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THE EFFECT  OP REDUCING MICROORGANISMS OH THE 
BATE OF  COLOR DEVELOPMENT II CURED MEAT 

Chapter I 

INTRODUCTION 

Many people i^orklng with meat in the past have made 

passing remarks on the beneficial effects of contaminating 

microorganisms on the rate and degree of curing and other 

qualities of cured meats. Without doubt microorganisms 

present and active during curing do influence the curing 

reactions and determine to a great extent the quality of 

the final products. Some microorganisms may unfavorably 

influence the color and flavor, whereas others may have 

beneficial effects on the final quality of cured meats. 

Maill (65) observed that certain anaerobic bacilli 

possessed marked reducing poi-jer and they could deoxygenate 

oxjfhemoglobin and reduce the methemoglobin. Niven and his 

collaborators (70i found that certain lactobacilli cause 

discoloration in cured meat products. However, Niven (69)1 

later suggested that controlled inoculations of lactics 

and leuconostocs could be used to Improve the color and 

flavor during curing*  Cesari (18} believed that certain 

yeasts contributed to the flavor of cured "sausage. 

Greenwood,et al. (32) noted that sugars appear to exert 

no action on curing in the absence of certain "desirable" 

reducing microorganisms. They could correlate the color 
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changes in meat during curing with the growth of micro- 

organisms which produce acid.  Their results were based* 

howevers on experiments carried out on solutions of pure 

hemoglobin and its derivatives. 

Thus, the overall study of the literature points out 

the important role that microorganisms could play during 

curing.  Hence, it is possible that by incorporating 

cultures of one or more microorganisms into curing pickle 

we can improve the quality of cured meat. The idea of 

using pure culture inoculum is not new.  It has been 

practised in the dairy industry for a long time for curing 

various types of cheeses.  Even in the meat industry a 

patent has been issued (lj.0) for the manufacture of 

Lebanon bologna using pure lactobacilll culture. 

Such a controlled inoculation with known micro- 

organisms may serve a twofold purpose.  First, it would 

eliminate the reliance on chance contamination for good 

flavor of cured meat.  Secondly, it may provide reducing 

conditions required to produce and maintain ideal color 

in cured meat.  In either instance a more uniform product 

could result. 

The purpose of this investigation was to study the 

effect of reducing microorganisms, which were predomi- 

nantly present in a commercial cover pickle, on the 

development of color in meat during curing.  It was 





Chapter II 

REVIEW OP LITERATURE 

Curing is one of the oldest methods of food preserva* 

tion known to mankind and was practised in the days when   ^ 

other methods of preservation such as refrigeration were 

unknown.. Today, in spite of the rapid development of the 

science of food preservations particularly in the last £0 

yearsa   cured meats still occupy an Important place in th© 

diet of rauny people* because of their characteristic and 

pleasing flavor and color. The curing in the middle ages 

differs from the curing of today in one important respect. 

In the middle ages<> it was considered to be an art known 

to a few privileged people. Today» almost anyone can cure 

meat and produce the same quality as that produced by an 

expert, if he follows a few simple instructions. Such in- 

structions are raado possible by the rapid advances in the 

understanding of the mechanisms involved in the curing pro- 

ees^s and the role played by each of the ingredients used 

therein. 

One of the most important factors that a consumer con- 

siders today* when he buys a cured meat product9  is the 

color of meat. A slight departure from the characteristic 

color is often termed as spoilage or poor curing. In the 

last 30 yearss  a great deal of attention has been paid to 

uv^7 
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the discolorations in cured meats, and have been traced to 

certain types of bacteria that survive th© curing process. 

However, it is interesting to note that th© complete ab- 

sence of microorganisms is also undesirable. The observa- 

tions of certain workers have shown that certain types of 

microorganisms are necessary to bring about the color 

development during curing. The exact role of microor- 

ganisms is uncertain even though a number of theories have 

been advocated and evidence supplied to show the necessity 

of certain types in the curing pickle. Thus, even though 

the basic chemistry involved in curing is understood, many 

chemical and bacteriological factors that influence the 

color development, particularly the stability of the color 

produced by curing, are still to be elucidated., 

1. Color Development During Curing of Meat. 

The color of fresh meat is red and is largely due to 

myoglobin and oxymyoglobin, the principal pigments in 

muscle tissue, and to a lesser extent hemoglobin and oxy-r 

hemoglobin, which are present in the residual blood left 

in the meat after bleeding during slaughter. During curing 

with nitrate or nitrite these pigments change first to red 

nitric oxide myoglobin (or nitric oxide hemoglobin) which 

is then converted to pink nitric oxide myochrojpogen (or 

nitric oxide hemochromogen) upon heating. 
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This fflochanisra was established by the work of Haldan© 

{3k.}  and Hoaglund (39)* EOVJOYQI'S-  they assumed that the 

blood pigfiiont was the same- as the rauscle pigment* Haldane 

(3i{.) studied the reactions of heiaoglobln with sodium ni- 

twit o and found that, a red coagulum was formed due to the 

formation of nitric oxid© hemoglobin* On heating it turned 

pinkj and he identified the resultant compound as nitric 

oxide hemochromogon. As similar color changes are noted 

during curing of meat, h© concluded that nitric oxide 

hemoglobin must b® the pigment of the cured meats* 

Hoaglund (39) confirmed his work. 

In 1921, Gunther, as quoted by Urbain and Jensen (9h% 

shovrad that the muscle pigpient was different from the blood 

pigment* Kennedy and Ifhipple (10}  studied the spectra- 

photometric characteristicg of the pigment"extracted from 

the chopped muscle with dilute asmaonia* A very conclusiv© 

proof was provided by Hecktoen* and coworkers (3?) when 

they found a specific precipitin reaction for dog muscle 

pigment .wMcti differentiates it from that of dog blood 

pigpient* Shenk, Hall* and "King (83) found that myohemo- 

globin (which is now called ayoglobin) comprises nearly 

all of the tissue pigment*. In 193i|-s Theorell isolated myo- 

globin in crystalline form from horse heart (2l|.). 

There is a close similarity between the txso pigpusnts. 

Eaeh contains an iron containing hem© fraction and a 
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protein (glohin) fraction. However, they differ in iron 

content and the size of the molecule* Hemoglobin contains 

four iron atoms per molecule and myoglobin contains one 

iron atom per aolecule (2Jj.,p,l55) ♦ ^© molecular weight 

of hemoglobin i$ 68,000 as compared.to that of myoglobin 

which is 3i|.*000'(ij.3*P.^3)» Hossi-Panelli (82) found that 

the total amount of basic aiaino acid radicals were greater 

in myoglobin than in hemoglobin. Jensen (ii.l,p.33) has 

concluded frora the literature that myoglobin contains half 

as much arginine and twice as much lysine as hemoglobin in 

several aniEial species. However, the two pigments are so 

closely related that Urbain and Jensen (9I4.) believe that 

the properties of the hemoglobin and its derivatives could 

be correlated with those of rayoglobin and its derivatives 

without serious error. 

Thus, the formation of nitric oxide myoglobin is the 

key reaction in the development of color during euring, 

and the discolorations that occur in the cured meats are 

primarily due to the oxidation products of myoglobin and 

nitric oxide myoglobin. The following schorae Is commonly 

accepted as representing the relationships between the 

chemical forms of the meat pigments. 
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mechanism for the color development during curing. They 

believed that it was nitrite that was responsible for form- 

ing a red colored pigment, nitric oxidb hemoglobin, Hald- 

an© said that the nitrite could come from either reduction 

of nitrates by nitrate-reducing bacteria or by direct . 

addition of nitrite to the curing solution. The subse- 

quent pink color formed on heating was due to the nitric 

oxide hemochromogen. He further pointed out that nitrite 

can react quantitatively in the presence of a reducing 

agent. Brooks (8) showed that the reaction rate was max- 

imum at -DH 5» 15*6.63 and that sodium nitrite reacted 

quantitatively with hemoglobin to form nitric oxide hemo- 

globin in the presence of a reducing agent and iiv the ab- 

sence of oxygen. 

The reactions in the curing can be summarised as 

follows s 

; HaNO^.  + SIaM02  Hitrate-reducing ^  NaWOg 

iJaMOg 

Bacteria 

HOWO 

HOHO + llyoglobin 
(purple) 

NO-myoglobin 
(red) 

Reducing Agent. 

Heat 

NO-myoglobin 
(red) 

If O-my o chr omogen 
(pitfk) 

Lex-jis (56) suggested that the nitrite can replace one- 

tenth the amount of nitrate in commercial curing practice. 
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K.©rr and his co-workers (1+9) found that sodium nitrite 

could be used without any undesirable effects on th© color 

of cured ia©at. They also considered th© effect of nitrite 

on the health of th© consumer and found that in the 

amounts indicated by Lonis^ i^ is quit© harmless. Moulton 

(62) found that mixing one ounse of socliuia nitrite with 

10 ounces of sodium nitrate .accelerated the rate of color 

developraont during additional curing, llitrate acts as a , 

reservoir for the supply of nitrite in a ciixed cure. The 

nitrite alone* according to Jensen (l\.l\.) g  gives a poor 

color. The Bureau of Animal Husbandryj, U^.S, D. A,s per- 

mits the us© of-one fourth of an ounce of sodium nitrite 

per 100 pounds of meat in addition to nitrat© (-g- ounce )<> 

Mtrates and nitrites are very good preservatives. 

Grindley, Kaelealj and Kerrs as quoted by Jensen ({4.2)5 

found that a mixture of common salt and aodium nitrate was 

very effective in preventing rrot-ith of many bacteria. 

They also noted that* in acid solutions relatively lesser 

amounts of nitrates were needed to exert this effect9  and 

attributed this property to th© formation of nitrous acid 

and nitric acid in the presence, of reducing substances. 

Tanner and Evans (88) concluded from their experimentSj, 

that concentrations of 0.0588 per cent to 0.392 per cent 

nitrates in pork infusion or egg aedia failed to inhibit 

the growth of GloatridiuEi species.  Jensen* Wood* and 
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Jansen (I4.7) found that if the chopped hams were canned. 

without nitratesj, the product is putrefied within 90 days 

at 37.2° C. After reviewing the literatures Jensen (I4.3) 

notes that the mixed cure favors the aerobic bacteria 

found in curing cellars* It is interesting to note here 

that this suggestion was first laade by Richardson (79)s 

in 1905s who noted that saltpeter prevented putrefaction 

by providing aerobie condiuions "in the bacteriological 

sense". More recently, Jensen and Hess (Ijij.) concluded 

that the presence of nitrates in addition to nitrites is 

very important in preventing the growth of anaerobic mi- 

croorgani sms« 

The nitrates have also been found (ijij.) to increase 

the permeability of meat fibers for water in the acid 

range of pH 6*2 to 5»8« I1*1© increased permeability of 

meat fiber3 is certainly a desirable feature in the devel-* 

opraent of color during curing. 

3) Role of Sugars 

The sugars influence the quality of cured meat by 

improving both its color and flavor. 

Moulton (62) used beet £Ugars dextrose, and a raisin 

syrup and could detect no difference in the quality of the 

cured haras, but in the curing of beef haiQsa raisin-syrup- 

cured hams wer© preferred by judges to the ones cured with 
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can© sugar. Bradys et al., (6) foxmd that the sugars defin- 

itely improved the quality of the country style hams. Ac- 

cording to Ziegler (-101),  the use of sugazj whether canej, 

beet or com in the form of brown sugars granulated sugar, 

wulverized sugaij or molassea, counteracts the astringent 

quality of salt* makes meat juicier, and assists in improv- 

ing the color of cured aeats. 

Brooks (10) showed that the injection of glucose in 

animals prevented the formation of methemoglobin and could 

even reduce the methemoglobin that raight have already 

forraed in the systefli to hemoglobin. Lex^ls; (55) found 

that the raeats cured with corn sugars  i^hich is mostly dex- 

trose s  were ruuch better than those cured with sucrose. 

He concluded that the color of the faded meats could be 

restored by soaking them in corn sugar syrup. He sug- 

gested that the reducing sugars* as a class* tended to im- 

prove and nrotect the so-called "fixed" color In cured 

meats. 

Moulton (61) has pointed out that a sweet pickle 

process proceeds more unifomlyj rapidly, and is more sure 

to give fine flavor and color, if a little used pickle is 

added to the fresh pickle. The bacteria found in the cure 

pickle are known to utilize sugars to produce acid. He 

suggested that the sugars have something to do with, the 

acid development in the pickle, A more conclusive proof 
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came from the work of Greenwood, Lei-dLs, Urbain, and Jensen 

(32) who studied the role of sugars in color development 

of cured meats. They found that dextrose, levulose, man- 

nose, galactose, xylose* sucrose, maltose, and lactose 

produced significant changes in color and other character- 

istics of the blood pigments, oxyhemoglobin and nitric 

oxide hemoglobin, in the presence of microorganisms which 

utilize sugars* They pointed out that reducing sugars 

like dextrose and levulose, which are more readily util- 

ized toy microorganisms, produced changes in the blood pig- 

ments more quickly than in the sucrose t'jhich is less read- 

ily metabolized by the microorganisms*  On© more advantage 

of using reducing sugar like dextrose is apparent from 

the observations of Hiven (69) who points out the hazards 

of slime formation by lactobacilli and leuconostocs spe- 

cies in the presence of sucrose* They do not produce 

slime in the presence of dextrose. 

Thus it seems that sugars improve the flavor and 

protect the color of cured meat by producing the reducing 

conditions if suitable microorganisms which can utilize 

them are present in the niekle. They also keep the pH 

low by producing lactic acid, and thereby prevent the 

growth of undesirable microorganisms. 

I4.) Role of CoKMon Salt 

Salting, as a means of tareservation, has been used 
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through centurios. Pettarson (1899)* as quoted by Jenson 

(I42) s  was the first on© to point out the selective action 

exerted by salt in moats by inhibiting many species of 

bacteria, Yesair and Cajaeron (100) studied th© inhibitive 

action of curing ingredients on the spores of"Clostrldum 

Mfeylifflffl and found that the theraial death time of the 

spores is greatly reduced in the presence of curing in- 

gredients and the slope of the thermal death curve is in- 

creased when salt is added, 

The selective action exerted by salt in tank pickle 

on the growth of bacteria contaminating the sides of ba- 

con was  studied by Canadian workers* Garrard and Lockhead 

(25) showed that the bacon gets contaminated prior to cur- 

ing and the nitrate reduction is* essentially, a function 

of true halophils. They classified the .salt-resistant 

raicroorganiSEis found in the tank pickle into five groupss 

1* Those which grow well in 20 per cent and 30 per cenb 

salt solution. 

2. Those which crow at 20 per cent and 30 per cent 

salt concentration and show higher count in the 

used Toickle than at the start. 

3. Those which declined in growth with increasing 

salt concentration froa five per cent to 30 per 

cent. 

I4,. Those which did not show any noticable decline in 
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numbers frora five per cent to 30 per cent salt 

concentrations. 

5. Those which are most susceptible to increase in 

concentration of salt*. 

Gibbon and his co-workers3 in & scries of experiments 

{28529*30), concluded that the sodium chlorido, nitrate and 

nitrite In the pickle rapidly decrease in first 2ij. hours 

of curing. They remain constant for the rest of the per- 

iod. They further concluded that the total number of or- 

ganisius and the number capable of reducing nitrates were 

significantly correlated *d.th nitrite content below 55° 0. 

It is often a canraon experience that the color devel- 

opment is not complete without salt.. Shis may be due to 

the growth of undesirable ®icroorganisms.s as pointed out 

by Moult on (62),, - In his experiments $ he found that there 

is no discoloration or ira'.aiment of flavor when the salt 

concentration exceeded five per cent* Better color fixa- 

tion in the presence of larger quantities' of salt In 

pickle may also be duo to the better penetration of salt 

and curing ingredients. Moulton (60) observes that the 

penetration of salt into the raeat is bettor when salt is 

used as a pickle solution than when it is used in the dry 

state.  Callow (15) studied the effect of salt on pork 

muscle and found that with five per cent salt concentra- 

tions more laeat protein diffuses into the pickle than with 
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25 per centj in which case the loss of protein is negli- 

gibl©. He further pointed out that salt penetration is 

greater at higher concentrations. 

It had been observed that salt alone accelerates the 

browning of the fresh meats* Brooks (7) found that with 

four per cent sodium chloride solution there is an 80 

per cent increase in the rat© of oxidation of hemoglobin 

to motheraoglobin* but a 10 per cent solution increased the 

rate of oxidation by only 38 P©25 cent* Matt a and Lehman 

(95) found that salted samples of fresh and frozen meats, 

with or without ascorbic acids developed unpleasant odors 

due to the acceleration by salt of hemoglobin catalj^ed 

oxidation of unsaturated fats. However$ in the presence 

of nitrites they found that "the salts definitely im- 

proved the color-of the meat," 

5) Microo.rftani.sma in. Meat 

a) Sterility of the Tissues: There is a great con- 

troversy centered around the observations of many earlier 

workers that the muscle tissues are sterile. Pr-OEiinent 

amongst the proponents of this statement are a troup of 

German workers led by Kelssner* whos as quoted by Haines 

(33)» found that organs obtained from cats and dogs under 

absolute asepsis, were sterile. This theory was contra- 

dicted by Adam, et al (1) who found small dipplococeoid 
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bodies in the stained sections of Hirer and kidney of heal- 

thy animals. They interpreted it as the dipplococcoid 

forms of colon bacillus* Haines (33}, in his review, 

points out the use of the term "Potentially Sterile" with 

respect to the sterility of meat* Burn (13) states that 

the tissues of healthy human beings may not alt-mys be ster- 

ile* 

Hencea.the bacteria present in the tissues of the ani- 

mal after its death may be due to either anteiaortem or post- 

mortem invasion. 

Haines (33) has summarized the factors affecting the 

antemortem invasion by bacteria* In his opinion, the tiro 

important factors that influence the invasion of tissues 

ares  (1) The nature of food., (2) The operation of prolong- 

ed fatigue, 

Koser and McClelland (50) found that the clostridia 

spores ay® recoverable from .the foody long after the spores 

of aerobes have disappeared. Jensen (1^2}s reviewing the 

literature on antemortem and postmortem changes in the 

tissues of the food animals, suggests that the contamin- 

ation of bone marrow may oecur through the permeability of 

the intestinal mucosa, via wounds, lungs, and the upper 

respiratory tracts. 

Burn (12) suggested that the contamination of the 

tissues may take place through the agonal invasion by 
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bacteria. A similar view has been expressed by Jensen and 

Hess (I4.5)* who found that none of the hogs showed the pre* 

sence of raierooroiaMsms. while alives  in the tissues 02? 

blood* However $  the postmortem examination showed the pre- 

soiaco.of many raieroorganisiiia, like Aehromobacterj, Faeudo^ 

IS2SS£? S^rratiaa Bacillua»  Proteus 3 Micro->coeciu3i) Clostri- 

dums * diphtheyoids,?)  aad £orulat The same authors believe 

that the contamination may Occur during killing when th© 

stick knife passes through the skin* severing the jugular 

vein and carotid artery. The heart of the animal may beat 

two to three minutes after stieking* By dipping sterile 

knives in knot-jn cultures, they were able to show that these 

sicroorganisHiS could be recovered from the marrow of tibia 

and other bones. This shows that the microorganisras may 

be distributed by the blood stream even after the hog is 

stuck. Hence^ it is often advisable to remove the. maximum 

possible blood from the animal after it Is killed* 

Haines (33) k&s suraaariaed the following sources of 

postmortem contaminations ^ 

1. The skin, hoofs, etc. of th© animal. j 

2. Bacteria derived from the opened gut. '„ 
i 

3. Peces voided by the animal. j 
i 

Ij... Soil, dust, etc. carried to the killing floor,  f 

The agonal invasion by bacteria is also greatly in- .; 

fluenced by the drop in pH after killing of the animal. 
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Immediately after killing of the animal, the glycogen of 

the'muscle is converted to lactic acid. By controlling pH,. 

it is always possible to control the growth of many species. 

Many proteolytic bacteria have an optimum pH in the neigh- 

borhood of neutrality. At the pH of meat (pH 5.7 - 6.2), 

many lactic acid bacteria can grow very well.  Haines (33) 

has put forward a suggestion that, "If a sufficient number 

of lactic acid bacteria are sown into a product, and a 

suitable carbohydrate which the bacteria can attack is 

present,- the rapid production of acid will result in a 

shift of pH towards the acid side, that will largely in- 

hibit the 'putrefactive! organisms"* How it is known that 

suppression of fermentation is not desirable as it permits 

the growth of putrefactive types during pickling.  (ij.7, 11) 

b) Microorganisms in the Cured Meats; All the micro- 

organisms that contaminate the meat before curing do not 

survive a curing process. One of the primary actions of 

the curing ingredients is to reduce the number of micro- 

organisms, particularly anaerobes, to the minimum. Gar- 

rard and Lockhead (2$}  found that the bacteria which sur- 

vive in the pickle tank are not preeuring contaminants but 

the true halophils. Jensen (lj.3) has noted that the bac- 

teria in inspected cured sausages were nonpathogenic in 

nature.  However, common experience'has shown that these 

nonpathogens can cause discolorations, which though 
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harmlesss do not find acceptance with the general public. 

These discolorations., in most cases, are due to the fonaa- 

tion of oxidation products of aijoglobin, nitric oxide layo-* 

globin and aetmyoglobin. 

Jensen (i|.3) found that the comaon species in the In- 

spected sausages are PseudomonaSj, AchroBiobacterg Proteus„ 

Mlcrococcuss Chroatobacter<, Bacillus>> Serratiaj Plavobact" 

erlumn Lactobacillus, and some other nonpathogenlc forms, 

Sulzbacher (85) isolated 16 different genera from fresh 

sausage and pointed out that 19 out of 28 cultures iso- 

lated from pork sausage were Bacillus subtilis. He also 

noted that nicrobacterimaj, which was about 15 per cent of 

the total number of microorganisms^ could be responsible 

for the acid taste of the sausage. 

The microorganisms that appear in the cured product 

Eaay c-a&e either from the moat-surface or from the pickle, 

Mudd and Hudd (6)4.) showed that the bacteria try to reach 

the interface by brownian raovement and then tend to remain 

and accumulate there. Obviouslys in the pickle the best 

growth is at the interface between meat and the liquid laed- 

iumsi.e. pickle. Gibbons (37) observed that 90 to 95 P®*5 

cent of the microorgan!sas isolated from the pickle, using 

nutrient agar media,, isera  capable of reducing nitrates to 

nitrites. He also noted that the increase in the bacterial 

count in the fickle was insignificant compared to the 
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surface count of the Meat being cured. rih© majority of 

the microorganisms isolated by them were cocci* 

tiacara (58) found that iaicrococci grow in 25 per cent 

sodiurn chloride solution,. Hovjeverj the  -oresence of or~> 

ganic acids inhibits their crowth. Garrard and Lockhead 

(25) found that the gram positive and gram negative micro* 

cocci and gram negative rodu were the chief procuring 

contaralnants and that during curing the gram positive 

raicrococci display greater salt tolerance* Thejf further 

pointed out that the nitrate reduction is a function of 

/ true halophils rather than the procuring contaminants, 

Sulzbacher {Qk.) s  in a recent study on old style curos? 

found that th© total ralcrobial count, as determined on salt 

agars increased throughout the curing period. He emphasized 

the role of these nicroorganisms in the old style cures. 

In a personal coraraunicationj, Sulzbacher states that gram 

negative motile organ!SMS make up the largest percentage 

of brine flora and that they can conveniently be grouped 

according to carbohydrate fermentations and gelatine 

liquefaction. He further states that most of these organ- 

isas are biochemically inactive in the absence of sodium 

chloride, 

Whereas micrococci appear to be important in the cur- 

ings many other types of microorganisms have also been re*- 

ported in the literature* Krak and Bonar (63) isolated a 
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dobaryomyces specieis of yeast froa a slimy samsage, Gegari 

(18) believed that certain yeasts contributed to th© good 

flavor of the cured sausag©*. Cesari and G-uillierniondi 

(19) isolated threo species of yeast which grew best in 

10-lf> per cent salt and media poor in carbohydrates. They 

observed that their inoculation improved the flavor of 

sausage. Such inoculation of yeast also prevented 

put ye fact ion. 

Gauducheau (26) isolated from cured sausage an 

orgsnism which he identified as Bacillus creatia. He 

observed that it played an important role in the develop** 

meat of color and flavor during curing, liven* Gastellani, 

and Allanson (70) studied the lactic acid bacteria that 

cause green discoloration in cured sausages. Riviere (80)9 

an Italian worker> found that nitrite production was 

greatest at the surfac© of meat.* and also that at 0<»5 C*., 

in 12-15 per cent sodiuia chloride,, one per cent sodium 

nitrate and sucrose, Achroaobacter d,ondriticuia was the 

oMof niwriryins Spocies, He also isolated three strains 

of raicrococoi frora meat preserved in brine. Bacilli could 

not grow at such low tenperatures. LePevr® Edwin (53) k&s 

reported the presence of colonj, st3'»eptococci;» and bacilli 

in hamburger steals. He found that there was no correlation 

betoeen the appearancep  odor and the count. 
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6. Effect of Oxidation^Reduction Potential on the Color 
Development I)uri'n^ir"5uiring ''"'      ' '     ««--------------—-=. 

The key reaction in the curing of meat is the 

formation of nitric oxide myoglobin. Both reduced myO"* 

globln and nitric oxide myoglobin are extremely susceptible 

to oxidation and the end product is metmyoglobin. The 

oxygenation oi the reduced myoglobin to form oxymyoglobin 

is not a true oxidation-reduction process.  (38) 

The oxidation-reduction potentials of a hemoglobin- 

methemoglobin system were studied by Taylor and Hastings- 

(89)0 They found that the potential of an equimolecular 

mixture of the two at pH 7.0 and temperature 30° C. was 

+ O.llfl! volts. They also showed that HMi for the system 

was independent of pH change between 5 and 6. Taylor and 

Morgan (90) studied the redox potentials of the metmyo- 

globin-myoglobin system and found that at pH 7.0 and 

temperature 300, C-., the potential S^ for this system was 

■+■ O.Olj.6 volts? as compared to +-0.1l|l|, volts for the hemo- 

globin-methemoglobin system. This suggests that myoglobin 

is more readily oxidized than the hemoglobin. In other 

words, a system capable of converting hemoglobin to met- 

hemoglobin would be even more effective la converting 

myoglobin to metmyoglobin. 

Oxygen tension in the meat influences to a great 

extent the oxidation of the meat pigments. Haldane (Jij.) 

and Brooks (8) showed that sodium nitrite reacts 
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quantitatively in the absence of oxygen ancl in the presence 

of a reducing agent, to form nitric oxide hemoglobin. 

Heill (65>66) shotted that anaerobic bacilli possessed a 

marked reducing power and that bacteria could bring about 

oxidations as well as reductions in meat. Heill and 

Hastings (67)  showed that certain extracts of pneumococci 

possessed the properties which permit the oxidation of 

hemoglobin to Diethemoglobin* They explained the reaction 

in the following way? 

C + RH     ■»■   Og -^ HOOH 
A thonaolabilo      Thermostable and easily 
cellular substance.  oxidizable substance*        P©!**. 

oxide. 

ROOH      +    Hb (or Mb)  ..- . ..,.; Met»Hb 
Organic peroxide (I-let-Mb) 

They also suggested that the anaerobic bacteria could re- 

duce aethemoglobin to hemoglobin and also deoxygenate the 

oxyheraoglobin with astonishing rapidity. 

The  reducing conditions in meat can also be induced 

by using glucose, any other reducing sugars (10) or any 

reducing substance like ascorbic acid'(95). Greenwood, 

Lewis, Urbain, and Jensen (32) concluded from their ex- 

periments that the reducing microorganisms which con 

utiliss© the reducing sugars to form lactic acid produce 

reducing conditions in meat by lowering the pH of the meat. 

1'hey pointed out that the organic acids like lactic acid, 

acetic acid, propionic acid, which are the metabolic 
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products of the raicroorganisxas* can act as hydrogen donors 

J1,in th© presence of the propor Qnzyao syst^ns. in the sam© 

solution"« Hewitt. (38) remarks that certain organisais 

possess dehydrogenating enayra© systems which can activate 

many substances to donate hydrogen ions to the hydrogen 

acceptors» Miven {69}$ in discussing th© use of lactics 

in meats has suggested that they can bo used to produce 

strong reducing conditions during cur!nge. However^ thoir 

swvival after th© curing process iss of course t  not 

desirable because they produce hydrogen peroxide in pre~ 

sence of molecular oxygen,, Hydrogen poroxide is a very 

strong oxidising agent and is responsible for mny dis« 

colorations in r<ieat«. According to Hewitt (38)"* activated 

hydrogen can react with any hydrogen acceptor? even 

molecular oxygen* in which case it will form hydrogen 

peroxide. 

The interior of th© meat is always at a reducing 

potential (9). According to Brooks (9) and Pepper and 

Martin C5i|-)» the potential of meat is always at, ~Q.20 volts 

in the inside* k  theory was proposed by Lepper and Hartin 

iShr)  fc0 account for the disappearance of oxygen in the meat 

media*. They suggested that, in the presonc© of hematin> 

the unsaturated fatty acids remove molecular oxygen but do 

not produce reduction in the potential sufficient to bleach 

methylen© blue. It is also a matter of comon experience 
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that the brown discoloration du© to th© foraiation. of met* 

hemoglobin or metssyoglobin is usually seen at the surface 

but the interior of the meat shows no discoloration. 

7 ♦ Effeet of, pH on the Color of Cured Meat 

Haines (33) emphasized the importance of pH in resist* 

ing the postmortem invasion of bacteria* . He stated th-t 

if the meat has the right kind of jsiicroorganisms present 

which can utilize the carbohydrates, the pH will drop 

sufficiently to prevent putrefaction*. Moult on (60) 

stressed the importance of acidity in sweet pickle in ob* 

taining a good color of the cured meat* Me stated that 

sugars in the pickle are utilized by acid producing 

bacteria and that "acidity helps fix normal color of cured 

meat",. 

Brooks (8) found that, in th© absence of oxygen and 

in the presence of a reducing agent., the rate of formation 

of nitric oxide hemoglobin reaches a maximum within the pH 

range of 5>*15~6'.63. 2?he rate decreased with an increase 

of pH and was very slow at pH 7.15-7.16* At low pH the 

rate of oxidation of hemoglobin to methemoglobin was great- 

ly increased due to the large increase ia..the Ionic. 

strength of the buffer.-system of the tissues (?).. Winkler, 

Hopkins, and Thistle (98) found a moderate degree of 

association between color quality and pH, They noted that 

increasing acidity tends to raise the green and depress 
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the blue intensity of the color* 

Greenwood., Lewis, Urbain* and Jensen (32) also con** 

firmed the findings of Broods {7)£ that lowering pH in- 

creases oxidation* According to them,* 'unless sufficiently 

strong reducing conditions are established simultaneously 

with the lowering of pH* the resultant effect of lowering 

pH is one of increased oxidation of ferro^hemoglobfn de* 

rivativea. Urbain end Jensen (9lj,)» -however* could not find 

a significant variation in the spectrum of nitric oxide 

hemoglobin over a pH range of 5.1 to 8.0. Urbain and 

Greenwood {92)* in a subsequent experiment# found that the 

variation of the absorption with the pH* in the range of 

1 to 8* indicates the existence of several absorbing com- 

ponents, one derived from the other as the acidity of the 

solvent is changed,., 

Osman Jones (72) recommends the- pH of the curing brine 

should be 6..0-6.5. Duisberg and Miller (22) carried out a 

detailed study on th© relation of hydrogen ion concentra- 

tion to th© color developed in cured pork. They found that 

above TOH 5>t0 there is no rolationship between pH and the 

color of the cured pork, thus confirming the observations 

of Urbain and Jensen (9^). They further concluded from 

their experiments that between pH J4...I4. and 4.9 the color 

fixation is inadequate, and below pH 1|,.1| there is no color 

fixation at all* They recommend the pH range of 5*0 to 
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6*0 as the best for obtaining good color during curing. 

8, Methods for Moasurement of Color Changes During. Curing 

fhero are two types of methods available to njtasur© 

the color changes in any product $ bas<?d primarily on two 

basic concepts. The first is a physical concept and the 

second is a psychophysicalConcept* Spectrophotometry 

takes into account the physical concept because it measures 

the per cent reflection or transmission of all the wave* 

lengths from a colored object♦ The psychophysical nethod 

considers not only the physical characteristics, but also 

the psychological aspects of visual sensations by a human 

observer, which arise from the stimulation of the retina 

of the eye. The color,► according to this concept9  is de- 

fined by the Coraraitte© on Colorimetryj, Optical Society of 

America (71)s,  as follows; "Color consists of the 

characteristics of light other than spatial and temporal 

inhomogeneitiesi light being that aspect of radiant energy 

of which the human observer is aware throughout the visual 

sensations which arise from the Stimulation of the retina 

of the eye", 

a. The Spectrophotometric Method? Ray^ Blair* and 

Thomas (77) described a opectrophotometric method for de- 

termining the unknown concentration of the pigments of 

blood and their derivatives* Drabkin and Austin (21) 

studied th© absorption spectrum of nitric oxide hemoglobin* 
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Prom their experiEients they found that the curve for 

nitric oxid© hamoglobin was very similar to that of oxy-'- 

hemoglobin, Th© maxima for the nitric oxide hemoglotoiri 

wore at 575 ratt ^nd 5^0 sniy Urbain and Jensen  (99) havo 

also provided the absorption curve for nitric oxido hesio^ 

globin which indicates that the peaks of maxlmsa absorption 

are at $1±2  and 575 rau. They further noted that there is no 

variation in spectral characteristics in the pH rang© 5«1 

ito 8,0* The pE  range for cured meats lies within these 

limits (5*7-5.75)- 

In comparing the spectral characteristics of blood 

hemoglobin and muscle hemoglobin (iajoglobin),s Shonk, Hall 

and King (83) found that the raaximum absorption in both 

took place at 520*8 rau. The curves for both the hema~ 

globlns wero.found to be very similar except that the ab- 

sorption curve for auscl© hemoglobin shifted slightly 

towards tho rod end. Bcwen (5) found that the m^Jma and 

minima for reduced rayoglobin were located towards the 

longer wavelengths* More recently,. Ginger and Sehweighart 

(31) studied the formation of nitric oxide myoglobin* The 

ayoglobin extracted from beef muscle was mixed x^ith sodium 

nitrite and tho changes in the absorbance at 5^5* 555* 575 

mu wero studied,. They noted that the increase in ab- 

sorbance at 5ij.5 mu and 575 ?BU indicates the formation of 

nitric oxide rayoglobin. 
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Pride (7I4.) described a reflectance attachment for the 

Beckman. spectrophotometer previously designed by Carry and 

Beclffiian (17)-. Lingard (1950)? as reported by Hamsbottoms 

Goeser? and Schultz (75) has shotm that the ratio of the 

reflectances at 570 mu to 650 ma  correlates with the color 

changes in certain cured meat products.  In a personal com- 

munication* Lingard has noted that the ratio of reflect- 

ances at any two wavelengths is a measure of the dominant 

wavelength of the sample. Ram3bottom,et al6 (75) used this 

method and found that it correlated very well with the 

subjective nethod of color evaluation, Kraft and Ayres 

(51) found that this ratio appeared to correlate with the 

judges'scores on color changes during storage of Bologna. 

Howevers this ratio did not correlate vxith the visual ob« 

servations when loss of moisture from the meat caused 

darkening or brox-ming. They found that then there is a 

more constant relationship between the reflectance values 

in the range of 5^0 mu and 800 rau? and the judges
11 scores. 

b) . Tri-stimulus Cplorisietric Method; Winkler (96) 

used a Photoelectric Comparator to study the color of meat. 

He used reds green? and blue filters in his experiments. 

He standardized his instrument against a whit© magnesium 

carbonate block. He found that the ratio of the per cent 

red scatter to blue and per cent red scatter to green 
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parallol the visually observed changes in the composition 

of color in meat from grey* through light brown<, to nomai 

pink. Winkler and Hopkins (97) maintain that th@ 

different samples of meat vary in color quality and tofeal 

brightness* According to thesis the variation arises from 

differential reflection of one or more bands. Hoodcock 

(99) concluded froia his experiments that curing changed the 

Color quality or chroma.of meatj whereas smoking affected 

brightness of meat. From his spectrophotometric studies 

with the three filters used by tinkler (96), ho found that 

the variations in the color quality of bacon resulting 

from the curing or storage can be assessed with the three 

filtersj,  via, red, blue* and green. Basheed (76) used the 

Photovolt Reflection Meter to study the color changes in 

hogs and noted that there must be some relation between 

the hue and chroma of the meat samples* as the chroma 

increased i-jith the corresponding change in hue ,to a deeper 

color. Robinson* Mishnetsky* Mansford, Clark, and Hand 

(81) pointed out the relationship between the data obtained 

by the apectrophotometer and the photovolt reflection meter. 

They have pointed out that the ratio {k ~  G)/(G - B) is 

linearly related to the dominant wavelength of the saiiple. 
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Chapter III 

EXPERIMENTAL PROGEDUHE 

1. Media 

Thr@e types of media were tried for growing micro* 

organisms? 

a. Tryptiease Sugar Apar Medium used by Hannesson 

(35). This medium was,found to be suitable for 

the lactics and also as a standard plating medium. 

It is referred to in this thesis as medium LYGW. 

b. Blood Agar Medium- suggested by Jensen and Urbain 

(lj.6} except that horse blood was substituted for 

sheep blood. 

c. Meat-curing solution-Agar. Medium; 

This medium was used to secure the growth of the 

microorganisms which do not grow in any one of the 

above media. The cover pickle used in this 

medium is a natural habitat for the raicroorganisms 

isolated in this experiment. 

One hundred grams of ground pork was blended 

in a sterile Waring blendor with 100 mis. of used 

cover pickle (obtained from a meat packing plant) 

and 200 mis. of sterile water. A thick emulsion 

was formed which x-jas then separated by freezing 

and subsequent heating. It was then filtered 
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through a Buehner funnel. The filtrate was st@ri- 

lized cold by passing through a sterile Seits 

filter. Kfutrient agar was sterilized by auto- 

elaving and was added to the Medium just before 

plating so as to make 1.5 P©^ cent of the medium. 

2. Isolation of Microorganisms 

Trimmings from a freshly cured ham and^ecently used 

cover pickl© were obtained from a commercial meat packing 

plant. Th© ham trimmings merQ  transferred to a sterile 

Waring blendor of knovm weight. It was diluted with 

sterile water to give a one-to-five dilution and then 

mixed for 30 seconds. It was pipetted as&ptically for 

further dilution and plating* 

The used cover pickle was diluted and plated out 

directly. The mlerobial flora in the ham trimmings and in 

the used cover pickl© were similar as noted by the charac- 

teristics of the colonies and by direct microscopic 

examination. 

The plates were incubated at 21° C. for I4.8 hours. 

The predominant flora on all three media consisted of 

yeasts, bacilli, streptococci, and micrococci. Yeasts, 

bacilli and streptococci were isolated by using the LYGN 

medium, as it was found to give very good growth for all 

the three types of microorganisms. These isolated organ- 

isms were used as inoculants in the experiments on curing. 
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3, Study of the Charaeterls.tlcg of Microorganisms 

In order to obtain general information about the char- 

acteristics of the microorganisms, the following 'tests were 

carried out. 

a. Direct microscopic examination of the organisms. 

b. Methylene blue stain, and Gram stain. 

c. Optimum growth temperature: The organisms were 

inoculated in the nutrient broth and the LYGI 

medium broth and incubated at 0-5° C* 10° G., 

21° G., 37° C.p 50° C. The growth was compared 

visually by comparing the turbidity, 

d. Oxygen relationships Agar stabs were made using 

both nutrient agar media and the LYSH medium. 

e. Growth on agar slants. 

f. Beductiom Litmus milk and resazurln tubes were 

inoculated with the test organisms and the reduc- 

tion was studied visually by noting color changes 

after 6, 12, and 2l{. hours. For nitrate reduction 

the test organism was grown in nitrate broth. Re- 

duction of nitrate to nitrite was tested by adding 

two drops of sulfanillc acid reagent and two drops 

of alpha-naphthyl amine solution. Hitrate reduc- 

tion is indicated if the solution turns pink. 

g. Agar plate colonies: Nutrient agar, and X/M 

medium. 
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h. Blood Agar (lj.6) s To a blood agar b.asej Q$l per 

cent of locystin© was added. On cooling to lj.50 Gs 

5 per cent of horse blood ami  5 P©*5 cent of 0.25 

per cent normal saline solution of benzidine was 

added just before plating* The green colonies 

indicate B^S-foming microbes^ and the black col- 

onies will SIKW peroxidase-hydrogen peroxide- 

forming colonies. The plate ttfas then flooded with 

O.lj, por cent aqueous solution of tetramethyl-para- 

phenylene-diamine hydroahloride (Eastman). The 

oxidase forming colonies become purple. The col- 

onies which do not discolor help in the color de- 

velopment during curing. 

i. Fermentations The lactose- and dextrose-fermenta- 

tion tubes xfere inoculated with the microorganisms 

and  incubated at 21° C. for 2I4.5 I4.8 and 72 hours. 

j. Salt-tolerancess. The agar broths containing salt 

concentrations of 0S  5s 10» 15 P
@^ cent were in- 

oculated with the microorganisms and theiip growth 

studied by comparing visually the turbidities 

after 2I4., and I4.8 hour incubations at 21° G. 

4. Preparation of Meat .for Curing 

Fresh ham from a freshly slaughtered hog was obtained 

from a local abattoir, and brought to the laboratory. It 
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was chilled quickly below 32° F. and stored at that temper- 

ature overnight, Hesct mornings about an inch of the sur- 

face of ham was cut from all sides and discarded* Th© lean 

meat from the center of the remainder was then removed as- 

eptically and placed in a sterile container. It x-ms  then 

passed through a sterile grinder using Ho* 10 plate with 

holes having a diameter of 0.20 inches. 

Aseptic techniques were used throughout the experixosnt. 

All the equipment used in the experiment, and the grinders 

were sanitized in a manner described by Butler, et al„ (llj.). 

Knives, forks, etc. were, in addition to rinsing with hot 

chlorine solution, washed with alcohol and the residual al- 

cohol was burned off. 

Curing solution was prepared according to the formula 

given by Uybain (91) which is as follows*. 

Sodium Chloride,   lf>.00# 

Sodium Hitrate     0.08$ 

Sodium Hitrite      0«05# 

Sugar 1*50$ 

Dextrose was used instead of sucrose because it is easily 

available to the Microorganisms' (32). i'he curing pickle 

was refrigerated when not in use. Th© periodical plat© 

counts on the pickle showed that it was coaplotely sterile. 

However? in order to give further assurance, the pickle 

was filtered through a Seitz' filter. 
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About 200 grams of ground meat was added to each of 

the four Waring Blendor jars. These jars were weighed be- 

fore and after the addition of meat to determine the 

weight of the meat x^ith an accuracy to a tenth of a gram. 

Forty milliliters of- curing solution per 100 grams of meat 

was added to each of the four blendor jars* The viable 

cells of a 2l\. hour culture of one of the three organisms 

(yeast, bacillus, or streptococcus) was added separately 

to the three of the blenders. The fourth blendor was 

taken as a control with no organisms added. 

The meat in each of the blendors was mixed for 30 sec- 

onds. The blending of the meat was necessary to obtain a 

uniform distribution of the microorganisms throughout the 

meat and also to overcome the color differences due to 

marbling, fat, etc. Further, Sutton, Roberta and David 

Arkin (87) believe that better reproducibility of the re- 

sults could be obtained with a smoother surface with a 

larger number of fine particles., 

After blending, the mixture was transferred to sterile 

petri dishes or a sterile sample holder (see below) depend- 

ing upon whether the color was to be determined by the 

fhotovolt Reflection Meter or the Beckman quartz 

spectrophotometer. 

5* The Curing of Meat Samples 

After mixing the meat, curing solution, and inoculum 



38 

in a Waring Blender for 30 seconds, the mixture was incu- 

bated at 60° P. for 2k hours in an incubator. It was then 

heated to 120° P. in an incubator and th© color changes 

during curing were followed i^ith the Photovolt Heflection 

Meter and the Beckman quarts apectrophotometer. 

6. Determination of Color 

a. Photovolt Fhotoeleetrie Reflection Meter 

The Jhotovolt Photoelectric Reflection Meter, Model 

610, measures diffuse reflection of an opaque surface (73) 

and has been used to determine the color of food products 

(52). It consists of two unitss  the instrument itself 

and a search unit containing photocells. The search unit 

is provided with a 6-volt 15 C. P. automobile lamp. The 

light passes through the glass filter and through a circu- 

lar opening in the search unit and strikes the test sur- 

face in a parallel beam. The per cent reflectance by the 

surface back to the photocells is indicated on the gal- 

vanometer of the instrument. Measurements can be mad® by 

placing the search unit against the test surface, 

Tfie results, can be expressed in ICI or Munsell units. 

SSickerson (68) has described the method for converting IGI 

units to Munsell notations and vice versa. This instru- 

ment is very convenient because the search unit is applied 

to the sample for determining the color rather than the 

sample being transferred to the instrument as in the case 
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of Beckman quartz spectrophotometer or Hunter Color Dif- 

ference Meter. Hence, it is not necessary to remove the 

sample from the incubator to determine the color. 

Four petri dishes were carefully selected to be free 

from bubbles and other irregularities in the glass.  In 

order to determine whether the variation in thickness and 

in the optical properties influence the readings obtained 

on the meter, statistical analysis was carried out on 

each of the four petri dishes as follows: 

A petri dish was placed on a standard red plate (SKC 

70) standardized by the National Bureau of Standards and 

the per cent reflection from the red plate through the 

glass of different petri dishes was determined by the 

Photovolt Reflection Meter using the three filters. Five 

replicates were taken on each of the petri dishes using 

each of the filters. The results of statistical analysis 

on these readings are shown in Appendix I. They show that 

the variation in thickness or the optical properties of 

the glass of the four petri dishes used in this experiment 

do not affect the readings significantly, for a given 

filter. Hence, a correction for this variation was not 

necessary. 

After treating the meat as described in section I4.,  it 

was aseptically transferred to these petri dishes so that 

the first three petri dishes contained the meat treated 



with yeasts, bacilli, or streptococci and the fourth was 

taken as control sample as shotm in Plate I. They were 

incubated at 60° P. for 2^ hours to allow the inoculated 

microorganisms to grow.  Photovolt readings i^ere taken at 

the beginning and at the end of this incubation tempera- 

ture. After incubation the samples were cured at 120° P. 

and the color development at this temperature was followed 

with Photovolt Reflection Meter. Following method was 

used for color determinations: 

The  meat was tightly packed in the petri dishes to 

avoid the formation of air pockets near the surface which 

was to be used for color determination. The glass was 

cleaned with absorbent cotton, and a little water, if 

neceaaary, taking car© to avoid any dripping of water 

through the sides of petri dish into the meat inside, and 

dried. While making color determinations, the search unit 

was placed on this side and the per cent reflection by the 

meat surface through the glass of the petri dish was de- 

termined, using amber, blue and green filters. The read- 

ings were taken at five different points on the surface, 

using each of the filters, and the mean per cent reflec- 

tion by the surface through each of the filters was deter- 

mined. 

This method enabled the determination of color with- 

out removing the petri dish from the incubator room.  It 

also avoided the necessity of taking the sample from the 
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container in order to determine the color* One big dis-* 

advantage of removing the sample from the container in 

which th© meat is 'being cured, Is that the curing in the 

container is more rapid near th© sides of the container 

than at th© center. Therefore, it is difficult to get a 

homogeneous sample. 

Th®  results were expressed as hue, value, and chroma, 

using Munsell notation. 

b« Be;ekman Quartz Spectrophotometer 

Directional reflectance can be measured by the Beckr 

man quarts spectrophotometer. Model BU, described by Carry 

and Beclsnan (1?) with a reflectance attachment ilk.). 

Sample cells 1-| inches iti diameter and ^ inch in 

length were made in the laboratory. A pyrex glass tube 

lj inches in diameter was cut into small cylinders § 

inch long.  One side of the cylinder was cemented to a 

glass microscope slid® (1 and •§• inches by 1 and ^ Inches), 

and the other open end was closed with an aluminum foil 

held securely by means of a rubber band. Eight sample 

cells of th© same dimensions were prepared in this manner 

and i-rere sterilized in an air oven. 

The meat 'was prepared in th© same way.as described 

in section Jj, and transferred to the sample cells by 

aseptic technique. The ham used in the studies with the 

Beckman spectrophotometer was obtained from a different 
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Reflection Meter. The sample was packed as tightly as 

possible to obtain a smooth air-free surface on the glass 

side of the cell because this side was used subsequently 

for color determinations. Meat inoculated x^ith each or- 

ganism was transferred to the tt-jo cells. Thus, there 

were duplicates for eafih of the treatments including the 

control. 

These were incubated at 60° F. for 2l| hours. Th© 

color readings were taken after 0, 6, and 21$. hours. After 

2lj. hours of incubation, these cells containing meat tirere 

placed at 120° F. and the color development during curing 

t-jas followed. 

The method of determining color described in the 

Beckman's Operating Instructions, Bull. Mo. 126 D, was 

followed to the letter. A freshly scraped block of USP 

Carbonate of Magnesia was used as the standard. Such a 

standard has a relative reflectance value of 100 per cent 

at all wavelengths and an absolute reflectance of 98 per 

cent in the visible region of the spectra (2). The direc- 

tional reflectances at 570 mu and 650 mu were determined. 

The results were expressed as a color index which is the 

ratio of per cent reflectance at 650 mu to that at 570 mu. 

(75) 
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c. Visual Kethod 

In order to compare the results obtained bj instru- 

ment analysis with that of visual observations* color 

photographs of certain samples during various stages dur- 

ing curing were taken using Ektachroa© color film. 

7. Determination of pH 

Part of the meat from the blenders itfas transferred to 

sterile beakers closed with aluminum foils, and cured lan- 

der the same conditions as the meat in the petri dishes 

and cells. These were used for deterroination of initial 

and final pH and plate counts. 

Beckzaan pH meter Model G with glass and calomel elec- 

trodes was used. The pH was determined by pressing the 

electrodes gently against the ground pork, 

8, Oxidation-Reduction Potential 

Beckman Model G pH meter was used for the determina- 

tion of the oxidation-reduction potential of the meat sam- 

ple. The used glass electrode was replaced by a Io« 281 

platinum electrode as described in the Beckman. Bulletin,. 

99-C (p^2J. Th© potential was measured by pressing the 

electrodes gently against the ground meat. The platinum 

electrode was cleaned in hot chromic acid solution follow- 

ed by a rinse with distilled water before use. 

The potential of the saturated calomel electrode was 



added to the reading to obtain the E^ value of the sample. 

Tho potential of the saturated calozael electrode was 

calculccted by the equations 

B (millivolts) a 260.10 ^ 0.6060 t * 0,001092 t2 

Where t * temperature in degrees centigrade, 

9* Plate Count 

The techniques employed in bacterial plate counts 

were patterned after the recoismendations of the Sub- 

comaitte© on Microbiological Methods of Meat Research as 

reported by Sulzbacher C9ij,). The LGX1 medium was used 

for standard plate counts. 



Chapter IV 

EXPERIMENTAL HESULTS 

1. Characteristics of Microorganisms Isolated from Cover 
Pickle 

The cover pickle^ as well as cured ham trimmings, con- 

tained gram positive microcoeci, gram positive and gram 

negative rods, gram positive streptococci, and gram posi- 

tive yeasts. The yeasts were predominantly present. 

Yeasts, bacilli, and streptococci i^rere isolated and cul- 

tured in LY&W  broth. 

Yeastst 

The yeasts were of a typically salt-tolerant type, 

were gram positive, and grew best at 21.0° C. However, 

they were capable of growing at temperatures as low as 5- 

10° C. They reduced litmus milk and resazurin but failed 

to reduce nitrates. The colonies on nutrient agar were 

circular and white, with typical yeasty odor. They did 

not produce gas in lactose and dextrose fermentation tubes. 

They did not coagulate litmus milk, nor did they cause 

proteolysls. They a,re strongly aerobic and grew profusely 

on the agar slant. They were plated out on blood agar 

media. The colonies were white and similar to the ones on 

agar plates. The colonies did not become purple when O.li, 

per cent aqueous solution of tetramethyl-paraphenylene- 

diamine hydrochloride, as suggested by Jensen and Urbain 



(k.6)9  was flooded on the plates. 

Streptococci? 

Streptococci were gram positive, occurring in pairs 

or in long chains, and grew best at 21,0° C, but they were 

incapable of growing at 10° C. They were facultative 

anaerobes and capable of reducing litmus milk and resazurin 

very rapidly. Litmus milk cultures gave a sweet odor 

characteristic of the lactics. They produced lactic acid 

as indicated by a rapid reduction of pH during their 

growth. Colonies were opaque, and convex. When grown on 

blood agar media, they formed colorless opaque colonies 

similar to those on nutrient agar plates.  The colonies 

formed on the blood agar plates were not hemolytic. They 

did not reduce nitrates. 

Bacilli; 

The bacilli were long rods occurring in pairs or long 

chains which grew best at 21.0° C. They were gram positive, 

facultative anaerobes, and could reduce litmus milk 

and resazurin rapidly. However, they failed to reduce 

nitrates* Agar colonies were large and round with a 

smooth but watery surface and an entire edge. They 

failed to coagulate milk or cause proteolysis.  They 

grew well on agar slants. When grown on blood agar 

media, they did not cause greening or form black 

colonies. When the blood agar colonies were 
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2, Development of Color During Curing at 60° P. 

Table I shows th© changes in hue, value, and chroma 

during curing at 60° P., as determined with the Photovolt 

Reflection Meter. The per cent reflectances with amber, 

blue, and green filters given in the table are the means of 

five readings of the same sample for the same observation^ 

There was an obvious difference in hue between th© 

control (C) and the meats inoculated with bacilli (B) and 

yeasts (Y>. At the end of the Zl\. hour curing period the 

meats inoculated with bacilli and yeasts showed more red 

color than the control. The meat inoculated with strepto- 

cocci (S) was redder than the control but was less red than 

the meats inoculated with either the bacilli or the yeasts. 

In all the samples, including the control, there was a 

slight drop in the value or th© lightness during curing at 

60° P. Changes in chroma seem to parallel the changes in 

hue. There was an increase in chroma when the hue of th© 

sample turned more red* Th© increase in chroma was greater 

in meats inoculated with bacilli or yeasts than in either 

the control or the meat inoculated with streptococci. 

The color changes during curing are primarily due to 

the formation of nitric oxide myoglobin, which changes its 

hue from purple (yellot^ish-red in Munsell notations) to a 

deeper red. The formation of metmyoglobin will turn th© 
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Table I 

Color Changes in Meat.at 60° P. Measured with 
The  Photovolt Reflectance Meter 

Time     Reflectance 
hra»    A£ Bfo Gj& 

0 17.02 £.00 12.10 
2^ 15.75 li..l6 10.83 

o 15*1|0 5.50 11.50 
2k 16.00 k.OQ 9.75 

0 16.00 5.50 12.00 
2k 15.12  3.50 10.00 

o 16.50 5.oo 12.50 
2k 16.00 I4..OO 9.50 

Color 
Miaaisell lot at ion . 

3.8l|. YR ij..02/ 5.22 
3.1P. YR 3.82/ 5,62 

k>0k  ^R 3.92/ k*57 
9.50 R 3c6k/  6*86 

k.96 YR 1^.08/ i4.*28 
2.91 YH 3.67/ 6*00 

l+.SorYR k'lk/ k*3Q 
8.50    R 3.59/ 7.70 

Table II 

Color Changes in Meat at 60° P. Measured 
with Beekman Spectrophotometer 

B 

S 

0 
6 

2I4. 

0 
6 

2k 

0 
6 

2k 

0 
6 

2k 

HerXeetane© 

0 rau     650 ^gu. 

ik»ko 
8.50 
8.00 

12.00 
10.50 
9.10 

13.00 
8.10 
8.00 

13.90 
9.90 
8.00 

3^.i|0 
27.00 
27.10 

30.50 
30.10 
30.10 

32.00 
29.50 
30.10 

36.OO 
30.90 
31.10 

Jolor Index 
R^l at 65;0 MX 

2.38 
3.18 
3.39 

2.A 
2.87 
3.31 

2.1*7 
3.6k 
3.76 

2.58 
3.12 
3.89 
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meat to a brownish color. Hence, the depth of redness 

may be taken as an indication of the extent to which the 

nitric oxide myoglobin is formed during curing. 

Table II shows the changes in color index as measured 

by the ratio of per cent reflection at 650 mu to that at 

570 mu. There is an apparent increase in color index with 

the progress in curing. If the color index is a measure 

of the dominant wavelength of the sample (75K the higher 

the value of the ratio, the greater will be the shift of 

the dominant wavelength towards the region of higher wave- 

length i.e. red region. Accordingly, the sample inocu- 

lated with the yeasts seemed to be redder than any other 

sample. The meat with streptococci was similarly redder 

than either the control or the meat with bacilli. There 

was very little difference between the control and the 

meat Inoculated with bacilli. This result does not agree 

with the actual visual observations (See Plat© I) or the 

Photovolt determinations, in which cases the meat with 

bacillus shoxsed a definitely redder hue than the control. 

This has been discussed in greater detail in the next 

chapter. 

3*    QoloP Development During Curing at 120° F. 

Most of the curing, as indicated by the color changes, 

occurred during the incubation at 60° F. The samples were 

then heated at a temperature of 120° P. This temperature 
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was selected because it is highey than the temperature of 

protein denaturation at which the color fixation takes 

place* Preliminary trials demonstrated that at tempera- 

tures higher than 120° P. the color fixation x-jas so rapid 

that it was not possible to measure the rate. 

The color changes during this period at 120° F. could 

be due to (1) the formation of nitric oxide myoglobin from 

the reaction between myoglobin and nitrite which remained 

at the end of the incubation period at 60° P. and/or (2) 

the formation of nitric oxide myochromogen which gives the 

pinkish color to the cooked cured meat. Thus, i t would be 

expected that at 120° P.- the color of the meat will change 

to deeper red until all the nitric oxide myoglobin has been 

formed. Then, during the fixation of color, the intensity 

of the color will drop off until the meat attains a pinkish 

color. Table III shows changes in hue, value, and chroma, 

during curing at 120° P. 

The hue of the samples changes further to red before 

fading to a pink color, which is characteristic of cooked 

cured meats. Figure I shows the changes in hue at 120° F.' 

plotted against time. In the control and the meats inocu- 

lated with streptococci or bacilli, the hue becomes redder 

before fading to the pink color. In the samples inocu- 

lated with yeast, there is the same tendency if i^e assume 

that the first point marked (#) is a stray point. In the 
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Table III 

Color Changes During Curing at 120° P*  Measured 
vd-th T'hotovolt Reflectance Ketej? 

iJ'arapXe" Lm© 
mins. 

Reflectance 
B% 

Color 
Munsell Notations 

C       0 15.75 4.16 10.03 3.41 ¥R 3.82/ 5.62 
14 14.00 4.50 9.33 0.52 YR 3.56/ 5.33 
55' 14.37 3.62 9.30 1.63 YK 3.56/ 6.12 
% 14.75 3.83 9.00 9.50 R 3.50/ 6.50 

110 15.87 4,50 10.16 10.00 R 3.71/ 6.22 
130 15.50 5.00 10.50 9.92 R 3.76/ 6.50 
151 17.50 4*37 10,75 10.00 R 3.80/ 6.90 
186 16.60 4*33 11.00 2.00 YR 3.85/ 5.90 

B        0 16.00 4,00 9.75 9.50 R 3.46/ 6.86 
34 14.66 4,00 8.60 7.37  H 3.43/ 6.97 
55 14.25 3*62 8.90 0.47 YR 3.48/ 6*27 
74 l4*37 4.16 8.62 7.79 R 3.43/ 6.77 

110 14.75 3.83 9.16 9*90 R 3.53/ 6.39 
130 14.50 4.83 9.50 9.37 -R 3.59/ 5.46 
151 15.00 4.00 10.40 2.37 iH 3.75/ 5*80 
136 16.50 4.50 10.30 9.29 R 3.73/ 6.76 

s      0 15.12 3.50 10.00, 2.91 YR 3.67/ 6.00 
14 l4.50 4.83 9.66 9.96 R 3.62/ 5.33 
55 15.25 3.73 9.62 10.00 R 3.61/ 6.51 
714- 15.00 4.33 9.66 0.17 YR 3.62/ 5.88 

110 15.00 4.50 10.00 0.29 YR 3.67/ 5.54 
130 15.30 5.00 10.00 9.17 R 3.67/ 5*57 
151 17.66 5.00 11.47 0.42 YR 3*92/ 6.101 
186 17.30 5.00 11.00 9.37 R 3.85/ 6.12 

Y        0 16.75 3.66 9.50 8.50 R 3.59/ 7.70 
14 I3.8O 3.83 8.66 9.67 R 3.44/ 6.17 
55 13.87 3.37 8.20 9.07 R 3.35/ 6.80 
74 13.75 4.00 8.30 7.51 R 3.37/ 6.56 

110 14*50 3.83 9.73 2.47 YR 3.63/ 5.71 
130 14.75 4.30 9.83 1.10 YR 3.65/ 5.88 
151 15.33 4.16 10.12 1,59 YR 3.70/ 5.84 
186 16.30 4.23 10.10 9.57 R 3*69/ 6.56 

C - Control,, 
B - Moat Inoculated i^ith Bacilli. 
S - Meat Inoculated with Streptococci. 
Y - Meat Inocu lated with Yeasts. 
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Ka) 

Kb) 

Kc) 

COLOR OF THE CONTROL (C), AND MEAT INOCULATED WITH 

BACILLI (B), STREPTOCOCCI (S) AND YEASTS (Y). 

PLATE I 
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Figure  I 
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preliminary experiments, which were carried out with these 

microorganisBis, it i^as found that the hue of the meats in- 

oculated with all three of the organisms changed to a 

deeper red when cured at 120 P.  Hence, we have reason 

to believe that the first point is a stray point. 

If we consider the redness of the meat during curing 

as an indication of the amount of nitric oxide myoglobin 

formed, then it is apparent frora the results that more 

nitric oxide royoglobin was formed in the meats inoculated 

with the yeasts and bacilli than in the control or the 

meat inoculated with streptococci. Plate I (a|, which was 

photographed at the beginning of the curing at 120° F. 

confirms this. The samples of meat marked B and Y, inocu- 

lated with bacilli and yeast, respectively, showed much 

redder color than the control marked C or the meat inocu- 

lated with streptococci, marked S. 

There is very little difference in the color develop- 

ment in meat treated with, streptococci and the control, 

except that the color of the former is retained at the end 

of the curing period whereas the color of the control 

falls down to as low as 2.00 YH 3.8S/5.90. This is indi- 

cated in Plate I (d), which was taken at the end of the 

curing period (at 120° F.>. The distinction is clearly 

seen between treatments and the control. 

It was noted that even though the hue increased. 



56 

during the first 30 minutes, to a deeper red, the chroma 

gradually fell off in the meat inoculated with yeasts and 

bacilli.  (Figure !>♦ In the control, the chroma gradually 

increased throughout the curing period at 120° P. before 

it fell to a lower value* The changes in chroma of the 

meat inoculated with streptococci were not very great and 

seemed to parallel the changes in hue. 

The value or lightness of the sample fell off as long 

as the hue increased to a deeper red color and then In- 

creased gradually throughout the rest of the period of 

curing. However, the changes in lightness of the sample 

were not very great. 

In general, the curing affected the color quality 

(hue and chroma^ of the meat* When the meat samples were 

examined at the end of curing, at 120° P,, the samples 

inoculated with bacilli and yeasts had a very bright red 

color characteristic of cured meats* The meat inoculated 

with the streptococci had much better hue than did the 

control. Plate I (&}  shows the color of the meats at the 

end of the curing period. 

As the color index is a measure of the dominant wave- 

length of the sample, the  increase in the index must indi- 

cate the degree of redness of the sample.  Spectrophoto- 

metric examination of the samples at the end of the curing 

period at 60° P. indicated that the meat inoculated with 
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yeast had the best color development during this period. 

Hence the amount of nitric oxide rayoglobin formed during 

this period was greater than in other cases. The ratio 

falls down to 2.6 to 2,7  during curing at 120° F, (Table 

IV} during which the fixation of color takes place. Both 

in the meat inoculated with yeasts and streptococci, th© 

drop in the index was rapid in the beginning but gradually 

leveled off to a constant valu®. » 

It was noted that th© color development was faster in 

the meat curad In sample cells than that in petri dishes. 

This may be due to the small sis© of the sample, or due to 

th© fact that different hams x-mrM  used in the two estima- 

tions. 

Although color fixation was complete within an hour 

and a half, heating was carried further to observe addi- 

tional changes in color. Both the control and the meats 

inoculated with organisms reached essentially the same 

ratio within the range of 2.53-2.70. At the end of this 

period the meats were completely cooked. 

A study of Figure II shows that throughout the fixation 

period of 120oF. the meats inoculated with th© organisms 

tended to maintain a higher ratio than did the control. .At 

th© end of th© hour and a half, when the color fixation 

seemed eoaplet©, as observed visually, the color index was 

higher in the samples inoculated with yeasts, streptococci, 
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and bacilli, than in the control. The meat inoculated 

with the streptococci retained color better throughout the 

curing period than did the meats inoculated .with yeasts or 

bacilli. These-were in contradiction to the observations 

made visually or with the Photovolt Reflection Meter. 

Changes In pH and Oxidation-Reduction Potentials 

Table V shows the changes in pH and oxidation-reduc- 

tion potentials during curing at 60° P. Changes in pH were 

not very significant to permit any correlation with the 

type of organism inoculated in the meat. However, there 

is a slight but gradual decrease in pH in the control and 

th© inoculated meats during the growth of the organisms. 

In case of the meat inoculated with streptococci and bacil- 

li the drop of pH is sharp within the first 2I4, hours but 

then remains the same. This may be due to the fact that 

the rat© of reproduction is greatly decreased during the 

second 21}. hours. Streptococci are apparently less salt- 

tolerant than either bacilli or yeasts. 

There is some uncertainty about the oxidation- 

reduction potentials. First of all, the potential gradu- 

ally drifted throughout the curing process.  Secondly, the 

meat was blended with the curing solution and this incor- 

porated considerable amounts of air into the sample.. 

Hence, the readings observed may be a little higher than 
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Table V 

Oxidation-Reduction Potentials and pH During Curing 

Timo   Control Bacilli 
>H      Eh mr. 

Streptococci 
pH      Efa JW, 

Yeaats 

0 .5.14.5 101^.30 5*i|-9 79.30 540 89.30 5.1^5 8^*30 

2k $.ko 103.30 5,1+0 54.30 5.30 79.30 5,40 75,30 

48      5.39      79,30    5.35    84.30    5,30    59.3        5.31    34.30 

fiEt©' 
in 

Table VI 

Plate Count Per Gram of Meat During Curing 

Control 
Hours . 

0   38 

24   5.51 ^ 103 

48   5.82 A  106 

Bacilli 

5.75 x io3 

2.76 X 10^ 

2.43 X 10? 

Streptococci Yeasts 

2.05 x 103  6.55 x 103 

2.29 X IQ^  11*28 X 10^ 

5,81 x 10^  1.74 x 10? 
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the actual potentials. In general, there Is a drop in th$ 

potential in meats inoculated with the organisms. This 

drop is more significejatly observed in the cas© of strepto* 

cocci and yeasts. 

Plate Counts 

The plate counts on different samples of fresh hams 

obtained from"different meat packing plants^ and cut 

aseptically by the method adopted in this experiment indi* 

cated that, in general? the count was very low and varied 

beti-jeen 29*38 organisms per gram of meat. This is 

sufficiently small oorapared to the nuraber of cells in the 

inolulum to not involidate the o&periraent. 

Table VI shows the counts after 0S  2ks k&  hours. Th© 

counts were made in triplicatess and the means are 

reported. 

The bacilli and yeasts continued to grow profusely 

throughout the first i}.8~hQur incubation period at 60° P. 

The growth of the streptococci was considerably retarded 

after the first 2I4, hours of incubation, indicating that 

these are comparatively less tolerant to salt than either 

bacilli or yeasts* 
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Chapter V 

DISCUSSION 

The results Indicated that at least certain micro- 

organisms have an influence on the rate of color develop- 

ment and the intensity of the color developed during the 

curing of meat. 

Studies with the Beckman spectrophotometer indicated 

that the meats inoculated with the test organisms main* 

tained a higher color indesc than the control, during heat- 

ing at 120° P. As observed visually, the color fixation 

was apparently complete at the end of an hour and a half. 

The color Index of the inoculated meats was definitely 

higher at the end of this time than was that of control. 

Th© results obtained with the Photovolt Reflectance 

Meter showed that the intensity of th® color of th© cured 

meats which tf©re inoculated with the microorganisms was 

much better than th© uninoeulated control* Since, the pH, 

oxidation-reduction potentials, and plat® counts were de- 

termined on the same batch of meat which was used for 

color determinations with the Photovolt Reflection Meter, 

these are discussed below? 

The increase in the bacterial count was accompanied 

by a reduction In potential and a very slight decrease in 

pH. The influence of the microorganisms on the color can. 
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therefore, be explained on the basis that they reduced 

the potential by utilizing the oxygen from the tissues or 

that incorporated In the sample during blending. 

Quantitative formation of nitric oxide myoglobin and 

nitric oxide myochromogen cannot be expected because a 

considerable and variable quantity of atmospheric oxygen 

probably was incorporated into the moat during blending. 

Hence, the relative amount of nitric oxide myoglobin 

formed would depend upon the relative reducing conditions 

attained in the meat during curing.  If the redness of the 

cured meat is du® entirely to the formation of nitric 

oxide myoglobin or nitric oxide myochromogen during 

curing, then the meats which were inoculated with the 

microorganisms must have contained more of the nitric 

oxide components than did the control at the end of th© 

heating period at 120° F. 

Based on this reasoning, it can be stated that the 

bacilli, streptococci, and yeasts improved the color of 

the cured meats by reducing th© oxidation-reduction poten- 

tial in the meat. It is difficult, vrf.th th© data avail- 

able at hand, to state definitely which of the organisms 

was most effective in improving the color, but th© yeasts, 

as a rule, seemed to be more effective than the others. 

Etewever, the initial count of yeasts was much higher than 

the initial counts of the other organisms.  Hence, a 
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quantitative rather than qualitative factor may have been 

involved. Again, the bacilli seemed to be more effective 

than the streptococci from the data obtained with the 

Photovolt Reflection Meter, whereas the reverse is indica- 

ted in that obtained with the Beckraan speetrophotometer* 

Therefore, a more detailed study must be carried out 

before the relative influence of the different types can 

be stated conclusively. Also, it is possible that the 

three organisms which were tested may prove to be more 

effective in association with one another than individu- 

ally* ' 

The rate of curing of the meat in the sample cell 

used in the Beckraan speetrophotometer was much faster 

than that in the petri dish used for determining the 

color with the Photovolt Reflection Meter.  It may be due 

to the smaller size of the sample in the sample cell, or 

due to the fact that the hams used in the two experiments 

were different. 

This study was primarily carried out to determine 

itfhether or not the microorganisms predominantly present 

in commercial cover pickle, which had been used for 

curing hams, have an influence on the color development 

of the meat. The results were very encouraging and 

warrant further studies along these lines. 
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Many workers' in the past have pointed out the bene- 

ficial effects of microorganisms in curing. Hoifever, 

their observations were confined to studies with hemo- 

globin solutions derived from blood or th© changes in the 

microbial content or chemical composition of the cover • 

pickle sampled at different stages of the curing process. 

The experiment reported here was designed to obtain more 

direct evidence as to the beneficial effects of the 

microorganisms in th© curing of meat. 

More studies will have to be carried out before any 

commercial application of controlled cultures of micro- 

organisms may be possible. As pointed out by Osman Jones 

(72), the bacterial flora obtained from commercial used 

cover pickles from widely different plants vary a great 

deal. From one plant he could obtain an almost pure 

culture of mlcrococci from one source and of bacilli from 

another source. Garrard and Lockhead {2$)  also found a 

predominance of gram positive micrococcl In bacon- 

immersion brines which were used in curing. In the 

studies reported here, a used cover pickle obtained from 

one of the largest meat packing plants on the Pacific 

Coast, contained predominantly yeasts, while bacilli and 

streptococci were next largest in number. All of these 

results shox-j that there is a wide variation in the 
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raicrobial flora present in curing pickles. 

Apparently some of these organisms must influence 

the color development during curing, either because of 

their properties to reduce nitrates or their ability to 

provide reducing conditions in meat.  These organisms 

could bring about the beneficial effects either individu- 

ally or in association with one another. 

Many of these organisms, if they survived after 

curing, may cause discolorations. However, most of these 

are greatly susceptible to the smoking process which fol- 

lows curing, and hence are destroyed. 
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Chapter VI 

SUMMARY 

Yeasts* bacilli, and streptococci were isolated 

from a used ham-curing pickle obtained from a commercial 

meat packing plant, and their characteristics i^ere 

studied. The effect of these organisms on the rat© of 

color development was determined by using the Photovolt 

Reflection Meter and the Beckman Spectrophotometer t^ith a 

reflectance attachment. 

After a number of preliminary experiments, a method 

was worked out for studying the effect of a controlled 

culture on the rate of color development during curing. 

The method is described. 

In general, the microorganisms improved the color of 

cured meats. The growth of the microorganisms during 

curing at 60° P. is accompanied by a decrease in oxidation- 

reduction potential and hence it was reasoned that they 

improved the color developed on curing by reducing the 

potential.  The test organisms used in this experiment 

did not reduce nitrates« 
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COWCLUSIGBS 

1. YoaatBg  bacilli, and stroptococci wer© foimd to 

be proclorainantly present in a gasapl© of commercial cover 

pickle which had be^n used to cure haas* ITh^ir character- 

istics were studied and found to b© as followss 

a*, feasts s Gram positive j sal t«* tolerant* best 

growth at about 21° C*. Thoy roducod litmus 

milk and rosazurinp but did not roduc© 

nitratos* Thoy did not produce carbon 

dioxido in- lactose and glucose fermentation 

tubes, 

b,. Bacilli' Gram positives long rodsi faculta* 

tive anaerobes. Thoj reduced litmus railk 

and resazurin, but did not reduce nitrates* 

They did not produce oxid&G© nor did they 

form green or black colonies when grown on 

blood agar mediusi. 

c. Streptococci: Gram positive coccij faculta* 

tive anaerobes. They reduced litraus milk 

rapidly- and lowered the pH» They reduced 

resazurin* but did not reduce nitrates or 

produce oxidase* They formed colorless 

colonies on blood agar,, 
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2, Meat inoculated with any on© of the three types 

or isolated organisms showed better color on curing than 

did uninoculated meat. 

3. The yeastas bacilli, and atreptococci iraproved the 

color of cured meat by reducing the oxidationwreduction 

potential. 

If, A method has been described for studying the 

effects of the controlled cultures of microorganisms on the 

meat curing process. 

5. Both the Beekman Quartz Spectrophotometer and the 

Photovolt Reflection Meter can be used for studying the 

color changes during the curing of meat under Controlled 

conditions. However^ the Photovolt Reflection Meter was 

found to be more convenient than the Bedaaan Spectro- 

photometer in the method described, and it also permits 

the use of larger samples of meat. 
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Table VII 

Analysis of Variance of the ^hotovolt Readings 
on Petri Dishes IFsing (HBS-r) Red 

Plate SEG-70 

Filter Variation 
 -Pue .. to 

Pet PI 
AKEER Dish  ■' 

Kep.li cations 

Error 

Total - 

"PetrT 
BLUE Dish 

Replications 

Error 

Total 

Petri 
GBEElff Dish 

Replications 

Error 

Total 

Svua of      jy©gr©G'S        Bean 
Squares of Freedom Square 

0.1800 

0.3*1-30 

0*14450 

0*9680 

0.1860 

0.23^0 

0.2^90 

0.6700 

0*1240 

0.0670 

0*9210 

1.1120 

3 
•4 
12 

19 

3 

4 
12 

19 

3 

4 
12 

19 

0*0600 1*62 Hot sig. 

0.0857 2*31 lot sig. 

0*0371 

0*0620 2*98 Not sig. 

0.0587 2*83 Hot sig. 

0*0207 

0.04133 0.538 Hot sig* 

,0*01675 0.218 Not  sig. 

0*07675 

#At 5$ level  of   significance. 




