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THE EFFECTS OF LUPULOM OK THE THERMAL REDUCTION 
RATE OF BACTERIAL SPORES (P.A. 3679) 

INTRODUCTION 

Over a period of years, considerable work has been 

done pertaining to the antibacterial agents lupulon and 

humulon obtained from hops. Michener, Snell and Jansen 

(15, p., 199) stated that mature hops contain 11-21 per 

cent resin in which lupulon and humulon are found.  It 

was determined by Walker (35,, p., 362) that the preserva- 

tive action of hops is associated with the resins. 

The major use of hops has been in the manufacture 

of beer as a flavoring but hops also impart to beer wort 

an antibacterial activity against certain gram-positive 

bacteria but not against certain gram-negative bacteria 

(2,4? p. 118). Lupulon and humulon, and other constitu- 

ents of hop resins are responsible for this antibacterial 

activity. 

In order to determine the effects of lupulon on the 

thermal reduction rate of spores of' P. A. 3679, capillary 

tubes were innoculated (26, p. 141) ii/ith spores suspended 

in a fine beef slurry containing lupulon. Spores in 

capillary tubes were subjected to a heat treatment at 

240oF. (Z  0.50F.) in a constant temperature oil bath for 

varying lengths of time.  After heating, the capillary 



tubes were cooled to room temperature in cold water 

(720F.) and then subjected to one of two methods of sub- 

culture. One method, a modification of the method used 

by Stern and Proctor (26, p. 141) involved crushing the 

capillary tubes in screw cap test tubes and adding a 

basal yeast extract medium (38, p. 9) layered with a 

capping medium.  The other method of Wilder and Nordan 

(36, p. 462-467) involved the addition of yeast extract 

media over th® meat slurry in the capillary tubes and 

subsequent sealing of the capillary tubes before incuba- 

tion.  The thermal reduction rate or D value (time in 

minutes required to kill 90 percent of the spores) was 

determined by the method employed by Stumbo, Murphy and 

Cochran (30, p. 323). 



HISTORICAL 

Hops have been used in the brewing of beer for many 

years. Bishop (4, p. 101) reports that before 1500 A. D. 

beer was made in England much as it had been made for 

some 10,000 years before, by allowing hot water to act 

on germinated cereals so thatthe amylase converts the 

starch to a sugary and dextrinous solution which is 

boiled and then fermented by yeast. During the boiling 

various herbs were often added, but in 1510-1520 the use 

of hops was Introduced from Holland and in time hopped 

beer replaced the unhopped ales.  Bishop (4, p. 102) 

stated that gradually it was realized the value of hops 

lay, not only in the odor of the essential oils, but in 

the preservative or antibacterial action, which allowed 

yeast to grow freely, but, even in small amounts retarded 

or prevented the growth of many of the potential spoilage 

bacteria.  This preservative action of hops appears to 

have been recognized at least as early as their intro- 

duction. 

In the course of time it became clear that the pre- 

servative action was associated with the resins. The 

resins were differentiated (55, p. 362) into the soft 

resins which showed the preservative action and the hard 

resins which comprise oxidation and polymerization 
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products.  Both contribute to the bittering taste of 

hops. Later the soft resins were differentiated further 

in seeking the source of the preservative action. 

Hopkins and Krause (8S p. 220-221) showed that the 

resins were  separated into alpha and beta fractions. 

The alpha acid was isolated from the alpha fraction. 

This is noiv known as humulon, and a beta acid was iso- 

lated from the beta fraction and is now known as lupulon. 

Commercial hops, (14, p. 1) the dried cones of the hop 

vine (Lupulus humulus), contain these two antibacterial 

agents, lupulon and huraulon, both of which were found to 

have strong preservative action. Lupulon was shown by 

Walker and colleagues (53, p. 102) to inhibit acid pro- 

duction by Lactobacillus bulgaricus at a concentration 

of approximately 0.5 to 1 ppm. Humulon is about one- 

third to one-quarter as effective as lupulon. Only some 

15 percent of the antiseptic activity of the hops used 

actually reaches the wort and beer, but this concentra- 

tion is effective against most beer spoilage bacteria. 

Shimwell (25, p. 127) showed that although the anti- 

septic power of hops toward the majority of bacteria is 

beyond question, its action has to a certain extent to 

be regarded as specific, since while large numbers of 

bacteria are completely inhibited by relatively lovi  con- 

centrations of hop antiseptics there are others which show 



a more marked resistance.     Shimwell   (25,   p.   129)   also 

found that the action of hop antiseptics  in beer and 

hopped wort,   although usually referred  to  as  antiseptic 

is more  strictly of  a bacteriostatic nature.     Bacteria 

are not necessarily killed by hop resins but are rather 

prevented from growing.     Sometimes  this  action is  incom- 

plete,   the results being a postponement of commencement 

of  growth,   or  in other words,   a prolongation of the  in- 

itial  stationary phase.     Walker  (32,  p.   17)   showed that 

a minute quantity of lupulon  causes   stimulation of bac- 

terial  activity.    He  also found  that 360 mg.   of phenol, 

under the  conditions of the experiment and for the strain 

of bacteria used in  the determination,   caused a 50 per- 

cent  restriction of  the ability of the organism to  form 

acid,   compared with 0.155 mg.   for humulon,   and 0.0425 mg. 

for  lupulon.     The method used by Walker  (32^   p.   17)   (Log- 

phase method)   consisted of the addition  of varying 

amounts  of antiseptic  solutions  containing hop bitters 

to  the growing organisms during their log or maximum 

phase of growth and in determining how much  their ability 

to  form lactic  acid  is  curtailed. 

Michener,  Snell  and  Jansen  (15,  p.   199)   found  that 

hops  impart to beer wort  an  antibiotic  activity against 

certain gram-positive bacteria but not  against  certain 

gram-negative bacteria.     Further investigation by 
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Shimwell  (24,  p.   118)   showed that  only gram-positive 

types were  suppressed by hops,  while  gram-negative species 

withstood their antiseptic  action.     This  inhibiting ac- 

tion against gram-positive but not gram-negative bacteria 

was  also reported by Salle,   Jann and Ordanik  (22,  p.   410). 

With the increasing interest in  the use of anti- 

biotics  to preserve food,   considerable   thought has been 

given to  the use of  antibiotics  in  combination with a 

reduced   thermal process.     Lewis,  Michener,   Stumbo and 

Titus   (13,  p.   300)   did a survey of  67  antibiotics.     The 

reduction in D value was  calculated -when  spores  of 

P.   A.   3679  were heated in the presence  of various  anti- 

biotics  applied at   a concentration  of 14 ppm.     Of the  67 

antibiotics,   subtilin and nisin were  the only two  that 

appeared to accelerate the thermal death of spores   to any 

great extent;  in fact several actually increased  the 

resistance to heat as  indicated by a negative D value. 

Anderson and Michener   (3,  p.   189)   did  their work 

with vegetables  and  they indicate   that  foods  can be  pre- 

served Mth only mild heat treatment  (2120F.   or lower for 

a few minutes)  with subtilin.     They also mentioned  that 

lupulon has  shown promise in  this method of preservation. 

Lupulon was used by LaBaw and Desrosier  (12,   p.   188)  who 

found  that lupulon was  effective in reducing the heat 

tolerance of Flat Sour lo.   787  spores.     Little reference 



has been made to the effects of lupulon on spores of P. A, 

3679.  The spores of P. A. 3679 have been used in the 

testing of several other antibiotics. Kaufmann, Ordal 

and El-Bisi (10, p. 486) screened nine antibiotics against 

five sporeforming organisms coxrmonly associated with the 

spoilage of canned foods*  They found that none of the 

antibiotics was effective against Clostridlum botulinum 

(type B) or P. A. 3679.  Williams and Campbell (37, p. 

350) reported that a combination of subtllin and mild 

heat treatment has been found ineffective for the com- 

plete destruction of the spores of a number of obligate 

and facultative thermophilic flat sour bacteria.  It was 

also reported by Adams and co-workers (1, p. 423) that 

high levels of subtilin with mild thermal processes do 

not permanently inhibit the germination of the putrefac- 

tive anaerobic spores in beef.  They also mentioned that 

a combination of a high level of subtilin with heat pro- 

cessing apparently is necessary for extended inhibition 

of heat resistant spores in beef. 

Spores of P. A. 3679 have been used in this investi- 

gation because they are organisms commonly used in heat 

resistance studies and in inoculated pack studies.  This 

species was first isolated from spoiled canned corn by 

Cameron In 1927 (31, p. 323).  Cameron (6, p. 405) 

believed that P. A. 3679 is similar to Cl. sporogenes 
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but is probably not identical with it.  Gross, Vinton 

and Stumbo (6, p. 410) believed that P. A. 3679 is cul- 

turally and serologically distinct from a strain of C.l. 

sporogenes (Spray). 

According to Stumbo (29? p. 78-79) spores of P. A. 

3679 are more resistant to heat than are the spores of 

Cl» botulinum, being in the range of 1.5 to 5.0 times. 

This organism is also different from 01. botulinum in 

that it does not produce the extremely potent toxin. 

Many processes in use today for a variety of food items 

have been based on resistance values observed for the 

spores of the Putrefactive Anaerobe 3679.  Stumbo further 

stated that since the resistance of spores of P. A. 3679 

is greater than Cl. botulinum, any process based on 

resistance values for spores P. A. 3679 reduce still fur- 

ther the probability that £1. botulinum will survive in 

foods given such processes. 

Lupulon was used in this investigation because of 

the reported antibacterial properties that it possesses 

and because of its greater activity than humulon (9? p. 

38).  This work was undertaken to determine if lupulon 

had any effect on the Thermal Reduction Rate (time in 

minutes to accomplish a 90 percent reduction in number 

of spores) of P. A. 3679.  If lupulon has a definite 

effect in reducing the thermal reduction rate of spores 



of P. A. 3679, it may warrant further work in studies 

toward reducing the thermal process time required to 

sterilize fresh beef. 

The methods used in this investigation to determine 

the effects of lupulon were a modification of the method 

used by Stem and Proctor (26, p. 141) and the method of 

Wilder and Nordan (36, p. 462^467). 

Calculation of D values were used in this investiga- 

tion to determine any change in heat resistance of the 

organism caused by the lupulon. The adoption of D value 

as the symbol to be used to designate the time required 

to obtain a 90 percent reduction in spores was suggested 

by Schmidt (20, p. 730).  The use of the D value has been 

employed by other workers, Pflug and Esselen (18, p. 239- 

241) (19, p. 95), Stumbo (28, p. 235-238), Reed, Bohrer, 

and Cameron (21, p. 389-407), and Stumbo, Murphy and 

Cochran (30, p. 323-326). 

The spores of P. A* 3679 used in this investigation 

were originally obtained from the Western Research Labora- 

tory, National Canners Association, Berkeley, California. 

A stock spore suspension was prepared from the original 

culture by inoculating a liver broth, the same as that 

employed by Stumbo, Murphy, and Cochran (30,. p. 321-322). 
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EXPERIMENTAL METHODS 

Cottonseed Oil as a Solvent 

Preparation of Lupulon Solutions. 

Cottonseed oil was used as a solvent for lupulon 

because of its solubility in oil ( 5 * p. 159) and limited 

solubility in water.  This oil was used rather than one 

of the other vegetable oils because of its property of 

being less viscous at room temperature and its availabil- 

ity.  The lupulon was dissolved in the oil at room temp- 

erature in an atmosphere of nitrogen.  Cleaned glass 

tubing with an inside diameter of approximately 1.2 cm. 

was heated, drawn out, and sealed forming a test tube. 

The test tube was cut off so that it was 16 cm. long.  A 

quantity of lupulon was weighed on an analytical balance 

and then transferred to the bottom of the test tube which 

was then heated about 5 cm. from the open end in a gas- 

oxygen flame and drawn out.  The drawn out tip was broken 

off so that a 22 gauge hypodermic needle could be 

inserted and would reach to the shoulder of the test 

tube.  The hypodermic needle was attached to a 1 cc. 

tuberculin syringe.  Five cc. of cottonseed oil were 

added to the test tube with the hypodermic needle and 

tuberculin syringe through the drawn out tip.  The oil 

was added after drawing out the tip to prevent any 
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unnecessary heating of the oil in the test tube during 

the drawing out operation. 

Evacuation and Replacement with Kitrogen. 

The drawn out tip of the test tube was inserted into 

a Conax Packing Gland (36a p. 462) which consisted of a 

stainless steel insert and a rubber gasket.  The drawn 

out end of the test tube was carefully inserted through 

the stainless steel insert until it protruded slightly 

above the rubber gasket.  The lower part of the Conax 

Packing Gland was then screwed tightly to form a perfect 

seal by pushing and holding the stainless steel insert 

tightly against the rubber gasket.  The packing gland was 

attached to a 3-way double oblique bore stopcock by means 

of a short rubber tube. The 3-way stopcock was attached 

by one tube to a water operated aspirator and by the other 

tube to a gas regulator attached to a nitrogen cylinder. 

One half revolution of the valve connected the stopcock 

with vacuum, evacuating the test tube. Another one half 

revolution of the valve connected the stopcock with ni-* 

trogen which replaced the evacuated air.  This process 

of evacuation and replacing with nitrogen was repeated 

several times to remove as much air as possible by dilut- 

ing the remaining air each time with nitrogen.  After the 

nitrogen had replaced the air9 the stopcock was turned so 
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that neither vacuum nor nitrogen was connected.  This 

left a positive nitrogen pressure of about 2 pslg.  The 

tube was heated with a gas-air flam© slightly above the 

shoulder to shrink and seal the test tube.  The sealed 

test tube then contained lupulon and oil in an atmosphere 

of nitrogen. This inert atmosphere of nitrogen was to 

reduce the possibility of oxidation and destruction of 

the lupulon during the agitation and dissolving of the 

lupulon in the cottonseed oil. 

Mixing of the Lupulon Solution. 

The tube containing the lupulon and oil \?as put on 

a mechanical shaker which rotated the tube 24 times per 

minute. At this speed the oil traveled the length of 

the tube (approximately 11 cm.) 48 times a minute giving 

good agitation of tie oil and lupulon.  Lupulon solutions 

were prepared In the above manner at concentrations of 

0.4, 1.0, 4.0, and 6.0 mg. per cc. 

Preparation of Meat Slurry- 

Grinding of the Meat. 

Fresh beef was used as the medium for the suspension 

and heating of the P. A. 3679 spores.  The meat (sirloin 

tip roast, grade good) was obtained from local markets 
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immediately before use. The 2-|- to 3 pound roasts were 

freshly cut from the carcass to reduce the possibility of 

unnecessary contamination and bacterial groiirth.  The meat 

was trimmed to remove as much fat and connective tissue 

as possible and the remaining lean meat was then ground 

five times in a sterile Enterprise meat grinder.  The 

ground meat was diluted with sterile water to a ratio of 

ten parts meat and eight parts water.  This meat-water 

mixture iiras placed in a sterile Waring Blendor and sub- 

jected to additional grinding for three minutes.  After 

completion of the grinding, the meat sample was pushed 

through a sterile stainless steel screen, 100 mesh to the 

inch. 

Add!tion of Lupulon to the Meat Slurry. 

Exactly 18 grams of the meat slurry were transferred 

to a sterile Micro-Waring Blendor.  One ml. of the 

cottonseed oil containing dissolved lupulon was added and 

blended.  It was shown by microscopic examination that 

blending for one minute broke the oil down to fine drop- 

lets and evenly dispersed them throughout the medium. 

Serial dilutions of spores were made and added to the 

slurry so as to obtain 1,000,000 spores per ml. in the 

final dilution.  The mixture of meat slurry, lupulon 

solution and spores was blended slightly to get an even 
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distribution of the spores.     The blended mixture was 

transferred  to a sterile 25 ml.   Erlenmeyer flask to 

facilitate easy filling of the tuberculin syringe. 

Treatment of the Capillary Tubes 

Filling the Capillary Tubes. 

Capillary tubes,  outside diameter 1.5 mm.   inside 

diameter 0.8 to 1.1 mm.  and  about 68 mm.  in length were 

sealed on one  end with a gas-air flame and  sterilized. 

The  sterile  capillary tubes were partially filled with 

0.01 ml.  of the meat  slurry containing lupulon,  10,000 

spores,   and oil.    Sets of ten tubes each were filled and 

used for each variation in the experiment.    A sterile, 

20 gauge,   2»inch hypodermic needle,   attached  to  a sterile 

1 cc.   tuberculin syringe,  graduated in hundredths of a 

millimeter and mounted on an aluminum holder,  was in- 

serted Into each of the capillary tubes and served to fill 

them.     The syringe was attached to a micrometer head so 

that one  turn of the screw delivered 0.01 ml.   to each 

capillary tube,  filling it approximately one fifth full. 

The capillary tubes were  then heat-sealed in a gas-air 

flame. 

Heat Treatment of the   Capillary Tubes. 

All of the filled,   sealed capillary tubes  except the 
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unheated control were inserted at evenly spaced intervals 

between the coils of a wire spring three inches in length. 

This coil spring waa  suspended by a wire frame from a 

wooden rod 18 inches in length and about 3/l6 inch in 

diameter. These carriers were used to hold the capillary 

tubes during the heat treatment in the constant tempera- 

ture oil bath at 2400F» 

The carriers holding the capillary tubes were im- 

mersed into the hot oil. A stop nrateh was used and at 

the termination of a predetermined time the carriers 

holding the capillary tubes were quickly lifted out of 

the oil bath and immersed immediately into water at 700F. 

Treatment of the Capillary Tubes After Heating. 

After cooling, the capillary tubes were placed in 

beakers containing petroleum ether to remove the majority 

of the adhering oil. The capillary tubes were then indi- 

vidually wiped clean of the remaining adhering oil.  The 

cleaned capillary tubes were placed in beakers containing 

potassium dichromate-concentrated sulfur acid cleaning 

solution and allowed to stand several hours to sterilize 

them.  After sterilization the tubes were rinsed for 20 

minutes under tap x^ater to remove the cleaning solution 

and finally placed in beakers containing sterile distilled 

water. 
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Crushed Capillary Tubes. 

Screw cap test tubes 20 x 150 mm. had been prepared 

previously by adding 1 cc. of water and sterilizing in 

the autoclave.  Each capillary tube was picked out of the 

sterile distilled water with sterile forceps* The end 

containing the meat slurry was held up to drain any re- 

maining water.  The screw cap was removed from the test 

tube, the open end flamed and the capillary tube inserted 

into the test tube and broken off slightly above the 

level of the meat slurry. The end inside the test tube 

containing the meat slurry dropped to the bottom of the 

test tube into the 1 cc. of sterile distilled water.  A 

sterile glass stirring rod was flamed and inserted into 

the test tube. The flat end of the stirring rod was used 

to crush the capillary tube.  Sterile distilled water was 

then poured onto the stirring rod to wash any adhering 

spores or meat back into the test tube. The test tube 

was then flamed at the open end and the cap replaced. 

After all the capillary tubes had been broken and crushed 

in separate tubes in this manner, sterile basal yeast 

extract medium as used by Wynne, Schmieding, Daye, Jr; 

(28, p. 9) was added to each test tube vd. th a sterile 

separatory funnel. The open end of the test tube was 

flamed before and after adding the medium. After cooling 

the medium by allowing it to sit at room temperature. 
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warm, sterile sealing mixture (1 part paraffin^ 1 part 

white petroleum jelly, and 4 parts mineral oil) was 

layered over the medium to a depth of about ^  inch. All 

the screw cap test tubes containing the medium were placed 

in the incubator at 370C. (98.60P.) and positive tubes 

were detected within 5 days by formation of gas or visi- 

ble colonies. 

Capillary Tubes Filled bg Vacuum 

Effects of Heating and Incubating in Presence of Lupulon. 

This experiment was designed to test the effects of 

lupulon at concentrations from 0 to 300 ppm, with and 

without sodium thioglycollate, by the vacuum filled 

capillary tube method. In this method by Wilder and 

Kordan (36, p. 463) medium is added directly to the capil- 

lary tubes rather than crushing them in screw cap test 

tubes and subculturing. After heating in the oil, cool- 

ing and cleaning, each tube was drawn out by holding the 

end containing the suspension and placing the opposite 

end in a gas-air flame until it was red hot.  The hot end 

was fused to a small piece of glass held in the other 

handj removed from the flame and quickly pulled in oppo- 

site directions so that the tip end of the capillary tube 

opposite the suspension was drawn out to a fine point. 
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The dram out end was broken with  the sterile end of the 

other piece of glass so that a very small opening was 

formed in the end of the capillary tube. The sterile 

drawn out end of each tube was inserted into a sterile 

Conax Packing Gland (36, p. 462) which consisted of a 

stainless steel insert and rubber gasket. The drawn out 

sterile tip of each capillary tube was carefully inserted 

through the stainless steel insert until it protruded 

slightly above the rubber gasket. The lower part of the 

Conax Packing Gland was then screwed tightly to form a 

perfect seal by pushing and holding the stainless steel 

insert against the rubber gasket.  The Conax Packing 

Gland was attached to a 3-way double oblique bore stop- 

cock by means of a short rubber tube so that one half 

revolution of the valve connected the stopcock with 

vacuum, evacuating the capillary tube in about three 

seconds. Another one half revolution of the valve con- 

nected the stopcock with medium which replaced the 

evacuated air. 

The medium which was used to fill the capillary tubes 

by means of the vacuum apparatus was the same basal yeast 

extract that waa used for the crush tube method except 

the agar was omitted in its preparation.  The medium was 

kept xvarm (1130F.) before use to reduce the oxygen con- 

tent.  After filling the capillary tubes in the vacuum 
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apparatus, the drawi out tips of the capillary tubes were 

slightly heated in the gas-air flame to partially seal 

them. Each capillary tube was then sealed by dipping the 

drawn out tip into Du Font's Duco cement. The capillary 

tubes were then incubated at 370C. (98.6°?.) and positive 

tubes were detected within 7 days by formation of gas and 

discoloration of the meat slurry. 

Treatment of Data 

Calculation of D Value. 

After 30 days incubation of all capillary tubes, 

those crushed and layered with medium and those filled by 

the vacuum apparatus,   the number of spores  surviving heat 

treatment at  240oP.   was determined by the probability 

equation of Halvorson and Ziegler  (7,  p.   110-113)  and  th© 

time required for destruction of 90 percent of  the spores 

(D values)  were calculated  (2<8,  p.   235^238).     The method 

of  treating the data was  the same as  that  employed by 

Stumbo,  Murphy,  and Cochran (30,  p.  322-325). 

D « Y _ j       ',      =  time  in minutes   to accomplish a 
xog      -    og QQ perc@nt reduction in number 

of  spores 

where: 

U * time of heating 
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a = the number of spores subjected to one time- 
temperature relationship, or the number of 
spores initially present per sample multi- 
plied by the number of replicate samples, 
the number per sample being 10,000 spores 
per 0.01 ml. 

b = the most probable number of spores surviving 
the time temperature relationship to which 
the samples were subjected, or x multiplied 
by the number of replicate samples. 

Each value of b was obtained by applying the probability 

equation of Halvorson and Ziegler (7, p. 110-113), the 

same as used by Stumbo, Murphy, and Cochran (30, p. 322- 

325) and others (18, p. 239-241), (18, p. 730), (21?  p. 

389-407), (28, p. 235-238), to data obtained for samples 

subjected to a time-temperature relationship which ster- 

ilized only a portion of the total number of samples. 

The equation was applied as follows: 

5f s 2.3026 log S. 
q 

where? 

x = most probable number of spores surviving per 
replicate sample 

n s total number of replicate samples 
q s number of sterile samples as evidenced by 

lack of growth in subculture tubes 

then b * T  times number of replicate samples 

Results 

Lupulon in Oil, Centrifuged and Uncentrifuged. 

Eight sets of ten tubes each were set up to deter- 

mine the effects of lupulon in cottonseed oil on the 
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thermal reduction rates of the spores of P. A. 3679.  The 

results are tabulated in Table 1. 

Table 1 

Effects of Lupulon Dissolved in Cottonseed Oil, Centri- 
fuged and Uncentrifuged 

Kumber of Per  Time in lumber of 
Set capillary cent oil bath, p.p.m.  positive D value. 
No*   tubes   oil  240oP.   lupulon    tubes 2400P. 

1     10 0 0 mln. 0 10 «»«»«•«* 

2     10 0 14 min 0 2 3.01 
3     10 5 0 min, 0 10 =.=>,.- 

4     10 5 14 mln. 0 1 2.90 
5*    10 5 14 min 50 7 3.57 
6     10 5 14 min 50 1 2.90 
7*    10 5 14 min. 10 8 3.69 
8     10 5 14 min. 10 5 3.35 

* Centrifuged. 

The unheated controls. No's 1 and 3, showed good 

growth with all ten tubes in each set positive as indi- 

cated by gas formation of visible colonies.  The heated 

controls which also contained no lupulon were run to serve 

as a reference for the tubes containing the ^upulon. The 

heated control, No. 2, showed two positive tubes while the 

other heated control, No. 4, containing 5 percent oil, 

showed one positive tube.  These two heated controls were 

considered basically the same because of the slight dif- 

ferences in their D values at 3.01 and 2.90.  The set of 

ten tubes. No. 6, which contained 50 ppm lupulon and 5 

percent oil showed one positive tube indicating that the 
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presence of lupulon had no effect on the spores.  The set. 

Wo. 8, containing 10 ppm. lupulon and 5 percent oil showed 

five positive tubes which was attributed to possible ex- 

perimental error.  The two sets of tubes. No's. 5 and 7, 

containing 5 percent oil and 50 and. 10 ppm lupulon, re- 

spectively, were centrifuged for 30 seconds in a clinical 

centrifuge immediately after inoculation*  The set con- 

taining 50 ppm lupulon showed seven positive tubes and 

the set containing 10 ppm lupulon showed eight positive 

tubes. During centrifugation the oil was separated from 

the meat slurry and deposited on the surface.  It is 

believed that during centrifugation some of the spores 

present in the sample were moved to the surface in the 

oil layer.  Oil which offers more of a protective action 

(17, p. 58) than the water or meat slurry protected the 

spores during the heating operation.  These spores which 

had been protected, were viable and when subcultured in 

the screw cap test tubes germinated giving a greater 

number of positive tubes and consequently a higher D 

value. 

The work done using lupulon in oil, centrifuged and 

uncentrifuged (Table 1) was repeated with slight changes 

in the procedure.  The meat slurry was prepared in the 

same manner, the change being in the addition of the 

spores.  In the previous run the spore suspension was 
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added separately to each and every sample variation.     The 

meat  slurry and lupulon-oll solutions were blended 

together and then  the  spore suspension was added.    The 

change in procedure involved the addition of the total 

quantity of meat slurry required for  the entire experi- 

ment  to  the Miero-Waring Blendor and then the  addition of 

the   spore  suspension to get a final dilution of 1,000,000 

spores per ml.     The mixture was then blended to get an 

even distribution of  the  spores.     In the previous experi- 

ment where  the  spores were added separately to each 

variation in the experiment it was believed that an un- 

equal distribution of spores from sample  to sample may 

have resulted.     This could account for the greater number 

of positive tubes in No.  8.     The results of this  experi- 

ment with the change in procedure are tabulated in Table 

2. 

Table 2 

Effects of Lupulon Dissolved in Cottonseed Oil, Centrifuged 
and Uncentrifuged 

Number of lumber of Per  Time in 
Set capillary cent oil baths p.p.m.  positive D value, 
Bo.    tubes   oil  240oP.   lupulon   tubes  240oP. 

1 10 0 0 min 
2 10 0 14 min 
3 10 5 0 min 
4 10 5 14 min 
5* 10 5 14 min 
6 10 5 14 min 
7* 10 5 14 min 
8 10 5 14 min 
* Centrifuged. 

0 
0 
0 
0 

50 
50 
10 
10 

10 
2 

10 
2 
5 
3 
5 
2 

3.01 

3.01 
3.35 
3.15 
3.35 
3.01 
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In this experiment the unheated controls. No's. 1 and 

3, also showed ten positive tubes as expected because they 

were not heated* The heated controls, No. 2 containing no 

oil and No. 4 containing 5 percent oil, showed two posi- 

tive tubes each. This is a good indication that when the 

oil is dispersed as fine droplets it exerts little influ- 

ence on the thermal reduction rate of the spores during 

heating.  The two samples, No's. 6 and 8, that were not 

centrifuged showed three and two positive tubes at the 50 

and 10 ppm levels respectively.  The centrifuged samples. 

No's. 5 and 7, showed five positive tubes each.  This is 

further indication that the spores rise to the surface 

with the oil during centrifugation and are thereby pro- 

tected by the oil during heating. 

Increased Concentrations of Lupulon. 

The following two experiments (Tables 3 and 4) were 

designed to determine the effects of several levels of • 

lupulon. The procedure used was the same as that used 

in the previous experiment (Table 2). 
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Effe cts of Increasing 

Tab] 

Levels 

Le 3 

of Lupulon Dissolved in 

Per 
Cottonseed Oil 

Time in Number of Number of 
Set capillary cent oil bath, p.p.m. positive D value. 
Mo. tubes oil 240oP. lupulon tubes 

10 

2400P. 

1 10 0 0 min. 0 —-*. 

2 10 0 14 rain. 0 1 2.90 
3 10 5 14 min, 5 1 2.90 
4 10 5 14 min 10 2 3.01 
5 10 5 14 min. SO 1 2.90 
6 10 5 14 min. 100 4 3.26 
7 10 5 14 min 150 2 3.01 
8 10 5 14 min 200 1 2.90 
9 10 5 14 rain. 250 5 3.35 

10 10 5 14 min. 300 1 2.90 

Tab: Le 4 

Effe cts of Increasing Levels of Lupulon Dissolved in 

Per 
Cottom 
Time ir 

seed Oil 
i Number of Number of 

Set capillary cent oil bal fch, p.p.m. positive D value. 
Wo. tubes oil 2400P. lupulon tubes 240oP. 

1 10 0 0 min. 0 10 .... 

2 10 0 14 min. 0 3 3.15 
3 10 5 14 min. 3 3 3.15 
4 10 5 14 min. 7 6 3.47 
5 10 5 14 min 25 3 3.15 
6 10 5 14 m1n. 125 10 ___-. 

7 10 5 14 min. 225 8 3.69 
8 10 5 14 min, 300 7 3.57 

The two experiments (Tables 3 and 4) with the increas- 

ing concentrations of lupulon resulted in no direction of 

inhibition with the various levels of lupulon used. 
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Reducing Agen ts 

Protection  of  Lupulon With Ascorbic  Acid. 

It was reported by Michener and Anderson  (16,  p.   68) 

that lupulon is quite  heat labile due possibly to oxida- 

tion.     Work was done with the possibility of increasing 

the stability of this compound at retort and incubation 

temperatures by the addition of ascorbic acid.     It was 

also  shoim by them that ascorbic acid exerted a protective 

effect for the lupulon  and  that  at incubator temperatures 

the activity of the lupulon could be prolonged.     They also 

found that  the addition  of ascorbic  acid  to lupulon during 

heat sterilization offered some protection. 

The cottonseed oil used as a solvent for the lupulon 

proved very unsatisfactory when ascorbic acid was  added 

because of a solubility problem.     It was for  this reason 

that a change to 95 percent ethyl alcohol as a solvent was 

made in  this work. 

Ascorbic  acid was used to protect lupulon during 

heating  at ccncentraticns  of 0.05 andO.10 percent. 

Samples containing 20 ppm lupulon were prepared and 

analyzed using ultra-violet spectrophotometry by the 

method   of  Alderton  and  co-workers   (2,  p.  984-985). 

A control and  two  samples  of 20 ppm lupulon in alco- 

hol  and  phosphate  buffer containing 0.05 and  0.10 percent 
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ascorbic acid were prepared.  The samples were heated in 

the autoclave for 16 minutes at 250oP. 

After 16 minutes the autoclave was turned off and 

allowed to return to atmospheric pressure at which time 

the samples were removed and placed in water held at room 

temperature. The cooled samples were again analyzed by 

ultra-violet spectrophotometry* During autoclaving the 

samples had darkened considerably.  Freshly distilled 

water was redistilled twice using a clean glass distilling 

apparatus.  The glass distilled water was used in the 

preparation of a .015 Molar phosphate buffer pH 7.6. The 

lupulon was dissolved in alcohol (1 percent) and then 

diluted to volume with phosphate buffer.  The redistilled 

water eliminated the problem of darkening of the solutions. 

The same procedure of preparing samples was repeated 

using the redistilled water in the phosphate buffer.  It 

was found that the ascorbic acid in concentrations of .05 

and .10 percent would protect the lupulon during auto- 

claving for 16 minutes as determined by ultra-violet 

spectrophotometry. As the concentration of lupulon was 

raised above 100 ppm, the solubility decreased. This was 

attributed to the effect of ascorbic acid which lowered 

the p'H.  It was found that the lowering of the pH reduced 

the solubility of the lupulon giving cloudy solutions 

which could not be analyzed accurately. 
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Protection of Lupulon With Sodium Thioglycollate. 

Sodium thioglycollate was used to determine if it 

would protect lupulon during autoclaving at 2500P. for 16 

minutes.  Sodium thioglycollate is often used to keep 

anaerobic media in a reduced state, therefore it was be- 

lieved that it might function in the same manner by pre- 

venting oxidation of the lupulon during autoclaving. 

Samples were prepared by dissolving lupulon in 95 

percent ethyl alcohol and then diluting to volume with 

phosphate buffer, 0.015 molar pH 7.6, to get a final con- 

centration of 20 ppm lupulon and 1 percent alcohol. Three 

samples were prepared, a control with no sodium thiogly- 

collate and two levels of sodium thioglycollate, 0.05 and 

0.1 percent*  The concentration of lupulon present in the 

samples was confirmed by ultra-violet spectr©photometry. 

The pH of the solutions was checked prior to autoclaving 

for 16 minutes at 2500P* and again after they had cooled. 

The lupulon content was again analyzed by ultra-violet 

spectrophotometry.  The results obtained in this experi- 

ment are shown in the following table. 

Table 5 

Analysis of Lupulon Solutions Before Autoclaving 
Percent Sodium     pH of p.p.m. 
Thi ogl yc o 11 at e solution lupulon 
_    -. — 7.60 "     20  "~ 

...05 7.60 20 
.10 7.60 20 
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The  concentration of  lupulon  added and confirmed by 

ultra-violet spectrophotometry was 20 ppm.     The results 

after autoelaving for 16 minutes  at 250oP.   are shown in 

the following table. 

Table 6 
Analysis of Lupulon Solutions After Autoclavlng 

Percent Sodium      pH of      p«p,m.      Percent 
Thloglycollate      solution     lupulon     lost 

0 7.55        8.5 57.5 
.05 7.55 20 0 
.10 7.55 20 0 

The sodium thloglycollate afforded protection for the 

lupulon during autoclavlng but after heating the samples 

had a strong odor of hydrogen sulfide. A drop of lead 

acetate was added to the samples and those containing 

sodium thloglycollate showed a dark precipitate presumably 

of lead sulfide. A sample containing no lupulon was pre- 

pared, autoclaved and tested with lead acetate in the 

above manner.  This sample also shoiired a dark precipitate 

indicating that lupulon was not the cause of the evolution 

of hydrogen sulfide. A sample prepared with the pH 

slightly on the acid side of neutrality did not give a 

dark precipitate when heated showing that the pH of the 

media exerted an effect on the sodium thloglycollate with 

the evolution of hydrogen sulfide. 

The basal yeast extract medium used for subculturing 
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in this work contained 0.2 percent sodium thioglycollate 

to keep the medium reduced. A tube of this medium which 

had been in the incubator for six weeks and also a fresh- 

ly prepared tube of the same medium were split with a 

spatula and several drops of lead acetate added. After 

a feitr minutes the medium in contact with lead acetate 

turned dark giving a good indication that hydrogen sul- 

fide was also present in the medium.  It seemed feasible 

to use sodium thioglycollate to protect the lupulon 

during heating because of its use in anaerobic medium 

with no apparent adverse effects caused by hydrogen 

sulfide. 

Sodium thioglycollate at levels of .05 and .10 per- 

cent afforded protection for the lupulon during auto- 

claving, therefore it was undertaken to determine the 

minimum concentration that would still exert this pro- 

tective effect*  Solutions containing 20 ppm lupulon 

were prepared with .01, .02, ,03 and .04 percent concen- 

trations of sodium thioglycollate. These samples were 

checked for pH and analyzed by ultra-violet spectro- 

photometry before and after autoclaving for 16 minutes 

at 250oP# The results are shown in Table 7. 
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Table 7 

Effects of Various Levels of Sodium Thioglycollate 
Percent sodium      pH of p.p.m. 
thioglycollate   solution  lupulon 

Before autoclaving 

.01             7.54 20 

.02              7.54 20 

.03              7.54 20 

.04               7.54 20 

After autoclaving 
.01                                   7.50 19.6 
.02                                    7.43 20 
*03                                    7.43 20 
.04                                    7.34 20 

Prom these results it is indicated that  a concentra- 

tion of sodium thioglycollate of at least 0.01 percent is 

required to protect lupulon at this concentration during 

autoclaving. 

Lupulon Dissolved in Alcohol 

Effects of Lupulon Dissolved in one Percent Ethyl Alcohol. 

It was believed that 95 percent ethyl alcohol at a 

concentration   of   one percent tvould not   be detrimental to 

spores  of P.  A*  3679 during heating which was  later con- 

firmed  (Table  10).     The lupulon solutions  were prepared 

by dissolving  the lupulon in ethyl alcohol and then dilut- 

ing with 0.015 molar phosphate.buffer  (pH 7.6)  to get a 

concentration  of 200 ppm lupulon  and 20 percent  alcohol. 
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One ml. of the lupulon solution was added to 19 grams of 

meat slurry containing 1,000,000 spores per gram.  This 

gave a final concentration of 10 ppm lupulon and 1 percent 

alcohol.  The results of this experiment are tabulated in 

Table 8. 

Table 8 

Effects of Lupulon Dissolved in one Percent Ethyl Alcohol 
on the D Value of P. A. 3679 

Number of Per- Time in Number of 
Set capillary cent oil bath, p.p.m.  positive D value. 
No.   tubes   Alco- 240oP. lupulon  tubes   240oP. 

hoi 

1 10 0 0 min. 0 10 •»»•••• 

2 10 0 16 min. 0 2 3.44 
3 10 1 16 mift. 0 1 3.32 
4 10 1 16 min. 10 0 ~--_ 
5* 10 1 16 min. 10 1 3.32 
6* 10 0 16 min. 0 4 3.73 

""' 0.02 percent Sodium Thioglycollate added. 

There is no great difference in number of positive 

tubes and consequently D values between any of the above 

variations in the experiment except No* 1, the unheated 

control, and No. 6, the sample containing 0.02 percent 

sodium thioglycollate.  The heating time for all of these 

tubes was 16 minutes at 240°?. in the constant temperature 

oil bath.  It can be seen that this time of heating was in 

excess because of the small number of positive tubes ob- 

tained. With a shorter heating time more positive tubes 

would have resulted. Very few conclusions can be drawn 
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from this experiment because of the great similarity be- 

tween numbers of positive tubes.  It is possible that the 

sodium thioglycollate offered a protective action against 

thermal destruction of the spores in No. 6. 

Effects of Lupulon Dissolved in 0.25 Percent Ethyl Alcohol. 

Prom the results obtained in the previous experiment 

(Table 8) it was found that a heating time of 16 minutes 

was too long. This experiment was designed to determine 

the proper heating time using alcohol at a concentration 

of 0.25 percent. The results are tabulated in the follow- 

ing table. 

Table 9 

Effects of Lupulon Dissolved in 0.25 Percent Ethyl Alcohol 
on the D Value of P. A. 3679 

Number of Per- Time in Number of 
Set capillary cent oil bath. p.p.m. positive D value, 
No. tubes Alco- 

hol 
240°F. lupulon tubes 240oP. 

1 10 0 0 min. 0 10 «• «■» M» •* 

2 10 0 12 min* 0 9 2.56 
3 10 0 13 min. 0 5 3.10 
4 10 0 14 min. 0 2 3.01 
5* 10 .25 13 min. 0 8 3.43 
6* 10 .25 13 min. . 50 9 3.58 
7 10 .25 13 min. 100 8 3.43 
8* 10 .25 13 min. 100 10 mm ■•«* «4» 

""* 0.02 percent sodium thioglycollate added. 

The procedure used in adding spores in this experiment 

was changed from that used in the previous experiments. 
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The procedure used here was also used in the remaining 

experiments of this work. 

The meat slurry which had been prepared as indicated 

earlier was placed in a Micro-Waring Blendor to which was 

added the spore suspension.  After blending to get complete 

dispersion of the spores, the samples were put in sterile 

25 cc. Erlenmeyer flasks containing a teflon covered 

magnet, (3/4 x 3/8")♦  These flasks were placed on the 

magnetic stirrer and the lupulon and sodium thloglycollate 

soluti©ns added while the mixture was stirring.  The tubes 

were then inoculated and subcultured in the usual manner* 

Prom these results (Table 9) It was concluded that a 

heating time of 13 minutes was satisfactory because of the 

number of positive tubes. With a heating time of 13 min- 

utes, giving approximately five positive tubes from a set 

of ten tubes, a protection or a destruction of the spores 

during heating would be better indicated* 

Sample Wo. 5 containing alcohol and sodium thlogly- 

collate gave eight positive tubes indicating a possible 

protection of the spores during heating*  Sample Mo. 7 

containing alcohol and 100 ppm lupulon also gave eight 

positive tubes. Both of these samples, No's. 5 and 7, 

contained alcohol but differed in that one contained 

lupulon and the other contained sodium thloglycollate. 

The two samples, Kfo's. 6 and 8, which differed only in 
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lupulon content gave nine and ten positive tubes respec- 

tively. 

It can be seen from the above results that lupulon 

is ineffective in reducing the number of positive tubes 

and consequently the D value of spores of P.. A. 3679.  The 

results of this experiment also indicate that the addi- 

tion of alcohol, sodium thioglycollate, and lupulon or 

combinations of these compounds exerts a possible protec- 

tive action against thermal destruction of the spores. 

Effects of Varying Concentrations of Alcohol 

It has been reported (11, p. 440) that the organism 

Clostridium sporogenes could utilize ethyl alcohol. To 

determine the concentration of ethyl alcohol that P. A. 

3679 could tolerate during heating an experiment was de- 

signed to test varying concentrations of ethyl alcohol 

from 0 to 5 percent. 

Preparation of Sample. 

The meat slurry was prepared in the same manner as 

in the previous experiments by grinding and pushing through 

the stainless steel screen, 100 mesh to the inch. Ninety 

grams of meat slurry were added to a Micro Waring Blendor 

and five cc. of the stock spore suspension added. The 

mixture was blended to get the spores evenly dispersed 
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throughout the meat slurry. Nine and one-half grams of 

the meat slurry containing 1,000,000 spores per cc were 

added to a sterile 25 cc. Erlenmeyer flask containing a 

sterile teflon covered magnet (3/4 x 3/8"). The Erlen- 

meyer flask was placed on a magpie tic stirrer and the 

alcohol at various concentrations was added while the sus- 

pension was mixing. The contents were then diluted to 10 

cc. with sterile distilled water.  Capillary tubes were 

inoculated in the previously described manner. The filled 

capillary tubes were centrifuged for 30 seconds on a 

clinical centrifuge to remove entrapped air.  The capil- 

lary tubes were then sealed in a gas-air flame and heated 

for 13 minutes in the constant temperature oil bath. 

After heating, the capillary tubes were cleaned and sub- 

cultured in screw cap test tubes. The results of this 

experiment are tabulated in the following table.. 

Table 10 
Effects of Increasing Concentrations of Ethyl Alcohol on 

the Thermal Resistance of Spores of P. A. 3679 
dumber of Time in     Number of 

Set   capillary    Percent    oil bath,   positive 
No.     tubes      Alcohol    240oP.        tubes 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 0 0 min. 10 
10 0 13 mim, 9 
10 0.25 13 min. 10 
10 0.50 13 min. 10 
10 1.0 13 min, 10 
10 2.0 13 min, 1 
10 3.0 13 min, 2 
10 4.0 13 min, 2 
10 5.0 13 min. 0 
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The data from this experiment were plotted graphic- 

ally (Figure l).  The results show that the spores of 

P. A. 5679 can tolerate, during heating, 95 percent ethyl 

alcohol up to a concentration of one percent.  At 2, 3, 

and 4 percent alcohol the growth was strongly inhibited 

as evidenced by the number of negative tubes*.  At a con- 

centration of five percent ethyl alcohol subsequent sub- 

culturing resulted in no growth.  It was determined from 

these results that the organism could tolerate 95 percent 

ethyl alcohol at a concentration of one percent and 

therefore alcohol was used at this concentration in 

subaeqiiont experiments. 

Preparation of Lupulon Solutions with Sodium Hydroxide 

It was reported by Lewis and co-workers (14, p. 2) 

that lupulon is only slightly soluble in neutral or 

acidic aqueous .solutions but is readily soluble as the 

sodium salt, and that lupulon is moderately stable in 

both acid and alkali. 

Lupulon solutions were prepared by accurately weigh- 

ing the lupulon on sin analytical balance and transferring 

to a 50 cc. volumetric flask containing 10 cc. of 95 

percent ethyl alcohol.  The sodium thioglycollate was 

then added to certain samples.  The samples containing 
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Figure 

Effects of Increasing Concentra- 
tions of Ethyl Alcohol on the 
Thermal Resistance of Spores of 
P. A. 5679. 

2      3 
PERCENT ALCOHOL 
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the dissolved lupulon and the ones containing sodium thio- 

glycollate were diluted to volume with a weak solution 

of sodium hydroxide (pH 11.5), rather than phosphate 

buffer, giving a final volume containing 20 percent alco- 

hol and 0.4 percent sodium thioglycollate.  One cc. of 

these solutions was added to 19 grams of meat slurry con- 

taining spores which gave a concentration of 1 percent 

alcohol, 0.02 percent sodium thioglycollate, and 1,000,000 

spores per ml. 

^he fresh ground meat slurry was checked and found 

to be pH 5.55.  After the addition of 1 cc. of the above 

solutions to 19 grams of the meat slurry, the pH was 

found to have risen to only 5.65. 

Varying Concentrations of Lupulon With and Without Sodium 

Thioglycollate» 

This experiment was designed to determine if lupulon 

had any effect on the D value of the spores of P. A. 3679 

ivhen lupulon was used in varying concentrations from 0 to 

300 ppm with and without sodium thioglycollate.  The 

results are shoxm in Table 11. 
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Table 11 

Effects of Increasing Concentrations of Lupulon With and 
Without Sodium Thioglycollate 

Number of Per- Time in lumber of 
Set capillary cent oil bath, p.p.m. positive D value, 
No.   tubes   Alco- 240oP. lupulon   tubes  240°F. 

hoi 

1 10 0 0 min, 0 10 ••«•«• — 

2 10 0 13 min, 0 9 3.57 
3 10 1 13 min. 50 7 3.32 
4 10 1 13 min. 100 6 3.22 
5 10 1 13 min. 200 8 3.42 
6 10 1 13 min. 300 9 3.57 
7tt 10 1 13 min, 50 10 **«■««* 

8* 10 1 13 min. 100 8 3.42 
9* 10 1 13 min, 200 7 3.32 
10* 10 1 13 min, 300 8 3.42 

* 0.02 percent sodium thioglycollate added. 

The sample. No. 3, which contained 50 ppm lupulon and 

no sodium thioglycollate showed seven positive tubes and 

the sample. No. 7, which also contained 50 ppm lupulon and 

in addition 0.02 percent sodium thioglycollate showed ten 

positive tubes. The thioglycollate did not exert a pro- 

tective action for the lupulon because the sample contain- 

ing the sodium thioglycollate showed more positive tubes. 

It is possible that the sodium thioglycollate in this-case 

exerted a protective action for the spores instead of the 

lupulon. None of the samples in this experiment varied 

to any great extent from the heated control. No. 2, as far 

as number of positive tubes or D value. With the increas- 

ing concentrations of lupulon there does not seem to be 
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any direction or indication of reduction in D values.  The 

differences between the samples containing sodium thio- 

glycollate and those not containing sodium thioglycollate 

is small with no apparent effect of the sodium thioglycol- 

late protecting the lupulon during heating at 2400F. in 

the constant temperature oil bath.  It is concluded that 

lupulon and sodium thioglycollate are both ineffective as 

used in this experiment. 

Another experiment, using twenty rather than ten 

tubes in each variation, was designed to repeat some of 

the previous work. This experiment was also designed to 

have only one variable, that of the lupulon concentration. 

Each set of twenty tubes was exactly like the others in 

the experiment except for the concentration of lupulon 

used.  Sodium thioglycollate at a concentration of 0.02 

percent was used in each of the samples. The results of 

the experiment are tabulated below. 

Table 12 

Effects of Increasing Concentrations of Lupulon with Sodinm 
'         Thioglycollate   ______«_ 

Number of Per- Time in Number of 
Set capillary cent oil bath, p.p.m.  positive D value. 
No.   tubes   Alco- 240oP.  lupulon   tubes  240oP. 

hoi  ________„__„ 
1 20 
2 20       1  13.5 min.    50      18     3.72 
3 20       1  13.5 min.   100      19     3,84 
4 20       1  13.5 min.   200      18     3.72 
5 20 

1 13.5 min. 0 20 
1 13.5 min. 50 18 
1 13.5 min. 100 19 
1 13.5 min. 200 18 
1 13.5 min. 300 20 
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It can be seen from the above results that the 

greatest difference between any two samples is two posi- 

tive tubes.  If lupulon were effective in reducing the 

thermal reduction rates of P. A. 3679 spores, in the con- 

ditions used, the samples containing the higher concentra- 

tions of lupulon would have a lesser number of positive 

tubes and consequently a lower D value.  The heated con- 

trol. Wo. 1, which contained no lupulonsand No. 5, which 

contained 300 ppm lupulon, everything else being equal, 

gave duplicate results. Prom this it can be seen that 

the lupulon as used here had no effect. 

Effects of Vacuum Filled Method 

Effects of 0 to 500 jagm Lupulon bj_  the Vacuum Filled 

Method. 

This experiment was designed to test the effects of 

lupulon at concentrations from 0 to 300 ppm, with and 

without sodium thioglycollate, by the vacuum filled 

capillary method. 

The results of this experiment are tabulated in the 

following table. 
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Table 13 

Effects of Lupulon by the 

Number of Per- Time in 

Vi acuum Pilled Method 

Number of 
Set capillary cent oil bath9 P .p.m. positive D value, 
No. tubes Alco- 240oF. lupulon   tubes 240oP. 

hol 
1 10 0 13 min. 0 4 3.03 
2 10 1 13 min. 0 9 3.57 
3 10 1 13 min 50 7 3.32 
4 10 1 13 min 75 6 3.22 
5 10 1 13 min, 100 8 3.42 
6 10 1 13 min. 200 6 3.22 
7 10 1 13 min 300 3 2.92 
8* 10 1 13 min, 0 6 3.22 
9* 10 1 13 min, 50 4 3.03 
10* 10 1 13 min. 75 7 3.32 
11* 10 1 13 min, 100 3 2.92 
12* 10 1 13 min 200 5 3.11 
13* 10 1 13 min, 300 5 3.11 

* 0.02 percent sodium thioglycollate added. 

It can be seen from the above results, obtained by 

the vacuum filled method, that there is no direction of 

inhibition of spores of P. A. 3679 obtained by the addi- 

tion of lupulon in increasing concentrations with and 

without the addition of 0.02 percent sodium thioglycollate. 

It can be concluded that lupulon and sodium thioglycollate 

are both ineffective by this method. 

In this experiment, the spores were incubated in the 

medkni in which they were heated in the presence of the 

lupulon. Wilder and Mordan (36^ p. 466) stated that the 

effect of the added medium on top of the meat slurry in the 

capillary tube is an unknown factor as far as adding 
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nutrients   to the meat containing the heated spores.     They 

also said that perhaps the greatest aid to germination by 

the addition of medium in the vacuum apparatus is  the 

quick establishment of anaerobic conditions. 

In the crushed capillary tube method  the  spores were 

heated in medium in  fee presence of lupulon and then  sub«- 

cultured in sere cap test tubes.    When sterile warm 

medium was  added the lupulon and spore concentrations 

were greatly diluted reducing the sustained repressant 

power of  the  lupulon. 
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DISCUSSI01 

Lupulon, xinder the conditions of use, did not cause 

any gross change in the thermal reduction rates of bac- 

terial spores, P. A. 3679,  Since lupulon is known to be 

readily oxidized (16, p. 68-69) and quite heat labile, 

sodium thioglycollate was added to offer protection for 

the lupulon during heating and had no apparent effect. 

The differences between the samples containing sodium 

thioglycollate and those in which it was absent were 

small with no indication that those samples containing 

sodium thioglycollate gave fewer positive tubes and con-* 

sequently lower D values. The purpose of this work was 

to determine if lupulon could be used in conjunction with 

heat to reduce the time required, at 240OP. in the con- 

stant temperature oil bath, by destroying the spores of 

P. A. 3679 suspended in fresh ground beef slurry. The 

fact that the D values remained about the same with or 

vdthout lupulon indicated that the lupulon had little or 

no effect. 

It was reported by Shimwell (25, p. 129) that bac- 

teria are not necessarily killed by hop resins but are 

rather prevented from growing.  Some times this action 

is incomplete, the results being a postponement or com- 

mencement of growth, or in other words, a prolongation 
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of the initial stationary phase.  If spores suspended in 

fresh ground beef are heated in the presence of lupUlon 

and then incubated, still in the presence of this lupulon 

at the original concentrations, it is possible they may 

be prevented from germinating. In this work the spores 

were suspended in fresh ground beef in the presence of 

lupulon and then were subcultured.  In this manner the 

lupulon concentration and the spore suspension were 

greatly diluted minimizing the effects of lupulon on the 

growth of the organism. This procedure was used because 

this work was outlined to determine what effect the 

lupulon had on the thermal reduction rate (D value) of 

the spores of P. A. 3679, and not on its properties of 

inhibiting growth after heating.  It was found by 

Michener and co-workers (15, p. 199), Shimwell (24, p. 

118), and Salle, Jann and Ordanik (22,  p. 410) that 

lupulon would inhibit the growth of certain gram-posiUve 

organisms although little reference was made to spores 

of P. A. 3679.  It was found during preliminary work In 

this laboratory that lupulon would inhibit the growth or 

germination of spores of P. A. 3679 when not used in con- 

junction with heat.  Lupulon was added to spores sus- 

pended in basal yeast extract medium.  At a concentration 

of 50 ppm lupulon gave approximately 50 percent inhibition 

and at a concentration of 100 ppm it gave complete 
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inhibition for a period of five days. 

It was shown in this irork that lupulon can be par- 

tially destroyed by autoclaving for 16 minutes at 250OF. 

and that sodium thioglycollate at a concentration of 

0.02 percent offers protection against destruction of the 

lupulon as determined by ultra-violet spectrophotometry. 

In determining the protective effect of sodium thiogly- 

collate for lupulon during heating, the solutions were 

heated in the absence of medium. Prom this it can be seen 

that the sodium thioglycollate will exert a protective 

action for the lupulon when heated under these conditions. 

When lupulon is heated in the presence of sodium 

thioglycollate in a medium of fresh ground beef it seems 

to exert no effect on the D value of the spores of P. A. 

3679.  Yet when lupulon is added to a medium containing 

spores, without the application of heat, it exerts an 

inhibitory effect and prevents growth. There are many 

differences in the composition of fresh ground beef and 

basal yeast extract medium. It was reported by Michener 

and co-workers (15, p. 206) that at concentrations giving 

maximum inhibition, lupulon cannot exist entirely as 

solutes in the aqueous medium.  They also stated that 

lupulon is probably dispersed as colloids or adsorbed on 

solid particles in the medium.  It was also shown by 

Walker (34', p. 11-28) that the solubility of lupulon 
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increased with the raising of the pH in aqueous solutions. 

It is possible that the lupulon remained in solution in 

the basal yeast extract medium while it may have been 

dispersed as colloids or adsorbed on solid particles in 

the meat.  The basal yeast extract medium was adjusted 

to pH 7.4 prior to autoclaving while the fresh ground 

beef was pH 5.55.  It seems possible that when lupulon 

solutions (pH 11.5) were added to the basal yeast extract 

medium the pH remained sufficiently high to permit solu- 

bility of the lupulon and consequently an inhibitory 

effect on the organisms. The fresh ground beef was at a 

pH of 5.55.  After the addition of fee lupulon solution 

the pH rose to only 5.65, which may have been too low for 

complete solubility of the lupulon. This is a tentative 

explanation of the ineffectiveness of lupulon in reducing 

the thermal reduction rates of the spores.  This explana- 

tion of the effect of pH when using alcohol solutions 

does not seem to be logical when considering lupulon dis- 

solved in cottonseed oil.  It is believed that the oil 

containing dissolved lupulon was dispersed in the form 

of fine droplets which came in contact with the spores 

during the blending operation.  This appears to have been 

the case because in the samples that were centrifuged the 

oil rose to the surface and after heating and subcultur- 

ing more positive tubes resulted, probably due to the 
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protective action of the oil. 

It is evident that the effectiveness of lupulon is 

dependent upon the conditions used.  The temperature to 

which lupulon is subjected is very critical because of 

the rapid oxidation and destruction it undergoes at 

elevated temperatures.  The solubility of lupulon and 

consequently its activity is determined to a great extent 

by the pH to #iich the lupulon is subjected. 

The effectiveness of sodium thioglycollate in pro- 

tecting lupulon during heating when not in the presence 

of medium and its apparent ineffectiveness when used with 

medium can be tentatively explained. The lupulon had no 

effect in reducing the D values of the spores when used 

under the conditions of this experiment.  Under these 

conditions the sodium thioglycollate may have protected 

the lupulon but since the lupulon did not cause any gross 

change in the thermal reduction rate of the spores, the 

effectiveness of the sodium thioglycollate could not be 

determined. 
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SUMMARY MD COMCLUSIOIS 

Lupulon under the conditions of us®, did not cause 

any appreciable change in the thermal reduction rate (D 

value) of bacterial spores, P. A. 3679.  This does not 

conclude that lupulon is ineffective in preventing growth 

or destroying bacterial cells. It has been shown that 

when used at a pH slightly above 7.0 in basal yeast ex- 

tract medium and without heat, it is effective in this 

action. Lupulon was used in yeast extract medium without 

the application of heat and it exerted an effect in pre- 

venting the growth of spores of P* A. 3679, but when 

lupulon was added to a fresh ground beef slurry and 

heated it did not exert any noticeable effect. 

Sodium thioglycollate protected the lupulon against 

destruction from heat in buffered alcohol solutions, but 

it exerted no noticeable effect on the  lupulon when used 

in the meat slurry as determined by changes in the D 

value. 

Both cottonseed oil and ethyl alcohol were used to 

dissolve the lupulon before adding to the spores sus- 

pended in meat slurry. It was determined that the spores 

of P. A. 3679 could germinate and grow in the presence of 

95 percent ethyl alcohol up to a concentration of one 

percent in beef slurry. 
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