^jerature of the mijJc'when treated was also a 

factor. The percentage reduction in the rainiber of organisms was 

prop03?ti6nately greater when,tgrdrdgfsii peroxide was added to the still 

warm milk (1 36° C.) than in mil!c treated at a temperature of 20 + 2° C. 

Jasewicz and Porges ihS) studied the presenration of wh^"W hydrogen 

peroxide and found that 0,02 per cent tydrogen peroxide concentration 

shoifed both a bactericidal and baeteriostatlc action against 1^000 bacteria 

added per milliliter of whey^ and inhibited bacterial growth for as long 

as 10 days. Bacterial plate cotints w^e made of peroxide-preserTred wheys 

of pH k*9f ^*9$ and 6.9j, kept at 23> 37 and ̂ 0® 0* According to the data^ 

bydrogen peroxide addition is recommended shortSy after sep^ation of 

whi^ from cta?d. The bactericidal limitations of 0.02 per cent final 

concentration of hjrdrogen peroxid© on mil!c souring types of organiams 

Were investigated by lasewiGZ and Porges (b!?) Who found that within 1 

houri a 97 per cent kilL of 28 x 107 bacteria was effectedj a remarkable 

achievement cGnsidering that this number of bacteria represents a grossly 

contaminated material. Studies shoidr® 100 per cent destraction of milk 

microorganisms have heen reported by Uatrabudripad, Laxminarayana, and 

lya (7ii). 

Baflu^use on certain types .of bacteria. The bactericidal efficiency 

of lydrogen peroxid© varlea with different organistiSj vrith bacterial 

county the coiio^tration of hydrogen peroxide, the period of time,and the 

t^perature of treatment, lukin (^7)found that hay and coii baeiUl and 

streptococci added to milk in large maubers are eosyletely destroyed by 

treatment with 0.036 per cent at 32® 6. Ourran, Evans, and i»eviton (22) 
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iiave stated that miik tsfeated with hjT'^dgeh peSiJside supports the growth 

of Escheriehia eoii^ Pseudomonaa ae3;iaginosa:« Ond Alealigehes bookeri OS 

'well as 'millc treated by tot« 'lai^-et'eriiised'by''h?dyoge»-p'^^ 

retards the growth of StreptococOiis lactis, this is probably caused hy 

the high oxidation-reduetion potential of milk treated with peroxide. 

Holland (62) has investigated the oatalase prdductioh of bacteria and 

their hydrogen peroxide tolerance, fhe strains which produced catalase 

are as a rule most resistant totfards ̂ ndrogen peroxide, fhe aerobic 

strains (about cells per milliliter) we3fe able to grow in a broth 

containing 0.0125 per cent %drogen peroxide, baoteria tfhich do 

not produce catalase or produce very little of it such as the pnetimoeocci, 

^ atreptococCi,, Salmonelia typhosa. Bacillus anthracis.-. and Exwainelothrix 

rhuSiopathiae could grow in a raedirwi eontaiaing 0.0125 per cent hydrogen 

peroxide, fhe hydrogm peroxide concentrations tolerated by diffecN^ 

strains of bacteria were as followss Iroteas ̂ ecies G.Ss Bacterium coli 

0.05^.1; Staphyioeoccus aureus strain I 0.0125-0.025? strain il 0.1-0.2? 

Bntcella abortus O.U? Strepipeoceus.agjilactiae O.h?' Str^tococcus zymogenes 

0.0125? and Heisseria catarrhalis 0.0125-0.025 per cent. Efambudripad, 

Xaxminar^ana, and 3ya (73# 7U) have studied the bactericidal efficiency 

of hydrogesrii peroxide in relation to microorganisms isoalted from millc. 

fhey have found that the Qram-n^ative bacteria (colifOrms) are more 

susceptible to hydrogen peroxide than are Gram-positive oiganisms (spore-

fojemers). fhi.lactic acid bacteria,wore intermediate in susceptibility, 

fhe tlx® required for total destiu®'hion after addition of 50# 300 and 

500 parts per million ty weight of hydrogen peroxide to nutrient broth 

at 37^ G. was as foilowst Streptocecous lactis i hours# U hours# and 2 
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hbas's 30 Diiimtesi Stg^toGoccas lioaef'ac.iens 16 hoagsj, 7 hoars, and h 

hottrsf Sagcisaa species 8 hoiirs 10 minntes, $ hoars, and $ houra 30 

_ ■mlnttttesj spores of Baclllas subtilia 3^ hoars, tk hoars, and 18 hoarsi 

spores of BaciHas cereas 2U hoars, lit hoars, and 7 hoars| %oreS of 

Baclllas megatheriam not detmninable, Sit hoars, and 16 hoarsf Bacteriam 

poll 5 hoars, it3 rahmtes, aiid liS liiinatess Baoteriaro aerogenes 6 hoars, 
1 hoar, and 30 lainatesi AlealigeneB yiscosas 2 hoars, 1 hour, and iiO 

BidJi^tesj Torula species Sit hours, 7 hoars, and 3 hoursj Oidiam species 

26 hours, 8 hoars, and 3 hoars 30 ajiiaites. The sarviring cells of 

Streptococcus lactis estposed to ^00 parts per million of hydrogen peroxld©, 

plated and inot^lated with isolated colony into sterile skiia.'. 

shojTed a definite retardation in ,aeid prodaction after 3 days* ^he 

treated milk had O.liS per cent acid e35>resBed as lactic acid^ whereas the 

untreated milk had 0*71 p^ cent. The ability of o^aaisms to reduce 
methylene blue was not significantly changed, lambadripad, haxminarayana, 

and |ya (7lt) found 16 hours of e^jposare to 0.03 per cent h^di^ogen perosdde 
at was necessary for fail destruction' of BaeiHus, megatheriaitt in —' 

broth solutions. This is in contrast to the much shoidjcr time of 30, hO, 
aM ;h3 mdnates, required for 100 per cent ̂ killing of Aerobacter aerogenes, 
Alcaligenes vlscosus, and_ Ischerichia ooli, 'respectively,■ all Gram-negative, 

and peroxide-sensitive forms (h?)* Hewlett (hi) made an ejqperimental 

investigation of the "Budde" process (addition of 0.33 milllliter of 
iiydrogen peroxide to a liter of milic heated to 30^ 6*) for the preservation 
of milk. EiiiUlsions of cultures of various organims were added, to samples 
of milk treated by the Budde method. Sarfples were also, subjected to the 

same amount of heat without the addition of hydrogen peroxide, and non-



inccmlated sai)^les were also ■Qscd as: coGtrols* The organis»is tested were 

Bacillae diphtherlae. Baoillas acidilactici« Bacterium colij 

b- Paratyphoid bacmug»: Bacillus dyseMteriae, Gholora vibriOj ■ 
Mcrpcoccas pyogeaes variety aureus.» Bacillus tubercul6sis» Bacillus 

aathracis with spores^ Bacillus subtilise Eabillus ngrcoidesa and 

PeniclllUm glaucum* One , to three e3(perintents were made, with .each ndGno*-

organism. The results showed that aiO. the non«sporogenous organismsj^^ 

both pathog^ie and npn-pathogenic, were destroyed by the Budde method. 

The spore formit^ organisms^ while not destroyed, were greatly reduced 
in numbers. The reduction in numbers of organisms by heating alone was 

not so great as that by the Budde methods In milk obtained in the 

ordinary way, the number of microorganisms were reduced by the Budde 
method over 99,9 per cent. Gordon (37)also stated tliat typhoid bacilli 

and spores of Bacillus SubtiliS' added to milk were not destroyed by the 

Budde method and quantities of 0.07 per sent or more of hydrogen peroxide 

gave more positive results. Evidence is presented by Fouassier (28) that 

the mierporganisms Baedllus subtilis and Tyrothrix tenuis^ ^diich resist 

pasteuriaatien are not only able to decon^jose hydrogen peroxide but 

hasten the deVelOF®!^ of the lactic fermmts by furnishing them a more 

easily assimilable culture medium through the peptonising action which 

th^ exert on the milk. The baeteriostatic and bactericidal actions of 

hydrogen peroxide have been studied ly Giolitti (^). Seiratla marcescens. 

Escherichia colij - Bacillus subtillsjy and, Eberthella dysenteriae were 

tested as test organisms for their differential high and Itew eatalase and 

peroxidase contents. Forty-eight hour culttires in 1.5 per cent lactos© 

peptone broth were treated with hydrogen peroxide, the cultures; kept at 
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37® C•a and the j-emaining hjrdrogen peroxide d'etemined by vanadic acid, 

After hours Serratia roarcescens (with large catalase peroid.dase 

activities) destroyed all the l^ydrogen peroxide apd almost all of the 

bacteria survived,. Escherichia coli (with considerable psfoxidase and 

catalase activities) in large concentrations decomposed all the tydrogen 

peroxide in b-*? hours and in concentrated cultures there was a high 

percentage of survival while in low concentrations there vms little • 

surviyal. The vegetative fona of Bacillus subtllis (^rith low catalase-

and high peroxldase adtivity) was destroyed by i^drogen peroxide with 
little l^rdrogen peroxide splittiaig while the spores required a longer 

period of bactericidal action, Eberxihella dysenteriae (lacking catalase 

and with little peroxidase) was rapidly killed with negligible peroxide 

loss. These data show the relation of catalase and peroxidase activity 
and susc^tibiiity to l^drogen peroxide and the inechanisra of bactericidal 

action of liydrogen peroxide. He has concluded a greater iciportance for 

the action of the hydrogen peroxide per se than for the oxygen produced 

from it, Haase (38)found tliat peroxides and oxygen in general showed 

low activity against Escherichia coli and Bacillus prodigiosus suspensions• 
Giolitti (33)i> by coijqjaring the bactericidal activity of peroxidase^ 
ca.talase.i». and l:ydrogen peroxide on the same strains of bacteriaj is of 

opinion that the bactericidal effect of hydrogen peroxide cannot be 

SCCouiited for esx the basis of the liberation of molecular oxygen but 

probably depends on a direct oxidative action of the lydrogen peroxide 

molecule on the cell.. %:drogen peroxide treatment is more effective 

than pasteurization at 6^® C, for 10 seconds in reducing the total 

bacterial content especially colifonus, and the butyric acid bacteria 



ai?e reduced to safe limits if the or3^inai infection is not heavy 

(112). Addition of 0.2 per cent of l^drogen peroxide (excess being 

removed by catalase)jf which diminished the average bacterial count from 

h23>000 per milliliter of milk to l^jOOO per milliliter, gave cheese a 

firm bocfy and typical flavor, but usually with a slight chemical after 

taste (iOh). 

Effect of lydrogen peroxide on pathogenic organisms. Treatm^rfe 

with l^rdrogen pero2dde reduces the baeterial counts and destroys most of 

the pathogenic organisms. But ̂ ^cobacterium tuberculosis is more resistant 

than other pathogenic organissns. It resisted hydrogen peroxide concen-^ 

trations as high as l^-SOslOO (130 volmes) and so it will be used only 

in milk free from liycobaeterium tuberculosis (32). iionaoi (63) obtained 

positive results (guinisa pig inoculation method) frcaa two oat of nine 

Sai^les of milk, inoculatel with suspensions of i^cobateriuia tuberculosis 

variety bovis and treated with hydrogen peroxide. C«miplete destruction 

Ejmacella abortus and ̂ uioella meliteasis has been obtained by treating 

milk with 0.2 per cent hydrogen peroxide(130 volumes) (ih, 63, 102). 

Giolittl (35) has found that Brucella abortus and ctpI tAnytie in 

milk (30 million per milliliter) were killed by adding 0.5-0.7 per cent 

hydrogen peroxide (130 volumes), leaving for 8 hours, and eliminating the 

excess hydrogen,peroxide by catalase. Salmonella typhosa was killed in 

8-5 hours hr 0*2 per cent hydrogen pero^de (13O vdumes) at 17-32® G, and 

in U-5 hours%0.25-0.30 per cent at the same t®Eperature (102). Typhoid, 

cholera and %'sentery bacilli added to milk steriliaed by heating were 

destroyed in all eases by hydrogoa peroxide in the proportion of 0.35il000, 

https://0.25-0.30
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tiie railk being heated to C:,| typhoid bacilli tfere not all destroyed 

in the proportion of O.lSslGOO at, C* or G»35*1000 at room teit^eratnrei 

tubercle bacilli were also destroyed in the proportion of 0.35:10(00 and 

inoculation ei^erinents with guinea pigs gave n^ativc;results. Monad 

(63) isolated typhoid organisms from only one out of twenty milk samples, 

inoculated with Salmonella typhosa susp^sioa aid treated with O.g per 

cent iydrogen peroxide (130 volumes)for hours at gO-ggo C, and 

§8-30® e. Rotishdy i99) found that ̂ ^eobacteriuia tuberculosis variety 
bovia in raw milk treated with 0.05 or 0.075 per cent hydrogen peroxide 

and held at 30® G. for 2h hours, was either partially destrcyed or its 

virulence was lowered. Be citsicluded that longer periods and Mgher 

concentrations would probably destic^ them. 

Hygienic Aspects of aydregen Peroxide greservation d 

It fes been found that the millc treated with hydrogen peroxide 

does not lose the mtritional value except for a- small reduction of some 

vitamins like ascorbic acid, is/hen hydrogen peroxide treated is to 

be used for human consUii^tion, the residual hydrogen peroxide should be 

ctffi^letely 3?einoved. Ihe addition of catalase has been recommended for 

this purpose. a»a Qleland and lots(a)have found 

ttot lydrogen peroidLde induces mutations in Beurospora species. Bsmerec, 

Bartaniy and Flint (23) stated that lydrogen peroidLde Causes mutationslin 

^d^drium poli. %'drogen peroj^d© has been found to cause a decrease,in 

the xmber of normal mitotic figures in the intestine of mouse (§5). 

Rc^doM and Gu#cmjies(91) have put forward a hypothesis on th© ii^ortanee 

of undeCcm^osed hydrogen peroxide in the tissues for carcinogenesis. 
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fheyefoye^ eay^ s|ic«ild be baken to see that the residual hydrogen peroxide 

is cmtpletely destroyed before the milk is used for human cohsumption. 

Ui^er certain:conditions l^drpgen peroxide may be found natisrally in dairy 

'products. , This is produced by anaerobic lactobacilli. Probably the 

inhibitor lactobacillin^ produced by lactobacilli is identical with 

hydrogen peroxide (nh). 
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EXFffiJJWAL WHODS 

Three preliminary trials were mad© to determine the lowest 

eoncentration of hydrogen peroxide required to preserve raw mill? for li > 

at'3?® G. .Samples'©f raw milk were taken in sterile flasks the 

University of Tennessee Creamery and stored at 5® G. in the refrigerator 

for S-3 hours isntil th^ were used for the ©^erimest. The milk was 

distributed In four sterile screw capped tottles, 100 milliliter in each 

bcttlSi The sanqjles in the four bottles were raised to 30® C, by placing 

than in^ter bath* Commercial hydrogoa peroxide(3 per e^t solution) 

was added to ttoeS of the sasqiles at the rate of 3 milliliter for the 

first sample,$milliliter for the second sample and 10 milliliter for 

the third saiiijle in ord^ to obtain a final concentration of 0»G9, 0.15» 

and 0*30 per cent i^drogen peroxide in the re^edtive samples. To the 

fourth bottle of milk hydrogen peroxide was not added and It served as the 

control. The milk sanijles were shdken Well. The miUc from the control 

apple was plated according to Standard Methods for'the Examination of 

Dairy Products(2) on milk protein feydrolysate (M.PH) agar for the total 

count* Dilutions of Is10, Isloo and i?1000 were made for the total 

count. Hi order to avoid quantities ©fl/lO milliliter and 1 milliliter 

©f milk sauries stidlcing to the plate or otherwise failing to mix properly 

in.the agar,.'.1 miliiiiter Of sterile water blank ws placed in the plate 

prior" to adding the milk sample and the milk was then added directly 

into the water* The plates were incubated at 32® G. for hours and 

then counted for the number of colonies. The experimenbal samples were 



kept at 37^ 0. throughoiat the experlmi^t* Firoin these samples sub-sait5)les 

for CGimts were takeh- at an interval'of 2b., 72^ and 96 hoars after 

tha addition of i^drdgen perpiide and plated on miHc protein ligrcb?olysate 

agar for the total county Three series Of trials were ran in this way» 

The oontrol sample was not plated on the Second^ third^f fourth, and fifth 

dayS' because it curdled usually On the second or third , day, d^oting that 

there is a large increase in the number of organisms. 

, To find out the influence of different concentrations of bydrogen 

peroadde on diffep^t t;^es of bacteria the following procedure was 

adopted^ IGO lailliliter portions of skim millc were taken in four screw 

capped bottles, sterilized in,the autoclave at 250® F« for 35 minutes at 

15 pounds pressure and stored at 37^ G. Twelve organisms were selected 

for the stu<^« Th^ were Aerobacter aerogenes:, Eseherichia coli, . 

Streptococcus laetis, SfeFeptoooccus cremorls., Sbreptococcus liquefaciais. 

Streptococcus thermophilus-»'Iiactobaeillus acidophjlus, Lactobacillus 

bulgaricuSa lactobacillus easei. BaclHus megaterium. Bacillus polynyKa, 

Bacillus subtiiis. These were- selected because of,their importance 

in the dairy industry.' A pure culture of these organisms was grpm in 

litmus milk for b8 hours at their optimum growth tCTperatures* The litmus 

Mile containing'each of these orgahisras was plated'in different dilutions 

according to Standard'Hethods for the l^gtoinatlcn of Dairy Products (2) 

On milk protein bydroiysate agar to determine the number of organisros per 

Hil33i.literv This Was thm standardiaed to contain approsdmately 

to 1,000,CXaD organisms per milliliter. To test'the efficiency of hydrogen 

perowid© on each of these organisms a suitable guantity of the standardlaed 

■culture of the organiaa was inoculated into each of the iGO mllliiiter 
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milk samples so that the conceiitratioh. of the prganiems 

these milk samples was approximately ̂ 0,000 to l^OOO^OOO per xailliliterr 

The samples were shaken-well and one of the samples was plated on'rsiilk -

protein iydrolysate agar and inenhated at 32° C. for ii8 hours to determine 

the number of organisms added to these sanples. Gut of the h sasples one 

was kept as a control without the addition of hy<3rogen peroxide* Com-

meroial 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*0? per 

cent hydrogen peroxide in the milk. .The control as well as the e:i5)erim;ental 

saii^ies were stored at 37° 0. end each, san^jle of milk was plated on milk 

protein hydrolysate agar using various dilutions as outlined in Standard 

Methods for the Examination of hairy Products (2). The plates were 

incubated at 32^ 0. for hS hours to determine the number of viable 

organisms in each sample. 
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REStillTS Am DISGiJSSION 

In tx^pical cotintries^ tt® ko^ing quality of milk is generally 

very poor due to unorganized methods of production and distribution, and 

the: adoption of refrigerated'storage or'tran^o'ri of milk not- possible 

for various economic reasons. So it has been found useful to esqplore tte 

possibilities of adopting iydrc^en peromld© treatment under eontroll©3 

conditions as a means of preserving milk for long distance trar^port. 

%drogen perosid© is harmless and has bacteriostatie and bactericidal 

properties. 

IcfiueiJiee of l^drogen Peroxide on Total Bacterial Cbtnat In Ravx Hilk 

liiitially, the effect of adding different amounts of lydrogen 

peroxide to raw milk on its bacterial content and keeping quality at 

C, was investigated. This was done to determine the concentration of 

l:ydrogen peroxide to be used for finding out the influence on pure 

oultm'es of oi^anisras. The influence of 0.G9, 0.10, and 0.30 per cent 

by weight of i^drog^. peroxide on the total bacterial content of raw milk 

was determined. The results of the three trials are shown in Table II. 

The initial bacterial content of the raw milk In the trials varied from 

28,300 to 60,000 per miliiliter. By using 0.0^ and 0.10 per cent 

peroxide there was found, uniformly In all the trials, a considerable 

reduction iii the total count in 2h hours storage of the treated milk at 

37® G« Thereafter, there was a gradual increase in the total count en. 

the second, third,and fourth daj's,: but at a very slow rate. There was a 
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total destnictioa of bacteria in 1 qaantitiea in the milk 

contaii^jsg 0*30 per cent hydrogen peroxide. The destaraction of bacteria 

^th 0.09 per cent hydrogen peroxide in 2k hmr period was 98*?7j 97"31, 

and 96.hO per cent respectively in trial 1, li, and ill. Mth O.lS per 

Cent destruction was 9P.85j 98,16, and 98.h8 respectively for trial I, 

II,' and ^ III,. The results obtained with 0,15 per cent hydrogen peroxide 

were close to the values obtained by Satta^ (102) who found that 

O.lg per cent peroxide brought about a destruction of 99*9$ per cent at 

At the aacie time Nai and Oiolitti (72) recommended contact with 

0,28 to p.ho per cent of the peroxide for 8-10 hours, because addition 

of 0.1 to 0.12 per cent did not allow a sufficient safety margin, lonaei 

(63) has found a redueticai in the total bacterial count varyii^ frcmi 

7h.3 to 96.3 per cent With 0.G8 per cert for Ih-'^lj hours at 30® C. 

A reduction of 99.6 per cent of bacterial count was reported ly Iferris, 

Itarsea, and Johnson (68) by using a eonsenbratiesn of 0.2 per cent lydrogen 

peroxide in milk. But in this case the milk was i^ated and held at a 

toTiperature of 120® F. (U9® 0.)for 30 minutes before the addition of 

jperoxide.. The marked variations in the amounts of lydrogen peroxide 

used by several workers can be explained on the basis of the- fact thai 

the percentage reduction in the number of organisas in milk will depend 

upra time, t®sperature conditions under which the treated milk is kept, 

the tesnperature of the milk at the time of addition of peroxide, the 

initial bacterial count of the raw milk, the type of organic presaat, 

and the catalase content of the milk (75, 99). 



'Wt 

Effect of Ifytiydgen Peybxide on fiare Gulturies o£ Orgaixigj^w 

this Tfork bacteriological analyses were made to deteridLix© ti^ 

effect ef;.^dr0gen'':perox on ptir©'cultures;.of r^resentatit'e'species., 

of orgahisms of common dairy 3J5)ortance> , fable 111 and I? show the effect 

of different concehtrations of hydrogen peroxide on Escherlohia coli and 

Aerohaeter aerogenes» Both these organisms belong to the group "colifarme»" 

Both these organisms were cpmpletely destroyed in 1 miililiter samples by 

6.GB per cent i^drogen peroxide within Bit hours at 37® C. fhe baoterlal 

Counts at the end of h8, 72, and p6 hours were less than on© in 1 miililiter 

quantities* fhsse results were in ciose agreement with those obtained 

by Nambudripad and co-workers (?h) and Houatj^ (97, 98), Nambudripad and 

co-workers, in 19k9t found that none of the Esoherichia cpli e^osed to 

O.OS per cent hydrogen perGxide for 10 minutes at 37** G, were able to 

survive. Only 6,77 per cent of them surwiyed treatment with 0,03 per 

cent peroxide for 30 minutes* Aerobacter aerogenes was coirpleteiy 

destroysd by 0,05 per cent in 30 minutes and pniy 5^,89 per cent of them 

survived a peroxide ti-eataent of 0*03 per cent:for 30 minutes* TIb effect 

of yarious concentrations of peroxide on Streptococcus lactisa Streptococcus 

Cremoris, Streptococcus llquefaciens and Streptococcas thermoghiltts are 

shown in fableS'. f, VI., 711 and.fill respectiveiy.. It seemed that." 

SfcreptOGocous thermophllus was almost completely destroyed within 2ii hours 

at 37® G, by 0»03 per cent peroxide treatment* Streptococcus laCtis seemed 

to be next in sensitivity to i^drogen peroxide. Even though the counts 

on the first two days were lees than one per xailliliter there was a 

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

gtreptoeoccus .Cremoris and Streptococcus Itqaefaciens on the first day 
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w&re 99*99 ̂ <3 99*50 J>er cent respectively^ These two orgailisina 

plied vejy slowly on- the second^ third iaaad fotarth d^s but not to such a 

great'esteht'as'in the cmtrol.' Streptococcus liouefacimg seoiod to-he 

a little more resistant than Streptococcus oremorls to 0t03 per cent 

peroxide treatment. Mlthe four organisras are acid producing, Gr^-

positive, and ai^oMc in nature* Frcsa these it wasfound that the 

organisms of ti© genus Streptococcus se^ed to. be more resistant than 

coiiforms to peroxide treatment, Kambudripad and eo-worbers (7b-) stated 

that Streptoceccug lactis Was considerabiy more resistant to destructioa 

by peroxide than coliforms^ and Gram-ipositiVe and catalase-negative 

organisms were more resistant to nascent osygen frcsa peroxide tres'tment. 

Edundy (98) also found that 0*06 per Cent perosdde was required-for 99*9 

per cent reductien of Streptococcus laetiS exposed to 1|0® P; ih^naudi 

and Treccani(7)recommended a concentration of 0*05 per cent peroxide 

for the lactic thermobacteria and StreptoeocCas lactis* jfest of these 

investigations were in agresaent with the observation made in this 

iryeStigation.with respect to the StreptpcoccuS group* 'But iaibin;(57) 

found that 0*036 per cent of peroxide killed Streptocooci completely at 

52® C. The higher teirpei^ture (52® 0*) probably was responsible for the 

lower''concentration being used in his'-study* 

The influence of lydrOgen p^oxide on lactobacillus group is ' 

Shcn-KJ in Tables IX, X, and XI.- The three organisms taken for this stu<^ 

wfere''lactobacilluS:.acidophllusa-.i^actobacilluS''buigaricns, and'hactobaeilius 

easel. There was conplete destruction of the three species of bacteria 

in 2b hous'S ly 0,03 per cent pearoxid© treatm^t. The susceptibility of 

these orgaai^s to tydrogen perosid© treatment seemed to be great as in 
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th^ case of coilforra Organisms, In the.control sample to which LactO" 

: bacillus buiearicus was added, there was an increase of 2|- times the 

or'iginal nmober in a 2^ hour period; Prom the second day onwards ikete< 

seemed to be a steacfy reduction in the total number of ox^anims,'tdiich 

might have been'due to the:fastidious growth requir^ents of'the organic. 

These organisms seemed to be the least resistant to destruction by 

peroxide ISlce the colifoiiiiS|| whereas Hambudripad and co-workers (7U) 

found that hactobacillus bulgaricus organisr(is were more resistant to 

destruction than coliform organisms for treatment with l:ydrogen peroxide^ 

There was complete destruction of Lactobaoillus bxilgaricus with 0,03 per 

cert peroxide as against the 98.0 per cent destruction obtained by Roun^ 

(98) t-jitb 0»06 per cent peroxide. These bacteria are mostly anaerobic 

to microaeropbilic# The results obtained semed to be in %reement with 

those of Eipman and Owen (5o), who stated that anaerobic bacteria were 

mostly sensitive to hydrogen peroxide. 

Tables Xll, XIII5 and XIV show the effect of the various concen 

trations of hydrogen peroxide on bacteria of the genus Bacillus, The 

specific organisms studied in this group were fecillus subtilise Bacillus' 

megaterium, and Bacillus polynyxa. These organisms are Gram-positive and 

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

Bacillus subtilis.se^ed to be more resistant than the other two species, 

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

onwards in concentrations of 0,03 and 0,05 per cent of hychogen peroxide. 

With 0,03 per cent hydrogen peroxide there was a destruction of 95•97 per 

cent of Bacillus.megaterium on the first day, but the count was less than 

one per raillillter of milk on the subsequent days. Probably Bacillus 
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reqaii?ec3 a lajpgep tiiae than 2b hoars for a more complete 

desfeructlon iKith G«03 per cent Igrdrogen peroxide. There was a conplete 

destruction of this organism with O.Of per cent l^drogm p^xide^ whicli 

was in a^eonent with the report hy Hamhudripadj iEjazminaraysna^ and lya 

(7h)jf who found 16 hours of exposure to 0«05 per cent h^rogen peroxide 

at 37® G. tias neeessaiy for full dei^utietion of Bacillus megatherium in 

broth solutions. Kambudripad, laxminar^aaa, and |ya (th) and BonsMy 

(99) have reported ijuiependently that aerobic sporewfomers like 

i^btilis and haoillue megatherium are mate resistant to the action of 

hgrdipgen peroxide. But in this,investigation,it was found that Bae-^T»«^ 

m^aterium and Bacillus polymyxa were not so mich resistarst to peroxide 

treatment# The longer period of exposure^ name3^ 2h hoursj would have 

be^-the cause for this difference. BaoiHus subtilis seemed to be more 

resiBtant than Bacillus polymyxa and Bacillus megaterium. The easgr sppre'^ 

forming ability of Bacillus sabtilis might have been the reason for such 

resistance, as spores required higher concentration of peroxide and more 

time of esposure to bring about eoBplefee destruction. 

The results of the investigation shewed that 0.30 per coat iiydrogen 

peroxide was the most effective concentrati^ for the complete destruction 

of bacteria in raw milk. But the amount of hydrogen p^oxide required to 

bring about a total destructiGn of the various organisms in pure cultxrpe 

seemed to be 0.05 per cent for all the bacteria except Bacillus subt^i-^i=^, 

which required O.C^'•pes' cent.. TherO'was a difference between the concen-» 

tration required for the total destruction of bacteria in raw milk and 

that for the organisms of pure cultures a greater concentration of 0.30 

per cent was required to bring about total destruction in raw milk Wter^as 
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0*0 eent was effective for all orgaiaiaiis 3jficlndlng aerobic ̂ ore-

former IDce Baoilias snbtllis* This dlfferenee uiay be es^laiiied on the 

basis of the fact that the infltiehce of hydrogen pejfoxide was based more 

on the type and proportion of the varions organismsj the catalase contejat 

of the lallk, and the differences in the millc used namely raw TnlUc and hOat ' 

BteriiiK^.-slciia .laiik-*, Probably the raw ■miS contained initially more of 
catalase and a type of bacterial flora which was less sasceptible to the 
hydrogen peroxide. 

%drogen peroxide is tini^e among germicides. It can be nsed to 
destroy organisms .in after, it has done its worfc^ it can be 
rapidly and congjletely broken down, lioreover^j hydrogen peroxide as It is 

produced today is remarkably stable, and when used in ccnjunction with 

Catalase^ does not li^art an off-flavor to the milic* For mm tbm $0 

years, hydrogen: peroxide has been used from time to time,in milk. The 
object of its use pramarily was to extend the quality of for 

a : period of one or iaore d^s hy preventing bacterial increase. 

The hydrogen p©ax)xid@ preservation of milic mast be considered as 

an aid to farraers and the dairy industry in countries with tropical 
climates. Bntil economic conditions permit the necessary tmprovementa 

in production conditions (cooling on the farm and during transport), the 
addition of hydrogen peroxid© to lailk can be reccmHtt^ded* The hydrogen 
peit>xide is added to milk on the farms which are far from the receiving 

.dairies and. it. has been effective in preventing souring during transport. 

The addition of. hydrogen peroxide may be suggested as a method if anything 

unforseen happ^s, such as delay in tdlk transport or any mechanical , 

breaacdotni which would cause losses through souring of the milk* The 
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l^fdrogen peroxide treatment does not diminish the nutritive value of the 

milk'to great,extent. 

, Peroxiderprocessing of the milk, therefore isrould appear to he a 

practical method of preserviiig large qaantities from milk producing areas 

and require to be transported to long distances for,consumption as,raw 

miBc or for manafacture of dairj products. Bren though this method of 

preservation is useful to preserve good and fair'^ality milk for long 

periods, miik produced under unJ^gienic conditions is least Suitable for 

preservation hy this method. it has been repoarted bjr Uarious tJforkers 

that the pathogeas are not coupletcly destrogred by the normal concentratiiKJS 

being used for the preservation of good and fair qualily milk. Bven 

though higher OGneentrations of hydrogen peroxide and longer period of 

exposure kit!the pathogens and preserve poor quality,milk, it is not 

practicable because of the larger volumes of hydrogen peroxide required 

and the development of pronoutteed oxidised flavor. Therefore for maxiimm 

preServij^ effect the milk-has to be produced under i^glenic conditions 

from animals free from asy.disease. 

The results of the investigation showed that coii^lefce destruction 

of bacteria in ra:w liiilk can be.produced by tydrogeci'peroxide treatment. , 

This has a practical application in the cheese industry.because the,milk , 

intended for cheese m^ing can,also be treated in a.similar manner. This 

method of treaiment viith hydrogen peroxide has already,been recosranended , 

in Cheese industry by various workers (68, 98j lOli). Therefore hydrogen; 

peroxide ̂ treairnientSfeas;been I regarded as another approach to better 

<pality and CGntrol in dairy products. In addition to the destruction of 

bacteria, the treatment offers an avenue to control partially selection 
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oS types of organisms for specific uses. It'gives;aiuither type of, control 

of body and texture in.cheese. Good quality Si-jiss and IXsaiati cheeses 

have bem 'sucCessfuiay.inacKifactured from hydrogen peroxide treated railic. 

The peroxide-catalase method of treating ndUc.for cheese is.easily applied, 
and has good possibilities of isprovlng cheese quality. But this, 

treatment will,not- cure everything. , mil: containing large nomber of, 

undesirable organisras ■will definitely produce cheese of Inferior quality. 
Therefore along mth this treatment ail efforts should be made to produce 
cl^y good, iquality milk., ■ 

■ . 'la the Bnited States,. permission frcan regulatory officials is 
required for the manufacture of cheese, from hydrogen peroxide treated milk. 
¥hen more and more evidences are collected in the harml,essness and 

effectiveness of the hj'drogen. .peroxide treaimient It may be sppiwved by 
the .i^blie Health Service^ Hood, and Drug Adniinistration and other health 
protection agencies^ and find a place in the dairy industry. 
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The ir»fiuehCQ' of O.Op, 0.35#'sod Q.jO per cent hy weight of 

hfdrbg^ peroxide on the total bactei^al content bf rawdill? easposed to 

37^ G, for glf, h% 7Sj and 96 hours was'determined;. The initial bacterial 

conht of the raw milk before the addition of hydrogen peroxide varied 
from 28j, 300 to S^jfOOO per milliliter. There was a total destruction of 

bacteria in 1 milliliter (juantities in the mlllc containing 0.30 per cent 

hydrogen peroxide. The growth of the bacteria'was'greatay r^arded in 

milk'containing Oil^:and 0.09 per cent hydrogen peroxide.. Bacteriological 

analyses were made to.determine the effect of iydrogon peroxide on pure 

culture of representative Species of organisms of commbn daiiy iitportance, 

Goncentrations of 0.03# 0,05> and O.09 per cent hydrogen peroxide in 

sterile irailfc were used for this study,. The coliform organisms^ Escherichia 

^li and Aerobacter aerogenes were comnletelv destroyed In 1 milliliter 

sangjles hy 0.03 per cent tydrogen peroxide within 2h hours at 37® C* The 

organisms of the genus StreptococGus seemed to be more resistant than 

eollfoniis for }.peroxide treatment, thereby showing that the acid-producing,. 

Gram-positive, aerobic bactearia required a higher concentration of 

per.cent of hydrogen peroxide for complete destruetibn in 1 milliHt^ 

saijples at 37® C» The susceptibility of liactobacillus group ©f organisms 

(anaerobic and microaerophilic in natitre} to hydrogen peroxide 'treatment 

seoaed to be great as in the case of coliforms. There was complete 

destruction >rithin hours in 1 milliliter sanples with O.03 per cent 

hydrogen peroxide .at 37® C,. Bacillus poiymyxa and Bacillus megatgrium 
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were eoeiplete3y destroyed in 2h hours at 57® C« by 0.03 and 0.0? per cespt 

peroxide respectively in 1 iid-lliliter samples. Bacillus sufatiliS'required 

O.C^ per cent peroxide for coBfjlete destruction in 1.itiiiiillter saiigjle. 

The easy spore forniing' ability of:Bacillus subtllis might have been the 

reason for the resistance to peroxide trisatment. 0.03, 0.0?, and 0.0? 

per cent concentrations of i^drogen peroxide in sterile milk; brought 

about coiF^lete destruction of oi^anisH® in piare culture depending upon 

the type of the organism^ It the same time 0.30 per cent hydrogen peroxide 

was the most'effective concentration for the Complete destruction of 

bacteria in rsw milk. This difference to the effective concentrations 

required in either case was e^latoed on the basis of the fact tliat the 

influenGe of hydrogen,peroxide'was based more on the type and propprtioa 

of the various organisms^:, the Catalnse contsmt of the miUc, and the 

differences- in the- milk used-namely,raw milk' and heat sterilised milk. 
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