
Published under the sponsorship of The Society of American Bacteriologists

EDITOR

H. B. WOODRUFF

EDITORIAL ASSISTANT

MARY ANN REAGAN

EDITORIAL BOARD

I{oBERT G. BENEDICT

'l..~ C. CORDON

.J. W. FosTER

.J OHN C. GAREY

CARL E. GEORGI

H. HEUKELEKIAN

GLAbYS L. HOBBY

M. J. JOHNSON

PAUL KOLACHOV

ASGER F. LANGLYKKE

J. a. LEWIS

A. G. LOCHHEAD

CARL s. PEDERSON

N. E. RODGERS

R. L. STARKEY

REESE H. VAUGHN

FREEMAN A. WEISS

PAUL A. WOLF

BALTIMORE

WILKINS COMPANYTHE WILLIAMS &



Contents
(,

18

19
24

30
36

. 42
47

52

61

65

68
70

78

82
85

96
97

~

103

106

110

112

117

119

124

130

NUMBER 1, JANUARY 1953

Effect of Alcohols on the Mycological Production of Citric Acid in Surface and Submerged

Culture. I. Nature of the Alcohol Effect. ANDREW J. MOyER Effec1 of Alcohols on the Mycological Production of Citric Acid in Surface and Submerged

Culture. II. Fermentation of Crude Carbohydrates. ANDREW J. MOyER. Infectious Hazards of the High Speed Blendor and Their Elimination by a New Design. MoR-

TON REITMAN, MILTON A. FRANK, SR., ROBERT ALG, AND ARNOLD G. WEDUM. A Multiple Loop for Large Inocula. MICHAEL SIEGEL Prolongation of the Antibacter!al Potential of Disinfected Surfaces. EMIL G. KLARMANN,

ELEANORE S. WRIGHT AND VLADIMIR A. SHTERNOV. Antibiotics and Lactic Acid Starter Cultures. E. I. STOLTZ AND D. J. HANKINSON. The Microbiological Degradation of Plasticizers. I. Growth on Esters and Alcohols. WIL-

LIAMH.STAHLANDHELMUT PESSEN The Preservation of Bacterial Cultures under Paraffin Oil. S. E. HARTSELL Microbiological Assay of Vitamin BI2 with a Mutant Strain of Escherichia coli. J. S. CHIAO

AND W. H. PETERSON. Some Studies on Microbacteria from Iowa Dairy Products. S. A. NASHIF AND F. E. NELSON .

The Effect of the Carbohydrate Nutrition on Penicillin Production by Penicillium chryso-

genum Q-176. FRED V. SOLTERO AND MARVIN J. JOHNSON. A Microbiological Study of Lymph N odes, Bone Marrow and Muscle Tissue Obtained from

Slaughtered Cattle. B. C. LEPOVETSKY, H. H. WEISER AND F. E. DEATHERAGE. NUMBER 2, MARCH 1953

The Role of Bacteria in the Formation of Acid from Certain Sulfuritic Constituents Asso-

ciated with Bituminous Coal. I. Thiobacillus thiooxidans. WILLIAM W. LEATHEN, S. A.

BRALEY, SR., AND LoIs D. McINTYRE The Role of Bacteria in the Formation of Acid from Certain Sulfuritic Constituents Asso-

ciated with Bituminous Coal. II. Ferrous Iron Oxidizing Bacteria. WILLIAM W. LEATHEN,

S. A. BRALEY, SR., AND LoIs D. McINTYRE A Continuous Feeding AsEembly for Laboratory Fermentations. R. F. DALE, JOE AMSZ, JR.,

PING SHU, H. J. PEPPLER, ANDF. J. RUDERT. Sulfur Metabolism in Soil. H.GLEENANDJ.H.QUASTEL. ,. The Biological Degradation of Lignin. IV. The Inability of Polyporus versicolor to Metabo-

lize Sodium Lignosulfonate. WILLIAM C. DAY, SIDNEY GOTTLIEB AND MICHAEL J. PELC-

ZAR, J R. Lactobacillus plantarum, the Cause of "Yeast Spots" on Olives. REESE H. VAUGHN, WILLIAM

D. WON, FRANCIS B. SPENCER, DEMOSTHENES PAPPAGIANIS, I. OMAR FoDA, AND PAUL H.

KRUMPERMAN Acetone-Butanol Fermentation of Starches. SAMUEL C. BEESCH. The Soil Perfusion Technique for the Biological Degradation of Sulfite Waste Liquor. s. J .

R.GAMBLEANDR.G. BUTLER The B-Complex Vitamins of Musts and Wines As Microbial Growth Factors. J. G. B. CASTOR.

The Production of N eomycin by Streptomyces fradiae in Synthetic Media. HOWARD T. DUL-

MAGE A Manometric Method for the Evaluation of the Microbial Activity of the Rumen with an

Application to the Utilization of Cellulose and Hemicelluloses. R. H. McBEE The Replica Plate Method for Screening Antibiotic-Producing Organisms. H. A. LECHE-

VALIER AND C. T. CORKE. Fermentation of Polyhydric Alcohol by the General Escherichia and Aerobacter. II. i-Inositol.

J. THOMAS FIELD, RUSSELL C. MORRIS, AND CHARLES F. POE. : NUMBER 3, MAY 1953

Sterility Testing: The Control of Efficiency of Sterilization Techniques. H. D. VERA. Bacterial Indicators of Pollution in Surface Waters. HAROLD V. LEININGER AND C. S. Mc-

CLESKEY Vitalnin BI2 Production with Streptomyces olivaceus. HARLOW H. HALL, ROBERT

G. BENEDICT, CARL F. WIESEN, CAROLYN E. SMITH, AND RICHARD W. JACKSON. The Efficiency of Selenite Broth of Different Compositions in the Isolation of Salmonella. W.

R.NoRTHANDM.T.BARTRAM Potencies of Phenolized Rabies Vaccine Improved by Addition of Merthiolate During Inac-

tivation. EVERETT A. NELSON AND HARLAND D. ANDERSON. , iii 135

j- :'i ~1 -~



CONTENTS OF VOLUME I

138

142

.146
150

153

Growth Characteristics of the Lactic Streptococcus Bacteriophage. D. M. GRAHAM AND N. N .

POTTER. Quaternary Ammonium Derivatives of fN-Amino Acids: A New Series of Quaternary Ammo-

nium Compounds. R. L. STEDMAN, S. L. ENGEL, AND I. M. BIL.SE. The Antimicrobial Action of Certain Glycerol Ethers and Relat!Jd Compounds. F. M. BER-

GER, C. V. HUBBARD, AND B. J: LUDWIG ,

A Microbiological Assay of Penicillin in Animal Feeds. R. C. KERSEY AND F. V. LEGHORN. ...

A Method for Determining the Weight of an Individual Yeast Cell. SAMIR A. HADDAD AND

CARLC.LINDEGREN ,...

Influence of Temperature on the Trace Element Requirements for Citric Acid Production by

Aspergillus niger. PAUL A. KITOS, JACK J. R. CAMPBELL, AND NEIL TOMLINSON Increasing Color Density with Decreasing Toxicity of Tetanus Toxin in the Mueller Medium.

JOSEPH L. STONE. , ,

156

160

163

166

168

171
174

178
184

187

195
199

204

208

211

215

217

224
228

236

243

247

250
252

255

259

NUMBER 4, JULY 1953

Activity and Properties of para-Aminobenzyl Penicillin. GLENN A. BREWER, JR., AND MARVIN

J. JOHNSON. A Modified Mueller Medium Without Native Protein for Tetanus Toxin Production. JOSEPH

L. STONE. , Rapid and Simple Methods for the Harvesting of Mass Cultures of Microorganisms. ARTHUR

L. COHEN. , Biological Degradation" of Lignin. V. Polysaccharide Synthesis from alpha-Conidendrin.

YOLANDA T. PRATT, WALTER A. KONETZKA, MICHAEL J. PELCZAR, JR., AND WALTER H.

MARTIN Yeasts Associated with Dried-Fruit Beetles in Figs. M. W. MILLER AND E. M. MRAK. An Electrophoretic Method for the Assay of Bacterial Variants. ROBERTA S. HARTMAN, H. T .

EIGELSBACH, J. B. BATEMAN, WERNER BRAuN, RUTH HERRING, AND R. D. RODGERS. The Action of 2,4-D upon the Azotobacter of Some Sugarcane Soils. ARTHUR L. COLMER. Studies on Disinfection of Clinical Thermometers. I. Oral Thermometers. MARTIN FRo-

BISHER, JR., LUCILLE SOMMERMEYER, AND MAURICE J. BLACKWELL. Inhibiting Effects of Amino Acids and Related Compounds upon the Growth of Enterotoxi-

genic Micrococci in Cream Pastry. A. G. CASTELLANI Growth of Bacteria in Soluble Oil Emulsions. F. W. FABIAN AND HILLIARD PIVNICK. Methods for Testing the Germicidal Value of Chemical Compounds for Disinfecting Soluble

Oil Emulsions. HILLIARD PIVNICK AND F. W. FABIAN Penicillin Production in Corn Steep Media with Continuous Carbohydrate Addition. V. F.

DAVEY AND MARVIN J. JOHNSON Bacteriostatic and Bactericidal Actions of Laurylamine Saccharinate Against Bacteria of the

Naso-Pharyngeal Tract and Other Bacteria. P. H. H. GRAY AND L. J. TAYLOR. NUMBER 5, SEPTEMBER 1953

The Bactericidal Action of Subtilin on Bacillus stearothermophilus. H. DAVID MICHENER. The Influence of Environmental Factors on the Molecular Size of Dextran. HYMAN NADEL,

CHESTER I. RANDLES AND GRANT L. STABLY. Enhancement of Antibiotic Production by the Use of Sea Water Media. GREGORY J. JANN,

H.A.WALCH,JR.,ANDA.J.SALLE .The Amylases of Five Streptomycetes. F. J. SIMPSON AND ELIZABETH McCoy Bacterial Alpha Amylase Paper Disc Tests on Starch Agar. EGON STARK, RALPH WELLERSON,

JR., PHILIP A. TETRAULT, AND CARLF. KossAcK. The Pectolytic Activity of Molds Isolated from Black Raspberries. L. S. WHITE AND F. W.

F ABIAN A Comparison of the Most Probable Numbers of Coliform Bacteria and Enterococci in Raw

Sewage. W ARREN LITSKY, M. J. ROSENBAUM, AND R. L. FRANCE. Storage of the Bacteriophage of the Lactic Acid Streptococci in the Desiccated State with ob-

servations on Longevity. C. C. PROUTY An Efficient Electro-Ultrafilter. RICHARD B. JOHNSON. Autotropic Bacteria and the Formation of Acid in Bituminous Coal Mines. KENNETH L. TEM-

PLE AND EARSIE W. DELCHAMPS Isolation of Floc-Producing Bacteria from Activated Sludge. Ross E. McKINNEY AND Rus-

SELL G. WEICHLEIN. : Aerobic Treatment of Dairy Wastes. NANDoR PORGES, LENoRE JASEWICZ AND SAM R. Hoo-

vli]R 262

NUMBER 6, NOVEMBER 1953

Testing Quaternary Ammonium Germicides. G. R. GOETCHIUS AND H. GRINSFELDER. The 9ontrol of Bacteria in Chicken Salad. II. Salmonella. A. R. WINTER; H. H. WEISER, AND

MARTHA LEWIS. :

271

278



.

Effect of Alcohols on the M ycological Production of Citric Acid

in Surface and Submerged Culture

I. Nature of the Alcohol Effect

ANDREW J. MOyER

N orthern Regional Research Laboratory,l Peoria, Illinois

Received for publication July 7, 1952

There has been a steady increase in the consumption
of citric acid during the past 25 years. An estimate by
Cochrane (1948) places annual manufacture at approxi-

.mately 35 million pounds. Commercial production of
citric acid is reputedly based on fermentation by As-
peryillus niger of a suitable grade of beet syrup in shal-
low ~ns. A submerged process appears to be highly
desirable, and many articles and patents (Perquin,
1938; Karow, 1942; Sziics, 1944; Waksman and Karow,

t 1946; Karow and Waksman, 1947; Shu and Johnson,
1948a, b; Perlman, 1949; Schweiger and Snell, 1949;
and Snell and Schweiger, 1949) have appeared in this
field. Proposed procedures all require a source of highly
purified carbohydrate and in most cases also the use of
oxygen for aeration. Large-scale production of citric

.acid in submerged culture has not been reported. Sev-
eral improvements in the submerged culture process
are needed. These include the use of less inoculum,
greater fermentation speed, and the use of crude, cheap

I carbohydrate sources.
Investigations on these problems have been in prog-

several years in the Fermentation Division of
It was discovered in the course of the

that the use of low molecular weight alcohols-
ethanol or isopropanol-as adjuncts to the

medium greatly increased citric acid produc-
surface and submerged culture.2 Such use

made it possible to ferment directly crude carbo-
substrates which other investigators have

necessary to purify, especially for use in sub-
culture. This paper deals with the nature of

stimulation as related to the presence of
,( of the medium

Surface cultures consisted of 50 ml portions of me-
dium inoculated with dry ungerminated spores in 200
ml Pyrex Erlenmeyer flasks.

Submerged cultures consisted of 100 ml of medium
including alcohol adjuncts and inoculum in 300 ml
flasks. The given alcohol was added to the cool sterile
medium just prior to inoculation. Inoculations were
made with a suspension of germinated spores. Flask
cultures were shaken either on a Ross-Kirshaw machine
at 150 rpm or on a Gump shaker at 200 rpm. All cul-
tures were incubated at 30 C unless otherwise indicated.

Nutrient salts were of C. P. grade. The corn steep
liquor was a commercial grade containing about 50
percent solids. The glucose was the-ordinary commer-
cial variety known as Cerelose3 or Clintose3 containing
about 10 per cent water and considered to be glucose
monohydrate. The sucrose was a commercial grade of
high purity. Absolute ethanol and a synthetic grade
of methanol were used.

Measurements of pH were made with a glass elec-
trode- The cultures were harvested by pouring the
mycelium and fermented liquor onto a muslin cloth
strainer. The mycelium was squeezed by hand and
then placed back into the flask with 50 or 100 ml of
distilled water for surface or submerged cultures, re-
spectively. This mixture of water and mycelium was
heated to boiling and again squeezed through the cloth
strainer. The two lots of liquid were combined and
made up to the desired volu~e. Aliquots were taken
for volumetric titration with 0.1 N alkali. Phenolphtha-
lein was used as indicator. The mycelium was dried
to constant weight at 90 C. Citric acid was determined
by the methods employed by Wells et al. (1936), and
oxalic acid was determined as calcium oxalate precipi-
tated with CaCI2. Glucose was determined by the
Shaffer-Hartmann (1921) method and sugars reported
on an anhydrous basis. Sporulation was estimated under
a scoring system where a value of 5 represents a uni-
form heavy crop of spores.

and to the quantity of inoculum used.

GENERAL METHODS

The strains of the Aspergillus niger group of molds

use4 were obtained from the N orthern Regional Re-

search Laboratory's Collection.

"' 1 One of the laboratories of the Bureau of Agricultural and
1" Industrial Chemistry, Agricultural Research Administration,
(i,u. s. Department of Agriculture.

z The April 10 issue of Chemical Abstracts, 1951, carries an

abstract of a paper by Sakaguchi and Baba showing that
ethanol and methanol slightly increased citric acid yields.

3 The mention of products does not imply endorsement or

recommendation by the Department of Agriculture over other
products of a similar nature not mentioned.


