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B. INTRODUCTION 

A review was made of the literature on acetic acid 

bacterie. Publications were round about stock-culture 

media, classification and the nutritional requirements for 

the growth of Acetobacter species. Research had not 

appeared to be done, however, on either the physical con­

ditions or the nutrients relative to an efficient produc­

tion of acetic acid from ethyl alcohol. The work reported 

in this thesis is an attempt to provide information that 

heretofore has been lacking about the Acetobacter group 

of bacteria, Suitable methods for isolation, subculture, 

and classification described by other authors were adapted 

for the present study. Various methods were used to find 

an appropriate and convenient way of allowing oxidation of 

the alcohol-containing media to occur and to determine 

differences in the rates of oxidation. The best method 

was selected tor a systematic study of the effect of vary­

ing physical and chemical factors on acid production. 



C. LITERATURE REVIEW 

1. History of Vinegar Production 

Vinegar has been known for many years and has been 

used as a condiment, preservative, and medicine. It has 

been referred to in the Old Testament of the Bible. 

Vaughn (49) stated that many ramous scientiste of the 

Middle Ages and later spent much time in the study of 

vinegar, its characteristics, uses and improvement of 

manufacture. 

Vaughn ( 49) described advancemen ts during the l9th 

Century in knowledge of the role of bacteria in the bio­

logical acetification of ethyl alcohol, and the relation 

of the recognition that more than one species of bacterie 

cause the oxidation of ethyl alcohol to the search for 

and description of other species of acetic acid bacterie. 

Davy in 1820 first made acetic acid synthetically by 

oxidizing wine with platinum black. A few years later 

Boerhaave apparently first suggested the plant nature of 

"mother of vinegar"in the 11 te rature. Kützing demonstrated 

that "mother of vinegar" was composed of minute organisms 

arranged together in chains. He classified these organisme 

as algae, named them Ulvina aceti and asserted that the 

acetification of alcohol was the result of their activity. 

Liebig, the celebrated German chemist, thaught that the 

microorganisms were incidental rather than causal. He 



classed "mother of vinegar" wi th platinum black and defin­

ed their action as identical and entirely chemical in 

nature. He so dominated the chemists from 1840 to 1860 

that few dared to question his conclusions in public. 

Pasteur's experiments, published in 1868, confirmed the 

living nature of "mother of vinegar". They also proved 

that the "mother" was the active agent in acetification. 

Pasteur was the first to make a systematic study of the 

process of vinegar manufacture. He made a distinction 

between the pellicle that forms on the surface of ferment­

ing wine and that which forms on souring wine, calling the 

former Mycoder.ma vini and the latter Mycoderma aceti. He 

also showed that acetification could not take place in 

the absence of the Mycoderma aceti. Pasteur considered 

"mother of vinegar" to behave in the same manner as 

platinum black. Knieriem and Mayer in 1873 proved that 
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the chemical oxidation of alcohol by means of platinum 

black could not be classified With the biological oxida­

tion caused by "mother of vinegar". Concentrations of 

ethyl alcohol and incubation temperatures could be much 

higher when chemical oxidations were allowed to proceed. 

Vaughn claimed that Pasteur did not recognize the acetify­

ing membranes as being composed of bacteria but character­

ized them as "mycoderme". The organisms have been referred 

to as a microscopie fungus {2). Cohn in 1875 was one of 

the first to classify the organism of the acetifying membrane 



as a bacterium. Hansen in 1879 first recognized that several 

species of vinegar bacteria could cause beer. to sour. The 

three species studied by Hansen are now called Acetobacter 

aceti, Acetobacter pasteurianum and Acetobacter kützingianum. 

With the acceptance of the fact that acetification could 

be caused by more than one ~ecies of bacteria, further work 

involved the finding of new species. Henneberg and Beijerinck 

described many new species. Many species of Acetobacter have 

been described, and new species are still being isolated. 

Acetobacter species have been isolated from containers in 

which vinegar has been made by their action on ethyl alcohol­

containing media, and especially from infected beers, wines 

and other alcoholic beverages. 

2. The Genus Acetobacter 

a. Classification of the Genus 
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The acetic acid bacteria have been recognized as a separate 

group for many years due to their peculiar physiological and 

biochemical properties. At present, Acetobacter is accepted as 

the correct generic designation for the acetic acid bacteria. 

Beijerinck suggested the name (35). Many synonyms of Acetobacter 

have been used in the past; Bacterium, Mycoderma, Ulvina, Umbina; 

Termobacterium, Acetobacterium, Acetimonas and Bacillus (49). 

Vaughn (49) summarized familias to which bacteria of the 

genus Acetobacter have been assigned and has expressed his own 



opinion with respect to the family designation. Orla-

Jensen placed bacteria of the genus in the family 

Oxydobacteriaceae, Buchanan in the family Bacteriaceae, 

Winslow et al in the family Nitrobacteriaceae, Kluyver and 

van Niel, and Rahn in the family Pseudomonadaceae, and Bergey 

et al in the family Acetobacteriaceae. Vaughn claimed that 

purely on the subject of morphological characteristics 

acetic acid bacteria are closely related to bacteria of the 

family Pseudomonadaceae. Physiologically, they resemble 

the genera Pseudomonas and Phytomonas of the tribe 

Pseudomonadeae. He described similarities between the three 

genera, but claimed that the genera may be differentiated 
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on the basis of naturel habitat and oxidation of ethyl alcohol 

and glucose. Acetobacter species grow well in acid surround­

ings. They produce acetic acid by the oxidation of ethyl 

alcohol, and ketogenic species produce 5-ketogluconic acid 

by the oxidation of glucose and gluconic acid. Vaughn 

believed that Acetobacter species shculd be placed within the 

family Pseudomonadaceae, because a separate family Acetobacter­

iaceae is unappropriate to a genus so closely related, both 

morphologically and physiologically to other well-recognized 

genera. Shimwell {34) accepted Vaughn's opinion, and Breed 

et al (5) placed bacterie of the genus Acetobacter in the 

family Pseudomonadaceae, and in the tribe Pseudomonadeae 

where the genus Pseudomonas is located. 
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The differentiation of the genera Pseudomonas, 

Phytomonas and Acetobacter on the basis of naturel habitat.and 

oxidation of ethyl alcohol and glucose may be discussed 

further. Wi th regard to na tura 1 habitat, Acetobacter 

species grow well in acid surroundings. Stanier (40) 

observed that some species of Pseudomonas can produce 

acetic acid by the oxidation of ethyl alcohol in a medium 

well buffered with calcium carbonate. He claimed tbat if 

the genus Acetobacter is to be kept, it must be redefined in 

a mannar which no longer stresses so exclusively the capacity 

of organisms of the genus to produce acetic acid from ethyl 

alcohol. He believed that acid tolerance of Acetobacter 

organisms may be a better differentiating characteristic 

for the two genera. Although Vaughn (49) claimed tbat 

ketogenic Pseudomonas species produce 2-ketogluconic acid 

and the ketogenic acetic acid bacteria produce 5-ketogluconic 

acid, he mentioned that the production of 2-ketogluconic 

acid by Acetobacter suboxydans bas been reported. Walker 

and Kulka (50) worked witb a strain of ~cetobacter 

suboxydans which at first yielded gluconic acid and 

5-ketogluconic acid when grown on a glucose yeast-water 

medium in the presence of calcium carbonate and later yielded 

gluconic acid and a little 2-ketogluconic acid. 

Breed · et al ( 5) gave the following description of 

bacterie of the genus Acetobacter. Individual cells are 

ellipsoïdal to long and rod-shaped, occurring singly, in pairs, 

or in short or long chains; motile with polar flagella, or 



non-motile; involution for.ms of cella may be spherical, 

elongated, filamentous, club-shaped, swollen, curved or 
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even branched. Young cells are Gram-negative, but older 

cella are often Gram-variable. The organisme are obligate, 

aerobes and usually catalase-positive. They oxidize various 

organic compounds to organic acids and other oxidation pro­

ducts which may undergo further oxidation; common oxidation 

products include acetic acid from ethyl alcohol, gluconic 

and sometimes ketogluconic acid from glucose, dihydroxy­

acetone from glycerol and sorbose from sorbitol. Nutritional 

requirements vary from simple to complex. Development of 

the organisms is usually best in yeast infusion or yeast 

autolyzate media with added ethyl alcohol or other oxidizable 

substrate. Optimum temperatures for growth vary with the 

species. Acetobacter are widely distributed in nature. They 

are particularly abundant in plant materials undergoing alco­

holic fermentation. Organisme of the family Pseudomonadeae 

do not form spores. 

b. Culture Methods 

Many of the media for the cultivation of Acetobacter are 

materiels used in the brewing industry. Shimwell (37) claimed 

that through the influence of medical bacteriology many of the 

media used to study bacterie connected with brewing in the past 

have been products of animal tissue. There appears to be no 

reason for using these complex media for general cultivation 



or isolation of vegetable saprophytes, except when making 

a complete study of cultural characteristics on a wide 

variety of media. Yeast and the materials available in 

the brewery, notably malt wort, provide media of optimum 

composition for most of the organisms with which brewers 

are concerned. Shimwell was concerned primarily with the 

study of beer spoilage species. He claimed that sub­

cultivation in hopped beer is often the only way of avoid­

ing the loss of beer-spoilage properties. Chalk is often 

added to prevent the death of acid-producing cultures by 

their own high acid yield. Shimwell (35) indicated that 

even if acetic acid bacterie were fastidious in their 

requirements for vitamins and growth factors, wort and 

beer are quite rich in such substances. Tosic (44) 

observed that acetic acid bacteria may be beer contaminants, 

and may grow well in malt, fruit extract or in their alco­

holic fermentation products. 

Vaughn (4g) claimed that three stock culture media have 

been used with success. Yeast water-glucose agar prepared 

with 2 percent calcium carbonate is a satisfactory medium 

for most cultures that cause overoxidation. Sorbitol agar 

containing sorbitol, yeast extract powder (Difco) and agar 

is also satisfactory; such a medium has an advantage over 

glucose media because the chief oxidation products are not 

acidic in nature. Liver infusion broth containing Bacto­

tryptone, potassium hydrogen phosphate and infused liver 
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particles diluted with water has also been used. 

Walker and Kulka (50) have worked extensively with 

Acetobacter specie s and have des cri bed media for the 

laboratory cultivation of the bacterie. They have used 

principally malt wo rt and beer as media for the maintenance 

of pure cultures of Acetobacter species. They claimed that 

the addition of ethyl alcohol t o both media intensifies 

growth. The addition of glucose to beer greatly promotes 

growth of Acetobacter in beer. Although most species of 

acetic acid bacterie grow well in plain beer, occasionally 

a strain is encountered which does not; such a strain is 

often one which has been maintained for a long time in a 

laboratory. They observed that yeast water with various 

sugars or polyhydroxy alcohols makes useful media. Not all 

acetic acid bacteria are capable of growth in plain yeast 

water, that is, without the addition of another nutrient or 

other nutrients. The addition of ethyl alcohol to yeast 
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water greatly encourages the growth of numerous Acetobacter 

species inoculated in it, but fails to stimulate the develop­

ment of ethers; glycerol usually encourages growth; glucose 

allows the growth of practically all species of Acetobacter. 

Some strains of Acetobacter change, however, in their oxidiz­

ing abilities toward certain substrates after being maintained 

for several weeks solely on yeast water media. Walker and 

Kulka claimed that a medium containing yeast autolyzate and 

glucose is also good for subculturing Acetobacter species. 
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They suggested that corn steep liquor ensures provision of 

a full range of nutrients when added to culture media,and 

when added in small quantity to such media as wort and beer 

greatly assista in assuring maintenance of typical behaviour 

of Acetobacter species. ·rhe media descri bed are liquida. 

Acetobacter species cannet always be isolated from 

samples by direct plating methods. Shimwell (36) claimed 

that although beer spoilage bacteria, including Acetobacter, 

proliferate freely in liquid media of suitable composition, 

they do not as a rule readily form easily visible colonies on 

or in solid media. Even the small colonies they normally 

produce may attain visible size only after somewhat prolonged 

incubation. Vaughn ( 4Q') found that isola ti on of Acetobacter 

may be accomplished by direct plating or streaking if the 

material to be examined is heavily populated with Acetobacter. 

Preliminary enrichment cultures in media favourable for the 

growth of Acetobacter are necessary when a sample contains few 

acetic acid bacteria in a predominating flora of yeasts and 

ether bacteria. Vaughn suggested yeast water-glucose agar or 

broth and wort agar or broth for isolation purposes. Beer, 

wine and fruit infusions are frequently used as basal materiels 

for isolation media. To favour growth of Acetobacter at the 

expanse of other organisme small amounts of acetic acid and 

ethyl alcohol are added. Marshall and Walkley (23) isolated 

Acetobacter species from apples by the direct plating of apple 



pulp in various concentrations in agar medium containing 

apple juice . and ammonium phosp~ate. 
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Acetobacter species develop at room temperature and 

may tolerate acid media. These tacts are revealed by the 

type of environment in which the bacterie are usually round. 

Research on the nutritive requirements for the growth 

of species of Acetobacter has been reported by various 

investigators. Species and strains vary greatly in their 

nutritive requirements. Much work, however, still remains 

to be done. Visser•t Hooft partially classified Acetobacter 

organisms by their ability to utilize ammonium salta as sole 

source of nitrogen in Hoyer's medium (49). Rao and Stokes (29) 

observed that the ability to use ammonium nitrogen is more 

widespread among acetic acid bacteria than was previously 

thought. The ability only becomes manifest if the medium 

contains not only the required growth factors but also the 

appropriate sources of carbon. They also observed that 

growth factor requirements vary between strains of the same 

species. Walker and Kulka (50) claimed that Acetobacter 

species are non-proteolytic. A review of the literature 

(to July 1954) on the use of synthetic media for culturing 

Acetobacter species was made; the information obtained from 

that review is reported in Table I. 
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c. Classification of Species 

A great many species of Acetobacter have been described. 

Many are no longer recognizable, others are possibly synonyms 

for previously described species. 

Henneberg in his classification of acetic acid bacteria 

in 1926 recognized distinct species as being associated with 

wort, beer, wine and generator vinegar (49). His influence 

has been noticeable in most classifications of Acetobacter, 

but his classification is undesirable. He listed one of the 

common species Acetobacter aceti with beer vinegar bacteria. 

Vaughn (49) isolated the same organism from grape juice, 

unf1n1shed wine, souring figs and dates, dried fruits and 

vine~r, as well as from sour beer. Walker and KUlka (50) 

said that some microorganisme find in certain natural media 

the particular nutrients which best promote their growth and, 

having gained access as chance infections, establish them­

selves in these media. Thus in time artificially modified 

types, particularly adapted to growth in such media, develop. 

Generally speaking, the behaviour of an organism is condition­

ad by its previous history. 

Vaughn (49) claimed that if acetic acid bacteria are 

differentiated from the "utili tarian point of view", they must 

be divided into two groups, depending upon their ability to 

oxidize a substrate such as alcohol or glucose. Those 

bacteria causing incomplete oxidations are important for 

the preparation of pharmaceuticals. Since many species have 
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been described and named, some of which are probably synonyme 

for previously descri bed species, Vaughn includes a "key" to 

differentiate well-recognized species. The "key", which 

seems to be similar to that of Visser't Hooft, has proved 

satisfactory for the differentiation of most of tbe cultures. 

Vaughn stressed that an intensive study of the genus may 

require expansion of the "key" to differentia te all species 

adequately. He said that the scheme for classification of 

the species of Acetobacter was patterned after that of the 

~uropeans, particularly the Dutch, since Americans have not 

been greatly interested in the genus until recently. He 

believed that biochemical studies of species of Acetobacter 

had far excelled taxonomie advances. The "key" is as follows: . 

I "Oxidize acetic acid to C02 f H20 
A. Utilize ammonium salts as a sole source of 

nitrogen (Hoyer's medium): Acetobacter 
aceti (Ktitzing) Beijerinck 

B. Do not utilize ammonium salta as a sole 
source of nitrogen 
1. For.ms a thick, cellulosic membrane on 

the surface of liquida: Acetobacter 
xylinum (Brown) Bergey et al 

2. No cellulosic membrane formed: 
Acetobacter rancens Beijerinck 

II Do not oxidize acetic acid 
A. For.m pigments in glucose media 

1. Dark brown pigment: Acetobacter 
melanogenum Bei·jerinck 

2. Pink to rose pigment: Acetobacter 
roseum (Takahashi and Asai) nov. comb. 

B. Do not for.m such pigments 
1. Optimum temperature 30o to 350 C: 

Acetobacter suboxydans Kluyver and de Leeuw 
2. Optimum temperature 2oo C: Acetobacter 

oxydans Henneberg." 
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Vaughn differentiated Acetobacter species primarily on their 

ability to oxidize acetic acid to carbon dioxide and water. 

Other bacterial species can also oxidize acetic acid in a 

similar way. For example, Oginsky and Umbreit (24) maintained 

that the tricarboxylic acid cycle exista in some bacterial 

species. The products for.med during the oxidation of acetate 

by the cycle are carbon dioxide and water. Species other 

than those of Acetobacter can oxidize acetate by the cycle. 

Swim and Krampitz (42) presented evidence for the oxidation 

of acetate by the tricarboxylic acid cycle in Bseherichia eoli, 

and saz and Krampitz (32) in Micrococcus lysodeikticus. As 

presented the classification described by Vaughn does not 

recognize many of the other named species; he included some 

as strains of the species mentioned in the schema. He did 

not investigate the statua of Acetobacter gluconicum, 

Acetobacter dihydroX}8cetoni.C.um,_ . Acetobacter capsulatum, 

Acetobacter viscosum and ethers. 

Shimwell (35) claimed that since Acetobacter show wide 

variation in the number of carbohydrates and alcohols they 

attack, certain workers have been attracted by this criterion 

as a basis for the differentiation of species. For example, 

Henneberg arranged Acetobacter species in accordance with the 

number of carbohydrates they acidify. Shimwell asserted that 

until an extensive study of a larger number of strains has 

been undertaken, acid production from different sugars and 

alcohols probably cannet be depended upon as reliable 



criterion for the differentiation of individuel Acetobacter 

species, although broad types may perhaps be established 

19 

on the ba sis of a cid production. Shimwell included a "key" 

based on that of Vaughn (49) in which there were formerly 

undescribed beer-spoilage species. He emphasized that species 

dif'ferentiation is almost always subjective, but never more 

than with the genus Acetobacter; each new attempt to utilize 

fresh criteria for the differentiation has tended to demolish 

the validity of the criteria used by previous workers without 

necessarily leading to a better system. Shimwell believed 

that Henneberg's original and extensive work on the acetic 

acid bacteria was at that time the most authoritative, accurate 

and detailed account of many industrially important Acetobacter 

species. 

Tosic and Walker (46 and 47) claimed that considerable 

difficulty was experienced in identifying various species of 

acetic acid bacteria isolated. The de•oription of Acetobacter 

speoies appearing in the literature, particularly early reports, 

were lacking in many details which today are recognized as 

essentiel for correct comparison. They elaborated standard 

culture media and procedures suitable for the characterization 

of ten authentic cultures of named species of Acetobacter from 

the National Collection of Type Cultures, the Lister Institute, 

Elstree, England. The investigation of morphological character­

istics included the shape and size of cells in hanging drop 

preparations and on stained slides, arrangement of cells, 
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involution for.ms, motility and capsule for.mation. Cultural 

characteristics included time at which growth first became 

noticeable and the description of single colonies. Bio­

chemical characteristics included gas production in standard 

malt wort and in glucose yeast water, acid production in yeast 

water medium containing various carbon sources, utilization 

of free acetic acid, the Voges-Proskauer reaction and the 

catalase test. Physiological characteristics included 

temperature for maximum growth, aerobiosis, pH, and toler­

ance for ethyl alcohol. They claimed that in the majority 

of instances the description of characteristics were in 

good agreement wi th thos:e previously published. They claimed 

that the technique described representa the first attempt 

to standardize the procedure for the characterization of 

members of the genus. 

Walker and Kulka (50) have summarized the importance 

of deter.mining certain morphological, cultural, physio­

logical and biochemical characteristics in identifying 

Acetobacter species. Morphological characteristics, with 

the exception of motility, are not of great value in classifi­

cation since many species have similar cella. Cultural 

characteristics are of considerable assistance, the most use­

ful evidence probably being the type of growth in wort and 

beer, the behaviour and appearance of streak cultures on 

wort agar, and the type of giant colony produced on semi­

solid wort-agar. The most important physiological 



characteristics are incubation temperature and oxygen 

requirement of cultures. Biochemical characteristics such 

as acid production from carbohydrates, ability to develop 
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in the presence of ammonium salts as sole source of nitrogen, 

and ketogenic activity are useful. They claimed that species 

differentiation cannot be discussed without some reference 

to variability of behaviour. Cultures may lose the power 

of pellicle formation and proâuce instead a faint ascending 

film. Later the cultures may regain the ability to produce 

a tough, cohesive pellicle. Instances are known of an organ­

ism acquiring the power to produce acid from a sugar which 

nor.mally it cannot utilize, also of an organism to lose its 

ability to form acid from a particular carbohydrate. The 

same is true of ketogenic activity. Certain species can 

metabolize glucose in media such as those of Henneberg and 

of Royer in which ammonium salts are the sole source of 

nitrogen; occasionally an Acetobacter species will grow in 

one or both media when first isolated from its naturel 

habitat, only to lose such ability irretrievably after some 

time in artificiel cùltivation. Walker and KUlka have worked 

with strains of Acetobacter aceti which cannot utilize ammon­

ium salts as sole source of nitrogen. Most workers in general 

believe Acetobacter aceti can utilize ammonium salts as sole 

source of nitrogen. 

It appears that more attention must be given to the 

classification of Acetobacter species. As mentioned in the 
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preceding paragraph many difficulties occur in classifica­

tion due to variability in behaviour of the organisms. Breed 

et al (5) used Vaughn's "key", see page 17, to identify 

Acetobacter species. They stated, however, that species 

related to Acetobacter rancens may be able to use inorganic 

sal ts as sole source of nit·rogen. 

3. Vinegar Production 

The oxidations of certain substrates brought about by 

various species of the genus Acetobacter are of particular 

significance because some industrially important compounds 

formed, such as ketoses and keto acids, are prepared with 

considerable difficulty by purely chemical methods. Species 

of the genus vary in their ability to oxidize or dehydro­

genate various substrates. Some species almost completely 

oxidize a substrate, sometimes forming carbon dioxide and 

water as the principal end products. These bacteria apparent­

ly have no industriel value. Other species of the genus 

bring about the incomplete oxidation of a substrate and, 

accordingly, may be of much importance. Acetobacter suboxydans 

is a species well-adapted for industriel use for it generally 

brings about the incomplete oxidation of sugars, alcohols 

and acids even when a liberal supply of oxygen is available, 

which is essentiel for a rapid dehydrogenation of the sub­

strate. Acetobacter species in general oxidize ethyl 

alcohol to acetic acid and d-sorbitol to 1-sorbose. 



Certain species oxidize glycerol to dihydroxyacetone. 

Some species have also been used in the making of perseulose 

from perseitol (an alcohol that occurs as a constituent of 
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the avocado); gluconic acid and 5-ketogluconic acid from 

glucose; acetylmethylcarbinol from meso- and levorotatory-2, 

3-butandiol; 1-erythrulose from meso-erythritol; and d-tartaric 

acid from glucose. Vaughn (49) claimed that from the economie 

standpoint, the greatest importance of the acetic acid bacterie 

is in the manufacture of vinegar. 

a. Mechanism of Fermentation 

Various l9th Century research workers observed pertinent 

facts concerning the oxidation of ethyl alcohol by platinum 

black (49). The present explanation of the oxidation of 

ethyl alcohol by Acetobacter species involves these facts. 

Davy first made acetic acid synthetically by oxidizing wine 

with platinum black. Dëbereiner found that during the 

oxidation, the alcohol absorbs oxygen with the formation of 

acetic acid and water. Liebig studied an intermediate com­

pound formed during oxidation and named it "aldehyde". 

Several ideas have been expressed to explain the 

mechanism of fermentation by Acetobacter species (27). One 

explanation of the mechanism is that Acetobacter species 

aerobically transform ethyl alcohol to acetaldehyde, and in 

turn dismute acetaldehyde to equimolar quantities of ethyl 
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alcohol and acetic acid: 

?0 
CH3 • C - H 

Acetaldehyde 

-OH 
CH3 • C - OH 

'H 
Hydrated 

acetaldehyde 

_...OH 
H20 ---+ CH3 • C ~ ~H 

Hydrated acetaldehyde 

? 0 -OH 
CH3 • C - H ~ CH3 • C ; 0 f 

Acetaldehyde Acetic acid 

_...OH 
CH3 • C - H 

' H 
Ethyl alcohol 

Alternate oxidation and dismutation occur until Acetobacter 

species convert all the ethyl alcohol to acetic acid. As 

examples for the reasoning of the mechanism, Acetobacter 

ascendens, Acetobacter pasteurianum, and Acetobacter xylinum 

can dismute acetaldehyde to equimolar quantities of acetic 

acid and ethyl alcohol anaerobically. Another explanation of 

the mechanism is that Acetobacter species dehydrogenate ethyl 

alcohol to acetaldehyde and hydrated acetaldehyde to acetic 

acid. Oxygen is the hydrogen accepter: 

CH3 • 

Eth.yl 

,., OH 
C-H 
'H 

alcohol 

? 0 
c~ • c - H 

Acetaldehyde 

-OH 
CH3 • C - OH t 

'H 
Hydrated 
acetaldehyde 

0 

0 

~ 0 
CH3 • C ~ H 

Acetaldehyde 

_OH 
CH3 • 0 - OH 

...... El 
Hydrated acetaldehyde 

_...OH 
CH3 • C ; 0 {-

Acetic acid 

When conditions become favourable Acetobacter species may convert 

acetaldehyde to acetic acid by dismutation. 



Acetobacter enzymes induce the oxidation of alcohol 

to acetaldehyde and of acetaldehyde to acetic acid (49). 

b. Methods of Manufacture 
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Vinegar is the condiment made from sugary or starchy 

materiels by alcoholic and subsequent acetous fermentations. 

The term. signifies "sour wine" according to its derivation 

from the French. The composition of a vinegar will depend 

somewhat on the nature of the raw materiel that has under­

gone alcoholic and acetous fermentations. The conditions 

of manufacture, aging and storage will also influence the 

composition of the product. The Food and Drug Administration 

of the United Statesf in 1936 defined vinegar as containing 

at least 4 gm. of acetic acid per 100 ml. vinegar at 200 c., 

as well as small amounts of alcohol, glycerin, esters, reduc­

ing substances, salta and other compounds. 

Vinegar may be manufactured from a wide variety of raw 

materiels, the main requirement being a satisfactory economie 

source of alcohol. Apple vinegar, or eider vinegar, is comrn.on­

ly used in the United States; wine vinegar is extensively 

used in the large grape-growing areas of Europe, and malt 

vinegar in England. In food industries, where vinegar serves 

both as a condiment and a preservative, large quantities of 

.;. - U. S. De pt. of Agriculture, ]'. D.A., Servi ce and 

Regulatory Announcements, l!'ood and Drug, No. 2, Rev. 5, 

November, 1936, Cited by Prescott and Dunn (27). 
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spirit, distillad, or grain vinagar are consumed. Surplus 

products, such as fresh beets, paars, peaches, plums, figs, 

oranges, pineapples and berrias, can be used for the pro­

duction of vinegar. Surplus dried fruits, including prunes, 

apples, figs, peaches, apricots and dates, make good condi­

ment vinegars. Honey vinegar is known and appreciated as a 

condiment. Hydrolyzed starch materiels including potatoas, 

corn and rice may also be used. Suger vinegar is made from 

suger syrup, molasses, or refiners' syrup. Glucose vinegar 

is made from glucose solutions. Whatever is used, the raw 

materiel must first undergo alcoholic fermentation before 

acetification can proceed. The quality of the vinegar 

depends on the quality of the raw materiels used. Alcohol 

in a concentration of 10 to 13 per cent is readily fermented. 

Although there are a large number of bacterie that 

possess the ability to produce acetic acid in small amounts 

from various substrates, only relatively few possess the 

cbaracteristics desired for vinegar manufacture. Different 

species of Acetobacter are generally used in different pro­

cesses of vinegar manufacture. Usually the alcohol­

containing medium is acidified with vinegar in order to 

inhibit the development of undesirable types of bacterie 

and to supply the medium with desirable acetic-acid­

producing bacterie for purposes of inoculation. Heavily 

inoculated starters of a desirable species of Acetobacter 

may be used to control the bacterial population. 



Since the conversion of ethyl alcohol to acetic acid 

is primarily an oxidative process or a dehydrogenation 

process in which atmospheric oxygen acts as the hydrogen 

accepter, the success of the fermentation depends largely 

on the availability of large quantities of oxygen during 
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the process. The use of too low a temperature, 120 to 150~, 

during the fermentation process faveurs a slow fermentation; 

the use of too high a temperature, 42o to 45ou, causes 

Acetobacter organisms to lose their ability to function 

normally. The exact temperature used depends on the organ­

ism and process. 

Vinegar is made either by the slow acetification of 

vinegar stock in barrels or by rapid acetification in 

generators. Both processes have been used for many years (49). 

The slow process, essentially the "Orleans" method, was used 

extensively in France for a long time before the rudimentary 

generator process was developed about 1670. Although 

Boerhaave, in 1732, bas been credited by many with construc­

tion of the first vinegar generator, an anonymous description 

of a vinegar generator was published in 1670. The generator 

process became important in the early part of the l9th Century 

primarily because of the efforts of Schüzenbach. 



i."Slo~'Process 

Of the slow processes the "Orleans" or "French" method 

is the oldest and also the best for the production of table 

vinegar (27). Barrels of approximately 200 1. capacity are 

used as the containers in the process. Each barrel is 

filled about one-third full with a good grade of vinegar, 

which constitutes the starter or culture, and 10 to 15 1. 
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of wine is added. At weekly intervals for four weeks, the 

same amount of wine is added to the barrel. When five weeks 

have passed, 10 to 15 1. of vinegar is withdrawn from the 

barrel, which is now about one-half filled, and the same 

amount of wine is introduced. The operation may be repeated, 

the process thus becoming continuous. Air is admitted to 

the barrels through heles, one usually at each end of the 

barrel, which is placed on its aide, above the level of the 

vinegar. Air may also be admitted through a top bung-

hole. All holes are screened to prevent the entrance of 

insects. The acetic acid bacteria form a thin film on the 

surface of the solution. The films are easily disturbed by 

the addition of the alcoholic medium and the withdrawal of 

vinegar; if they sink, they use up the nutrient substances 

but fail to produce acetic acid under anaerobie conditions. 

Pasteur suggested the use of a support for the film. 



ii. "Quick" Process 

The "quick" vinegar process has also been called the 

"genera tor" or "German" pro cess ( 49). The process came 

into industriel prominence during the early part of the 
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l9th Century and is now in universel use far the production 

of most commercial vinegar. The vinegar generator is 

designed to afford the maximum surface exposure for a volume 

of vinegar stock in order to supply an optimum amount of air 

for the vinegar bacterie. Maximum surface exposure is 

accomplished by droplet dispersion of the inoculated stock 

as applied to the upper surface of a mess of percolating 

medium, beechwood shavings of some depth. The vinegar stock 

is allowed to trickle slowly through the generator packing. 

The bacterie adhere to the shavings or other packing materiel 

and find conditions optimum for rapid acetification of the 

alcohol contained in the stock or mix. The oxidation of 

alcohol takes place simultaneously throughout most of the 

exposed surface of the percolating medium. 

The generator consista of a large, cylindrical to 

slightly conical-shaped tank, divided into three compart­

ments separated by perforated wood covers. The upper 

compartment contains the apparatus for even distribution 

of the vinegar stock over the percolating medium. In 

operation, the vinegar .stock is distributed over the percol­

ating medium intermittently in small amounts by automatic 

tipping troughs or revolving spargers. The central 



compartment contains the percolating medium, which may be 

beechwood shavings, coke, wood charcoal, basket work made 
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of rattan, bundled rattan, excelsior, corn cobs, grape 

stems, pressed pomace, or ether materiels that otfer large 

surface areas. The lower chamber serves for the collection 

of the vinegar, and contains regulating ports for the admis­

sion of air. The vinegar stock may be trickled through the 

same generator until the desired acetification takes place, 

or it may be passed through two or three or more generators 

connected in series. 

The fermentation should be allowed to proceed until 

the vinegar has reached its maximum strength. The vinegar 

is th en stored anaerobically, to pre vent Aceto ba ct er spe ci es 

from destroying the vinegar by oxidation; it is later clari­

fied, bottled and Pasteurized (2~). Aging takes place during 

storage and may require a year or longer. Aging is a process 

· that improves the flavour and clarity of vinegar,especially 

vinegars made from wine and fruit juices. Esters formed 

during aging cause the disappearance of the harsh flaveur 

and odeur. Seme vinegarsmay be bottled w1 thout further treat­

ment, but most of them should be clarified first. Clarifica­

tion may be effected by filtration or by fining. In the 

process of fining, a substance such as fish isinglass,bentonite, 

or Spanish clay is thoroughly mixed with the vinegar. The 

mixture is permitted to stand until a clear vinegar appears. 

The clari fied vinegar is drawn or siphoned ott. Bottles shculd 
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be completely filled and tightly capped. Pasteurization is 

done by heating the botties to a temperature of 600 to 6600. 

for about thirty minutes. The finishing procedure is the 

same in the "slow" process. 

c. Factors Affecting Vinegar Production 

The production of vinegar by Acetobacter species appears 

to have received more interest industrially than academically. 

A minor number of species have been intensely studied• 

Acetobacter species did not appear to have been investigated 

w1 th regard to the various factors, physical and chemical, 

that would affect the rate of a cid production at the time 

when the author began the investigation. Vinegar has been 

made biologically for many years, and the process possibly 

has been taken for granted. The conditions necessary for its 

manufacture from alcoholic solutions were known empirically 

long before the function of living organisns in the process 

was recognized (49). Probably many of the discoveries credited 

to ethers were technical secrets of the vinegar manufacturera 

long before scientific investigations were recorded in the 

li te rature. 
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i. Medium 

As stated previously vinegar may be manufactured from 

almost any product capable of yielding alcohol by fermenta­

tion. Fruits, honey,sugar-containing syrups, hydrolyzed 

starchy mate rials, beer and wi ne may serve as raw materiels. 

Shimwell {35) said that in the manufacture of spirit -

vinegar industrial alcohol diluted to a suitable concentra­

tion may be use~ and nutrients added to supply the nitzogen 

requirements of the bacteria. Cosbie, Tosic and Walker (8) 

observed that the oxidation of alcohol to acetic acid by 

Acetobacter turbidans varies directly as the concentration 

of the yeast water in the media; therefore to a certain 

limit the concentration of nutrients in the medium affects 

the amount of acid produced. Walker and Tosic (51) observed 

that Acetobacter viscosum forma acetic acid from ethyl alcohol 

in standard malt wort but not in plain yeast water; and 

Acetobacter aceti forms acetic acid from ethyl alcohol in 

standard malt wort and in y east water. Walke r and Kulka (50) 

observed that a medium consisting of ethyl alcohol and yeast 

water encourages the growth of Acetobacter species but not 

that of ethers. Rao and Stokes (30) found that w.ith Acetobacter 

suboxydans and Acetobacter melanogenum the stimulatory activity 

of the biological materiels for ethyl alcohol utilization is 

due to the sugars and related substances that they contain. 

They stated that apparently acetic acid bacterie are dependent 

upon carbohydrates for growth initiation, and that once this 
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has occurred, the bacterie use ethy1 a1coho1 as a source of 

carbon and energy, and oxidize ethy1 a1coho1 to acetic acid. 

They worked with media containing casein hydro1ysate, minera1s 

and B vitamins. Litsky and Esse1in (20) observed that with 

Acetobacter xy1inum p-aminobenzoic acid is essentiel, and 

ribof1avin and pantothenic acid together are stimulatory to 

acid production. Other members of the B-complex group of 

vitamins have no effect or are inhibitory to growth. 

The ethy1 alcohol content of the medium is important in 

determining whether Acetobacter species produce acetic acid 

from ethy1 a1cohol. A1though some au thors c1aim that alcohol 

in a concentration of 10 to 13 per cent is readily fermented, 

the general observation was that Acetobacter species vary 

in their ability to uti1ize different concentrations of 

ethyl alcohol. Vaughn (49) claimed that concentrations of 

alcoho1 between 14 and 15 per cent by volume are very inhibit­

ory to acetic acid bacteria, but concentrations of 5 to 12 

per cent are not inhibitory. Walker and Tosic (52) asserted 

that an ethy1 alcohol content in media greater than 4 per cent 

prolongs the stationary and lag phases of growth of the 

bacteria, but an alcoho1 content of more than 6 per cent 

inhibits growth of some species. Prescott and Dunn (27) noted 

that when a1coho1 concentrations of 14 per cent or greater are 

used, the zoog1oea1 mat forms with difficu1ty and Acetobacter 

species incomp1ete1y oxidize a1coho1 to acetic acid; when 

a1coho1 concentrations of 1ess than 1 or 2 per cent are used 



acetic acid may be lost, for Acetobacter species oxidize 

acetic acid to carbon dioxide and water. 
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The effect of the pH of an alcohol-containing medium on the 

amount of acetic acid produced does not seem to have been studied 

by past workers. The general observation was that Acetobacter 

species favour acid surroundin~for growth. Shimwell (33) 

claimed that many acetic acid bacterie have a pH range 

extending well below 3.5 for growth. It appears that in a 

natural environment oxygen is the hydrogen accepter in the 

conversion of ethyl alcohol to acetic acid; and that under 

anaerobie conditions, especially at high pH values (?.6 to 8.4), 

and to some extent in an aerobic environment, acetaldehyde 

may act as the hydrogen accepter for acetaldehyde hydrate (26). 

The result is a dismutative change or Cannizzaro reaction. The 

amount of alcohol, acetaldehyde and acetic acid present at any 

given stage of the process depends upon the oxygen supply, the 

pH of the medium, the temperature and species of Acetobacter. 

ii. Fermentation Conditions 

At temperatures below 12° to 150 O. acetic acid bacterie 

grow slowly, and at temperatures of 42° to 45° o. produce 

cells that lose the power to function normally. From 15° to 

34° c. Acetobacter appear to develop normally. The organism 

and procedure employed during fermentation determine the 

exact temperature to be used. Too low a temperature favours 



a slow fermentation, but too high a temperature faveurs the 

loss through evaporation of alcohol, acetic acid and the 

volatile substances important in the production of flaveur 

and a roma ( 27). 

Since the conversion of ethyl alcohol to acetic acid 

is an oxidative reaction, large quantities of air must be 

present during fermentation. Sorne species of Acetobacter 

oxidize acetic acid to carbon dioxide and water; these are 

undesirable for fermenta ti on. Seme specie s in a limit ed 

amount of air produce acetic acid, but in a large amount of 

air produce carbon dio:xide and water. Therefore, the amount 

of oxygen must be controlled in relation to the activities 

of the bacterium causing the oxidation of ethyl alcohol. 

In practice Shimwell (35) claimeâ that over-oxidation often 

must be controlled by avoiding over-aeration and by stopping 
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the process while there is still a little alcohol present. If 

the first genera tor was built at approximately 1670, the fa ct 

that oxygen is necessary for acetic acid fermentation must 

have been known at that time. Pasteur showed that the 

fermentation must be arrestedwhenfermentation is completed, 

otherwise the "mycoderms" transform the ace tic a cid into 

water and carbon dioxide (2). Tosic (45) found that with 

Acetobacter turbidans a lag period precedes the oxidation of 

acetate. Adenosine triphosphate slightly reduces the lag period; 

small concentrations of lactate, pyruvate, glycerol, succinate, 

malate, fumarate, a-ketoglutarate, glucose, formate and 

formaldehyde greatly reduce the lag period. Apparently the 



affect of these substances may be due to the activation of 

one of the enzymes essentiel for oxidation of acetate. 

iii. Pure Cultures 
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Although many investigators have recommended the use of 

pure cultures of acetic acid bacteria for the prodUction 

of vinegar, such practice has not been popular. The con­

struction of generators, storage tanks and other equipment 

in common use for the manufacture of vinegar does not faveur 

sterilization of such installations. Shimwell (35) claimed 

that the use of a pure culture of species possessing the 

most desirable characteristics is advantageous. The organism 

should be able to tolerate a higher concentration of alcohol, 

convert ethyl alcohol to acetic acid rapidly, oxidize ethyl 

alcohol incompletely and produce good-flavoured vinegar. 

He stated that the maintenance of pure cultures and the 

exclusion of undesirable types is not, however, easily achiev­

ed with traditionally constructed acetifiers. In most 

instances, domination of the desirable type is more readily 

attained by the regulation of the conditions, particularly 

temperature and aeration. Several different species are 

usually present in commercial acetifiers; the proportions of 

these seem to settle down to a workable mixture which remains 

fairly constant for long periods. Shimwell claimed that the 

type of bacterium best sui ted for the "quick" vinegar process 

is one with a minimum tendency to over-oxidation, rapid 

utilization of high concentrations of alcohol and a minimum 



of film production; Acetobacter schuetzenbachii and 

Acetobacter curvum possess these properties and were first 

isolated by Henneberg from the "quick" vinegar process. 

Shimwell (38) claimed that the nature of acetic acid 

bacteria,responsible for producing vinegar in industriel 

operations,has. until now remained unknown. He isolated a 

pure culture of the "true working bacteria" in a vinegar 

acetifier and described the morphological, cultural and 

physiological characteristics of the pure culture. The pure 

culture was used successfully in making spirit-, malt-, and 

wine-vinegars. Acetification was rapid and the vinegar pro­

duced was in no way inferior in aroma and flaveur to vinegar 

produced by the empirical mixed culture method. In using 

pure cultures in any industriel fermentation, the culture 
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should be able to stand prolonged sub-cultivation in the laboratory 

without changing its characteristics. The strain described did 

not show · signa of losing its acid tolerance properties. 

Possibly uniformity of product is the greatest advantage 

gained by the use of pure cultures. 



4. Summary and Conclusions 

1. Vinegar has been made biologically for centuries. Louis 

Pasteur's experimenta confirmed the living nature of 

"mother of vinegar" as the active agent in acetification. 

Hansen first recognized that several species of vinegar 

bacterie are able to cause beer to turn sour. 

2. Various names have been used in the past to designate 

organisms that are known today as Acetobacter. The 

genus has been allocated to several different familles; 

the most suitable is Pseudomonadaceae. The unvarying 

characteristic of the genus is the production of acetic 

a cid from ethyl alcohol.in a cid media. 

3. Materiels available in the brewery, notably malt wort, 

beer and yeast, provide media of optimum composition 

for the cultivation of Acetobacter. Species of the 

genus faveur acid media. In general, little work has 

been done on chemical factors affecting growth of a 

variety of Acetobacter organisms. 

4. Wœny species of Acetobacter have been described. 

Isolated species have been lost, some have been named, 

and may be strains of the same species of organisme 

isolated and named differently later. Single organisme 

show variations in behaviour. The difficulty has been 

to find unvarying characteristics from which to plan a 

classification of species. 
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5. 'l'he production of acetic acid from ethyl alcohol by 

Acetobacter is believed to be entirely an oxidative 

reaction; that is, ethyl alcohol is oxidized to 

acetaldehyde, and acetaldehyde is oxidized to acetic 

a cid. 

6. Two methods are used in vinegar production. In the 

"slow" process alcohol-containing media is allowed to 

be acidified by Acetobacter species; the liquid must 

be kept still. In the "quick" process alcohol­

containing media is allowed to be acidified by 

Acetobacter species by continuously passing the liquid 

through a generator containing a percolating medium 

in order to increase the surface exposed to air. 

?. Vinegar production is dependent on the availability of 

nutrients required by the organisms. Species of 

Acetobacter vary in their ethyl alcohol tolerance. 

Usually 10 to 13 per cent ethyl alcohol is converted 

to acetic acid. The etfect of the pH of the initial 

medium on acid production has not been studied. 

8. The organisms develop normally at temperatures of 150 
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to 34°0. The exact temperature used during fermentation 

depends on the organism and the procedure. Oxygen must 

be present during the fermentation. The amount of 

oxygen depends on the organism used. 

9. The use of a pure culture of Acetobacter to affect 

fermentation is advantageous. The pure culture could 

provide unifor.mity of the product, if the strain used 

does not show marked variation in behaviour. 



D. EXPLORJ.TORY MEI'HODS AND RESULTS 

1. A Study of the Basic Characteristics of Acetobacter 

a. Propagation Media 

During preliminary experimenta two species of Acetobacter 

were used, Acetobacter suboxydans and an unknown species which 

was later identified as Acetobacter aceti 2.f Two different 

media were tested for growth of the organisms to determine 

which would be better for subculture. They bad the following 

ingredients: : 

Yeast extract glucose agar 

Difco's Bacto-Yeast Extract 

Agar 

Glucose 

Tap water 

W'ort agar 

Difco's Wort Agar 

Tap water 

10 gm. 

15 gm. 

10 gm. 

1000 ml. 

50 gm. 

1000 ml. 

Each medium was made in the usual way, dissolving the agar in 

the steamer, distributing it in 10 ml. quantities in test tubes, 

autoclaving, and allowing it to harden as agar slopes. The 

slopes were inoculated with the respective organisms, and the 

resulting growths were compared (Table II). Yeast extract 

glucose agar was the better medium. 

t- Macdonald College Collection. 



TABLE II 

GROWTH OF ACETOBACTER SPECIES ON YEAST 
EXTRACT GLUCOSE AGAR AND WORT AGAR 

Grganism 

Acetobacter suboxydana 

Acetobacter aceti 2 

a - .;. - growth. 
b - o - no growth • 

Yeast extract 
~lucose agar 

.;.a (48 hrs.) 

.;. ( 48 hrs. ) 
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Wort agar 

.;. ( 72 hrs.) 

When standard cultures of Acetobacter were obtained aub-

cultures were made every 14 days on yeast extract glucose 

agar slopes. One-tenth per cent of calcium carbonaw w.as ·-added to 

medium,in order to neutralize any acid formed. In later work 

the medium will be referred to as yeast extract glucose agar 

containing 0.1 par cent calcium carbonate. 

During experimenta the Acetobacter species grew wall on 

the yeast extract glucose agar containing 0.1 per cent calcium 

carbonate, but later growth became very seant. Acetobacter 

melanogenwm 2 would not grow,and Acetobacter melanogenum 1 

grew very scantily. Therefore Difco's Micro Assay Culture 

Agar, 47 gm. disaolved in 1000 ml. tap water, was used. The 

specifie resulta are not recorded. In general some organisms 

grew more profusely and in a shorter interval of time, while 

ethers grew very scantily. 

Comparative tests were made by culturing organisme on the 

two following media. The growth resulta are recorded in Table III. 



TABLE III 

GROWTH OF ACErOBACTER SPECIES ON YEAST EXTRACT 
AGAR CONTAINING 2 PER CENT CALCIUM CARBONATE 
AND ON DIFCO' S "STOCK CULTURE AGAR" 

Organisms Yeast extract glucose 
agar containing 2% 
calcium carbonate 

A, subOX;ldans ·lJ.J.j.C 

A, acetosum lf.f..j. 

.A. ascendens .;..;..;..;. 

A• 12a st eurianum .f.l-1-1 

A. turbidans .;.;..;.; 

A a kÜtzingianum .;..;.;..;. 

A, ac~jii J. -1-1-l.f. 

A, aceti 2 .ffl-1 

A, rancens .f.ll-1 

A, gluconicum ;..;.;. 
A. melanogenum 1 .f.-11 

A. oxvdans 1 f-Il-/ 

A, O!ldans 2 -/fil 

A, xylinum .;. 
A, :2eroxrdans 1 

c - 11-l.f. - very good growth. 
d - l.f. - good growth. 
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Difco' s 11Stock 
Cul ture Agar" 

.;. 
.;..;.d 

.;. 
.;..;. 

-l.f.-1 

+ 
0 

.f.-1-1-1 

0 

0 

0 

lf.f. 

fi-fi 

0 

.;. 



Yeast extract glucose agar containing 
2 per cent calcium carbonate 

Difco's Bacto-Yeast Extract 

Agar 

Glucose 

Calci wn carbonate 

Tap water 

Difco's "Stock Culture Agar" 

Difco's Stock Culture Agar 

Tap water 

10 gm. 

15 gm. 

10 gm.. 

20 gm. 

1000 ml. 

25 gm. 

500 ml. 

The results indicated that the yeast extract glucose medium 

containing 2 percent calcium carbonate was the better. This 

medium, therefore, was used for subsequent cultures. Sub­

cultures were made every two weeks. The organisms were allowed 
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to grow for three days at room temperature, and then stored in a 

refrigerator until required. 

b. Identification of Genus 

Acetobacter species may be identified by their morphology, 

reaction to Gram's staining method, and ability to oxidize ethyl 

alcohol to acetic acid in the presence of an appropriate basal 

medium. Marshall and Walkley (23) described a method for isolating 

and identifying the organisms on apples. They determined the 

number of yeasts, acetic acid, and lactic acid organisms present. 

In tests to identify the bacterie they only mentioned that acetic 

acid and lactic acid organisms were differentiated by Gram's 

staining methods and the catalase reaction. Marshall and Walkley's 



tests were used to identify Acetobacter in plant juices; if 

the appropriate results were obtained, the ability of each 

organism to oxidize ethyl aloohol was tested. 

The efficiency of the tests in identifYing organisms as 
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members of the genus Acetobacter was determined with two species 

known to be organisms of the genus, Acetobacter suboxydans and 

an unknown Acetobacter species later identified as Acetobacter 

aceti 2.f.. Af'ter obtaining the required results, organisms 

isolated from maple syrup vinegar were tested similarly to 

determine whether Acetobacter species were present. The 

organisms were grown on yeast extract glucose agar slopes and 

cells of the resulting growths were stained by Gram's method. 

The cells of' both species were Gram-variable rods, but those of 

the second were much thinner in appearance. To test for catalase 

3 per cent hydrogen peroxide was added to a forty-eight-hour slope 

or each culture. The evolution of' gas with each culture indic-

ated a positive catalase test. To test for acetic acid pro-

duction lOO ml. of malt extract medium in a 250 ml. Erle~~eyer 

flask was inoctilated with one loopful of a f'orty-eight-hour 

culture. The malt extract broth was prepared by placing 15 gm. 

of Difco's Malt Extract in 9?0 ml. tap water, dissolving in 

a steamer and autoclaving for 15 minutes at 15 lb. pressure. 

Thirty milliliters of' 95 per cent ethyl alcohol was added when 

the medium was cool, and approximately 100 ml. quantities were 

added to 250 ml. sterile Erlenmeyer flasks. Acetic acid pro­

duction after inoculation with test organisms was determined by 

f - Macdonald College Collection. 
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titration with 0.1 normal sodium hydroxide using phenolphthalein 

as indicator, and by odeur. Both Acetobacter suboxydans and the 

unknown species produced the characteristic vinegar odeur in 

the medium. A loopful of the vinegar made from maple syrup 

was plated with yeast extract glucose agar. Five organisms were 

isolated. All were Gram-negative rods and gave a positive 

catalase test. Only one of the organisms, however, oxidized 

ethyl alcohol to acetic acid in the malt extract medium. The 

reaction of Acetobacter to Gram's staining method and the 

oxidation of ethyl alcohol to acetic acid were considered the 

most important tests. 

c. Isolation of Acetobacter from Apples 

An attempt was made to isolate Acetobacter species from 

apples. The method prescribed by Marshall and Walkley (23) 

was modified and used. Each apple, obtained aseptically from 

a tree, was quartered with a sterile knife, and with 400 ml. 

of sterile water put into a sterile Waring blender and 

comminuted for two minutes at few-second intervals. One 

milliliter samples of various dilutions of the mixture were 

placed in sterile Petri dishes. Ten milliliters of medium, 

made according to the following directions, was poured into 

each plate, Commercial unsweetened apple juice was diluted 

to reduce the su~r concentration to 2 per cent. To 500 ml. 

of the diluted juice 1 gm. of ammonium phosphate and 10 gm. of 

powdered agar were added, and the mixture was heated in a 

steam sterilizer until dissolved. It was then placed in 



10 ml. quantities into tubes and sterilized in the autoclave. 

After plating samples from 2 apples, 0.1 per cent yeast 

extract was added to enhance the growth of yeasts and 

bacteria. Inoculated plates were incubated five days at 
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25°C. Colonies suspected to be Acetobacter were isolated by 

spreading them on yeast extract glucose agar plates, and then 

subculturing pure colonies on yeast extract glucose agar slopes. 

Positive identity of Acetobacter was established by inoculat­

ing lOO ml. quantities of malt extract alcohol broth {page 44) 

in 250 ml. Erlenmeyer flasks with Gram-negative organisms, 

suspected to be Acetobacter. 

Twenty-one apples were tested by the technique and acetic 

acid bacteria were not isolated. Waring blender mash from four 

apples was added in 5 ml. ~antities to lOO ml. of malt extract 

alcohol broth in flasks {49). A vinegar odour developed in one 

flask. A loopful of the broth in the latter flask was streaked 

onto a yeast extract glucose agar plate, and after subcultur­

ing the different types of colonies of Gram-negative rod-shaped 

bacteria in flasks containing malt extract alcohol broth an 

Acetobacter was isolated and identified. 

Although an efficient method of isolating acetic acid 

bacteria had been found, the apple season had ended. Acetobacter 

species, obtained from the American Type Culture Collection in 

Washington, D.C. were used for research on the oxidative powers 

of Acetobacter species in the presence of ethyl alcohol. 
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d. Identification of Species 

In the preceding pages a method for identification of 

Acetobacter was described. Three organisms, an unknown 

Acetobacter species that had been given by the Department 

of Bacteriology, a species isolated from the maple syrup 

vinegar, and one isolated from the apples studied, had to 

be classified. As identification has not been studied 

intensively and much controversy exista among workers on 

supposedly established factors important in classification, 

the preliminary classification in Bergey's Manual, 6th 

edition : (5), was used. 

Vaughn (49) suggested a method for studying the nature 

of o:xidation of ethyl alcohol by Acetobacter. He claimed 

that compounds such as ethyl alcohol and acetic acid, which 

may be completely oxidized, could be tested in yeast water­

agar contai ning 2 per cent calcium carbonate. A cid pro duc­

t ion is indicated by clearing of the carbonate and carbon 

dioxide production by the reprecipitation of the calcium. 

The method described by Vaughn was used to study the oxida­

tion of ethyl alcohol and acetic acid by Acetobacter,but 

the medium was slightly changed. •ren grams of Difco Bacto 

Yeast Extract, 20 gm. of calcium carbonate, and 15 gm. of 

agar were diluted with 1000 ml. of tap water and dissolved 

in a steamer, dispensed in 10 ml. quantities into test 

tubes and autoclaved. Before pouring into sterile Petri . 
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dishes 2 per cent ethyl alcohol was added to each test 

tube but not to the control tubes. One loopful of a forty­

eight-hour culture of each organism was suspended in 10 ml. 

of sterile water,and one loopful of the suspension was placed 

in three locations on a plate containing the medium. 

Benneberg described a medium containing ammonium salta 

as a sole source of nitrogen (49). The medium was used in 

the present investigation to determine the ability of the 

organis.ms to utilize a~monium salts as sole source of nitro-

gan, and was prepared as described. Three grams of ammonium 

sulphate, 3 gm. of primary potassium phosphate, 2 gm. of 

magnesium sulphate, and 20 gm. of glucose were dissolved in 

1000 ml. of tap water, dispensed in 9.8 ml. quantities in test 

tubes, and autoclaved at 15 lb. pressure for fifteen minutes. 

Before use, 95 per cent ethyl alcohol was added to give a final 

concentration of 2 per cent in the medium. Forty-eight-hour 

cultures grown on yeast extract glucose agar slopes containing 0.1 

per cent calcium carbonate were suspended in 10 ml. of sterile 

distilled water. The suspension of each organism was centri­

fuged three times; the supernatants were decanted and the 

organism· resuspended in 10 ml. of liquid, the first liquid 

being a 0.9 per cent sodium chloride solution, and the others 

distilled water. One loopful of the final suspension was 

added to the described medium. 

Slight changes in Vaughn's methods (49) were made for 

the study of pigment and membrane formations. Pigment in 



glucose medium was determined on the yeast extract glucose 

agar slopes containing 0.1 per cent calcium carbonate. 

Membrane formation was studied in malt extract alcohol 

broth (page 44). 

The three Acetobacter species were tested with the 

appropriate described tests in accordance with Bergey's 

classification. The resulta are recorded in Table IV. 

The unknown species from the Department was Acetobacter 

aceti, the Acetobacter species isolated from maple syrup 

vinegar was Acetobacter xylinum, and the one isolated from 

the apples was Acetobacter melanogenum. 

2. Acetobacter Species under Investigation 

In the comparative work that will be described in 

future the following organisms were used: 

ATCC 78303 Acetobacter aceti 1 

tt 6438 Acetobacter acetosum 

" 9323 Acetobacter ascendens 

ft 9:324 Acetobacter gluconicum 

" 64:39 .Aceto ba ete r kützingianurn 

" 993? Acetobacter me lano Benum 1 

" 9433 Aceto becter oxydans 

" 6033 Acetobacter pasteurianum 

" 838 Aceto becter peroxydans 

" 7839 Acetobacter rancens 

" 9325 Acetobacter turbidans 

t - The American Type Culture Collection, Washington, D.C. 
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TABLE IV 

IDENTIFICATION OF UNKNOWN ACETOBACTER SPECIES 

Organism Oxidation of Growth in Pigment forma-
_ethyl alcohol ammonium tion in glucose 

salta medium 

Acetobacter Clearing and f 
from Dept.of reprecipita-
Ba ct. ( 89) ti on 

Acetobacter Clearing and 0 

from maple reprecipita-
syrup (M of V) ti on 

Acetobacter Clearing ' dark brown 
from apple 
(XXI) 

Membrane forma-
ti on in ethyl 
alcohol-con-
taining medium 

Like 9el.lophane, 
thick and 
transparent 

Specie 

Aceto-
bacter 
acet1 

Aceto-
bac ter 
xylinum 

Aceto-
'bac ter 
mela no-
genum 

C1l 
0 



MCC ;.;. 109 Acetobacter subox~dans 

ft 89 Acetobacter aceti 2 

llf XXI Acetobacter melanoBenum 2 

fl-1- MV Acetobacter x~linum 

3. A Study of Three Methods of Acetic Acid Production 
from Ethyl Alcohol by Acetobacter 

a. Preliminary Method s 

i. Preparation of Inocula 

Inocula were prepared in a definit e way to have the 

results of experimenta relative to one another. Unless 

indicated otherwise the following procedure was used. Each 
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organism was grown for forty-eight hours at room temperature, 

or seventy-two hours when necessary, on slopes of stock 

culture medium, which in the final experiments was yeast 

ext ract glucose agar containing 2 per cent calcium carbonate. 

Each forty-ei ght-hour slope was wasned with 8 ml. of sterile 

water, and the suspension obtained was poured into a sterile 

centrifuge tube. The suspension of each organism was 

tf - Macdonald College Collection. 
tft- See Table IV, page 50. 
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centrifuged three times; the supernatants were decanted and 

the organism resuspended in 8 ml. of liquid; the first 

liquid being a 0.9 per cent sodium chloride solution, and 

the ethers water. The final suspension was used for inocula; 

and for testing the viability of the organism on yeast extract 

glucose agar slopes. 

During seme of the preliminary experimenta only water 

washings were used. Due to fragility of the organisms and 

various investigators' recommandation, normal saline was 

finally used. Tap water suspensions were made. When synthetic 

media were to be inoculated, however, distilled water suspen­

sions were made. One looptul of the final suspension was 

cultured on a yeast extract glucose agar slope to test for 

the viability of the organism. 

ii. Deter.mination of the Amount of Acetic Acid 

When broth culture media were used for acetic acid pro­

duction from ethyl al cohol, 10 ml. of inoculated test culture 

medium was titrated at various intervals with 0.1 normal 

sodium hydroxide with phenolphthalein as the indicator. Cal­

culation of the amount of acetic acid present was computed 

according to the method of "Official and Tentative Methods 

of Analysis of the Association of Official Agricultural 

Chemists" (18); 1 ml. of 0.1 normal sodium hydroxide was 

claimed to equa1 0.006 gm. of acetic acid. To calculate the 

amount of acetic acid present in 100 ml. of medium,the amount of 
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0.1 normal sodium hydroxide required to neutralize 10 ml. 

of the control medium was subtracted from the amount of 0.1 

normal sodium hydroxide required to neutralize the test 

medium and the resultant figure was multiplied by 0.06. 

b. Method I 

Adaptation of the Perfusion Apparatus Designed by 
.Audus to Simulate Conditions of the "Q,uick" Process 

i • Pro ce dure 

.An apparatus that had been designed by Audus for studies 

of nitrification was used in an attempt to construct conditions 

similar to the ''generator" process. A diagram of the appara-

tus is on page 54. The apparatus was assembled and sterilized 

by methods that will be described on the following pages. All 

parts were sealed with collodion. Cellulose sponge or glass 

beads were added to the glass tube. Sponge, eut in 10 cm. 

lengths and fitting well in the glass tube,was used to advant-

age previously by the Department of Bacteriology, and was 

therefore used in the experimenta. A small glass rod prevented 

the sponge from obstructing the hole at the bottom of the glass 

tube. When glass beads were used, a small quantity of glass 

wool over the glass rod aided the same purpose. Sterile media 

and the organism to be tested were added by the side arm. 

The most satisfactory amount of medium was 150 ml. The small 

glass tubing inside the reservoir but connecting the apparatus 
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u 

-++t------ Glass tube 

to suction 

FIGURE 1 - PERFUSION AFPARATUS 
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to the suction was as short as possible, and the small glass 

tubing connecting the glass tube with the reservoir was as 

long as possible without touching the level of the liquid 

in the reservoir in order to keep media from escaping through 

the suction tube. Rubber tubings connected eight similar 

apparatuses in series to a long glass tubing, which was 

connected to a suction. Any apparatus could be disconnected 

from the series by using a stopcock on the rubber tubing of 

the appropriate apparatus. When an apparatus was in opera-

tion, the suction pulled the inoculated medium through the 

apparatus in the direction indicated by the arrows on the 

figure. The organisms adhered to the cellulose sponge or 

glass beads and thus converted the ethyl alcohol in the 

percolating medium to acetic acid. 

ii. Acid Production with Acetobacter Suboxydans 
in Various Nutrient Media 

Fermentation apparatuses, including 10 cm. sponges,were 

washed in Calgonite, a detergent. Glassware and sponges were 

rinsed in tap water and in distilled water. Sponges were 

allowed to dry overnight in the oven. Glass tubes containing 

the sponges and cotton plugs at each end, stopcocks wrapped 

in paper, and cotton plugs in clean test tubes to be used 

later for insertion in the side arms, were autoclaved. All 

other parts of the apparatuses were sterilized by rinsing 

three times with 95 percent ethyl alcohol. 
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Henneberg's basal glucose disodium phosphate medium {19) 

with mi nor changes was used. 

Water 930.0 ml. 

Magnesium sulphate 2.0 gm. 

Dibasic potassium phosphate 3.0 gm. 

Sodium chloride 2.0 gm. 

The affect of 1.0 gm. of Difco's Bacto Yeast Extra ct , 1 • 0 gm. 

of casein hydrolysate and indicated synthetic media,respectively, 

on acetic acid production by Acetobacter suboxydans was deter­

mined in the described salts solution. The media were adjusted 

to pH 6, with bromthymol purple as indicator,and sterilized in 

the autoclave for fifteen minutes at 15 lb. pressure. Seventy 

ml. of 95 per cent ethyl alcohol were added before eaoh medium 

was transferred to each apparatus. 

The media, in 150 ml. quantities, were added to each 

apparatus by means of a sterile 50 ml. pipette. The test 

culture, Acetobacter suboxydans, was grown on yeast extract 

glucose agar slopes containing 0.1 per cent calcium carbonate 

and prepared as described on page 51. One milliliter of the 

final suspension of the organism was added to each apparatus 

containing a medium, but not to the controls. Control media 

were used to estimate possible contamination of the apparatuses 

after manipulation. Acetic acid production was determined as 

described on page 52. Sterile media W'ere added to apparatuses 
1 

when t he level of the liquidgdiminished. Additions are indicat-

ed on appropriate tables of results. 
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Experiments 1 and 2 

Tables V and VI show the amounts of acetic acid prodUced 

from ? per cent ethyl alcohol in media containing yeast extract 

and casein hydrolysate, respectively, as sole source of nitro­

gan at various intervals of time. The resulta indicate that 

Acetobacter suboxydans produced more acetic acid in the yeast 

extract medium than in the casein hydrolysate medium. Taking 

the titration figures in the control apparatuses as indication 

of contamination, the conclusion is that the apparatuses when 

set up were sterile. The changing of titration figures indic­

ated that contamination occurred after the third day. Con­

tamination may have been due to leaks in the apparatuses or 

manipulation of apparatuses in adding or taking away media. 

Experi:rœ nt 3 

The affect was determined of a synthetic medium containing 

indicated amino acids and grawth factors in place of yeast 

extract or casein hydrolysate on acetic acid production. Amino 

acids were grouped according to the similarity of their 

formulae (53). For the experiment each compone nt of each of 

the seven groups was used in 0.2 gm. amount in 1000 ml. of 

medium. The components were alanine, glycine, norleucine, serine, 

threonine, cysteine, methionine, taurine, isoleucine, leucine, 

valine, aspartic acid, glutamic acid, arginine, asparagin, lysine, 

ornithine, histidine, hydroxyproline, proline, phenolalanine, 



Apparatus 1 

Time, Test titra-
da ys tion, ml 

1 1.6 

2 1.9 

3 3.0 

6 6.1 

8 7.4 

9 8.2 

10 8.7 

11 9.6 

e - HAc - Acetic acid. 
f - App.- Apparatus. 

Apparatus 1 

TABLE V 

ACETIC ACID PRODUCTION FROM ? PER CENT ETHYL ALCOHOL BY ACETOBACTER 
SUBOXYDANS WITH YEAST EXTRACT AS SOLE SOURCE OF NITROGEN 

Apparatus 2 il.pparatus 3 Apparatus 4 
e 

H.àc/100 ml. Control titra- Test titra- HAc/100 ml. Control titra-
medium, gm tion, ml tion, ml medium, gm tion, ml 

o.ooo 1.6 1.6 0.000 1.6 

0.018 1.6 2.0 0.024 1.6 

0.084 1.6 3.6 0.120 1.6 

0 .2?0 2.0 ?.2 0.336 1.? 

0.348 1.5 s.o 0.384 1.55 

0.396 9.2 0.456 1.4 

0.426 9.61 0.4806 1.45 

0.480 11.8 0.612 

TABLE VI 

ACETIC ACID PRODUCTI ON FROM 7 PER CENT ETHYL ALCOHOL BY ACETOBACTER 
SUBOXYDANS WITH CASEIN HYDROLYSATE AS SOLE SOURCE OF NITROGEN 

Apparatus 2 Apparatus 3 Apparatus 4 

Time, Control titra- ·rest titra- HAc/100 ml. Test ti 'i'ra- HAc/100 ml. Test titra-
da ys tion, ml tion, ml medium, gm tion, ml medium, gm tion, ml 

1 1.55 1.55 o.ooo 1.55 o.ooo 1.55 

2 1.55 1.55 0.000 1.?0 0.009 1.65 

3 1.55 1.60 0.003 1.80 0.015 1.70 

4 1.70 1.75 0.012 1.85 0.018 1. 70 

5 2.00 1.80 0.015 2.00 0.02? 1.80 

10 2.05 1.55 0.005 3.20 0.099 5.50 
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Sterile medium added 
to apparatuses 

f 10 ml. to app. 1,2,3,4 

10 ml. to app. 1 and 3 

10 ml. to app. 1 and 4 

-

Sterile medium added 
to apparatuses 

HAc/100 ml. 
medium, gm. 

10 ml. to app. 1,2,3,4 

0.006 10 ml. to app. 1,2,3,4 

0.009 -
0.009 10 ml. to app. 1,2,3,4 

0.015 30 ml. to app. 1,2,3,4 

0.243 -



tryptophane and tyrosine. Solutions were made in distilled 

water of the following growth factors: 

p-Aminobenzoic acid - 1 ml. solution contains 10.0 pg. 

Biotin - 1 ml. solution contains 0.1 pg. 

Inositol - 1 ml. solution contains 0.05 gm. 

Nicotinic acid- 1 ml. solution contains 100.0 ~g. 

Pantothenic acid - 1 ml. solution contains 100.0 ~g. 

Pyridoxine - 1 ml. solution contains 200.0 ~g. 

Riboflavin - 1 ml. solution contains 200.0 pg. 

Thiamine - 1 ml. solution contains 100.0 pg. 
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One milliliter of each was used in 1000 ml. of medium. The 

complete medium was dissolved as much as possible by heating 

in the steamer and over the flame before it was autoclaved. 

The remaining procedure was that described on pages 55 and 56. 

Table VII shows the amount of acetic acid produced at 

various intervals of time. Acetobacter suboxydans did not 

produce acid. Control apparatuses were sterile until the 

third day. 

Experiment 4 

The effect was determined of a medium, prepared as 

described in Experiment 3 but containing the indicated vite-

mins and purines and pyrimidine bases, on acetic acid production. 



p-Aminobenzoic acid - 1 ml. solution contains 10.0 ~g. 

Biotin- 1 ml. solution contains 0.1 ~g. 

Vitamin B-12 - 1 ml. solution contains 0.015 pg. 

Folie acid - 1 ml. solution contains 2.0 pg. 

Inositol - 1 ml. solution contains 0.05 gm. 

Nicotinic acid - 1 ml. solution contains 100.0 ~g. 

Pantothenic acid - 1 ml. solution contains 100.0 ~g. 

Pyridoxine - 1 ml. solution contains 200.0 ~g. 

Riboflavin - 1 ml. solution contains 200.0 pg. 

Thiamine - 1 ml. solution contains 100.0 ~g. 

Adenine sulphate - 1 ml. solution contains 20.0 mg. 

Guanine- 1 ml. solution cont~ins 20.0 mg. 

Uracil- 1 ml. solution contains 20.0 mg. 

Xanthine- 1 ml. solution contains 20.0 mg. 
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Table VIII shows the amount of acetic acid produced at 

various intervals of time. Acetobacter suboxydans did not pro­

duce acid. Control apparatuses were sterile throughout the 

test. 

iii. Interpretation of Experimental Resulta 

The resulta may bave been accurate, as some amino acids and 

growth factors could possibly have an inhibitory affect on the 

oxidation of ethyl alcohol. Definite evidence has been given 

that certain vitamins of the B-complex group inhibit the 

growth of Acetobacter xylinum (20). Also, certain essential 

substances may not have been used in making the media. It 

was noted, however, that when any type of medium was perfused 
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ACETIC ACID PRODUCTION FROM 7 PER CENT ETHYL ALCOHOL BY ACETOBACTER SUBOXYDANS WITH THE 
AMINO ACIDS AS SOLE SOURCE OF NITROGEN IN THE PRESENCE OF GROWTH FACTORS (See Experiment 8) 

Sterile medium added 
Apparatus 1 Apparatus 2 Apparatus 3 .Apparatus 4 to apparatuses 

Time, Test titra- HAc/100 ml. Control titra- Test titra- HAc/100 ml. Control titra-
da ys tion, ml medium, gm tian, ml tion, ml medium, gm tion, ml 

1 1.85 0.000 1.85 1.85 0.000 1.85 10 ml. to app. 1,2,3,4 

2 1.85 o.ooo 1.85 1.85 o.ooo 1.85 10 ml. to app. 1,2,3,4 

3 1.85 o.ooo 1.85 1.85 0.000 1.85 -
4 1.85 o.ooo 1.90 1.90 0.003 1.90 10 ml. to app. 1,2,3,4 

5 2.20 0.021 1.85 2.00 0.009 1.90 -
6 2.35 0.030 1.85 2.00 0.009 1.85 

7 1.00 - 1.90 2.00 0.009 1.85 

9 1.30 - 1.00 1.75 - 2.00 

TABLE VIII 

ACETIC ACID PRODUCTION FROM 7 PER CENT ~~HYL ALCOHOL BY ACETOBACTER SUBOXYDANS WITH THE 
AMINO ACIDS AS SOLE SOURCE OF NITROGEN IN THE PRESENCE OF GROWTH FACTORS (See Experiment 4) 

Sterile medium added 
Apparatus 1 Ap:paratus 2 Apparatus 3 Apparatus 4 Each 1ïest .· to apparatuses 

Time, Control titra- Test titra- Test titra- Control titra- HAc/100 ml. 
da ys tion, ml tion, ml tian, ml tion, ml medium, gm. 

1 1.4 1.35 1.35 1.4 o.oo 10 ml. to app. 1,2,3,4 

2 1.4 1.40 1.40 1.4 o.oo 10 ml. to app. 1,2,3,4 

3 1.4 1.40 1.40 1.4 o.oo 10 ml. to app. 1,2,3,4 

4 1.4 1.40 1.40 1.4 o.oo 
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through the apparatuses and Orvis, a synthetic detergent, 

had been used to wash the apparatuses and sponges, a slight 

cloudiness appeared in the liquid dropping from the sponges 

in the glass tube to the reservoir. The new soap may have 

added a cloudy materiel to the sponges and the medium may .. have 

extracted it. The materiel may have prevented Acetobacter 

suboxydans from ·0xidizing ethyl alcohol. 

Numerous methods were used to clean the sponges in order 

to eliminate the cloudy material. Only eight apparatuses 

could be set up at once. Time was required to find what 

affect the method had on acid production by ÂCetobacter 

suboxydans. During all experimenta ÂCetobacter subo:x:ydans 

never produced acid from ethyl alcohol even in the yeast 

extract medium. E'inally specimens of nutrient in the sponges 

were taken and plated in order to determine whether the organ­

isms were still alive. Since they were alive, they may have 

produced mutations incapable of acetic acid production. Using 

Method II, as will be described on page 70, the same conclu­

sion was evident within 48 hours after beginning the test. 

iv. Experimental Work to Improve Method I 

Experiment 1 

Apparatuses were sterilized in an oven in an attempt to 

improve the method of sterilization. Each part of two appara­

tuses was washed and assembled ready for use. ~he stopcocks 

were replaced by cotton plugs due to probable liqueraction of 
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the grease in the oven. The apparatuses were maintained in 

an oven for one hour at 160 - 1700 o. The stopcocks were 

sterilized separate1y. Oven steri1ization proved unsuccessfu1 

as the rubber stoppera and tubing me1ted. 

Experiment 2 

Apparatuses were autoclaved in an attempt to improve the 

method of sterilization. Two apparatuses and sponges were 

washed with detergent and rinsed in tap water. Each apparatus, 

with the exception of the stopcock, was completely assembled. 

The stopcock receptacle was closed with a cotton plug, and a 

piece of paper was placed at the upper end of the receptacle 

and tied with a string. The procedure allowed for the later 

sterile insertion of the stopcock. Cotton plugs were placed 

in the side arm and in the suction tubing. The stopcocks 

were wrapped in paper. Each apparatus and stopcock was auto­

claved for fifteen minutes under 15 lb. pressure. Each stopcock 

was inserted aseptically after removing the cotton and paper 

from each receptacle and placing grease on the inside upper end 

of the receptacle and on the lower end of the stopcock. All 

joints were sealed with collodion. 

Acetobacter oxydans was cultured for forty-eight hours 

on a yeast extract glucose agar slope containing 0.1 per cent 

calcium carbonate, then washed as described on page 51. A one 

ml. quantity of suspension was added to each medium before 

the latter was added to the apparatuses. One loopful 



of the suspension was streaked on a yeast extract glucose 

agar slope containing 0.1 per cent calcium carbonate to 

test the viability of the organism. 
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The media used in each apparatus were prepared separate­

ly in 500 ml. flasks. They had the following content: 

Yeast extract 

Tap water 

Ethyl alcohol 

Flask 1 Flask 2 

1.5 gm. 1.5 gm. 

150.0 ml. 

o.o ml. 

135.0 ml. 

15.0 ml. 

The flasks were covered with rubber stoppera containing a 

plugged hollow glass tubing in order that after steriliza­

tion media could be added directly to the apparatuses from 

the flasks. The solution of yeast extract and water in 

each flask was adjusted to a pH 6 before sterilization. 

After sterilization 15 ml. of ethyl alcohol was added to 

Flask 2, and 1 ml. of bacterial suspension to eâch - ~f Flasks 1 

and 2. The control medium did not contain ethyl aloohol. 

It was inoculated, however, with the test bacterium. 

Titration readings were assumed to indicate the amount of 

acids ether than acetic acid formed by the bacterium. 

After each 10 ml. quanti ty was taken from each appara­

tus for titration, 10 ml. of identical sterile medium was 

replaced. Because the lowering of the level of the liquid 

in the reservoir was believed to be due to evaporation, 

the level was maintained with sterile tap water. The 

amount of acetic acid present was calculat ed by the method 

described on page 52. 
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The results are given in Table IX. Acetobacter oxydans 

produced 4.05 gm. of acetic acid in seventy-two hours. The 

amount of acid present in the fermenting medium then decreased. 

Although the medium became clear in the test apparatus and 

the amount of a cid d·ecreased a ft er 144 hours, Acetobacter 

organisms, isolated from the sponges, were grown on a yeast 

extract glucose agar plate containing 0.1 per cent calcium 

carbonate. Therefore, the de crea se in the amou nt of a cet ic 

acid present in the fermenting broth was due possibly to the 

evaporation of ethyl alcohol and acetic acid. Although 

media in the apparatuses could have be come contaminated due to 

the manipulation of the apparatuses during expe riments, the 

only ether source of contamination was the stopcock grease, 

which had not been sterilized. 

Experiment 3 

Another attempt was made to maintain sterile conditions 

in the apparatuses during experimenta. The apparatuses were 

set up as described in Experiment 2. Swabs dipped in stopcock 

grease were placed, however, in test tubes and autoclaved. The 

stopcocks were lubricated with the sterile grease. With the 

latter procedure the apparatuses were completely sterile. 

Similar media were prepared and added to the apparatuses in 

the same way. Acetobacter aceti 1 was used for the test. 



Time, 
hours 

12 

24 

36 

48 

60 

72 

84 

96 

120 

144 

192 

312 

g - less than. 

TABLE IX 

ACETIC ACID PRODUCTION FROM 10 PER CENT ETHYL ALCOHOL BY ACETOBACTER OXYDANS 
WITH YEAST EXTRACT AS SOLE SOURCE OF NITROGEN 

St eri1e medium added 
Apparatus 1 .Apparatus 2 to apparatuses 

Control titra- Test titra- HAc/100 ml. 
tion, ml tion, ml medium, gm 

0.60 0.700 0.0060 10 ml. to each 

0.60 0.825 0.0135 10 ml. to each 

0.35 1.100 0.0450 10 ml. tc each 

0.15 10.800 0.6390 10 ml • tc ea ch 

o.oo 46.150 2.7690 10 ml. tc each 

o.oog 67.000 4.0560 10 ml • t o ea ch 
ie.-0.6 
o.oog 64.150 3.8670 10 ml, to each 
ie.-0.3 
o.oog 69.950 4.2150 10 ml. to each 
ie.-0.3 
o.oog 68.600 4.1250 10 ml. tc each 
ie.-0.15 
o.oog 62.350 3.7530 10 ml. to each 
ie.-0.2 
o.oo 37.550 2.2530 

2.870 0.1722 
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Sterile water added 
to apparatuses 

10 ml. to each 

10 ml. tc each 
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The results are given in Table x. Acetobacter aceti 1 

produced acetic acid at a slower rate tban Acetobacter 

oxydans,and did not produce a maximum amount of acid as 

large as that produced by Acetobacter oxydans ('ra ble IX, 

page 66). After reaching a maximum value, the amount of 

acetic acid present in the fermenting broth decreased. 

Expe rime nt 4 

Three complete apparatuses were assembled as described 

in ..l:!:xperirent 2. Glass beads, however, were used in place 

of cellulose sponges. Glass beads were arranged in 7.5, 

10.0, and 13.0 cm. columns respectively. Yeast extract 

medium containing 10 per cent ethyl alcohol was used in the 

reservoirs and Acetobacter aceti 1 as the test bacterium. 

Titration results are given in Table XI. The perco.la­

tion of the medium through the apparatuses was very slow 

due to the compactness of the beads. The test, therefore, 

was discontinued. 

v. Discussion 

Through the experiments a method of oxidation of ethyl 

alcohol comparable wi th the "quick" vinegar process was 

obtained. The advantage of the procedure in the laboratory 

is indicated by the size of the apparatus and the fact that 



Time, 
hours 

18 

30 

42 

54 

66 

78 

90 

102 

120 

146 

170 

218 

266 

TABLE X 

ACETIC ACID PRODUCTION FROM 10 FER CE~~ ETHYL ALCOHOL BY ACETOBACTER ACETI 1 
WITH YEAST EXTRACT AS SOLE SOURCE OF NITROGEN 

-

Sterile medium added 
Apparatus 1 .Apparatus 2 to apparatuses 

Control titra- Test titra- HAc/100 ml. 
tion, ml tion, ml medium, gm 

0 .?0 0.80 0.006 10 ml. to each 

0.35 0.?0 0.021 10 ml. to each 

0.15 0.80 0.039 10 ml. to eaeh 

0.20 1.45 0.0?5 10 ml. to eaeh 

0.20 9.55 0.5718 10 ml. to eaeh 

0.20 21.15 1.257 10 ml. to each 

0.20 29.25 1.743 10 ml. to each 

0.20 33.40 1.992 10 ml. to each 

o.oog 42.80 2.568~ 10 ml. to each 

o.oog 43.30 ' 2.607 10 ml. to each 
-0.15 
o.oog 48.90 2.952 

-o .30 

24.30 1.458 

h - greater than. 
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Sterile tap water added 
to apparatuses 

10 ml. to each 

10 ml. to each 

10 ml. to each 

10 ml. to each 

30 ml. to app. 1 

30 ml. to each 



Time, 
hours 

24 

48 

120 

TABLE XI 

ACID PRODUCTION FROM 10 PER CENT ETHYL ALCOHOL BY 
ACETOBACTER ACETI 1 WITH YEAST EXTRAOT AS SOLE 

SOURCE OF NÏrROGEN AND GLASS BEADS TO 
INCREASE AERATION SURFACE 

Apparatus 1 Apparatus 2 

7. 5 cm. glass 10.0 cm. glass 
beads, test beads, test 
ti trati on, ml ti trati on, ml 

0.55 0.60 

0.60 0.65 

0. 70 0. 70 

Apparatus 3 

13.0 cm. glass 
beads, test 
ti trati on, ml 

0.55 

0. 70 

0. 70 

m 
tO 



specifie known organisms may be tested in a medium of known 

composition using cellulose sponge as a means of increasing 

surface area. The disadvantages for the present study are 

twofold. In studying the rate of oxidation and the amount 
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of product formed, possibly much of both the ethyl al cohol 

and the acetic acid evaporate during the process. Also, 

because taps can only be in convenient places, the tempera­

ture, humidity and other physical factors cannot be con­

trolled. Since these latter factors are of utmost importance 

in studying the rate of oxidation and the amount of product 

formed, the use of another method was necessary. 

c. Method II 

Calcium Carbonate Clearing Method 

With Method I, Acetobacter species oxidized a relatively 

high percentage of ethyl alcohol. Much time was required, 

however, to assemble the apparatuses. Even with the greatest 

of care the possibility of contamination was great. When 

the procedure was thought to be unsuccessful during the 

experimenta with Acetobacter suboxydans, the apparatuses 

were assembled numerous times in an attempt to ~olve the pro­

blem. As mentioned previously \page 47), Vaughn \49) claimed 

that when Acetobacter species oxidize ethyl alcohol to acetic 

acid in a medium containing yeast water, agar, alcohol and 

calcium carbonate, clear zones are produced in the calcium 

carbonate; when they oxidize acet-ic a cid to carbon dioxide 



and water, the calcium is reprecipitated. A modification of 

the procedure proved beneficiai in studying the oxidation 

of ethyl alcohol by various unknown species in order to 

classify them. lt was thought that the same method could 

be used to check some of the possible errors in the pro­

cedure used in Method I, and to study the rate of acetic 

acid production by Acetobacter species. A basic procedure 

was followed in order to investigate the possïbilities of 

the "calcium carbonate clearing" method for the se purposes. 

i. Procedure 
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The basic medium for the work consisted of the following: 

Difco's Bacto Yeast l!ixtract 1.0 gm. 

Agar 15.0 gm. 

Calcium carbonate 20.0 gm. 

Ethyl alcohol 30 .o ml. 

Tap water 970.0 ml. 

The yeast extract was dissolved in tap water and adjusted 

to a pH of 6. The calcium .c.arbonate and agar were added to 

the solution, and the agar was then dissolved in the steamer. 

The medium was placed in approximately 10 ml. quantities in 

test tubes and autoclaved for fifteen minutes at 15 lb. 

pressure. The tubes of medium were cooled to 600 c., and 

0.3 ml. of 95 per cent ethyl alcohol was added to each tube. 

The medium in each tube was thoroughly mixed and poured into 

sterile Petri dishes. 
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The organisms were prepared as descri bed on page ·51. 

One loopful of the final suspension was placed in each 

of three locations on the surface of the agar in each dish. 

Readings of the diameter of each colony and clear zone 

they produced were noted. 

ii. Interpretation of Experimental Results in 
Method I with Acetobacter Suboxydans 

Three identical media, made and put into Petri plates 

as descri bed, were prepared separately in glassware that 

had been washed in Aura, Orvis, and Calgonite, respectively, 

and rinsed with tap water. The detergents had been previous-

ly rinsed off the Petri plates in varying amounts in order 

to determine their possible inhibition of acetic acid produc-

tion from ethyl alcohol. Three forty-eight-hour cultures 

of Acetobacter suboxydans were washed in water and sodium 

chloride in centrifuge tubes that had been washed with corres­

ponding detergents. Duplicate test plates and a control con­

taining no ethyl al ooho1 were inoculated wi th the organism 

prepared in centrifuge tubes washed with corresponding 

detergents. 

The organism grew, but did not produce clear zones on 

any of the plates. The absence of clear zones, therefore, 

may have resulted from either an inadequate supply of yeast 

extract or a mutation of the organism. The latter seemed to 

be the more probable answer, and succeeding experiments 



confirmed the conclusion. The organism had been subcultured 

for a long time on a medium consisting of glucose as a carbon 

source. It is possible, therefore, that this strain of 

Acetobacter suboxydans, may have lost the ability to oxidize 

ethyl alcohol. 

iii. Standardization of Method 

An attempt was made to standardize the plate method. 

Eleven plates were prepared as described on page 71. A 

nor.mal solution of acetic acid was prepared. Dilutions were 

made as follows: 

Test tube 1 2 3 4 5 6 7 8 9 10 11 

Distilled 
water 10 cc. 9 8 7 6 5 4 3 2 1 0 

Normal ace­
tic acid 0 cc. 1 2 3 4 5 6 7 8 9 10 

One loopful of the liquid in each tube was placed on each of 

three parts of a corresponding Petri plate. The plates were 

observed at frequent intervals for the degree of clearing of 

the calcium carbonate caused by the liquid. 
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Clear zones were not produced with acetic acid at any of 

the dilutions. Therefore, the results obtained in actual 

experimenta were compa red with those of a third method. The 

third method was believed to be quantitatively and qualitatively 

accurate. 



iv. Growth of Acetobacter Organisms and Clearing 
of Calcium Carbonate on Plates Containing 

Various Nutrients 

Experirœnt 1 
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The growth cha racteristics of Aceto ba ct er speci es were 

determined on a medium contai ning 2 pe r cent ethyl al co hol 

and yeast extract as sole source of nitrogen. The procedure 

used was that described on page '71. The medium consisted of 

the following: 

Difco's Yeast Extract 

Agar 

Calcium carbonate 

Ethyl alcohol 

Tap water 

10 gr:n. 

15 gm. 

20 gm. 

20 ml. 

980 ml. 

Ethyl alcohol was added to two-thirds of the tubes. Two test 

and one control plate were prepared for each organism. Four­

teen organisms were grown for forty-eight hours on yeast 

extract glucose agar slopes containing 0.1 percent calcium 

carbonate and washed in the usual manner. 

The result s are given in Table XII. They show that 

different organisms produced different amounts of acetic acid 

in a definite length of time and under the same physical con­

di ti ons. Even equal-sized colonies, made by the same organism, 

produced clear zones which varied in size. 

Expe riment 2 

The effect was deter.mined of a medium containing 3 per cent 

ethyl alcohol and 1 per cent casein hydrolysate on the growth 



TABLE XII 

A STUDY OF THE GROWTH CHAR.~CTERISTICS OF V.ARIOUS ACETO&CTER SPECIES WITH 2 FER CENT 
ETHYL ALCOHOL AND YEAST EXTRACT AS ·soLE SOURCE OF NITROGEN 

. " 

Organism Growth Zone of clearing (in cm.) 

2 day 4 day 2 dav 3 dav 4 day 
IK II.L I II I 

Colm Cl.u. Col Cl Col Cl Col . Cl Col Cl Col 

A. 12erox;y:dans Tj (,t)P fa 0 0.4 0.7 0.4 1.0 0.4 0.9 0.35 
C-' ( ,t) '.j 

A: melanogenum 2 T 1- 0.4 1.2 0.4 2.0 0.4 2.0 0.4 3.1 0.4 2.1 0.4 
c .;. 

.Il. subox:zdans T " 0 0.4 0.4 0.4 
c 0 0 

A. acetosum T " ( .j) 0.4 1.0 0.4 1.6 0.4 0.95 0.45 
c 0 

A. ascendens T .;. ( .;. ) 0.4 1.0 0.4 2.0 0.4 1.2 0.45 
c {',t) 1 

A. pasteurianum T ,t ( f) 0.35 0.7 0.4 0.9 0.25 0.8 0.4 
c .;. 

Ar. turbidans T ( "} 0 0 ( (,t)) -
c 0 ( (,1-) )0 

A. kützingianum T ( ,t) ((,!-)) 0.4 0.7 0 .4 . 2.0 0.4 1.0 0.4 
c ( .;. ) .;. 

A. aceti 1 T ~ 0.4 0.8 0.4 1.2 0.4 1.5 0.4 2.2 0.4 1.7 0.4 
c 

A. aceti 2 T .f 
c .;. 

A 1 rancens T .;. 0.4 0.65 0.4 1.2 0.4 1.5 0.4 2.3 0.45 1.25 0.4 
c .;. 

A. gluconicum T 1 ((.j.)) 0.6 0.3 0.3 0.4 
c ( ( ,t) ) ( ( f) ) 

-,t A1 melanogenum 1 T ·.;. 0.4 0.9 0.5 1.5 0.4 1.4 0.4 2.3 0.4 1.45 0.45 
c ( ( .j) ) f 

A. oudans T ~ 0.4 1.0 0.4 1.8 0.4 1.85 0.4 2.8 0.4 2.1 0.45 
c 

-

i - T- Test. j - C - Control. k- I - Diameter of repres. colony with clear zone on plate. 

9 day 
II I 

Cl Col 

1.25 0.4 

3.3 0.45 

1.85 0.4 

2.2 0.5 

1.0 0.4 

0.4 

2.25 0.45 

2.4 0.4 

0.4 

2.65 0.1 

0.75 0.3 

2.45 0.4 

3.15 0.5 

1 - II - Diameter of second repres. colony wi th clear zone on plate. m - Col - Diameter of colony. 
n - Cl - Diameter of clear zone produced by colony. o - ( ( ,q) - Very poor growth. p - ( ,1-) - ~, oor growth • 
a - 1- - t.)rowth • 

75 

II 
Cl Col Cl 

1.5 0.5 1.45 

2.45 0.4 Inde fi ni te 

1.85 0.4 2.6 

1.70 0.4 2.95 

0.95 0.4 2.1 

1.0 0.4 1.35 

1.6 0.45 2.5 

2.7 0.5 2.55 

1.6 0.5 2.3 

1.85 0.5 3.0 

0.8 0.4 1.3 

2.1 0.5 3.6 

2.6 0.5 3.5 



characteristics of Acetobacter species. The basic procedure 

was followed (page 71). The indicated ingredients replaced 

the yeast extract in the basal medium. 

Casein hydrolysate 10.0 ml. 

Calcium chloride 0.1 gm. 

1el'r1o chloride 0.2 gm. 

Magnesium sulphate 0.2 gm. 

Dibasic potassium phosphate 1.0 gm. 

Sodium chloriàe 0.1 gm. 
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The ingredients were dissolved in distilled water. Three per 

cent ethyl alcohol was used. 

The results are given in Table XIII. Some organisms 

produced clear zones in the test medium only. One organism 

grew but did not pro du ce a clear zone. Other organisms did 

not grow. Acetobacter kützingianum produced a clearing of 

the calcium carbonate in the control but not in the test 

medium. Acetobacter oxydans showed variability in clearing 

the calcium carbonate amongst individual bacteria within a 

colony. The latter organi&m was plated, and colonies appearing 

slightly different were isolated. All succeeding experimenta 

contain the two types of bacteria isolated and they will be 

referred to as Acetobacter oxydans 1 and Acetobacter oxydans 2. 



TABLE XIII 

A STUDY OF THE GROWTH CHARACTERISTICS OF VARIOUS ACEI'OBACTER SPECIES WITH 3 PER CENI' 
:E:I'HYL ALCOHOL AND 1 PER CENT CASEIN HYDROLYSATE AS SOLE SOURCE OF NITROGEN 

Organism Growth Zone of clearing (in cm.) 

3 day 8 day 3 dav 6 dav 8 dav 
I II I TT T 

Col Cl Col Cl Col Cl Col Cl Col Cl 

A. 12erox;ydans T ~ 0.3 0.9 0.2 1 . 2 ;J . 3 S.4 0.25 1.85 
c 

A. suboxzdans T 0 0 
c 0 0 

A. acetosum T 0 0 
c 0 0 

.à! ascendens T ~ ~ 0.3 0.4 
c Slq 

A. Easteurianum T ~ ~ Sl 
c Sl 

A. tJ.u:l1idans T 0 ( ,t) 0 0 
c 0 ( f') 0 0 

.A. kÜtzingianum T ~ f 0 
c 1- Sl 

A. aceti 1 T ~ 0.35 1.0 . 0.3 0.8 0.3 2.0 . 0.3 1.6 ' 0.35 2.25 
c 0 0 

A. aceti 2 T ~ f 0.3 0.5 0.3 1.1 
c Sl 

A. rancens T f 0 0.3 0.8 
c .;. 0 

A. gluconicum T 0 0 0 
c 0 0 0 

A. melanogenum 1 T 0 0 
c 0 0 

A. ox;y:dans T ( .;. ) ~ ~ heteror 
c ( .;. ) 

-
q - Sl - slight clearing. 
r - hetero - heterogeneous colonies. 
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TT 
Col Cl 

0.4 3.0 

0.4 2.85 

0.4 1.1 
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Experime nt 3 

The affect was deter.mined of a medium containing 3 per 

cent ethyl alcohol, 1 per cent casein hydrolysate, and growth 

factors on the growth characteristics of Acetobacter. The 

basic procedure was followed (page 71). The indicated growth 

factors were used. Solutions of them were made as follows: 

p-Aminobenzoic acid: 50 mg. dissolved in 50 ml. 
distilled water containing 0.5 ml. glacial 
acetic acid. Before use the solution was 
diluted 1:100; i.e., 1 ml. contained 10 pg. 

Vitamin B-12: 1 vial dissolved in 150 ml. 20 per 
cent ethyl alcohol; i.e., 40 ml. contained 4.0 pg. 

Biotin: 1 vial dissolved in distilled water and the 
volume made up to 250 ml.; i.e., 1 ml. contained 
0.1 pg. 

Folie acid: 1.0 mg. dissolved in 250 ml. distilled 
water and the volume made up to 500 ml. with 90 
percent ethyl alcohol; i.e., 1 ml. contained 
2 jUg. 

Inositol: 0.625 gm. dissolved in 12.5 ml. distilled 
water; i.e., 1 ml. contained 0.05 gm. 

Nicotinic acid: 5.0 mg. dissolved in 50 ml. distilled 
water; i.e., 1 ml. contained lOO JUg. 

Pantothenic acid: 5.0 ag. dissolved in 50 ml. distilled 
water; i.e., 1 ml. contained 100 pg. 

Pyridoxine: 10 mg. dissolved in 50 ml. distilled water; 
i.e., 1 ml. contained 200 pg. 

Riboflavin: 6.0 mg. disso1ved in 50 ml. distilled water; 
i.e., 1 ml. contai ned 120 pg. 

Thiamine: 5.0 mg. dissolved in 50 ml. distil1ed water; 
i.e., 1 ml. contained lOO pg. 
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One milliliter of eacll, except 40 ml. for vitamin B-12, was 

used for preparing media. The casein hydrolysate and mineral 

salt s used in Experiment 2, except ferric chloride, and growth 

factors replaced the yeast extract in the basal medium. In 

the present and later experimenta 0.02 gm. ferric chloride 

was used. The number of ml. of solutions of the growth 

factors was calculated in order to determine the amount of 

distilled water that should be added. 

Growth and clearing resulta are given in Table XIV. The 

growth result s of the organisms were somewhat comparable wi th 

those using casein hydrolysate alone (Experiment 2). Clearing 

resulta were somewhat similar and again clearing appeared in 

some of the control plates. 

Expe riœ nt 4 

The effect was determined of a medium contai ning 3 pe r cent 

ethyl alcohol, 0.01 per cent casein hydrolysate and growth 

factors on the growth characteristics of Acetobacter. An 

experiment similar to Experiment 3 was set up. Folie acid 

and vitamin B-12 were omitted. One-tenth milliliter of casein 

hydrolysate was used. Difco's Micro Assay Culture Agar was 

used as stock culture medium. 

The resulta, given in Table XV, page 81, show that 

Acetobacters grew better than in the medium used in Experirœnt 

3. Clearing zones were somewhat better, and were more obvious 

in the test than in the control plates. 



TABLE XIV 80 

A STUDY OF THE GROWTH CHARACTERISTICS OF VARIOUS ACETOBACTER SPECIES WITH 3 PER CENT ETHYL ALCOHOL 
AND 1 PERCENT CASEIN HYDROLYSATE AS SOLE SOURCE OF NITROGEN IN THE PRESENCE OF GROVf.rH FACTORS (See experirœnt 3) 

Organism Growth Zone of clearing (in cm.) 
' 

3 day 8 day 3 dav 8 dav 
I I II 

Col Cl Col Cl Col Cl 

A. :2erox;y:dans T ~ 0.3 0.85 
c 0.35 0.7 

A. subox:t:dans T 0 0 
c 0 0 

A. acetosum T 0 0 
c o . 0 

A. ascendens T ( ,t) 0 0 
c ( ,t) 0.38 0.8 

A. 12asteurianum T ~ ( f) Sl 
c ( t) Sl 

A. turbi dans T ( f) 0 
c ( /) 0 

A. kÜtzingianum T ( ( ~)) 0 
c Sl 

A. aceti 1 T ~ 0.3 0.6 0.3 2.6 0.4 3.3 
c 0.3 1.0 0.3 1.8 

A. aceti 2 T ~ ( /) Sl 
c ( f) Sl 

' 
A1 rancens T { f) ~ 0.35 0.65 

c ( f) V.Sl 5 0.35 0.7 0.3 0.8 

A. gluconicum T 0 0 
c 0 0 

A. melanogenum 1 T 0 0 
c 0 0 

A. OX::Ldans T ~ heter. 
c heter. 

--

. s - V .Sl - Very slight clearing. 



TABLE XV 

A STUDY OF THE GROWTH CHARACTERISTICS OF VARIOUS ACETOBACTER SPECIES WITH 3 PER CENT ETHYL ALC OHOL AND 0.01 
PER CENT CASEIN HYDROLYSATE AS SOLE SOURCE OF NITROGEN IN THE l?RESENCE OF GROWTH FACTORS 

(See Experiment 4) 

Organism Growth Zone of c-learing (in cm.) 

3 day 5 day 8 day 3 day 5 day 8 day 
I II I II I II 

Col Cl Col CI Col Cl Col Cl Col Cl Col Cl 
" 

A. nerox;ydans T f Sl 0.35 0 .85 0.3 1 .1 0.35 1. 6 0.4 2.05 
c .;. V.Sl Sl Sl 

A. subox;ydans T ~ 0 
c 0 

A. acetosum T 0 
c 0 -

A1 ascendens T (f) 0 V.Sl Sl 
c ( f) 0 V.Sl V.Sl 

A. :Qasteurianum T ~ Sl 0.4 O.? 0.3 0.5 0.4 0.6 0. 35 O.? 
c V.Sl V.Sl V.Sl 

A. tu;rbidans T (f)?t ( f)? 0 
c (,t)? (f)? 0 

A. kützingianum T ( .f) ~ V.Sl Sl 0.3 0.6 0. 25 0.55 
c ( f) 0 V.Sl V.Sl 

A. aceti 1 T ~ Sl 0.3 0.4 0.3 0.45 0.35 0.5 0.3 ·o.55 
c V.Sl Sl Sl 

A. aceti 2 T ~· S1 . 0.35 0.5 0.2 0.45 0. 2 0 .5 0. 3 0.6 
c V.Sl V.Sl Sl 

A. r ancens T ~ Sl 0.3 0.4 0. 3 0.4 0. 3 0 .45 0. 3 0 . 45 
c V.Sl Sl Sl 

A. gluconicum T 0 
c 0 

A. melanogenum 1 T ( f)? f Sl 
c (f)? 0 

A. ox;ydans 1 T ~ V.Sl Sl 0.3 0 .35 0 . 3 . 0.6 
c V.Sl . V.Sl V.Sl 

A. ox;ydans 2 T ( f) ( .f) V.Sl Sl 
c ( .f) ( f) V. Sl V.Sl 

-

t - (,t')? - Questionable growth. 
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Experiment 5 

The effect was determined of a medium containing 3 per cent 

ethyl alcohol and 0.5 per cent Casamino Acids on the growth 

characteristics of Acetobacter species. 

to Experiment 2 (page ?4) was set up. 

An experiment similar 

Five grams of Difco's 

Casamino Acids was used, however, in place of 10 ml. of casein 

hydrolysate and 0.02 gm. of ferric chloride in place of 0.2 gm. 

Yeast extract glucose agar slopes containing 2 per cent calcium 

carbonate were used for subculturing the Acetobacter species. 

The results, Table XVI, compare well with those of the 

experiment in which casein hydrolysate was used, Table XIII, 

page ??. The two experiments cannot be compared too rigidly 

because the ferric chloride concentration was different. 

v. Discussion 

Further experiments were not done by means of Method II. 

It served a purpose in detection of oxidation of ethyl alcohol 

and also of growth of the organism in the test medium. Al­

though the same loop was used for each inoculum and the medium 

was well mixed before plating, the difference in size of clear 

zones produced by each organism in the same medium was great. 

Also, as will be observed with the next method, when tests 

were set up using a different method and the same medium, 

the two sets of results were not sufficiently compa rable. 
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A STUDY OF THE GROWTH CHARACTERISTICS OF VARI OUS ACEI'OBACTER SPECIES WITH 3 PER CENI' ETHYL ALCOHOL 
.AND 0.5 PER CENr CASAMINO ACIDS AS SOLE SOURCE OF NITROGEN . 

Organism Growth Zone of clearing (in cm.), 

4 day 6 day 8 day 4 day 6 dav 8 dav 

I II I II I II 
Col Cl Col Cl Col Cl Col Cl Col Cl Col Cl 

A1 12eroxldans T ~ 0.35 0.6 0.35 1.4 0.4 1.5 0.4 2.0 0.4 1.85 
0 0 0 0 

A. suboydans T ( f) (f) ( f) 0 
c (,t)? 0 0 

A. acetosum T (,t) f 0 
0 f 1 0 

A. ascendens T ( f) ~ 0 S1 
0 ( f) 0 0 

A. Easteurianum T ~ 81 0.45 0.7 0.3 0.6 0.3 0.7 0.45 0.8 
c V.Sl 81 0.4 0.6 0.4 0.6 

~ 
' 

A. turbidans T V.Sl 81 
0 V.Sl V.Sl 

.à. kÜtzingianum T ~ 0 0.4 0.55 V.Sl 0.4 1.3 0.3 1.0 
0 0 0.45 0.6 0.3 0.55 0.35 0.5 0.4 0.5 

.ê. ace::t1 1 T ~ 0.4 1.35 0.4 1.5 0.35 2.3 0.35 2.2 0.4 2.45 0.4 2.35 
c 0 0 0 

A. aceti 2 T ~ 81 81 0.45 0.65 0.4 0.7 
c V.S1 V.S1 V.S1 

.A. rancens T ~ Sl 0.35 0.55 0.3 0.55 0.3 0.95 0.4 1.05 
c 0 0 0 

.&. gluconicum T 0 0 
0 0 0 

A. me1anosenum 1 T 0 0 
c 0 0 

A 1 ox;ydans 1 T ~ S1 0.35 0.95 0.45 1.1 0.35 1.85 0.35 1.5 
0 0 0 0 

A. OXldans 2 T ~ V.S1 0.3 0.65 0.2 0.55 0.25 1.15 0.35 1.45 
0 0 V.Sl V.Sl 



d. Method III 

Adaptation of Erlenmeyer Flasks to Simulate 
Conditions of the "Orleans" Process 

i. Procedure 

Media of varying composition were put into Erlenmeyer 

flasks and inoculated with various Acetobacter organisms. 

On removal of each 10 ml. for titration wi th 0.1 normal 

sodium hydroxide, 10 ml. sterile medium was added. The 

flask was a substitution for the barrel in the "slow" 
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vinegar process. Various modifications, as will be described, 

were attempted to increase the acetic acid yield. One milli-

liter of a suspension of each organism, prepared as described 

on page 51, was added to each flask of medium. In several 

instances the ingredients of the medium were the same as 

those used in Method II. Calcium carbonate and agar, however, 

were omitted. Each of the parallel tests will be clearly 

indi cated. 

ii. A Study of Variations in the Method and Acetic Acid 
Production by Acetobacter Organisms in Various Nutrient Media 

Expe riment 1 

The effect was determined of increased aeration on acetic 

acid production by ~cetobacter suboxydans. One set of three 

1000 ml. flasks containing 200 ml. of the following medium 

was set up: 
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Yeast extract 1 gm. 

Magnesium sulphate 2 gm. 

Dibasic potassium phosphate 3 gm. 

Sodium chloride 2 gm. 

Tap water 930 ml. 

The above nutrients were dissolved in tap water, autoclaved, 

made up to 1000 ml. volume containing 7 per cent 95 per cent ethyl 

alcohol and distributed into sterile 1000 ml. flasks. Two flasks 

were inoculated and all were placed on a shaker to facilitate 

greater aeration. 

Titration readings are given in Table XVII. The experi­

ment was done while doing the preliminary experiments by means 

of the perfusion method. The rewlt s ob tai ned were not as good 

as those re co rded for a similar test using that m.ethod (Table V, 

page 58). The procedure was, therefore, discontinued. 

Experimen t 2 

Acetic acid prodlction by Acetobacter species from 3 

per cent ethyl alcohol was determine d in a me dium containing 

yeast extract as sole source of nitrogen. A one per cent 

solution of yeast extract was made with water, and adjusted to 

a pH of 6.0. A sufficient quanti ty of the medium was autoclaved. 

Three per cent of 95 percent ethyl alcohol was added to the 

medium that was to be used in test flasks, but not to the medium 

that wa s to be used in control fla sks. Approximate l y 100 ml. 

quantitie s were place d in 250 ml. Erlenmeyer flasks so that 

one test and one control medium were studied for each 



-

TABLE XVII 

ACID PRODUCTION FROM 7 PERCENT ETHYL ALCOHOL 
BY ACEI'OBACTER SUBOXYDANS IN A MEDIUM CON­

TAINING YEAST E:XTRACT AS SOLE SOURCE OF 
NITROGEN IN A KAHN SHAKER TO FACILI-

TATE AERATION, TITRATION READINGS, ML. 

Ti me Test 1 Test 2 
da ys 

1 1.60 1.60 

2 1.80 1.90 

3 2.10 2.40 

5 2.80 3.20 

6 3.60 4.00 

8 4.20 4.50 

11 4.35 4.80 
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Control 

1.60 

1.60 

1.60 

1.60 

1.60 

1.65 

1.60 



organism. One millili ter of a suspension of each organism, 

prepared in the usual way, was added to one test flask,also 

8? 

to one control flask. Titrations of 10 ml. quanti ties were made 

with 0.1 normal sodium hydroxide at three, five and eight-day 

intervals. 

The results are recorded in Table XVIII, and a comparison 

of the result s wi th those from a similar test using the "plate" 

method is given in Table XIX, page 89. The readings indicate 

that in the nutritive medium used, different species of 

Acetobacter varied in their ability to produce acetic acid 

from ethyl alcohol. The result s ob tai ned using the flasks, 

that is the "slow" vinegar process, did not compare well with 

those using calcium carbonate plates. The former method seemed 

more sensitive. 

Exp e rime nt 3 

The effect was determined of a medium containing 3 per cent 

ethyl alcohol and 1 per cent casein hydrolysate on acetic acid 

production by Acetobacter. A medium was prepared containing 

casein hydrolysate and the basic salts as described in Method II, 

Experiment 2, on page ?4. Ninety-seven milliliters of medium 

were put into a sufficient n~ber of flasks to have a test and 

a control for each organism. The flasks were autoclaved and 

3 ml. of 95 per cent ethyl alcohol were added to the test flasks. 

The flasks of each set were inoculated with 1 ml. of a suspension 

of each organi sm. 



Organism 

A. :Qerox;ydans 

A. me1anogenum 2 

A. suboxydans 

A! acetosum 

A. ascendens 

A. 12asteurianum 

A. turbidans 

A. kützingianum 

A. aceti 1 

A. aceti 2 

A. rancens 

A. g1uconicum 

A. me1anogenum 1 

A. oxydans 

A. xvlinum 

TABLE XVIII 

AOETIO ACID PROIDCTION FROM 3 PER C:ENT ETHYL ALCOHOL WITH YEAST EXTRACT AS SOLE 
SOURCE OF NITROGEN AND VARIOUS ACEI'OBACTER SPECIES AS TEST BACTERIA 

Readings 
3 day 5 day 8 day 

Titra- HAc/100 ml. Titra- HAc/100 ml. Titra-
tion, ml medium, gm tion, ml medium, gm tion, ml 

T 0.85 0.012 1.20 0.045 1~65 
c 0.65 0.45 0.20 

T 2?.85 1.632 24.45 1.422 36.40 
c 0.65 0.?5 0.10 

T 0.80 0.015 0.55 0.80 
c 0.55 0.65 0.35 

T 1.30 0.048 3.25 0.1?4 28.30 
c 0.50 0.35 o.oo 
T 0.~5 0.030 2.25 0.111 25.40 
c 0.45 0.40 0.10 

' 
T 0.~5 0.02? 1.35 0 .. 0?8 1.80 
c 0.50 0.05 o.oo 
T 0.65 0.018 0.80 
c 0.50 0.35 0.20 

T 1.00 0.03 1.?0 0.084 12.?5 
c 0.50 0.30 0.15 

T 4.65 0.2?~ 1~.15 1.149 28.55 
c o.oo o.oo o.oo 
T 5.20 0.282 26.60 1.5~0 2?.65 
c 0.50 0.10 0.00 

T 10.60 0.618 41.80 2.490 22.55 
c 0.30 0.30 0.10 

T 0 .?0 0.006 0.50 1.35 
c 0.60 1.05 0.30 

T 1.?0 0.069 ' 2.55 0.129 3.85 
c 0.55 0.40 0.30 

T 12.05 o. ?05 42.05 2.511 40.00 
c 0.30 0.20 0.15 

T 0. ?0 0.003 0.90 0.012 0.35 
c 0.65 0 .?0 0.50 

--- - -
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HAc/100 ml. 
medium, gm. 

0 .08?' 

2.1?8 

0.02? 

1.6~8 

1.518 

0.108 

0.036 

o. ?56 

1.?13 

1.65~ 

1.34? 

0 ,.063 

0.213 

2.391 



TABLE XIX 

ORGANISMS LISTED IN THE ORDER IN WHICH THEY PRO WCED 
AC EriC ACID IN THE YEAST EXTRACT MEDIUM CONTAI NING 

3 PER CENI' ETHYL ALCOHOL BY THE PLATE AND FLASK 
MEI'HODS 

(The largest clearing diameter in centimeters 
and the greatest titration of N/10 NaOH in 
milliliters with 10 ml. of broth are indicated 
for each organism) 

Calcium carbonate plates F1asks containing broth 
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Organism Largest clearing 
diamete r, cm 

Organism Greatest titration 
w1 th N/10 Na OH, ml 

A. melanogenum 2 

A. melanogenum 1 

A. oxydans 

A. rancens 

A. ascendens 

.A. acetosum 

A, aceti 1 

A. kützingianum 

A. aceti 2 

A. pasteurianu.m 

A. peroxydans 

A. turbidans 

A. gluconicum 

A. suboxydans 

indefinite A. oxydans 41.85 

41.50 3.60 A. rancens 

3,50 

3.00 

2.95 

2.60 

2.55 

2.50 

2.30 

2.10 

1.50 

1.35 

1.30 

o.oo 

A. melanogenum 2 36.30 

A. aceti 1 28,55 

A. acetosum 28.30 

A. acet; 2 27.65 

A. ascendens 25,30 

A. kützingianum 12.60 

A. me1ano~enum 1 3,55 

A. pasteurianum 1.80 

A, peroxydans 1.45 

A. g1uconicum 1.05 

A. turbidans 0,60 

A. suboxydans 0.45 



The results are recorded in Table XX, and a comparison 

of the result s wi th those from a similar test using the 

"plate" method is given in Table XXI, page 92. The results 

indicate that sorne species of Acetobacter produced a small 

quanti ty of aceti c a cid when grown in a ca sein hydrolysa te 

medium. Other nutrients were, however, essential. "Plate" 

and "flask" method readings were different. 

Expe riment 4 

The effect was determined of a medium containing 3 per 

cent ethyl alcohol, 1 percent casein hydrolysate and growth 

factors on acetic acid production by Acetobacter species. 

An experiment was set up using the method of Experiment 3 

and the ingredients in Method II, Experiment 3, page 78. 

The results are given in Table XXII, page 93. A com­

parison of the results wi th those from a similar test using 

the "plate" method is given in Table XXIII, page 94. The 

most striking factor observed by each method is that more 
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acid was somet imes produced when ethyl alcohol was not present 

in the medium. The results indicate that the readings taken 

from the "plate" and "flask" methods were not comparable. 



TABLE XX 

ACETIC ACID PRODUCTION FROM 3 PER CENT ETHYL ALCOHOL WITH 1 PER CENT CASEIN HYDROLYSATE AS 
SOLE SOURCE OF NITROGEN AND VARIOUS ACETOBACTER SPECIES AS TEST BACTERIA 

Readings 
Organism 3 day 5 day 8 day 

Titra- HAc/100 ml. Titra- HAc/100 ml. Titra- HAc/100 ml. 
tion, ml medium, gm tion, ml medium, gm tion, ml medium, gm 

A. :12ero!ldans T 0.90 0.018 1.65 0.063 
c 0.60 0.60 

A. subox~dans T 0.60 o.ooo 0.60 0.000 0. 70 0.009 
c 0.60 0.60 0.55 

A. acetosum T 0.75 0.009 0.80 0.015 0.95 0.021 
c 0.60 0.55 0.60 

A. ascendens T 0. 70 0.009 0.80 0.015 0.80 0.021 
c 0.55 0.55 0.60 

A1 12asteurianum T 0.90 0.018 1.20 0.036 1.40 0.048 
c 0.60 0.60 0.60 

A. turbidans T 0.60 o.ooo 0.85 0.018 0.85 0.024 
c 0.60 0.55 0.45 

A. kÜtzingianum T 0.85 0.015 1.00 0.027 4.10 0.216 
c 0. 60 0.55 0.50 

A. aceti 1 T 1.10 0.033 1.35 0.048 1.55 0.056 
c 0.55 0.55 0.55 

A. aceti 2 T 0.85 0.015 1.00 0.024 1.05 0.027 
c 0.60 0.60 0.50 

A. rancens T 0.80 0.018 - 1.10 0.039 1.50 0.060 
c 0.50 0.45 0.50 

ill. gluconicum T 0.50 0.003 0.60 o.ooo 0. 50 o.ooo 
c 0.55 0.50 0.60 

A. me1anogenum 1 T 0. 70 0.006 0.80 0.012 0.75 0.005 
0 0.50 0.60 0.65 

A1 oxydans T 1.10 0.030 1.35 0.051 1.75 0.078 
c 0.60 0.50 0.45 
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TABLE XXI 

ORGANISMS LISTED IN THE ORDER IN WHICH THEY PRODUCED 
ACETIC ACID IN A 1 PER CENT CASEIN HYDROLYSATE 

MEDIUM CONTAINING 3 PER CENT ETHYL ALCOHOL 
BY TEE PLATE AND THE FLASK MNI'HODS 
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(The greatest clearing diameter in centimeters and 
the greatest titration of N/10 sodium hydroxide against 
10 ml. of broth are indicated for each organism) 

Calcium carbonate plates Flasks containing broth 

Organism Largest clearing Organism 
diameter, cm 

Greatest titration 
with N/10 NaOH, ml 

A. peroxydans 

A. aceti 1 

A. rancens 

A. aceti 2 

A. ascendens 

A. oxydans 

A. suboxydans 

A. acetosum 

A. pa st eurianura. 

A. turbidans 

.a. gluconicum 

A. melanogenum 1 

A. kUtzingianum 

3.00 

2.85 

1.10 

1.10 

0.40 

Sl 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
Sl in 

control 

A. kÜtziniianum 

A. oxydans 

A. aceti 1 

A. peroxyda ns 

A. rancens 

A. pasteurianum. 

A. aceti 2 

A. turbi dans 

A. acetosum 

A. ascendens 

A. suboxydans 

A. me1anogenum 1 

. .A. glue ani cum 

3.60 

1.30 

1.10 

1.05 

1.00 

0.80 

0.45 

0.40 

0.35 

0.20 

0.15 

0.10 

o.oo 



TABLE XXII 

ACETIC ACID PRODUCTION FROM 3 PER CENT ETHYL ALCOHOL WITH 1 PER CENT CASEIN HYDROLYSATE AS SOLE SOURCE 
OF NITROGEN IN 'ffiE PRESENCE OF THE · GROWTH FACTORS AND VARIOUS ACETOBACTER SPECIES AS TEST BACTERIA 

Readings 
Organism 3 day 5 day 8 day 

Titra- HAc/100 ml. Titra- HAc/100 ml. Titra- HAc/100 ml. 
tion, ml medium, gm tion, ml medium, gm tion, ml medium, gm 

A. peroxydans T 0.?5 1.10 1.80 
c 0.85 1.15 1.95 

A. subox;ydans T o. ?0 0.006 0. ?0 0.003 0.?0 0.003 
c 0.60 0.65 0.65 

A. acetosum T 0. 70 o.ooo 0.85 0.003 0.85 0.003 
c 0. 70 0.80 0.80 

A. ascendens T 0. ?0 0.?0 0.75 
c 0.'75 0.80 0.85 

A. 12asteurianum T 0.95 o.ooo 1.10 o.ooo 1.25 0.003 
c 0.95 1.10 1.20 

A. turbi dans T 0.?5 o.ooo 0.?5 0.85 
c 0.?5 0.85 0.95 

A. kÜt~insismym T 0. 70 o.ooo 0.90 1.15 
c 0. 70 1.00 1.8?5 

A. aceti 1 T 1.05 1.30 1.?5 
c 1.25 1.55 2.10 

A. aceti 2 T 0.?5 0.?5 '0. 70 
c 0.80 0.80 ( 0.85 

.A. rancens T 0.75 0.85 o.ooo 0.95 
c 0.80 0.85 1.15 

A. g1uconicum T 0. 70 o.ooo 0.65 0.000 0. 70 o.ooo 
c 0. ?0 0.65 0. 70 

~. me1anogenum 1 T 0. ?0 0. 70 0.?5 
c 0.?5 0.85 0.95 

A. oxydans T 0. 70 0.80 1.25 
c 0.?5 0.95 1. ?0 . 

- --
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TABLE XXIII 

ORGANISMS LISTED IN THE ORDER IN WHICH THEY PRODUCED 
ACETIC ACID IN A 1 PER CENT CASEIN HYDROLYSATE AND 

GROwrH FACTOR MEDIUM CONTAINING 3 PER CENI' ETHYL 
ALCOHOL BY THE PLATE AND FLASK MEœHODS 

(The greatest clearing diameter in centimeters and the 
greatest titration of N/10 sodium hydroxide against 
10 ml. of broth are indicated for each organism) 

Calcium carbonate plates Flasks contai ning broth 
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Organism Largest clearing Organism Grea test titra ti on 
diameter, cm wi th N/10 NaOH, ml 

A. aceti 1 1.50 A. suboxydans 0.05 

A, ne roxydans 0.15 A. acetosum 0.05 

A. suboxydans o.oo A, pasteurianum 0.05 

A. acetosum o.oo i!. ~J.Y.c~;aücum o.oo 
v 

A, turbidans 0.00 A. kÜtzingianY.m, 0.?25 in con-
trol 

A. gluconicum o.oo A a OX;ldans 0.45 in con-
trol 

A. melano~num 1 o.oo A. aceti 1 0.35 in con-
trol 

A. OX;ldans o.oo A. ranc ens 0.20 in con-
trol 

A. aceti 2 o.oo .A, melano~enum 1 0.20 in con-
trol 

A. 12asteurianum o.oo .h, 12erox;ldans 0.15 in con-
u trol 

A. 8SC§nde!lS 0.80 in con- A. ace ti 2 0.15 i n con-
trol trol 

Al ;ranQens 0.15 in con- .o, ascendens 0 .10. in con-
trol 

.là. ~~ ~~;Q~ia;n~"ll V.Sl in con- .n , turbidans 0.10 in 
trol 

u - 0.80 in control - means the diameter of the clear zone in 
the control is 0.80 cm. larger than that in the test. 

trol 
con-
trol 

v - 0.?25 in control - means the titration of the control sample 
is 0.?25 ml. greater than that of the t est. 



Expe riment 5 

The effect was determined of a medium containing 3 per 

cent ethyl alcohol, 0.01 per cent casein hydrolysate and 

growth factors on acetic acid production by Acetobacter 

species. An experiment was set up using the method of 

Experiment 3 and the ingredients of Method II, Experiment 4, 

page 79. 

The results are given in Table XXIV. A comparison of 
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the results with those from a similar test using the "plate" 

method is given in Table XXV, page 9?. Although acid production 

was very slight, acid was not produced in greater quantity in 

the control flasks than in the test. Again the readings 

ta ken by the "flask" method did not compare well wi th those 

ta ken by the "plate'' method. 

Experiment 6 

The effect was determined of a medium containing 3 per cent 

ethyl alcohol and 0.5 per cent Casamino Acids on acetic acid pro­

duction by Acetobacter spe-cies. An experiment was set up using 

the method of Experiment 3 and the ingredients of Method II, 

Expe riment 5, page 82. 

The results are given in Table XXVI, page 98. A comparison of 

the results wi th tho se from a similar test using the "plate" 

method is given in Table XXVII, page 99. The results indicate 

that acetic acid was produced only in a very small amount. 

The results were somewhat similar to those obtained with the 



TABLE XXIV 

ACEriC ACID PRODUCTION FROM 3 PER CENT ETHYL ALCOHOL WITH 0.01 PER CENT CASEIN HYDROLYSATE AS SOLE SOURCE 
OF NITROGEN IN THE PRESENCE OF GROWTH FACTORS AND VARIOUS ACETOBACTER SPECIES AS TEST BACTERIA 

Readings 

Organism 3 day 5 day 8 day 

Titra- HAc/100 ml. Titra- HAc/100 ml. Titra- HAc/100 ml. 
tion, ml medium, gm tion, ml medium, gm tion, ml medium, gm 

A. 12erox!dans T 0.500 0.0015 0.650 0.009 0. 70 0.012 
c 0.475 0.500 0.50 

A. suboxrdans T 0.500 0.500 o.ooo 0.55 o.ooo 
c 0.525 0.500 0.55 

A. acetosum T 0.550 0.0060 0.550 0.003 0.50 0.003 
c 0.450 0.500 0.45 

A. asç~nQ.~ns T 0.600 0.0060 0.625 0.009 0.65 0.009 
c 0.500 0.475 0.50 

A. pasteurianum T 0.750 0.0120 0.950 0.027 1.30 0.048 
c 0.550 0.500 0.50 

A. turbidans T 0.750 0.015 0.925 0.02? 1.00 0.030 
c 0.500 0.475 0.50 

A. l&tzingianum T 0. 700 0.015 0.800 0 .0?8 1.00 0.030 
c 0.450 0.500 0.50 

A. aceti 1 T 0.600 0.006 0.650 0.009 0.65 0.009 
c 0.500 0.500 0.50 

A. aceti 2 T 0.500 o.ooo 0.550 0.009 0.55 0.003 -c 0.500 0.400 0.50 

A. rançens T 0.650 0.009 0.750 0 .015· 0.85 0.024 
c 0.500 0.500 0.45 

A. gluconicum T 0.500 0.500 o.ooo 0.50 o.ooo 
c 0.550 0.500 0.50 

A. me~ano~enùm 1 T 0.650 0.006 0.80 0.015 
c 0.550 0.55 

A. ox,ydans 1 T 0.750 0.0165 0.850 0.021 1.05 0.030 
c 0.4?5 0.500 0.55 

A. oxvdans 2 T 0.500 0.675 0.012 0.?5 0.015 
c 0.550 0.475 0.50 

----·------- -- -- --- L__ 
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TABLE XXV 

ORGANISWJ.S LISTED IN THE ORDER IN WHICH THEY 
PRODUCED ACETIC ACID IN A 0.01 FER CENT 

CASEIN HYDROLYSATE t GROWTH FACTOR 
MEDIUM - CONrAI NING 3 ·PER CENT 

ETHYL ALCOHOL BY THE PLATE 
AND FLASK METHODS 

(The greatest clearing diameter in centimeters 
and the greatest titration of N/10 sodium 
hydroxide against 10 ml. of broth are 
indicated for each organism) 

Calcium carbonate plates Flasks containing broth 
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Organism Largest clearing 
diameter, cm. 

Organism Greatest ti trati on 
with N/10 NaOH, ml 

A. peroxydans 

A. pasteurianum 

A. oxydans 1 

A. aceti 2 

A. kÜtzingianum 

A. aceti 1 

A. rancens 

A. me1anogenum 1 

A. ascendens 

A. oxydans 2 

A. suboxydans 

A. acetosum, 

A. tu rb idans 

A. g1uconicum 

2.05 

0.70 

0.60 

0.50 

0,55 

0.55 

0.45 

S1 

V.Sl 

V.S1 

0.00 

o.oo 

o.oo 
0.00 

A. pasteurianum 

A. oxydans 1 

A. turbi dans 

A. kützingianum 

A. rancens 

A. melanogenum 1 

.A. oxydans 2 

A. peroxydans 

A. ascendens 

A. aceti 1 

A. acetosum 

A. aceti 2 

A. suboxydans 

A. gl u co ni cum 

0,80 

0.50 

0.50 

0.50 

0.40 

0.25 

0.25 

0.20 

0.15 

0.15 

0.05 

0.05 

0.00 

0.00 



TABLE XXVI 

ACETIC ACID PRODUCTION FROM 3 PERCENT ETHYL ALCOHOL WITH 0.5 PER CENT CASAMINO ACIDS AS SOLE 
SOURCE OF NITROGEN AND VARIOUS ACETOBACTER SPECIES AS TEST BACTERIA 

Readings 
Organism 4 day 5 day 8 day 

Titra- HAc/100 ml. Titra- HAc/100 ml. Titra- HAc/100 ml. 
tion, ml medium, gm tion, ml medium, gm tion, ml medium, gm 

.. 

A. 12erox;ï:dans T 1.10 1.450 0.045 1.85 0.0?2 
c 0 .?00 0.65 

A. :3ll:bQUCiiàD~ T 0.?5 0.?50 0.006 0.80 0.006 
c 0.650 0.?0 

.A. acetosum T 1.05 1.350 0.042 1.75 0.066 
c 0.650 0.65 

.A. ascendens T 0.90 1.150 0.02? 1.35 0.042 
c 0. ?00 0.65 

A. 12asteurianum T 1.20 1.400 0.042 1.70 0.063 
c 0. ?00 0.65 

A. turbidans T 1.15 1.425 0.042 1.65 0.057 
c 0.?25 0 .?0 

A. kÜtzins;ianum T 1.15 1.450 0.045 1.50 0.054 
c 0.?00 0.60 

A. aceti 1 T 1.85 2.250 0.096 4.85 0.252 
c 0.650 0.650 

.A. aceti 2 T 1.20 1.350 0.045 1.50 0.054 
c 0.600 0.60 

A. rancens T 0.50 0.500 o.ooo 0.50 o.ooo 
c 0.500 0.50 

A. g1uconi ru.m T 0.75 0. 750 0.003 0.80 0.006 
c 0. ?00 0. ?0 

A. me1anogenum 1 T 1.10 1.400 0.042 1.650 0.054 
c 0. ?00 0 .?50 

A. oxydans 1 T 1.30 1.?00 0.066 2.15 0.093 
c 0.60.0 0.60 

A. oxydans 2 T 0.95 1.450 0.054 2.10 0.093 
c 0.550 0.55 

-------- ----
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TABLE XXVII 

ORGANISMS LISTED IN THE ORDER IN WHICH THEY 
PRODUCED ACETI C AC ID IN A 0 • 5 PER CEN!' 

CASAMINO ACIDS MEDIUM CONTAINING 3 
PER CENT ETHYL ALCOHOL BY THE 

PLATE AND FLASK METHODS 

(The greatest clearing diameter in centimeters and 
the greatest titration of N/10 sodium hydroxide 
against 10 ml. of broth are indicated for each 
organism) 

Calcium carbonate plates Flask containing broth 
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Organism Largest clearing 
diameter, cm 

Organism Greatest titration 
with N/10 NaOH, ml 

A. aceti 1 2.45 

A. peroxydans 2.00 

A. oxydans 1 1.85 

A. oxydans 2 1.45 

A. rancens 1.05 

A. kützingianum 

A. aceti 2 

A. pasteurianum 

A. ascendens 

A. turbi dans 

A, subozydans 

A. acetosum 

A. gluconicum 

A. melanogenum 1 

0.'10 

0.!10 

0.20 

Sl 

V.Sl 

o.oo 
o.oo 
o.oo 
o.oo 

A. aceti 1 

A. oxydans 1 

A. oxydans · 2 

.à. peroxydans 

A. acetosum 

.A, pa st eu rj antlm 

A. turbi dans 

.A. kützingianum 

A. aceti 2 

A. asqenàens 

A. subo:xyda ns 

A. rancens 

4.20 

2.15 

1.55 

1.20 

1.10 

1.05 

0.95 

0.90 

0.90 

0.90 

0. 70 

0.10 

0.10 

0.00 



medium· containing casein hydrolysate, but in the latter 

experiment a much higher concentration of ferric chloride 

was used. The readings from the "flask" method di d not 

correspond well wi th those from the "plate" method. 

iii. Discussion 

The readings indicated in comparison tables lead to 
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the conclusion that the "flask" method gives a quantitatively 

accurate test. Where high acetic acid yields were demon­

strated, as with specifie organisms in a yeast extract 

medium, comparatively larger clear zoneswere not produced 

on the calcium carbonate plates. Also, the graded listing 

of organisms as to their activity in tbe two sets of resulta, 

as given in comparison tables,is not similar. Various sizes 

of clear zones were produced even by the same organism on 

the same plate. 

Two of the three methods could be used to advantage. 

If the physical and nutritional factors essentiel to acetic 

acid production of Acetobacter were to be studied in large 

numbers and in detail, i t appears that the "flask" method 

could best serve the purpose. Once a perfect combination 

of factors could be obtained, however, the apparatus designed 

by Audus could be used to observe if that result could be 

improved by the "quick" vinegar process. The following set 

of experimenta is an attempt to standardize the "slow" 

vinegar process. 



iv. An Attempt to Increase Acetic Acid Production 
by an Increase in the Surface Area within the Flasks 

Experiment 1 

Cellulose sponges were added to media used during fer­

mentation in order to increase the surface area and thus 

possibly increase the rate of' oxidation of' ethyl alcohol by 

Acetobacter species. A medium of' the f'ollowing content 

was used: 

Yeast extract 

Ethyl alcohol 

Tap water 

10 gm. 

30 ml. 

970 ml. 
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The solution of yeast extract was prepared at a pH of' 

6.0 and added in 97 ml. quantities to several 250 ml. f'lasks • 

.A pie ce of' cellulose sponge wi th a 3 .. 8 x 3.8 cm .. surface and 

eut as thin as possible was added to each f'lask. After auto­

claving the medium all sponges had descended to the bottom 

of' the f'lasks, probably due to the evacuation of' the air 

present in the sponges. The experiment was, theref'ore, discon-

tinued. 

Expe rime nt 2 

Cellulose sponges were added to media in another manner 

in order that they would not descend to the bottom of the 

flasks. Four 250 ml. f'lasks of' media were prepared as 

described in Experiment 1. Ethyl alcohol was added af'ter 

sterilization. Four pieces of' sponge were eut to have the 

largest size surface area which could pass easily through the 



mouth of 250 ml. flasks. Sponges of the following dimen­

sions proved successful: 

Surface 

Thickness 

3.5 X 1.5 cni. 

0~7 ém. 

The pieces of sponge were placed in a Petri dish and auto­

claved with the flasks of medium at 15 lb. pressure for 

fifteen minutes. When the flasks were cool, a piace of 

sponge was added to the medium in each flask aseptically. 

Flasks were prepareà as indicated below: 

Flask 1 

Flask 2 

Flask 3 

Flask 4 

Sterile medium .f sterile sponge 

Sterile medium t 3 ml. 95 per cent 

ethyl alcohol f sterile sponge 

Sterile medium .f 3 ml. 95 per cent 

ethyl alcohol .f sterile sponge 

.f Acetobacter ascendens 

Sterile medium .f 3 ml. 95 per cent 

ethyl alcohol .f sterile sponge 

f Acetobacter ascendens. 
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The organism was transferred with an inoculating needle from 

a yeast extract glucose agar slope containing 2 per cent 

calcium carbonate to the broth. The sponges fell to the 

bottom of flasks 3 and 4, indicating that an evacuation of 

air had again taken place within the flasks. The experiment 

was, therefore, discontinued. 
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Expe riment 3 

A. Experiment 2 was repeated using cork instead of sponge 

to increase the surface area. N~mber 8 corks were eut as 

follows and the pieces were used: 

1. One-half corks eut vertically 

2. One-eighth corks eut vertically 

3. One-sixteenth corks eut vertically 

4. One-eighth corks eut horizontally 

5. One-sixteenth corks eut horizontally. 

Twelve flasks, containing the medium described in Experiment 1, 

were used. Three milliliters 95 per cent ethyl alcohol was 

added to each flask. One part of one type of cork was added 

to each of two flasks. Corks were not added to two flasks as 

the latter were controls. Each flask was then inoculated with 

Acetobacter ascendens. 

Titration readings are recorded in Table XXVIII. The control 

results were as good as the test results. 

B. The ability was determined of the corks to float on the 

surface of the liquid during autoclaving. Five parts of cork, 

one of each type, were placed each in a separate 250 ml. flask 

containing lOO ml. tap water. The flasks were sterilized in 

the usual way. After autoclaving all pieces of cork were 

still floating but the water had become slightly brown. The 

latter factor must have been due to the presence in the 

water of some substance from the cork going into solution, 

as all the pieces of cork had been thoroughly washed in 
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TABLE XXVIII 

ACID PROIDCTION IN A 1 PER CENT YEAST EXTRACT 
BROTH MEDIUM CONrAI NING 3 PER CENT EI'HYL 

ALCOHOL WITH CORKS OF VARIOUS SIZES 
TO INCREASE THE SURFACE AREA FOR 

AERATION 

Support for 
Readings 

bacterial film 3 day 8 day 

Tit ration, ml Titration, ml 

Cork type 1 Test 1 3.00 

2 3.55 

Cork type 2 Test 1 4.00 

2 3.75 

Cork type 3 Test 1 2.40 

2 3.60 

Cork type 4 Test 1 3.15 

2 3.35 

Cork type 5 Test 1 4.05 40.60 

2 3.00 41.30 

Control 1 4.80 40.85 

2 3.00 40.50 
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detergent, rinsed and dried in the oven. 

Since the control results were as good as the test and 

the cork liberated sorne substance into the water, the 

procedure was discontinued. 

Experiment 4 

The ability was determined of a support to increase the 

amount of acid produced by facilitating haze formation. Four 

250 ml. flasks of medium were set up as described in Experiment 

1. A wire, extending from the outside of the flask and forming 

a large loop on the surface of the medium, was added to each 

of two flasks. The other two flasks were controls. All flasks 

were autoclaved, 3 ml. 95 per cent ethyl alcohol was added to 

each flask and Acetobacter ascendens was used as inoculum. 

Titration readings are given in Table XXIX. The readings 

indicate that the wire, by giving a surface onto which any 

haze or pellicle can begin formation, did not hasten or increase 

in quantity the acetic acid formed. 

e. Conclusion 

For an efficient study of acetic acid production with 

numerous acetic acid bacteria the "Erlenmeyer flask" method 

was the most appropriate. Inert material on the surface of 

the broth in the flasks could not help the oxidation of 



TABLE XXIX 

ACID PRO IDCTI ON IN A 1 PER CENT YEAST EXTRACT 
BROTH MEDIUM CONTAINING 3 PER CENT ETHYL 

ALCOHOL WITH A WIRE ON THE SURFACE OF 
THE BROTH TO FACILITATE HAZE 

Support for 
bacterial film 

Test 1 

2 

Control 1 

2 

FORMATION 

Readings 
3 day 

Titration, ml 

3.40 

5.90 

4.45 

5. ?0 

8 day 

Titra ti on, 

40.55 

40.50 

40.25 

40.80 

106 

ml 
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ethyl alcohol by Acetobacter. In summary, 97 ml. of appro­

priate broth medium were put into 250 ml. flasks and autoclaved. 

Three milliliters of 95 per cent ethyl alcohol were added to 

the sterile broth for test but not for control media. One 

milliliter of a washed suspension of the organism to be used 

in the test, page 51, was added to each flask. Ten milliliter 

quantities were taken from each flask at three, five and eight­

day intervals and titrated against 0.1 normal sodium hydroxide. 

Ten milliliters of similar sterile medium was replaced in each 

flask. 

4. s~~ry 

1. All organisms grew well on a medium containing 1 per cent 

yeast extract (Difco}, 1 percent glucose, 2 percent calcium 

carbonate and 1.5 per cent agar. 

2. The oxidation of ethyl alcohol to principally acetic acid 

was the most important characteristic in differentiating the 

Acetobacter genus. 

3. Acetobacter species from apples multiplied in malt extract 

broth containing 3 per cent ethyl alcohol, and could be isolated 

on yeast extract glucose agar plates. 

4. The method described by Breed et al (5}, which appeared to be 

the only feasible one for studying classification of the genus 

at present, was used. 

5. The perfusion apparatus designed by Audus was adapted to 

suit the study of acetic acid production by specifie Acetobacter 

species by the "quick" process on laboratory scale. The method 



108 

was quantitatively accurate, but required physical conditions 

which could not always be provided. 

6. The calcium carbonate clearing method described served. the 

purpose of detecting growth of Acetobacter in different 

nutrient media. The method was not in general reliable for 

detecting acetic acid production. 

7. The Erlenmeyer flask was adapted to suit the study of 

acetic acid production by the "Orleans" process. The process 

was good for the study of the errect or numerous changes in 

physical and chemical factors on acid production by numerous 

species. The method was quantitatively accurate. 



E. METHODS 

1. Procedure 

a. Generalization 

For the study of the effect of each variation of a 

physical or chemical factor on acetic acid production, 

conditions were maintained generally as described in the 

adapted "Orleans" process, page 84. 

Two sterile alcohol-containing, and one sterile 

alcohol-omitted media, prepared in 100 ml. amounts in 

250 ml. Erlenmeyer flasks, were inoculated with each 

organism to study separately every variation of the 

factor being studied. The flasks containing the former 

media were referred to as "test flasks", as the acid 

produced during the fermentation of the alcohol­

containing media was primarily acetic acid, although 

small amounts of other acids could have been formed from 

other components of the media. The flasks containing the 

latter media were referred to as "control flasks", as the 

acids produced during the fermentation of the alcohol­

omitted media were formed from components other than 

ethyl alcohol. Later as will be indicated three "test 

flasks 11 and one "control flask" were prepared for each 

organism, because similar fermentations sometimes proceded 

at greatly varying rates. Three "test flasks", therefore 
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gave better averages of the rate of acetic acid production. 

Ten milliliter samples were taken from test and con­

trol flasks at three, five and eight-day intervals during 

fermentation, and were titrated with 0.1 normal sodium 

hydroxide, using phenolphthalein as indicator, to deter­

mine the amount of acid present. Sufficient appropriate 

media were made in large quantities so that 10 ml. of a 

similar sterile broth could be added to the flasks. 

Later, as will be indicated, samples were taken in the 

same manner at two, four, six, eight and ten-day intervals. 

Eleven or twelve-day samples replaced ten-day samples on 

several occasions due to unforeseen circumstances. The 

eleven or twelve-day sample titrations were allowed to 

replace the ten-day, due to possible exhaustion of the 

nutrients, and the evaporation of the ethyl alcohol and 

acetic acid in the media in the extra time. However, the 

appropriate ten-day readings were also obtained through 

figures and will be referred to. 

b. Modification of Procedure 

During the final experiment, as will be indicated, 

the Fisher Titrimeter was used instead of phenolphthalein 

indicator to determine the amount of acid present in 

samples. The control flasks consisted of similar sterile 

alcohol-containing media. Each 10 ml. sample of control 



medium was mixed with ?0 ml. of distilled water and a 

titration curve of the pH (ordinate) versus the volume of 

.titrant added (abscisse) was plotted over the range from 

the pH of the original solution to the pH of the titrant, 

in order to determine the equivalence point, the point of 

inflection on the curve. The pH at· the equivalence point 

represented the pH to which inoculated samples of the same 

type of medium would be titrated on appropriate days, and 

the quanti ty of titrant requ ired to obtai n the equivalence 

point of the sterile medium represented the amount of acid 

in the control nask. 

c. Preparation of Inocula 
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The inocula were prepared by growing each Acetobacter 

organism on a single straight streak on culture medium for 

two days and washing the organism as described on page 51. 

Each appropriate test flask and control was inoculated with 

1 ml. of the final suspension of an organism. Changes in 

procedure will be indicated. A sterile slope of culture 

medium was inoculated with one loopful of the final suspen­

sion of each organism to test the viability of the organism. 



d. Determination of the Amount 
of Ac et ic A cid 

The amount of acetic acid was calculated from the 

amount of 0.1 normal sodium hydroxide required to 

neutralize 10 ml. of the fermenting medium as described 

on page 52. 

2. Organisms Applied 

112 

The effect of varying physical and chemical factors 

on acetic acid production was studied with the follow­

ing organisms of the previous section (page 49)! 

Acetobacter suboxydans 

Acetobacter acetosum 

Acetobacter ascendens 

.Acetobacter pasteurianum 

Acetobacter turbidans 

Acetobacter kÜtzingianum 

Acetobacter ace ti 1 

Acetobacter ace ti 2 

Acetobacter ranc ens 

Acetobacter gluconicum 

Acetobacter melanogenum 1 

Acetobacter oxydans 1 

Acetobacter oxydans 2 
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3. Preparation of Media 

a. Source of Nutrients 

For the experimental work the substances listed were 

used. A substance from a different industriel laboratory 

sometimes had to be substituted during experimenta. Changes 

will be noted in the appropriate experiments. 

Complex substances 

Bacto-Yeast Extract 

Yeast Extract (powder) 

Amino acids 

Bacto-Vitamin Free 
Casamino Acids 

l(f) Cysteine hydro­
chloride 

DL Norleucine 

1-Tryptophane 

Purine bases ------
Adenine sulphate 

Guanine hydrochloride 

xanthine 

Pyrimidine base 

Uracil 

Source 

Difco Laboratories Incorporated, 
Detroit 1, Michigan 

NUtritional Biochemicals Corpora­
tion, Cleveland, Ohio 

Difco Laboratories Incorporated 

a Merck and Co. Inc., Rahway, N.J. 
b Eastman Kodak Company, Rochester,N.Y. 

Nutritional Biochemicals Corporation 

a Difco Laboratories Incorporated 
b Nutritional Biochemicals Corporation 

Nutritional Biochemicals Corporation 

Nutritional Biochemicals Corporation 

Nutritional Biochemicals Corporation 

Nutritional Biochemicals Corporation 



Vitamins 

p-Aminobenzoic acid 

B - 12 

Crystalline biotin 

Folie acid (cry­
stalline) 

i- Inositol 

Nicotinic acid 

Calcium pantothenate 
(dextrorotatory) 

Pyridoxine hydro­
chloride 

Riboflavin 

Thiamine hydro­
chloride 

Carbon 

Dextrose (d-glucose) 

Ethyl alcohol 
( 95 per cent) 

Inorganic salts 

Ferrous sulphate 
heptahydrate 

Magnesium sulphate 
heptahydrate 

N~nganese sulphate 
tetrahydrate 

Potassium dihydrogen 
phosphate 

Potassium hydrogen 
phosphate 

Sodium chloride 
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The British Drug Bouses Ltd., London 

Nutritional Biochemicals Corporation 

Nutritional Biochemicals Corporation 

Nutritional Biochemicals Corporation 

Eastman Kodak Company 

Nutritional Biochemicals Corporation 

Eastman Kodak Company 

Nutritional Biochemicals Corporation 

Eastman Kodak Company 

Merck and Co. Inc. 

Fisher Scientific Company, U.S.A. 

Canadien Industriel Alcohols and 
Chemicals Limited, Montreal 

The British Drug Houses Ltd. 

Fisher Scientific Company 

The British Drug Houses Ltd. 

Fisher Scientific Company 

Fisher Scientific Company 

Fisher Scientific Company 



Miscellaneous aubstances 

Acetic acid (99.5 
per cent glacial) 

Nichols Chemical Company 
Limit ed, Mont real 
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Bacto-Agar 

Hydrochloric acid, 
c. p. ( 35 t 0 37 
per cent) 

Difco Laboratories Incorporated 

Hydrochloric acid 
(normal) 

Sodium hydroxide 
(normal) 

General Chemical Company, 
New York, U.S.A. 

Anachemia Chemicals Limited, 
Montreal 

Anachemia Chemicals Limited 

b. Culture Medium 

Cultures were maintained in test tubes on 5 ml. quantity 

slopes of yeast extract glucose agar containing 2 per cent 

calcium carbonate. The medium was prepared as described on 

page 43. Subcultures were made at monthly intervals, incubated 

at room temperature for two days and stored in a refrigerator. 

Before preparing the inocula each organism was grown on 

the described medium. 

c. Media for Studying Physical Factors 

A basic yeast extract medium was used and was sometimes 

adapted, as will be indicated, to suit the study of the 

effect of particular physical factors on acetic acid produc­

tion by Acetobacter. 

The basic medium was made by dissolving yeast extract 

(Difco) with tap water in the proportion 1 gm. :: 97 ml., and 



steaming the mixture for fifteen minutes. The solution was 

adjusted to pH 6.0 with normal hydrochloric acid, and was 

distributed in 97 ml. quantities in 250 ml. Erlenmeyer 

flasks in preparation of "test and control flasks" and in 

larger amounts in larger flasks in preparation of replace­

ment media. All flasks of media were autoclaved for fifteen 

minutes at 15 lb. pressure. To complete the preparation of 

"test flasks" and corresponding replacement flasks suffie ie nt 

ethyl alcohol was added in order that the latter-named sub­

stance should occupy 3 per cent of the final volume. 

d. ~edia for Studying Chemical Factors 

Gene ralizati on 
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An attempt was made to obtain acetic acid through fermenta­

tion in various synthetic media by Acetobacter species. The 

basic synthetic medium consisted of groups of inorganic salts, 

amino acids and ethyl alcohol. Groups of vitamins and 

pyrimidine and purine bases were added for particular experi­

menta. 

Substances and Quantities Used 

The synthetic media used in the previous section were 

not conducive to acetic acid production. Since very little 

former work on chemical factors affecting acetic acid 
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production could be used as a guide, work on substances arrect­

ing the growth of Acetobacter was studied. .After consi dering 

the substances used, their concentration and their effect on 

.Acetobacter growth (pages 12, 13, 14 and 15), a synthetic 

medium was prepared using the chemicals round necessary or of 

interest, in concentrations most common1y and successfu11y 

used by previous investigators. In instances where diverse 

concentrations were used by different authors, a moderate con­

centration was used. The concentration of Bacto-Vitamin Free 

Casamino Acids was the same as the concentration of yeast 

extract used in the physical factor studies. The fo11owing 

concentrations of compounds per 100 ml. medium were used: 

Inorganic sal ts 

Ferrous su1phate heptahydrate 

Magnesium sulphate heptahydrate 

Manganese su1phate tetrahydrate 

Potassium hydrogen phosphate 

Potassium dihydrogen phosphate 

Sodium ch1oride 

Amino acids 

Bacto-Vitamin Free Casamino Acids 

l(f) Cysteine hydroch1oride 

DL Norleucine 

1- Tryptophane 

Vitamins 

p-Aminobenzoic acid 

B - 12 

0.001 gm. 

0.020 gm. 

0.001 gm. 

0.050 gm. 

0.050 gm. 

0.001 gm. 

1.0 gm.. 

25.0 mg. 

50.0 mg. 

25.0 mg. 

20 .o JUg· 

0.1 fg· 



Vitamins continued 

Biot in 

Folie acid 

1 - Inositol 

Nicotinic acid 

Calcium d-pantothenate 

Pyridoxine hydrochloride 

Riboflavin 

Thiamine hydrochloride 

Pyrimidine base 

Uracil 

Purine bases 

Adenine sulphate 

Guanine hydrochloride 

xanthine 

Solutions 

0. 5 pg. 

10.0 p.g. 

2.5 mg. 

100.0 }lg. 

100.0 pg. 

50.0 pg. 

12.0 p.g. 

100.0 p.g. 

2.0 mg. 

2.0 mg. 

2.0 mg. 

1.2 mg. 
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Amine acids were added directly to the medium being made. 

Solutions of groups of salts were made to facilitate their 

use, and solutions of individuel vitamins and pyrimidine and 

purine bases to measure accurately small quantities and in 

some instances to dissolve them. Most substances that are 

soluble in amounts used, as stated by the "Handbook of 

Chemistry and Physics" (13), were dissolved in distilled 

water. Vitamin solutions contained in ampoules were diluted 
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with distilled water according to the instructions. Other 

substances were dissolved according to indicated established 

procedures. Folie acid was diluted with distilled water 

because a method of solution at the required concentration 

was unobtainable. The quantity of solution required to 

make 1000 ml. medium is given for all solutions as any 

medium was usually prepared in 1000 ml. quantities or more. 

Solutions were stored in a refrigerator and renewed at 

monthly intervals. 

Inorganic salts 

Solution A:- Snell and Strong (39) 

Twenty-five grams of potassium hydrogen phosphate and 

25.0 gm. of potassium dihydrogen phosphate are dissolved in 

250 ml. of distilled water. 

5 ml. solution contains 0.5 gm. potassium hydrogen 

phosphate f 0.5 gm. potassium dihydrogen 

phosphate 

Solution B:- Snell and Strong (39) 

One-half gram of ferrous sulphate heptahydrate, 10.0 gm. 

of magnesium sulphate heptahydrate, 0.5 gm. of manganese 

sulphate tetrahydrate and 0.5 gm. of sodium chloride are 

dissolved in 250 ml. of distilled water. 

5 ml. solution contains 0.01 gm. ferrous sulphate 

heptahydrate f 0.20 gm. magnesium sulphate 

heptahydrate f 0.01 gm. manganese sulphate 

tetrahydrate f 0.01 gm. sodium chloride 
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Vitamins 

p-Aminobenzoic acid:- Barton-Wright (4) 

Four milligrams of p-aminobenzoic acid is dissolved in 

lOO ml. of distilled water containing 1 ml. of glacial acetic acid. 

5 ml. solution contains 200.0 pg. 

B- 12: - The 1 ml. liquid content of an ampoule con­

taining 15.0 ~g. is diluted with 74 ml. of distilled water. 

5 ml. solution contains 1.0 ~g. 

Biotin:- The 1 ml. liquid content of an ampoule con­

taining 25.0 ~g. is diluted with 24 ml. of distilled water. 

5 ml. solution contains 5.0 pg. 

Folie acid:- Two milligrams of folie acid was dis­

solved in 100 ml. of distilled water. 

5 ml. solution contains 100.0 ~g. 

i-Inositol:- Five hundred milligrams of i-inositol is 

dissolved in 100 ml. of distilled water. 

5 ml. solution contains 25.0 mg. 

Nicotinic acid:- Barton-Wright (4) 

Twenty milligrams of nicotinic acid is dissolved in 100 

ml. of distilled water. 

5 ml. solution contains 1000.0 pg. 

Calcium d-pantothenate:- Barton-Wright (4) 

Twenty milligrams of calcium d-pantothenate is dissolved 

in lOO ml. of distilled water. 

5 ml. solution contains 1000.0 pg. 



Pyridoxine hydroohloride:- Ten milligrams of 

pyridoxine hydroohloride is dissolved in 100 ml. of dis­

tilled water. 

5 ml. solution oontains 500.0 pg. 

Riboflavin:- Berton-Wright (4) 

Six milligrams of riboflavin is mixed with a little 

distilled water and 0.25 ml. of glacial aoetio acid is 

added. The solution is diluted wi th distilled water to 

oocupy 250 ml. 

5 ml. solution oontains 120.0 ~g. 
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Thiamine hydroohloride:- Twenty milligrams of thiamine 

hydroohloride is dissolved in lOO ml. of distilled water. 

5 ml. solution contains 1000.0 pg. 

Pyrimidine base 

Uracil:- Gyërgy (11) 

One hundred milligrams of uracil is dissolved with the aid 

of heat in 5 ml. of 20 per cent hydroohloric aoid. The solu­

tion is diluted with distilled water to occupy 50 ml. 

10 ml. solution contains 20.0 mg. 

Purine bases 

Adenine sulphate:- Gyorgy (11) 

One hundred milligrams of adenine sulphate is dissolved 

with the aid of heat in 5 ml. of 20 per cent hydrochloric 

acid. The solution is diluted with distilled water to occupy 

50 ml. 

10 ml. solution contains 20.0 mg. 



Guanine hydrochloride:- Gyërgy (11) 

One hundred milligrams of guanine hydrochloride is 

dissolved with the aid of heat in 5 ml. of 20 per cent 

hydrochloric acid. The solution is diluted with distilled 

water to occupy 50 ml. 

10 ml. solution contains 20.0 mg. 

xanthine:- Two hundred and forty milligrams of 

xanthine is dissolved in 100 ml. of distilled water with 

the aid of heat. 

5 ml. solution contains 12.0 mg. 

Media 
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The basic medium to study the chemical factors affecting 

a cet i c a cid pro du cti on from ethyl al co hol wa s prepared in the 

same manner as the medium to study the physical factors. 

Measured quantities of inorganic salta and amino acids replac­

ed yeast extract. Vitamins and pyrimidine and purine bases 

were added to determine whether they would enhance acetic 

acid production. 

A definite procedure was followed in adding substances 

so that the required wei ght of compounds was contained in the 

final medium. The number of milliliters of solutions con­

taining appropriate weights of inorganic salta, inorganic 

salts and vitamins, or inorganic salts - vitamins and pyrimi­

dine and purine bases were added to appropriate measured 
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quantities of amino acids. The total mixture was diluted 

with sufficient distilled water so that after the addition 

of ethyl alcohol the concentrations of the individuel sub-

stances were correct. 

4. Adaptation of the Media and Procedure to 
Suit the Study of the Effect of Varying 
Individuel Factors on Acetic Acid 

Production 

The relation of variations of the following physical 

factors to acetic acid production was studied: 

The incubation temperature of the inoculated media. 

The surface area of the inoculated media. 

The sampling-time intervals of the fermenting media. 

The initial ethyl alcohol content of the media. 

The initial pH of the media. 

The size of inocula in the media. 

Mixed inocula in the media. 

The relation of the following synthetic media to acetic 

acid production was studied: 

Medium I:- Inorganic salts f ami no acids 

Medium II:- Inorganic salts f ami no acids f vitamins 

Medium III:- Inorganic salts f ami no ac ids f vitamins 

f pyrimidine and purine bases & 

Physical and chemical conditions under which variations 

of the first physical factor studied were performed, were 

& - For individuel substances see pages 117-118. 
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influenced by the work done in the previous section, and by 

the literature on acetic acid fermentation and growth of 

Acetobacter. All conditions were constant in the group of 

experiments except the factor being studied. The factor 

was varied within probable limits of obtaining acetic acid 

during fermentation. As was stated previously each organism 

was tested with every variation of the factor. The variation 

of the factor giving .a maximum yield of acetic acid for 

individual organisms was integrated into succeeding groups 

of experimenta as a fixed variation of the factor. All sub­

sequent variations of factors giving a maximum yield of 

acetic acid by each organism were treated similarly. In 

some instances the variation of the factor giving an optimum 

yield of acetic acid seemed more important. It was therefore 

used. Sometimes, due to the results obtained, one variation 

of the factor was used for all organisms in all succeeding 

tests. All deviations will be clearly indicated. With the 

des cri bed procedure i t was hoped that the final group of 

experiments on fermentation, the variation in chemical factors, 

would be performed under the best physical conditions for 

each organism. 

Lists of fixed and changing variations of physical and 

chemical factors used during a given group of experiments 

are included wi th the discussion of the adapta ti on of the 

media and procedure to suit the study of the effect of in­

dividuel factors on acetic acid production. When the maximum 



or optimum yield of acetic acid per group of organisms ia 

indicated, the variation used during the experiments is 

included in the list. When the variation giving the 

maximum yield per organism is indicated, the variation 

used may be obtained by referring to the stated Appendix 
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Tables. Pertinent facts, related to the methods used, are 

explained. Lists are arranged relevant to the order of 

the study of the factors, and are more fully explained in 

the part on incubation temperature. 

In any group of experiments after the first, the results 

of one variation of the factor studied were represented in 

the previous group, namely the variation which gave a maximum 

or optimum amount of acid by each organism with the fixed 

variation of the factor that was later studied. 

a. The Effect of Varying Physical Factors 
on Acid Production 

i. The Incubation Temperature of the Inoculated Media 

The fixed and changing variations of physical and 

chemical factors used during fermentation in the group of 

experiments were as follows: 

Initial yeast extract content 
(Difco) 

VARIABLE - Incubation temper­
ature 

Surface area 

Sampling-time inte r vals 

1 per cent 

43.9 sq. cm. (250 flask) 

3, 5, 8-day 



Number of flasks per 
organism type 

Initial ethyl alcohol content 

Initial pH 

Size of inoculum 

Inoculum 

2 test, 1 control 

3 per cent 

6.0 

1 ml. from 1 slope 
suspension 
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single type of organism 

The medium was prepared as described on pages 115-116. 

One per cent yeast extract adjusted to pH 6.0 was distributed 

in 9? ml. quantities in 250 ml. Erlenmeyer flasks. Three 

per cent of ethyl alcohol was added in preparation of test 

flasks. Two test and one control flask were prepa red for 

inoculation wi th each type of bacterium for every variation 

of the factor being studied, temperature. The inoculum con-

sisted of 1 ml. of a suspension of an organism per flask, 

prepared as described on page 111. Samp1es were removed 

at three, five and eight-day interva1s and tested for acid 

content. 

The incubation temperatures of the fer.menting media 

were 12-24o, 250, 3oo and 35° c. Facilities for control1ing 

accurate1y the lower temperature were not availab1e. 

ii. The Surface Area of the Inoculated Media 

The fi:x:ed and changing variations of physical and 

chemical factors used during fermentation in the group of 

experiments were as follows: 



Initial yeast extract content 
( Difco) 

Incubation temperature 

VARIABLE - Surface area 

Sampling-time intervals 

Number of flasks per 
organ i sm type 

Initial ethyl alcohol content 

Initial pH 

Size of inoculum 

Inoculum 

1 per cent 

maximum per organism 
(Appendix Table VII) 
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43.9 sq.cm.,250 flask 
7ô.ô sq.cm.,500 flask 

3, 5, 8-day 

2 test, 1 control 

3 per cent 

ô.O 

1 ml. from 1 slope 
suspension 

single type of organism 

Fermenting media were contained fn 250 ml. and 500 ml. 

Erlenmeyer flasks to vary the surface area. The surface areà 

at the meniscus of the media in 250 ml. flasks was approximately 

43.9 sq. cm., and the surface area in 500 ml. flasks was 

approximately 7ô.ô sq. cm. Individuel inoculated media were 

incubated at maximum acetic acid-producing temperatures for 

each organism. 

iii. The Sampling-Time Intervals of the Fermenting Media 

The fixed and changing variations of physical and chemical 

factors used during fermentation in the group of experiments 

were as follows: 



Initial yeast extract content 
( Difco) 

Incubation temperature 

Surface area 

VARIABLE - Sampling-time 
intervals 

Number of flasks per 
organism type 

Initial ethyl alcohol content 

Initial pH 

Size of inoculum 

Inoculum 

1 per cent 

maximum per organism 
(Appendix Table VII) 

optimum per group 
43.9 sq.cm. ,250 flask 

3, 5, 8-day 
2, 4, 6, 8, 10-day 

2 test, 1 control 
3 test, 1 control 

3 per cent 

6.0 

1 ml. from 1 slope 
suspension 
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single type of organism 

Fermentation samples were re:r1oved at three, five and eight­

day and at two, four, six, eight: and ten-day intervals to 

test their acidity. Media were flaced in 250 ml. Erlenmeyer 

flasks since any extra amount of air obtained by the organisms 

did not prove beneficia! in studying acid production. A satisfactory 

maximum average amount of acid was always formed in 250 ml. 

flasks, but was sometimes formed at a slower rate during the 

beginning of the fermenting period. The s.maller flasks also 

regQired less space. In setting up the experiment for taking 

two, four, six, eight and ten-day samples three test and one 

control flasks were prepared, because identical flasks or 

inoculated media often produced great ly differing quantities 

of acetic acid. 



iv. The Initial Ethyl Alcohol Content of the Media 

The fixed and changing variations of physical and 

chemical factors used during fermentation in the group of 

experimenta were as follows: 

Initial yeast extract content 
( Difco) 

Incubation temperature 

Surface area 

Sampling-time intervals 

Number of flasks per 
organism type 

VARIABLE - Initial ethyl 
alcohol content 

Initial pH 

Size of inoculum 

1 per cent 

maximum per organism 
(Appendix Table X) 

optimum per group 
43.9 sq.cm. ,250 flask 

optimum per group 
2, 4, 6, 8, 10-day 

3 test, 1 control 

3, 6 and 9 per cent 

6.0 

1 ml. from 1 slope 
suspension 
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Inoculum single type of organism 

A study of the effect of 3, 6, 9 and 12 percent ethyl 

alcohol in the initial fermenting medium was intended. However, 

since very little acid was produced in inoculated 9 per cent 

nutrient media, no further work was done. In order to obtain 

the required final concentration of ethyl alcohol in the nutrient 

media the yeast extract, water and ethyl aloohol were combined 

in the following proportions: 

1 gm.: 94 ml.: 6 ml. in the 6 per cent alcohol 
containing media 

1 gm.: 91 ml.: 9 ml. in the 9 per cent alcohol 
containing media 
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Readings were taken at two, four, six, eight and ten-

day intervals. A more accurate determination of the high-

est amount of acid produced was determined, since sampling-

time intervals were not spaced too widely apart. 

v. The Initial pH of the Media 

The :f'ixed and changing varia ti ons of physi cal and chemical 

factors used during fermentation in the group of experizœnts 

were as follows: 

Initial yeast extra ct content 
( Difco) 

Incubation temperature 

Surface area 

Sampling-time intervals 

Number of flasks per 
organism type 

Initial ethyl alcohol content 

VARIABLE - Initial pH 

Size of inoculum 

Inoculum 

1 per cent 

maximum per organism 
(Appendix Table XV) 

optimum per group 
43.9 sq.cm.,250 flask 

optimum per group 
2, 4, 6, 8, 10-day 

3 test, 1 control 

maximum per organism 
(Appendix Table XV) 

4.0, 4.5, 5.0, 5.5, 
6.0, 6.5, 7.0 

1 ml. from 1 slope 
suspension 

single type of organism 

When preparing the media the pH was adjusted to 4.0, 4.5, 

5.0, 5.5, 6.0, 6.5 and ?.0 for successive tests. pH adjust-

ments were made with normal hydrochloric acid or sodium 

hydroxide. Media containing ma xi mum acid-produci ng quantities 
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of ethyl alcohol were prepared for each organism. 

vi. The Size of Inoru.la in the Media 

The fixed and changing variations of physical and chemical 

factors used during fermentation in the group of experimenta 

were as follows: 

Initial yeast extract content 
(Difco, Nutritional Bio­
chemicals Corporation) 

Incubation temperature 

Surface area 

Sampling-time intervals 

Number of flasks per 
organism type 

Initial ethyl alcohol content 

Initial pH 

VARIABLE - Si ze of inoc ulum 

Inoculum 

1 per cent 

maximum per organism 
(Appendix Table XXIII) 

optimum per group 
43.9 sq.cm.,250 flask 

optimum per group 
2, 4, 6, s, 10-day 

3 test, 1 control 

maximum per organism 
(Appendix Table XXIII) 

maximum per organism 
(Appendix Table XXIII) 

1 ml. from 1, 3 and 5 
slope suspensions 

single type of organism 

Standard, three times and five times standard sized inocula 

were used. To prepare an inoculum three times the standard size 

three inoculated slopes, instead of one, were washed and the 

organisms were suspended in the same amount of water. The 

organisms were wa shed as described on page 111, and each 

appropriate test flask and control was inoculated with 1 ml. of 

the final suspension. An inoculum five times the standard size 
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was prepared in the same manner with five slopes. When testing 

the effect of three and five-slope inocula on acetic acid 

production, yeast extract from the Nutritional Biochemicals 

Corporation was substituted for that from Difco Laboratories in 

the slope and fermentation media. Media adjusted to maximum 

acid-producing pH' s 5.0, 5.5 or 6.0 were used for nine types 

of inocula; media adjusted to second best acid-producing pH's 

5.0, 5.5 or 6.0 were used for the remaining four types of 

inocula, since maximum and second best yields of acid were 

practically the same. 

vii. Mixed Inocula in the Media 

The fixed and changing varia ti ons of physical and chemical 

factors used during fermentation in the first type of expert­

ment were as follows: 

Initial yeast extract content 
(Difco, Nutritional Bio­
chemicals Corporation) 

Incubation temperature 

Surface area 

Sampling-time intervals 

Number of flasks per 
organism type 

Initial ethyl alcohol content 

Initial pH 

1 per cent 

maximum per organism 
(Appendix Table XXVII) 

optimum per group 
43.9 sq.cm.,250 flask 

optimum per group 
2, 4, 6, 8, 10-day 

3 test, 1 control 

maximum per organism 
(Appendix Table XXVII) 

maximum per organism 
(Appendix Table XXVII) 



Size of inoculum 

VARIABLE - Inoculum 

1 ml. from 2 slope suspen­
sion (i.e., 2 organisms) 

mixed - each organism type 
alone, each organism type r A. Aceti 1 

Each organism was tested alone and wi th an equa1 amount 

of Acetobacter aceti 1, an organism that produced a good 

quantity of acid in mediwn containing 3 per cent ethy1 

a1cohol but not 6 per cent, to determine the effect the 

mixtures had on acetic acid production. A one slope culture 

of ~n individuel organism plus a one slope culture of 

Acetobacter aceti 1 was washed, and the organisms were sus­

pended in the amount of water used for al1 other tests. The 

mixture of organisms was washed as described on page 111, 

and 1 ml. of the final suspension was inoculated into .each 

appropriate test flask and control. To test single slopes 

1 ml. of one slope suspensions was used. 

The fixed and changing variations of physical and 

chemical factors used during ferment at ion in the second type 

of experiment were as follows: 

Initial yeast extract content 
(Nutritional Biochemica1s 
Corporation) 

Incubation temperature 

Surface area 

Sampling-time intervals 

Number of flasks per 
organi sm type 

Initial ethy1 a1coho1 content 

1 per cent 

43.9 sq.cm.,250 flask 

optimum per group 
2, 4, 6, 8, 10-day 

3 test, 1 control 

6 per centQ 

ç - These conditions proved most favourab1e for acetic acid 
production wi th most organisme . 
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Initial pH 

Si ze of inorulum 

VARIABLE - Inoculum 

1 ml. from suspension 
of all organisms. 

mixed - all organisms 

Inocula in indi vidual flasks were represen ted by each 

type of organism. Appropriate water suspensions of each 

type of organism were made. One milliliter of each suspen­

sion was placed in a test tube and the mixture was washed 

as described on page 111. When the final supernatent wash 
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was poured off, the organisms were suspended in 13 ml. water. 

Appropriate test and control flasks were inoculated with 1 ml. 

of the final suspension. The final inoculum, therefore, con­

sisted of the proper quantity of inoculum, that was represented 

by one-thirteenth of each of the thirteen components. The 

rate of acid production was compared with the rate using 

individuel inocula. 

b. The Effect of Varying Chemical Factors 
on Acid Production 

The fixed and changing variations of physical and chemical 

factors used during fermentation in the group of experimenta 

were as follows: 

VARIABLE- Initial media 

Incubation temperature 

Surface area 

Media I, II, III 

maximum per organism 
(Appendix Table XXXI) 

optimum per group 
43.9 sq.cm.,250 flask 



Sampling-time intervals 

Number of flasks per 
organism type 

Initial ethyl alcohol 
content 

Initial pH 

Size of inoculum 

Inoculum 

optimum per group 
2, 4, 6, 8, 10-day 

3 test, 1 control 

maximum per organism 
(Àppendix Table XXXI) 

maximum per organism 
(Appendix Table XXXI) 

1 ml. from 1 slope 
suspension 

single type of organism 
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Medium I consisted of inorganic salts and amino acids. 

Medium II conSisted of inorganic salts, amino acids and 

vitamins. Medium III consisted of inorganic sal ts, amino 

acids, vitamins and pyrimidine and purine bases. The media 

were made as described on pages 116-123. In making Medium 

III l(f) cysteine hydrochloride from Eastman Kodak Ltd. was 

us~d in place of that from Merck and Co., and 1-trytophane 

from Nutritional Biochemicals Corporation in place of that 

from Difco Laboratories (see pages 113-115l. Subcultures were 

made during Experiment 3 with yeast extract from the Difco 

Laboratories. Media containing 1 ml. from one-slope washed 

suspensions were used. In terms of maximum acid production 

a11 organisms fermented alcohol satisfactorily when standard 

sized inocula were used. Samples from the fermenting Medium 

III were titrated with the aid of the Fisher Titrimeter. 



F. RESULTS 

The results of all experimente are contained in Appendix 

Tables I to XXXIV (pp.244-278). The tables include the 

averages of the sample ti trations of each type of inoculated 

"test flask"; the ti trati on of sam.ples from each inoculated 

"çontrol flask"; and the average amount of a cet ic a cid 

calculated from the average titration readings. The figures 

plotted to study the rate of acid production, on the follow­

ing pages, were made from the tables. After determining the 

effect of the varia ti on of each factor, a table was made wi th 

the ma:xi.mum average production of acetic acid for each varia-

tion and organism. 

During fermentation e:x:perirœnts, Acetobacter subox:ydans, 

Acetobacter pasteurianum, and Acetobacter turbidans did not 

produce more than 0.15 gm. of acetic acid .rer 100 ml. of 

media. Therefore, they will not be discussed further. 

1. Spasmodic Production of Acetic Acid 
by Acetobacter Spe cies 

After all expe rirnen ts were comple ted, i t was ob served 

that great differences in acetic acid production sometimes 

existed in fermenting media under identical conditions, and 

that organisms varied in thei r a bi li ty to produc e similar 

amounts of acetic acid. The observations were made from 

twelve tests with all organisms; the tests were the effect 

of ethyl alcohol concentration, pH, and the size of the 

inoculum. These tests were selected because three, instead 

of two, identical fermenting media were set up in a known 
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nutritious medium, and individuel inocula were used. The 

titration readings of the three samples from identical ferment-

ing flasks were arranged in order of magnitude. When the differ-

ences between the smallest and the second or the second and 

the third were not wi thin the arbitrary limi ts of 0 to 8.99 

ml. their incidence was recorded (Appendix Table I, pp.244-

245). The method seemed practical because organisms so­

arranged within 6.0 to 8.99 and 3.0 to 5.99 ml. limits never 

produced a titration difference between the smallest and the 

largest of over 9.0 ml.; organisms within 3.0 to 5.99 ml. 

limi ts sel dom produced a ti tration difference between the 
• 

smallest and the largest of over 6.0 ml • 

.Acetobacter gluconicum and .Acetobacter me lanogenum 1 we re 

so spasmodic in acetic acid production that a good yield was 

only produced in one instance; during these tests titration 

differences between fer.menting samples were as great as 34.5 

and 21.0 ml. respectively. 

Acetobacter rancens produced sufficient acetic acid during 

tests, but great titra ti on differences. The titrati on differ­

ence between fermenting samples in one expe riment during one­

day readings was . 41.5 ml., and in seven other experimenta 

differences were 9.0 to 26.8 ml. Acetobacter oxydans 2 during 

one test produced a titra ti on di ffe ren ce of 21.9 ml. and du ring 

three other experirœnts differences of 9.0 to 13.9 ml. 

Acetobacter kUtzingianum produced titration differences of 9.0 

to 10.9 ml. during four experimenta. Acetobacter oxydans 1 and 

Acetobacter acetosum produced titration differences of 9.0 to 
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11.99 ml. only on one occasion. 

Next, taking the arbitrary limits of 6.0 to 8.99 ml. 

ti trati on· differences of this magnitude were observed for 

Acetobacter oxydans 1, Acetobacter acetosum and the remai n­

ing organisms. 
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Organi sms, that had one or no titra ti on difference wi thin 

the 6.0 to 8.99 ml. limit, were tested in the 3.0 to 5.99 

limit. After testing the latter limit all organisms were 

represented. 

In most instances the titration differences were observ­

ed in the six, eight and ten-day samples. They were sorne­

times observed in the four-day samples. 

In Table XXX the number of instances of titration differ­

ences Within the given limita are indicated. Organisms are 

then classified in order of thei r spasmodic behaviour in pro­

ducing aceti c a cid. Acetobacter gluconicum and Acetobacter 

melanogenum 1 are not included because they only produced a 

good acid yield on one occasion. 

2. Arbitrary Point of Significance in Tests 

The average ti tration representa the closest to the most 

probable answer if the tests were pe rformed unde r the same 

conditions and the average taken again. Averages could differ, 

however, in amounts dependent on the organism being studied. 

An arbi trary amount of 6 ml. of maximum average ti tration 

difference for acetic acid determination wi th two va riations 

of the same factor using the same organism is considered 



Organism 

A. rancens 

A. oxydans 2 

A. kÜtzinsianum 

A. OXldans 1 

A. acetosum 

A. ascendens 

A. aceti 1 

A. aceti 2 

TABLE XXX 

THE POSSIBILITY AND AMOUNT OF TITRATION DIFFERENCES 
IN SIMILAR FERMENTING FLASKS DURING TWELVE TESTS 

Instances of titration differ-
ence between samp1es of simi1ar 
fer.menting media, ml 

24- 21- 15- 12- 9- ô-
42 26.99 23.99 17.99 14.99 11.99 8.99 

1 3 1 2 1 

1 2 1 

4 

1 3 

1 2 

1 

3-
5.99 

3 

3 

5 

Degree of spasmodic 
a cid production 
possible within test 

ffff 

f.f.t 
.;.;. 

t 

t 
0 

0 

0 

t-' 
(,1 
te> 



significant. A 6 ml. titration represente 0.36 or 0.4 gm. 

of acetic acid per 100 ml. medium. It must be remembered 

that the more erratic the organism is in acid production, 
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the less significant is the difference. Where more than two 

variations were studied the variation producing the highest 

ma:ximum average yield is considered along with all other 

variations prodlcing maximum yields that did not differ by 

as much as 0.4 gm. of a cet ic a cid wi th the same organism. 

The variations producing laver yields are considered in the 

next category. The same difference is used as much as 

possible in the interpretation of the figures; figures are 

only plotted to the nearest 0.1 gm. of acetic acid. The 

only average differences that would be plotted erroneously 

as 0.4 gm. are 0. 35 to~ 0 .44. Changes le ss than 0.4 gm. in 

acid production are considered in daily average acetic acid 

yields on the same test for the same organism especially when 

certain characteristics in production appear to be dependent 

on the organism. 

A; maximt.tm a.ve~aga production of 0.2 gm. of acetic acid 

per 100 ml. of media by any organism is arbi trarily consi der­

. ed signif icant. 

In the discussion of the results of the effect of varia­

tions of factors on acetic aeid production, the rate of acetic 

a cid production and the ma:ximum amount produ ced by one organism 

are not compared with those by any otrer organism. Each organ­

ism is discussed alone. Only the rate of acetic a .ci d produc­

tion and tœ maximum amount produced by an organism,with one 

variation of a factor, afè, compared with those by the same 
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organism with another variation of the factor. Organisms are 

only discussed togetœr when variations of factors give the 

same trend in acetic acid production. 

3. The Effect of Varying Physical Factors on the 
Rate and Amount of Acetic Acid Pzoduced 

i. The Incubation Temperature of the Inoculated Media 

The re sul ts of the e:x:perimen ts are reco rded in l!'igures 

2 to 9 (pp.l42-149), and Appendix Tables II to VI (pp.246-250). 

During fermentation experiments Acetobacter g1uconicum 

and Acetobacter me1anogenum 1 produced insi gnifi cant amount s 

of aceti c a cid. In the result s of the effect of varia ti ons of 

temperature and otœr physical factors on acetic acid produc­

tion, Acetobacter gluconicum and Acetobacter me1anogenum 1 are 

discussed separately because they were very spasmodic in a cid 

production. 

All ether organian.s produced a 1ag in acetic acid produc­

tion, When fermenting f1asks were incubated at 12° to 24° C.; 

Acetobacter acetosum, Acetobacter kützingianum, Acetobacter 

aceti 1, Acetobacter oxydans 1 and Acetobacter oxydans 2 pro­

duced a 1ag when fermenting f1asks were incubated at 35° c. 
Acetobacter aceti 2, Acetobacter rancens, Acetobacter oxydans 1 

and Acetobacter oxydans 2 produced a maximum amount of acid in 

1ess than eight days at 250 and 300 c. and the average yie1d 

then decreased. Therefore, the time at which a maximum yie1d 

of acetic acid is obtained with these organisms can be regu1a­

ted by the incubation temperature of the fermenting media. 

In ter.ms of maximum acid production each organism oxidized 
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FIGURE 2 - THE EFFECT OF VARliNG THE INCUBATION T:HMPERATURE OF THE 
YEAST EXTRACT MEDIUM ON THE RATE OF ACEliC ACID PRODUCED BY 
ACETOBACTER ACETOSUM 

Curve 1 - Incubation tEmpe rature 12 - 240 C 
2 - Incubation tem:p3 rature 250 C 
3 - Incuba ti on t anpe rature 30° C 
4 - Incubation temperature 350 C 
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FIGURE 3 - THE EFFECT OF VARYING THE INCUB.ATI ON TEMPERATURE OF THE 
YEAST EXTRACT MEDrJM ON THE RATE OF ACEI'IC ACI D PROIDCED BY 
ACETOBACTER ASCENDENS 

Curve 1 - Incuba ti on tempe ra ture 12 - 24 ° C 
2- Incubation temperature 250 C 
3 - Incubation temperature 30° C 
4- Incubation temperature 350 C 
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FIGURE 4 - THE EFFECT OF VARYING THE INCUBATION TEMPERATURE OF THE 
YEAST EXTRACT MEDIUM ON THE RATE OF ACETIC ACID PROOOCED BY 
ACETOBACTER KÜTZINGIANuM 

Curve 1 - Incuba ti on taupe rature 12 - 240 c 
2- Incubation temperature 250 c 
3 - Incubation temperature 300 C 
4 - Incubation temperature 350 C 
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b'IGURE 5 - THE EEFECT OF VARYING '1RE INCUBAITON TEMPERATURE OF THE 
YEAST EXTRACT MEDIUM ON THE RATE OF ACEI'IC ACID PRODUCED BY 
ACETOBACTER ACETI 1 

Curve 1 - Incubation temperature 12 - 240 C 
2- Incubation temperature 25° C 
3 - Incuba ti on tempe rature 30° C 
4 - Incubation temperature 35° C 
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FIGURE 6 - THE EFFECT OF VARYING THE INCUBATION TEMPERATURE OF THE 
YEAST EXTRACT ~ŒDIUM ON THE RATE OF ACETIC ACID PRODUCED BY 
ACETOBACTER ACETI 2 

Curve 1 - Incubation temperature 12 - 24° C 
2 - Incubation temperature 250 C 
3 - In cu ba ti on ta:n.pe rature 30° C 
4 - Incubation temperature 35° C 
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FIGURE ? - THE EFFECT OF VARYING THE INCUBATION TEVIPERATURE OF THE 
YEAST EXTRACT MEDIUM ON THE RATE OF ACNriC ACID PROIDCED BY 
ACETOBACTER RANCENS 

Curve 1- Incubation temperature 12- 24° C 
2 - Incubation temperature 250 C 
3 - Incubation temperature 300 C 
4 - Incubation temperature 350 C 
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FIGURE 8 - THE EFFECT OF VARYING THE INCUBATION TEMPERATURE OF THE 
YEAST EXTRACT MEDIIT.M ON THE RATE OF ACETIC ACID PRODUCED BY 
ACETOBACTER OXYDANS 1 

Curve 1- Incubation temperature 12-240 C 
2- Incubation temperature 250 C 
3 - Incubation temperature 30o C 
4- Incubation temperature 35° C 
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FIGURE 9 - THE EFFECT OF VARYING THE INCUB.ATI ON TE-J PERATURE OF THE 
YEAST EXTRACT MEDIUM ON THE RATE OF .AC ET IC .ACID PRODUCED BY 
ACETOBACTER OXYDANS 2 

Curve 1- Incubation temperature 12- 24° C 
2 - Incubation temperature 250 C 
3 - Incuba ti on temperature 30° C 
4 - Incubation temperature 350 C 
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ethy1 alcohol satisfactarily at 25° C. Acetobacter o::x:ydans 2 

pro du ced in si gni fi cantl y different maximum amount s of acetic 

acid at 12° to 24°, 25°, 30° and 35° C.; Acetobacter aceti 2 

at 12° to 24o, 25° and 300 C.; Acetobacter rancens at 12° to 

24°, 25° and 35° c.; and Acetobacter acetosum, Acetobacter 

kützingianum, Acetobacter aceti 1 and Acetobacter oxydans 1 at 

250 and 30o c. Acetobacter ascendens produced a ma::x:i.mum amount 

of acid at 25° c. 

ii. The Surface Area of the Inoculated Media. 

The resu1t s of the experirœnts are recorded in Figures 10 

to 17 (pp.l51-158), and Appendix Tables VII to IX (pp.251-253). 

During fermentation experiœ nts Acetobacter gluconicum and 

Acetobacter me1anogenum 1 pro àl ced insi gnificant amount s of 

acetic acid. The latter did produce a maximum yield of 0.24 gm. 

of &cid per 100 ml. of medium, in ·500 ml. Erlenmeyer flasks. 

All ether organisms tended to produce a greater lag in 

acetic acid production when fermentations took place in 250 ml. 

Er1enmeyer f'lasks, the flasks in which the surface area of the 

exposed 1iquid was the 1esser. Acetobacter aceti 2 and 

Acetobacter oxydans 1 produced a maximum amount of acid in 1ess 

t.ban eight days, and the average yield the n decreased wi th both 

types of flask; Acetobacter a cet 1 2 procluced a maximum yi eld of 

acetic aci d in a short er interval of time wh en the surface area 

was the greater; Acetobacter acetosum, Acetobacter rancens,and 

Acetobacter oxydans 2 produced the same affect to a lesser 

extent usually in the flasks with the greater surface area. 
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FIGURE 10 - I. THE EFFECT OF VARYING THE SURF .ACE AREA OF THE 
INOCULATED YEAST UI'RACT. MEDIUM ON THE RATE OF ACEI'IC ACID 
PRODUCED. II. A COMPARISON OF EFFICIENCY IN STUDYING THE RATE 
OF ACID PRODUCTION BY USING DIFFERENT SAMPLING-TIME INTERVALS. 
ACETOBACTER ACETOSUM 

Curve 1 - Surface a rea 43.9 sq. cm., sampling-t ime 3,5,8 da ys 
( 250 ml. flask) 

2 - Surface a rea 7 6 • 6 s q • cm • , sampling-time 
( 500 ml. flask) 

3,5,8 da ys 

3 - Surface a rea 43.9 sq.cm., sampling-time 2,4,6,8,10 
( 250 ml. flask) da ys 
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FIGURE 11 - I. THE EFFECT OF VARYING THE SURFACE AREA OF THE 
INOCULATED YEAST En'RACT MEDIUM ON THE RATE OF ACEI'IC ACID 
PRODUCED. II. A COMPARISON OF EFFICIENCY IN STUDYING THE RATE 
OF ACID PRODUCTION BY USING DIFFEREJ:-Jr SAMPLING-TIME INTERVl!. LS. 
ACETOBACTER ASCENDENS 

Curve 1 - Surface a rea 43.9 sq. 
( 250 ml. 

cm., sampling-time 
flask) 

3,5,8 da ys 

2 - Surface a rea 76.6 sq. 
(500 ml. 

cm., sampling-t ime 
flask) 

3,5,8 da ys 

3 - Surface a rea 43.9 sq. cm., sampling-time 2,4,6,8,10 
( 250 ml. flask) da ys 
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FIGURE 12 - I. THE EFFECT OF VARYING THE SURFACE AREA OF 'lliE 
INOCULATED YEAST EXTRACT MEDIUM ON THE RATE OF ACETIC ACID , 
PRODUCED. II. A COMPARISON OF EFFICIENCY IN STUDYING THE RATE 
OF ACID PRODUCTION BY USING DIFFERENT SAMPLING-TIME INTERVALS. 
ACETOBACTER KÜTZINGIANUM 

Curve 1 - Surface a rea 43.9 sq.cm., sampling-time 3,5,8 da ys 
(250 ml. f1ask) 

2 - Surface a rea 76.6 sq.cm., sampling-time 3,5,8 da ys 
(500 ml. f1ask) 

3 - Surface a rea 43.9 sq.cm., sampling-time 2,4,6,8,10 
(250 ml. flask) da ys 
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FIGURE 13 - I. THE E.lf~'EC1r o~· VARYING THE SURF AC~ A!ŒA o~· ·rHE 
INOCULATED YEAST EJrrRACT MEDIUM ON THE RATE OF ACEriC ACID 
PROIDCED. II. A C01'1PARISON OF EFFICIEIDY I N STUDYING THE RATE 
OF ACID PROIUCTION BY USING DIFFERENT SAM PLING-TIME INTER VALS. 
ACETOBACTER ACETI 1 

· Curve 1 - Surface a rea 43.9 sq.cm., sampling-time 3,5,8 da ys 
( 250 ml. fla sk) 

2 - Surface a rea 76.6 sq.cm., sampling-time 
( 500 ml. fla sk) 

3,5,8 da ys 

3 - Surface are a 43.9 sq. cm., sampling-time 2,4,6,8,10 
(250 ml. flask) da ys 



155 

5.0 

3 
4.0 

·r-i 
'd 

~ 
• ,.., 

3.0 s 
0 
0 ,.., 
H 
Q) 
A 

'd 2.0 
-r-i 
C) 

«' 

C) 

·r-i 
~ 
Q) 
C) 

1.0 «' 

(/) 

s e 
ô 

0 2 4 6 12 

Time in days 

FIGURE 14 - I. THE EFFECT OF VARYING THE SURFACE AREA OF THE 
INOCULATED YEAST EXTR..c:\.CT MEDIUM ON TEE RATE OF ACEriC ACID 
PRODOOED. II. A COMPARISON OF EFFICIENCY IN STITDYING THE RATE 
OF ACID PRODUCTION BY USING DIFFERENT SAMPLING-TIME INI'ERVALS. 
ACEI'OBACTER ACE!'! 2 

Curve 1 - surface a rea 43.9 sq.cm., sampling-time 
( 250 ml. flask) 

3,5,8 da ys 

2 - Surface a rea 76.6 sq.cm., sampling-time 3,5,8 da ys 
(500 ml. flask) 

3 - Surface a rea 43.9 sq.cm., sampling-time 2,4,6,8,10 
( 250 ml. fla sk) da ys 
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FIGURE 15 - I. THE EFFECT OF VARYING THE SURFACE AREA OF THE 
INOCULATED YEAST EXTRACT MEDIUM ON THE RATE OF ACETIC ACID 
PRODUCED. II. A COMP.ARISON OF EFFICIENCY IN STUDYING THE RATE 
OF ACID PRODUCTION BY USING DIFFERENT SAMPLING-TIME INTERVALS. 
ACETOBACTER RANCENS 

Curve 1 - Surface a rea 43.9 sq.cm., sampling-time 3,5,8 da ys 
( 250 ml. flask) 

2 - Surface a rea ?6.6 sq.cm., sampling-time 3,5,8 days 
(500 ml. flask) 

3 - Surface a rea 43.9 sq.cm., sa!llpling-time 2,4,6,8.,10 
( 250 ml. flask) days 



15? 

5. 0 

4.0 

~ 
•.-f 
'C1 

~ . 3.0 ..--l 
1':1 

0 
0 
..--l 

H 

a 2 .0 
'0 
•.-f 
(.) 

co 
(.) 

..-4 

.p 
Q) 1 .0 (.) 

co 
fil 
l=l 
co 
H 
ô 

0 2 4 6 8 10 12 

Time in days 

FIGURE 16 - I. THE EFFECT OF VARYING THE SURFACE AREA OF THE 
INOCULATED YEAST EXTRACT MEDIUM ON THE RATE OF ACETIC ACID 
PRODUCED. II. A COMPARISON OF EFFICIENCY IN STUDYING 'ffiE RATE 
OF ACID PRODUCTION BY USING DIFFERENT SAMPLING-TIME INTERVALS. 
ACETOBACTER OXYD.ANS 1 

Curve 1 - Surface a rea 4 3 • 9 s q • cm. , sampling-time 3,5,8 days 
( 250 ml. fla sk) 

2 - Surface are a ?6. 6 sq. cm. , sampling-time 3,5,8 da ys 
( 500 ml. flask) 

3 - Surface a rea 43.9 sq.cm., sampling-time 2,4,6,8,10 
(250 ml. flask) da ys 
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FIGURE 17 - I . THE EFFECT OF VARYING THE SURFACE AREA OF THE 
INOCULATED YEAST EXTRACT MEDIUM ON TEE RATE OF ACEriC ACID 
PRODUCED. II. A COMP.ARISON OF EFFICIENCY IN STUDYING THE RATE 
OF ACID PRODUCTION BY USING DIFFERENI' SAMPLING-TIME INTERVALS . 
ACErOBACTER OXYDANS 2 

Curve 1 - Surface a rea 43.9 sq.cm .~ samp11ng-time 3,5,8 da ys 
250 ml. flask) 

2 - Surface a rea 76 . 6 sq.cm., samp1ing-time 3,5,8 da ys 
( 500 ml. fla sk) 

3 - Surface a rea 43.9 sq.cm., sampling-time 2,4,6,8,10 
(250 ml. flask) da ys 
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In terms of maximum acid production each organism oxid­

ized ethyl alcohol satisfactorily in 250 ml. Erlenmeyer flasks. 

Acetobacter ascendens and Acetobacter oxydans 1 produced signi­

ficantly more acid when fermentations were done in 250 ml. 

flasks. 

Two hundred and fifty milliliter flasks were used during 

suéceeding experiment s, be cau se they did not requir~ the extra 

space needed for 500's and they tacilitated the study of the 

trend in a cid production. 

iii. The Sampling-Time Intervals of the Fermenting Media 

The results of the experiments are recorded in Figures 10 

t .o 17 (pp.l51-158), and Appendix Tables VII, X and XIII (pp. 

251, 254 and 257). 

During fermenta ti on e xpe rizœn ts Acetobacter gluconi cum pro­

duced an insignificant amount of acetic acid; Acetobacter 

melanogenum 1 produced a maximum yield of 0.27 gm. of acid in 

lOO ml. of medium in the two, four, six, eight and ten-day 

sample interval test. 

Ta king the possible great difference in ac id production 

between the second and third day , into consideration, due to the 

time re~ired for organisms to begin to affect the medium, 

Acetobacter acetosum, Acetobacter aceti 2 and Acetobacter 

oxydans 2 each produced somewhat similar curves of acetic acid 

production with both variations. Acetobacter aceti 1 and 

Acetobacter rancens produced a decided lag in acid production in 

the two, four, six, eight and ten-day sample interval test. 
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Each organism produced insignificantly different maximum 

amounts of acetic acid with variations in the sampling-time 

intervals. Acetobacter ascendens, Acetobacter aceti 1, 

Acetobacter rancens and Acetobacter oxyùans 1 each produced 

a maximum amount of acetic acid in a shorter interval of time 

during the three, five and eight-day sample interval test. 

The two, four, six, eight and ten-day sample interval was 

considered optimum because the shorter interval of time between 

sampling allowed for a better study of the rate at which acetic 

acid was produced. Where necessary the acid production caught 

up with the eight-day acid production within the ten days. 

When a maximum amount of acetic acid was produced in eleven 

days, the results in ten deys were still insignificantly differ­

ent to those of the other tests as shown on the figures. 

iv. The Initial Ethyl Alcohol Content of the Media 

The results of the experiments are recorded in Figures 18 

to 26 (pp.l6l-l69), and Appendix Tables X to XII (pp.254-256) 

and XIV (p.258). 

During fermentation experiments Acetobacter g!uconicum pro­

duced an insignificant amount of acetic acid; Acetobacter 

melanogenum 1 produced a maximum yield of 3.59 gm. of acid per 

lOO ml. in a medium containing 6 per cent alcohol in ten days, 

and 0.27 gm. in a medium containing 3 per cent in eleven days. 

All other organisms produced a varying degree of lag in 

acetic acid production when the fermentation medium initially con­

tained 6 per cent ethyl alcohol instead of 3 per cent. Using a 
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FIGURE 18 - THE EFFECT OF VARYING THE INITIAL ETHYL ALC OHOL 

CONI'ENT OF THE YEAST EXTRACT MEDIUM ON THE RATE OF ACEI'IC 
ACID PRODUCED BY ACETOBACTER ACETOSUM 

Curve 1 - Ethy1 a1coho1 content 3 per cent 
2 - Ethy1 a1cohol content 6 per cent 
3 - Ethy1 a1coho1 content 9 per cent 
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FIGURE 19 - THE EFFECT OF VARYING THE INITIAL EI'HYL ALCOHOL 
CONTENT OF THE YEAST EXTRACT Iv1EDIUM ON THE RATE OF ACEriC 
ACID PRODUCED BY ACETOBACTER ~SCENDENS 

Curve 1 - Ethy1 alcohol content 3 per cent 
2 - Ethyl alcohol content 6 per cent 
3 - Ethyl alcohol content 9 per cent 
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FIGURE 20 - THE EFFECT OF VARYING THE INITIAL ETHYL ALCOHOL 
CONTENT OF THE YEAST EXTRACT MEDIUM ON THE RATE OF ACETIC 
ACID PRODJCED BY ACETOBACTER KÜTZINGIANUM 

Curve 1 - Ethy1 a1coho1 content 3 per cent 
2 - Ethyl alcohol content 6 per cent 
3 - Ethyl alcohol content 9 per cent 
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FIGURE 21 - THE EFFECT OF V.ARYING THE INITIAL ETHYL ALCOHOL 
CONTENT OF THE YEAST EJrrRACT MEDIUM ON THE RATE OF ACEI'IC 
ACID PRODJCED BY ACETOBACTER ACETI 1 

Curve 1 - Ethy1 a1coho1 content 3 per cent 
2 - Ethyl a1cohol content 6 per cent 
3 - Ethy1 alcohol content 9 per cent 
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FIGURE 22 - THE EFFECT OF VARYING THE INITIAL ErHYL ALCOHOL 
CONrENI' OF THE YEAST EXTRACT MEDIUM ON THE RATE OF ACETIC 
ACID PRODJCED BY ACETOBACTER ACETI 2 

Curve 1 - Ethy1 a1coho1 content 3 per cent 
2 - Ethy1 alcoho1 content ô per cent 
3 - Ethyl alcohol content 9 per cent 
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FIGURE 23 - TEE EFFECT OF VARYING THE INITIAL EI'HYL ALCOHOL 
CONTENT OF TEE YEAST En'RACT MEDIUM ON THE RATE OF ACETIC 
ACID PROWCED BY ACETOBACTER RANCENS 

Curve 1 - Ethy1 a1cohol content 3 per cent 
2 - Ethyl alcohol content 6 per cent 
3 - Ethyl alcohol content 9 per cent 
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FIGURE 24 - THE EFFECT OF VARYING THE INITIAL E'I'HYL ALCOHOL 
CONTENT OF THE YEAST EXTRACT MEDIUM ON THE RATE OF ACETIC 
ACID PRODUCED BY ACETOBACTER MELANOGENUM 1 

Curve 1 - Ethy1 a1coho1 content 3 per cent 
2 - Ethy1 a1coho1 content 6 per cent 
3 - Ethy1 a1coho1 content 9 per cent 
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FIGURE 25 - THE EFFECT OF VARYING THE INITIAL ETHYL ALCOHOL 
C011TENT OF THE YEAST EXTRACT MEDIUM ON THE RATE OF ACEriC 
ACID PRODJCED BY ACETOBACTER OXYDANS 1 

Curve 1 - Ethy1 a1coho1 content 3 per cent 
2 - Ethy1 a1coho1 content 6 per cent 
3 - Ethy1 alcoho1 content 9 per cent 
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FIGURE 26 - THE EFFECT OF VARYING THE INITIAL ErHYL ALCOHOL 
CONTENT OF THE YEAST EXTRACT MEDIUM ON THE RATE OF ACEI'IC 
ACID PRODUCED BY ACETOBACTER OXYDANS 2 

Curve 1 - Ethy1 a1coho1 content 3 per cent 
2 - Ethy1 a1coho1 content 6 per cent 
3 - Ethy1 a1coho1 content 9 per cent 
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fermentation medium containing 9 per cent ethyl aloohol, all 

organisms produced less than 0.2 gm. acetic acid except 

AcetObacter oxydans 1 and Acetobacter oxydans 2, which produced 

a maximum yield of 0.21 and 2.31 gm. of acid per 100 ml. of 

medium respectively in ten days. Acetobacter oxydans 2 gave a 

much greater lag in acid production when the initial ethyl 

alcohol concentration was 9 percent instead of 6 percent. 

Acetobacter acetosum and Acetobacter aceti 1 produced significant 

quantities of acetic acid only when the medium initially contained 

3 per cent alcohol. Acid production wi th Acetobacter kÜtzingianum, 

Âcetobacter aceti 2, Acetobacter rancens, Acetobacter oxydans 1 

and Acetobacter oxydans 2 dropped after eight days when the 

medium contained 3 per cent alcohol, and went higher when the 

medium contained 6 per cent. 

Acetobacter acetosum, .Acetobacter ascendens, and .Acetobacter 

aceti 1 each produced a maximum amount of acetic a cid when the me­

diùm · ini tially contained 3 per cent ethyl alcohol. Acetobacter 

kützingianum, Acetobacter aceti 2, Acetobacter rancens, Acetobacter 

oxydans 1 and .Acetobacter oxydans 2 each produced a maximum amount 

when the medium contained 6 per cent ethyl alcohol. 

By calculation from molecular weights of ethyl alcohol 

and acetic acid, and the specifie gravity of 95 per cent 

ethyl ale ohol, acetic a cid is produced wi th lOO per cent 

efficiency if the maximum yield is 3.21 gm. and 6.42 gm. per 
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100 ml. in medium containing 3 and 6 per cent alcohol respectively. 

The maximum amount of acid produced during the study of the 

effect of 3 percent alcohol was 2.?8 gm., and Acetobacter 

oxydans 2 produced that quantity; the amount represented 86.6 per 

cent of the theoretically possible yield. The maximum produced 

during the study of the effect of 6 percent alcoho1 was 4.42 gm., 

and Acetobacter aceti 2 produced that quantity; the amount 

represented 68.8 per cent of the theoretica1 yield. 

v. The Initial pH of the Media 

The results of the experiments are recorded in Figures 2?A 

to 36B {ppl?2-189), and Appendix Tables XV to XXII (pp.259-266). 

Acetobacter g1uconicum produced a maximum yie1d of 1.58 

gm. of acetic acid per 100 ml. of medium when the initial pH 

was 5.5 in twel ve days, and insignificant amounts when media 

were adjusted to other pH' s. As stated in the result s of the 

effect of alcohol content of the medium, Acetobacter melanogenum 1 

produced a good acetic acid yield on1y when the pH of the medium 

was adjusted to 6.0. 

Each of the ether organisms tended to produce an individuel 

type of curve for the rate of acetic acid production at all the 

pH's of the medium studied; there did seem to be more uniformity 

in the curves at pH 4.0 to 5.5 than at 5.5 to ?.O. Acetobacter 

acetosum, Acetobacter ascendens, Acetobacter kÜtzingianum, 

Acetobacter oxydans 1 and Acetobacter oxydans 2 tended to pro­

duce more acid at the four-day interval when the initial pH of 

the medium was between 4.0 and 5. 5 than when the initial pH of 
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FIGURE 2? A - THE EFFECT OF VARYING THE INITIAL pH OF THE YEAST 
EXTRACT MEDIUM ON THE RATE OF ÂCETIC ACID PRODUCED BY 
ACETOBACTER ACETOSUM 

Curve 1 - pH 4.0 
2 - pH 4.5 
3 - pH 5.0 
4 - pH 5.5 
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FIGURE 27B - THE EFFECT OF VARYING THE INITIAL pH OF THE YEAST 
EXTRACT MEDIUM ON THE RATE OF ACETIC ACID PRODJCED BY 
ACETOBACTER ACETOSUM 

Curve 4 - pH 5.5 
5 - pH 6.0 
6 - pH 6.5 
7 - pH 7.0 
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FIGURE 28B - THE EFFECT OF VARYING THE INITIAL pH OF THE YEAST 
EXTRACT MEDIUM ON TEE RATE OF ACETIC .ACID PROIIJCED BY 
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FIGURE 29A - THE EFFECT OF VARYING THE INITIAL pH OF THE YEAST 
EJrrRACT MEDIUM ON THE RATE OF ACEI'IC ACID PRODUCED BY 
ACETOBACTER KÜTZINGIANUM 

Curve 1 - pH 4.0 
2 - pH 4.5 
3 - pH 5.0 
4 - pH 5.5 
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FIGURE 30A - THE EFFECT OF VARYING THE INITIAL pH OF TEE YEAST 
EXTRACT MEDIUM ON THE RATE OF ACETIC ACID PRODUCED BY 
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FIGURE 31A - THE EFFECT OF VARYING THE INITIAL pH OF THE YEAST 
EXTRACT MEDIUM ON THE RATE OF ACEI'IC ACID PRODUCED BY 
ACETOBACTER ACETI 2 

Curve 1 - pH 4.0 
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4 - pH 5.5 
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FIGURE 31B - THE EFFECT OF VARYING THE INITIAL pH OF THE YEAST 
EXTRACT MEDIUM ON THE RATE OF ACETIC ACID PRODUCED BY 
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FIGURE 32A - THE EFFECT OF VARYING THE INITIAL pH OF THE YEAST 
EXTRACT MEDIUM ON THE RATE OF ACET IC ACID PRO IlJCED BY 
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FIGURE 32B - THE EFFECT OF VARYING THE INITIAL pH OF THE YEAST 
EXTRACT MEDIUM ON THE RATE OF ACETIC ACID PROWCED BY 
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FIGURE 33 - THE EFFECT OF VARYING THE INITIAL pH OF THE YEAST 
EJcr'RACT MEDIUM ON THE RATE OF ACETIC ACID PROOOCED BY 
ACETOBACTER GLUCONICUM 

Curve 1 - pH 4.0 
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FIGURE 34 - THE EFFECT OF VARYI NG THE INITIAL pH OF THE YEAST 
EXTRACT MEDIUM ON TEE RATE OF .ACETIC ACID PRODUCED BY 
ACETOBACTER MELANOGENUM 1 

Curve 1 - pH 4.0 
2 - pH 4.5 
3 - pH 5.0 
4 - pH 5.5 

Curve 5 - pH 6.0 
6 - pH 6.5 
7 - pH 7.0 
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FIGURE 35B - THE EFFECT OF VARYING THE INITIAL pH OF THE YEAST 
EJcr'RACT MEDIUM ON THE RATE OF ACETIC ACID PROIDCED BY 
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Curve 4 - pH 5.5 
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6 - pH 6.5 
7 - pH 7.0 
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EJcriRACT MEDIUM ON THE RATE OF .ACETIC ACI D PRO WCED BY 
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the medium was between 6.0 and ?.O. Acetobacter kützingianum, 

Acetobacter aceti 1, Acetobacter oxydans 1, and Acetobacter 

oxydans 2 produced a lag in acid production when the medium 

was adjusted to pH 6.0; Acetobacter aceti 2 when the pH was 

adjusted to pH ?.o. 
In term.s of maxiinum a cid production all organisms oxidized 

the alcohol. Acetobacter acetosum, Acetobacter ascendens, 

and Acetobacter aceti 1 each produced insignificantly different 

maximum amounts of acetic acid at all medium pH's studied. 

The other organisms produced maximum quantities of acetic acid 

that could not be classified in relation to the effect of the 

pH of the media used. The relationship was illogical even 

when the maximum eleven and twelve-day readings were replaced 

by the appropria te ten-da y readings as read from the fi@ res. 

Acetobacter aceti 2 did produce a smaller quantity of acid at 

pH's 4.0 to 4.5. In each instance a medium adjusted to pH 5.0 

prcduced a good quantity of acid. The inability to relate the 

pH of the medium with acid production may be due to their 

spasmodic acid production. By referring to Table XXX on page 

139 it is noticed that the organisms concerned, Acetobacter 

kützingianum, Acetobacter rancens, Acetobacter oxydans 1 and 

Acetobacter oxydans 2,are most spasmodic in acid production. 
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vi. The Size of Inorula in the Media 

The result s of the experiments are recorded in Figures 

37 to 46 (pp.l92-20l ), and Appendix Tables XXIII to XXVI 

(pp. 26?-2?0). 

Acetobacter gluconirum and Acetobacter melanogenum 1 

produced insignificant amounts of acetic acid when inocula 

three and five times the standard size were used. As stated 

in the experimental results of the effect of the pH of the 

medium, both species produced a good acetic acid yield when 

standard sized inocula were used. 

Acetobacter kÜtzingianum, Acetobacter aceti 2, Acetobacter 

rancens, Acetobacter oxydans 1 a nd Acetobacter oxydans 2 

produced a decided lag in acetic acid production when three and 

fi v e tirœ s the standard si ze d inocula we re used, and the 

amount of a cid produced in ten days never reached the quanti ty 

produced by the smallest inoculum. Acetobacter aceti 1 pro­

duced a somewhat similar effect. The ratesof acid production 

when inocula were three and five times the standard size were 

in better agreement than when inocula were of standard size. 

Acetobacter acetosum and Acetobacter ascendens each showed more 

agreement of the rate of acid production Wi th different sized 

inocula. 

In ter.ms of the variation giving a maximum yield of acetic 

a cid, each organism oxi.dized ale ohol satisfactorily wh en standard 

sized inocula were used. Acetobacter acetosum and Acetobacter 

aceti 1 each produced insignificantly different maximum amounts 

of acetic acid when standard sized, three and five times standard 
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FIGURE 3? - THE EFFECT OF VARYING THE SIZE OF THE ACETOBACTER 
ACETOSUM INOCULUM IN THE YEAST E:x:rRACT MEDIUM ON THE RATE 
OF ACETIC ACID PRODUCED 

Curve 1 - Inoculum, standard 
2 - Inoculum, 3 x standard 
3 - Inocu1um, 5 x standard 
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FIGURE 38 - THE EFFECT OF VARYING THE SIZE OF THE ACETOBACTER 
ASCENDENS INOCULUM IN THE YEAST EïœRACT MEDIUM ON THE RATE 
OF ACETIC ACID PRODUCED 

Curve 1 - Inocu1um, standard 
2 - Inocu1um, 3 x standard 
3 - Inocu1um, 5 x standard 
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FIGURE 39 - THE EFFECT OF VARYING THE SIZE OF THE ACETOBACTER 
KÜTZINGI.ANUM INOCULUM IN THE YEAST EXTRACT :MEDIUM ON THE RATE 
OF ACETIC kCID PRODUCED 

Curve 1 Inocu1um, standard 
2 - Inoculum, 3 x standard 
3 - Inoculum, 5 x standard 
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FIGURE 40 - THE EFFEC'r OF VARYING THE SIZE OF THE ACE'J:IOBACTER 
ACEI'I 1 INOCULUM IN THE YEAST EXTRACT MEDIUM ON THE RATE 
OF ACETIC ACID PRODUCED 

Curve 1 - Inocu1um, standard 
2 - Inocu1um, 3 x standard 
3 - Inocu1um, 5 x standard 
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FIGURE 41 - THE EFFECT OF VARYING THE SIZE OF THE ACETOBACTER 
ACETI 2 INOCULUM IN THE YEAST EXTRACT MEDIUM ON THE RATE 
OF ACETIC ACID PRODUCED 

Curve 1 - Inocu1um, standard 
2 - Inocu1um, 3 x standard 
3 - Inocu1um, 5 x standard 
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FIGURE 42 - THE EFFECT OF VARYING THE SIZE OF THE ACETOBACTER 
RANCENS INOCULUM IN THE YEAST EXTRACT MEDIUM ON THE RATE 
OF ACETIC ACID PRODUCED 

Curve 1 - Inoculum, standard 
2 - Inoculum, 3 x standard 
3 - Inoculum, 5 x standard 
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FIGURE 43 - THE EFFECT OF VARYING THE SIZE OF THE ACETOBACTER 
GLUCONICUM INOCULUM IN THE YEAST EXTRACT MEDIUM ON THE RATE 
OF ACETIC ACID PRODUCED 

Curve 1 - Inocu1um, standard 
2 - Inocu1um, 3 x standard 
3 - Inocu1um, 5 x standard 
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FIGURE 44 - THE EFFECT OF VARYING THE SI ZE OF THE ACETOBACTER 
MELANOGENUM 1 INOCULUM IN THE YEAST EXTRACT MEDIUM ON THE RATE 
OF ACETIC ACID PRODUCED 

Curve 1 - Inocu1um, standard 
2 - Inocu1um, 3 x standard 
3 - Inocu1um, 5 x standard 
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FIGURE 45 - THE EFFECT OF VARYING THE SIZE OF THE ACETOBACTER 
OXYDANS 1 INOCULUM IN THE YEAST EXTRACT MEDIUM ON THE RATE 
OF ACETIC ACID PROIUCED 

Curve 1 - Inoculum, standard 
2 - Inocu1um, 3 x standard 
3 - Inoculum, 5 x standard 
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FIGURE 46 - THE EFFECT OF VARYING THE SIZE OF THE ACETOBACTER 
OXYDANS 2 INOCULUM IN THE YEAST EXTRACT MEDIUM ON THE RATE 
OF ACETIC ACID PRODITCED 

Curve 1 - Inoculum, standard 
2 - Inoculum, 3 x standard 
3 - Inoculum, 5 x standard 
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sized inocula were used; Acetobacter ascendens when standard 

and five times standard sized inocula were used. 

vii. Mixed Inocula in the Media 

The results of the experiments are recorded in Figures 

4? to 59 (pp.203-215), and Appendix Tables XXVII to XXX (pp. 271 

- 274) and Appendix Table XXIII (p. 267). 

A mixture of each organism with Acetobacter aceti 1: 

Acetobacter aceti 1 produced an insi gnificant amount of 

acetic acid in media containing 6 and 9 per cent ethyl alcohol, 

but produced good quantities at a good rate in media containing 

3 per cent. For the experiment media containing the per cent 

of ethyl alcohol that produced the maximum amount of acetic acid 

with each of the other organisms were used. Therefore it seemed 

best for discussion of acetic acid production by mixed inocula 

to separate the types of mixtures into groups determined by 

the initial concentration of ethyl alcohol in the fermenting 

media. A comparison of the rate and amount of acetic acid 

produced by the mixture could then be made with that of 

the individuel organisms, as noted in appropriate previous 

experimenta. 

A medium containing 9 per cent ethyl alcohol was inoculated 

with a mixture of Acetobacter turbidans and Acetobacter aceti 1. 

The mixed inoculum produced an insignificant maximum amount of 

acetic a cid. The individuel organisms also produced an insigni­

ficant amount of acid. 



203 

5.0 

4.0 
El 
:::::1 

•r-i 
rd 
Q) 

s 

~ 
3.0 

0 
0 
,..; 

f-i 

a 2.0 
rd 
·r-i 
C) 

Qj 

C) 

·r-i 
~ 
Q) 

1.0 C) 

Qj 

rJ) 1 .;. 3 1 s 
Qj 

l 2 f-i 3 / ô 
\, .t 

0 4 6 8 10 12 

Time in days 

FIGURE 47 - THE EFFECT OF MIXED INOCULA I N THE YEAST EXTRACT MEDIUM 
ON THE RATE OF ACETIO ACID PRODUCED _.:. ACETOBACTER SUBOXYDANS 

Ourve 1 - Mixture, A. suboxydans tA. aceti 1 
2 - A. suboxydans 
3 - A. aceti 1 
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FIGURE 48 - THE EFFEC'r OF MIXED INOCULA IN THE YEAST EXTRACT MEDIUM 
ON THE RATE OF .ACEriC ACID PRODUCED ..., . ACETOBACTER ACErOSUM 

Curve 1 -Mixture, A. acetosum fA. aceti 1 
2 - A. acetosum 
3 - .A. aceti 1 
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FIGURE 49 - THE EFFECT OF MIXED INOCULA IN THE YEAST EXTRACT MEDIUM 
ON THE RATE OF ACEriC ACID PROIUCED , - ACErOBACTER ASCENDENS 

Curve 1 - Mixture, A. ascendens t A. aceti 1 
2 - A. ascendens 
3 - A. aceti 1 
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FIGURE 50 - THE EFF:B1CT OI!' MIXED INOCULA IN THE YEAST EXTRACT MEDIUM 
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3 - A. aceti 1 
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ON THE RATE OF ACETIC .AC ID PRO IlJCED - - ACETOBACTER TURBIDANS 

Curve 1 -Mixture, A. turbidans fA. aceti 1 
2 - A. turbidans 
3 - A. aceti 1 
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FIGURE 52 - THE EFFECT OF MIXED INOCULA I N THE YEAST EJcr'RACT MEDIUM 
ON THE RATE OF ACEriC ACID PRO:WCED - ACETOBACTER KÜrZINGIANUM 

Curve 1 - Mixture, A. kützingianum r A. aceti 1 
2 - A. kützingianum 
3 - A. aceti 1 
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FIGURE 53 - THE EFE'ECT OF MIXED INOCULA IN THE YEAST En'RACT MEDIUM 
ON THE RATE OF ACETIC .àCID PRODUCED : - ACEI'OBACTER ACEI'I 2 

Ourve 1 -Mixture, A. aceti 2 fA. aceti 1 
2 - A. aceti 2 
3 - A. aceti 1 
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FIGURE 54 - THE EFFECT OF YJXED INOCULA I N THE YEAST EXTRACT MEDIUM 
ON THE RATE OF AC:ETIC ACID PRODUCED - ACETOBACTER RANCENS 

Curve 1 - Mixture, A. rancens 1 A. aceti 1 
2 - A. rancens 
3 - A. aceti 1 
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FIGURE 55 - THE EFFECT OF MIXED INOCULA I N THE YE.AST EXTRACT MEDIUM 
ON THE RATE OF ACETIC ACID PRO IDCED - ACETOBACTER GLUCONICUM 

Curve 1- Mixture, A. g1uconicum fA. aceti 1 
2 - A. g1uconicum 
3 - A. a ce ti 1 
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FIGURE 56 - THE EFFEC1r OF MIXED INOCULA IN THE YEAST EXTRACT I\J1EDIUM 
ON THE RATE OF ACETIC ACID PROIDCED -- ACETOBACTER MELANOGENUM 1 

Curve l -Mixture, A. melanogenum 1 ~A. aceti 1 
2 - A. me1anogenum 1 
3 - A. aceti l 
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FIGU:tŒ 57 - THE EFFECT OF MIXED INOCULA IN THE YEAST EXTRACT MEDIUM 
ON THE RATE OF ACETIC ACID PRODUCED : - ACETOBACTER OXYDANS 1 

Curve 1 -Mixture, A. oxydans 1 t A. aceti 1 
2 - A. oxydans 1 
3 - A. aceti 1 
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FIGURE 58 - THE EFFECT OF MIXED INOCULA IN THE YEAST EXTRACT MEDIUM . 
ON THE RATE OF ACETIC ..è.CID PRODUCED - - ACETOBACTER OXYDANS 2 

Curve 1 -Mixture, A. oxydans 2 fA. aceti 1 
2 - A. oxydans 2 
3 - A. aceti 1 
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FIGURE 59 - THE EFFECT OF MIXED INOCULA IN THE YEAST EXTRACT MEDIUM 
ON THE RATE OF ACE!'IC ACID PRODUCED - ALL ACEI'OBACTER 
SPECIES TOGETHER 

Curve 1 -Mixture, a11 Acetobacter organisms 
2 - A. oxydans 1 from Appendix Table XXI 

(Hate of acid formation by individuel 
organism simi1ar to that of all 
organi sms together) 
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Media containing 6 per cent ethyl alcohol were inocu­

lated with a mixture of Acetobacter kützingianum, Acetobacter 

aceti 2, Acetobacter rancens, Acetobacter melanogenum 1, 

Acetobacter oxydans 1 or ÂCetobacter oxydans 2 and Acetobacter 

aceti 1. Acetobacter melanogenum 1, which was very spasmodic 

in acid production, produced a significant quantity of acetic 

acid only when the organism alone was used as inoculum. Other 

mixed inocula produced a lag in acid production when compared 

with the rate of production by the individuel organisms, 

although the same types of curves were produced. Mixed inocula 

produced an acceleration in acid production when compared with 

the rate of production by Acetobacter aceti 1. Each organism 

alone, that is other than Acetobacter aceti 1, produced a 

maximum amount of acetic acid. 

Media containing 3 per cent ethyl alcohol were inoculated 

with a mixture of Acetobacter suboxydans, Acetobacter acetosum, 

Acetobacter ascendens, Acetobacter pasteurianum or Acetobacter 

gluconicum and Acetobacter aceti 1. Acetobacter suboxydans 

and Acetobacter pasteurianum were not discussed previously in 

terms of acetic acid production because they prodUced insignifi­

cant quantities of acid. A mixed inoculum of Acetobacter 

suboxydans and Acetobacter aceti 1 produced 0.2 gm. of acetic 

acid; a mixed inoculum of Acetobacter pasteurianum and 

Acetobacter aceti 1 produced acetic acid at a slower rate than 

Acetobacter aceti 1, but the same amount. A mixed inoculum 

of Acetobacter gluconicum, which was very spasmodic in acid 

production, and Acetobacter aceti 1 produced acid at a faster 

rate than Acetobacter gluconicum alone; however the rate was 
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not as fast as that of Acetobacter aceti 1 alone. The mixed 

inoculum produced significantly more acid than either organism 

alone. A mixed inoculum of Acetobacter acetosum or Acetobacter 

ascendens and Acetobacter aceti 1 produced acid at a rate some­

what similar to that of each component of the inoculum and 

either mixture produced a maximum average amount of acetic 

acid that was insignificantly different from that produced by 

the components. 

When comparisons were made between the rate of acid pro­

duction by Acetobacter aceti 1 in combination with the organisms 

and alone, the relevant Acetobacter aceti 1 results were taken 

from the closest possible test under the conditions of the 

present test. Thus, where 3 per cent ethyl alcohol and an 

incubation temperature of 250 or 30° c. were used the results 

from the effect of the appropriate pH were used; if, however, 

an incubation temperature of 35° c. was used the results were 

taken from the affect of that temperature, since acetic a cid 

production was rouch less. 'Nhere 6 or 9 per cent ethyl alcohol 

was used the corresponding results were taken, since insignifi­

cant amount s of a cid were formed and the yield would not be 

influenced by the pH of the media or the incubation temperature. 

A mixture of all organisms: 

When the inoculum consisted of all organisms the maximum 

average amount of acid produced was comparable with that produced 

by the individuel organisms prodUcing the maximum amounts of 

acetic acid. The rate of production was compared with that 

produced by Acetobacter kützingianum, Acetobacter aceti 2, 
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Acetobacter oxydans 1 and Acetobacter oxydans 2 and was found 

to be most like the rate produced by Acetobacter oxydans 1 

in ô per cent ethyl alcohol medium adjusted to pH 7.0 and 

incubated at 250 c. Acetobacter aceti 2 also produced acid at 

a somewhat similar rate in ô per cent ethyl alcohol medium 

adjusted to pH 5.5 and incubated at 25° c. 

4. The Effect of Varying Chemical Factors on 
the Amount of Acetic Acid Produced 

The re sul ts of the experirnen ts are re co rded in Figures 

50 to 53 (pp.219-222), and Appendix Tables XXXI to XXXIV 

(pp.275-278) and Appendix Table XXIII (p.257). 

Acetobacter a cet orum, Aceto ba ct er ascendens, Acetobacter 

aceti 2, Acetobacter rancens, Acetobacter gl.uconicum and 

Acetobacter melanogenum 1 proàuced insignificant amounts or 

acetic acid in all synthetic media. 

Acetobacter kÜtzingianum produced 0.3 gm. acetic acid per 

lOO ml. in a medium consisting of inorganic salts, amino acids 

and vitamins. When pyrimidine and purine bases were added 

0.23 gm. was produced. 

The other organisms produced considerable lag in acid pro­

duction when oxidizing ethyl alcohol in synthetic media. The 

least amount oflag was observed with Acetobacter aceti 1 

and Acetobacter oxydans 2 in a medium containing inorganic 

salts and amino acids. Synthetic media changed the character­

istic curve of the rate at which Acetobact er oxydans 2 produced 

acetic acid. 
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FIGURE 60 - THE EFFECT OF VARYING THE CHEMICALS IN THE MEDIUM ON 
THE RATE OF ACETIC ACID PRODUCED BY ACETOBACTER KÜTZINGIANUM 

Curve 1 - Medium I, inorganic salts f amino ac ids 
2 - Medium II, inorganic salts f amino ac ids ., vitamins 
3 -Medium III, inorganic salts .;. amino ac ids ., vitamins 

.;. pyrimidine and purine bases 
4 -Medium IV, yeast extract 
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FIGURE 61 - THE EFFECT OF VARYING THE CHEMICALS IN THE MEDIUM ON 
THE RATE OF ACETIC ACID PRODJCED BY ACETOBACTER ACETI 1 

Curve 1 - Medium I, inorganic salts f amino acids 
2 - Medium II, inorganic salts f amino ac ids f vitamins 
3 - Medium III, inorganic salts f amino ac ids r vitamins 

r pyrimidine and purine bases 
4 - Medium IV, yeast extract 
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FIGURE 62 - THE EFFECT OF VARYING THE CHEMICALS IN THE MEDIUM ON 
THE RATE OF ACEI'IC ACID PRO IlJCED BY ACETOBACTER OXYDANS 1 

Curve 1 - Medium I, inorganic salts f amino ac ids 
2 -Medium II, inorganic sa1ts f amino acids f vitamins 
3 - Medium III, inorganic salts f amino ac ids f vitamins 

f pyrimidine and purine bases 
4 - Medium IV, yeast extract 
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FIGURE 63 - Tlffi EFFECT OF VARYING THE CHEl\f.JCALS IN THE MEDIUM ON 
THE RATE OF ACETIC ACID PROIUCED BY ACETOBACTER OXYDANS 2 

Curve 1 - Medium I, inorganic salts f amino ac ids 
2 - Medium II, inorganic salts f amino ac ids f vitamins 
3 - Medium III, inorganic salts f amino ac ids f vitamins 

f pyrimidine and purine bases 
4 - Medium IV, yeast extract 
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In terms of variations producing a maximum amount of 

acetic acid, ÂCetobacter aceti 1 produced insignificant1y 

different amounts of acetic acid in a synthetic medium con­

sisting of inorganic sa1 ts and ami no a cids and in yeast 

extract medium. Acetobacter oxydans 2 produced a good maximum 

average yield of acid in a synthetic medium consisting of 

inorganic sa1ts and amino acids, but produced the greatest 

yie1d in yeast extract medium. Acetobacter oxydans 1 prodlced 

sma11er maximum yie1ds of acid in synthetic media. Insignifi­

cant1y different maximum amounts of acid were prod.uced in a 

medium containing inorganic sa1 ts, amino ac ids and vitamins 

and in a medium containing inorganic sa1ts, amino acids, 

vitamins and pyrimidine and purine bases. 

During one part of the experiment to test the effect of 

Medium III on acid production by Acetobacter species, test 

f1asks became c1oudy from bacteria1 growth even when acetic 

acid was not pro wced. The group of organisms observed inc1uded 

Acetobacter turbidans, Acetobacter kÜtzingianum, Acetobacter 

aceti 2, Acetobacter rancens, Acetobacter me1anogenum 1, 

Acetobacter oxydans 1 and Acetobacter oxydans 2. On1y the 

medium containing Acetobacter turbidans did not become c1oudy. 

Three of the remaining six organisms produced insignificant 

amounts of ac id. It is aprarent, the refore, that the nutritiona1 

conditions for growth are different than those required for acid 

production. Possib1y an unidentified substance or substances 

in yeast extract must be supp1ied to the organisms for synthesis 

of the enzymes that bring about oxidation of a1coho1, or a 



substance or substances in the synthetic media must be 

omitted for the synthesis of the enzymes because of their 

inhibitory effect. 
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G. DISCUSSION AND CONCLUSIONS 

The decision to allow the control flasks to contain 

the same fermenting media as the test flasks without ethyl 

alcohol was apparently the only feasible one. Products 

from metabolic processes other than acetic acid production 

must be formed by the organisms. However, products may not 

necessarily be by-products of the fermentation, but indirect­

ly associated With the general metabolism when the Acetobacter 

organisms are oxidizing ethyl alcohol. That is, the relation­

ship of reactions in the presence of alcohol may be different 

from that in its absence. Dried brewer's yeast is largely 

protein, 40 to 55 per cent; and most of the nitrogen free 

content is a mannose polysaccharide (54). Difco's Bacto-

Yeast Extract is the water soluble portion of autolyzed yeast. 

During autolysis the proteins produce peptides and amino acids; 

and the polysaccharide may produce mannose. In alcohol­

omitted media, the organisms must rely on a mannose-type sugar 

and amino acids as a source of carbon. The pro&lcts formed 

in metabolic processes may be quite different, therefore, 

from those formed when ethyl alcohol is present. Even a 

different attack by the organisms on amine acids may affect 

the pH of the medium differently. The sample titrations of 

inoculated test and control media indicate how the organisms 

change the media in terms of acid production, when alcohol is 

and is not present. Differences in metabolic activity do 

not necessarily affect media similarly in ter.ms of acid 



pro du cti on. In te rest ingly, the amou nt of a cid present in 

the control fermenting media during ferrnentati on was soma­

times slightly greater than that in the test fermenting 
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media when vitamins were used in the chemical basic synthetic 

medium. During all tests the titrations of samples from the 

control fermenting media were negligible. All acid yields 

represented the free acid content. Althaugh an attempt was 

made to separate the acetic acid from the total acid content 

in test fermenting media, the mathod cannet be considered 

very reliable. Methods of identifying compounds directly in 

ferrnenting test media would be better. 

As stated on page 110 el even or twel ve-day sample s seme­

times were taken in place of ten-day samples. The eleven or 

twelve-day sample titrations were allowed to replace those of 

the ten-day due to the possible exhaustion of the nutrients 

and the evaporation of the ethyl alcohol and acetic a cid in 

the Iœ dia in the extra time. If an organism produced a 

maximum average yield of aceti c a cid in the twel ve-day inter­

val wi th one variation of a factor and that yield was grea ter 

than the maximum yield pro duced by the same organism wi th 

another variation of the factor in the ten-day interval, the 

twelve-day reading determined the variation of the factor that 

would be used in the next expe riment, no matter wh at the ten­

day reading may have be en. In making the fi g1 res of the rate 

of acid production an eleven or twelve-day reading was plotted 

where necessary to determine what the acid content could have 

been if the concentration of the nutrients, ethyl alcohol and 
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acetic acid were sufficient. In several described instances 

the maximum average yield in the ten-day interval was lower 

than the maximum average yield produced by other variations 

of the same factor. Acetobacter kützingianum produced 3.70 gm. 

acid per 100 ml. of medium in the ten-day interval and 4.87 gm. 

in the twelve-day interval at pH 5.5. Other maximum acid 

yields produced by the organism with variations of pH were 

illogical. When comparing the results obtained with increasing 

pH there was no increasing or decreasing trend in acid produc­

tion. The great difference in acid production was poesibly 

due to the spasmodic production of acid by the organism. Slight 

differences- appeared in the maximum average acid yields w1 th 

ether organisme, but the differences were insufficient to 

change the pH that wou1d be used for the organisme in succeed­

ing experimenta. The only otber instance of changing maximum 

averages for factors studied was produced by the mixed inocu1um 

of Acetobacter ascendens wi th Acetobacter aceti 1; the differ­

ence was too smal1 to even warrant mention. Variations of pH 

in the highest acid-producing· category changed for Acetobacter 

kützingianum, Acetobacter aceti 2, Acetobacter rancene, 

Acetobacter oxydans 1 and Acetobacter oxydans 2 when ten-day 

instead of eleven or twe1ve-day samp1es were taken. These 

organisms were classified as being spasmodic in acid production, 

except Acetobacter aceti 2. Whether ten, eleven or twelve-day 

eamples were taken the groupinge of pH'e that prodlced the same 

effect on acid production by the organisme were illogical. 

Therefore, possibly the differences in maximum average yields 



of acetic acid with different pH's were influenced more by 

spasmodic behavior than by change in pH. Variations in 
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the highest acid-producing category of maximum avera.ge. 

yields changed slightly with Acetobacter ascendens in study­

ing the effect of the size of the inocula, and more with 

Acetobacter oxydans 2 in studying the effect of chemical 

factors. Taking all differences into consideration, the 

eleven or twelve-day sample could replace the ten-day sample. 

Acetobacter species decidedly varied in their ability 

to produce acetic acid continuously. Even those organisms 

that did not produce a significant amount of acid may be able 

to produce acid under different circumstances. All Acetobacter 

organisms were propa~ted on a medium in which glucose was the 

major source of carbon; inocula were prepared from cultures 

grown on the same medium. The organisms may bave lest their 

ability, in varying degrees, to utilize ethyl alcohol. All 

the organism.s at some time must have pro dlced acetic acid in 

order to have been placed within t.œ genus. By training on 

media containing ethyl alcohol possibly all organisms would 

be later capable of producing acid. Their final rate of acid 

production may be superior to that of less spasmodic acid 

producers. Two exemples of adaptation of the organism to 

utilize ethyl alcohol may be cited. Acetobacter suboxydans 

when first procured produced good quantities of acetic acid 

during fermentation, and later did not produce acid. All 

organisms that produced significant quantities of acid 
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produced a varying degree of lag in acid piDduction when the 

fermenting media initially contained 6 per cent ethyl alcohol 

instead of 3 per cent. Using media containing 9 per cent 

ethyl alcohol, all organisms produced less than 0.2 gm. 

acetic acid except Acetobacter oxydans 1 and Acetobacter 

oxydans 2, which produced a maximum yield of 0.21 and 2.3 

gm. of acetic acid per 100 ml., respectively, in ten days. 

Acetobacter oxydans 2 gave a much greater lag in acid produc­

tion when the initial ethyl alcohol concentration was 9 per 

cent instead of 6 per cent. Each of five organisms produced 

the greatest maximum yield of acid in 6 per cent alcohol­

containing media. With the above-mentioned results the 

possibility exists of training Acetobacter species to produce 

good yields of acid in 9 per cent or even 12 per cent alcohol­

containing media. As suggested in the literature, however, 

Acetobacter species vary in their alcohol tolerance, and the 

higher the alcoholic concentration the greater the degree of 

lag in acid production. 

Some organisms, especially with certain variations of 

factors, proàuced a maximum average amount of acid in a short 

interval of time, and at a later time the average amount 

became smaller. At first the drop in acid content was 

thought to have been due to the oxidation of acetic acid to 

carbon dioxide and water by the organisms. However not all 

of these organisms oxidize acetic acid. Therefare, in some 

instances the drop in the amount of acid must have been due 

to the conversion of acid into other substances; the inability 
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of the organisms to function satisfactorily in the amount of 

acid produced; or the inability of the replacement broth to 

supply sufficient nutrients in arder that the bacteria could 

maintain the amount of acid. The organisms, however, must 

be able to function satisfactorily in the amount of acid 

produced because they produced greater quantities of acid 

in 6 per cent than in 3 per cent ethyl alcohol-containing 

media, although the average amount of acid for.med in 3 

par cent alcohol-containing media became smaller. Possibly 

the amount of alcohol added at the required intervals was 

insufficient to maintain the amount of acid produced. Also, 

since in ether instances no drop in the quantity of acid pro­

duced occurred at later sampling-times, possibly sufficient 

nutrients, ether than ethyl alcohol, were present. It is 

possible that the rates of metabolism were hindered in the 

beginning and therefore the supply of nutrients was greater 

later. Also, as suggested in the literature, species vary 

in their ability to oxidize acetic acid and all alcohol must 

be converted to acetic acid before the acetic acid is con­

verted to carbon dioxide and water. 

Variations of pH could not be grouped together logically 

as most favourable for a maximum average production of acetic 

acid especially with the spasmodic acid-producing organisms. 

When comparing the results obtained with increasing pH, an 

increasing or decreasing trend in acid prodUction was not 

evident. Even the lag in acid production with sorne organisms 

when the initial pH of the media was 6.0 was insignificant. 
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Changes in the organisms could have occurred because the 

experiment was done before the others. The only conclusion 

is that illogical changes in maximum acid prodUction with 

media at different initial pH's are due to the fact that the 

influence of spasmodic acid production is greater than the 

influence of pH. 

As was stated previously, yeast extract from Difco 

was used during all experimenta with the exception of those 

in which the affect of the size of the inocula and mixed 

cultures on acid production was being studied. As the results 

of the effect of inocula prepared from one slope were taken 

from the previous experiment, the fermenting media contained 

Difco's yeast extract. The fermenting media for all other 

experimenta were made with yeast extract from the Nutritional 

Biochemicals Corporation. With the experimenta on the effect 

of mixed inocula the results on acid prodUction by each 

individuel organism were taken f!Qm the same experiment, and 

other experimenta in which Difco's yeast extract was used. 

Organisme were also cultured on yeast extract from the 

Nutritional Biochemicals Corporation. Organisms did not grow 

well on the culture medium containing the latter substance. 

As time passed their growth became more seant, indicating 

that they could not adapt themselves to the new medium. The 

results of the final group of experimenta indicated that 

Acetobacter vary in their nutritional requirements. Bvidently 

the two types of yeast extract do not contain the same sub­

stances and would not affect all organisms in the same way. 



When the latter fact became evident too much time had 

elapsed in order that the experiments could have been 

significant in relation to all of the ethers if repeated 

with Difco's yeast extract. The better approach would be 

to compare the effect of inocula prepared from three and 
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five slopes on acid production. Inocula from three and five­

slope cultures of each organism produced insignificantly 

different amounts of acetic acid, and the rates of acid pro­

duction were very similar. Taking the change of medium into 

consideration, the effect of each organism. alone in acetic 

a cid production did not influence the effect of the combin-

a ti on of organisms in a cid production. For example, 

Acetobacter suboxydans produced little acid either alone 

or in combination with Acetobacter aceti 1, but the latter 

organism produced acid even in the presence of the inferior 

type of yeast extract, and was a continuous acetic acid 

producer. 

From the results of the experiments on the affect of 

chemical factors on acetic acid production, ÂCetobacter 

differ in their nutrient requirements. Some organisms were 

capable of growing in the various media but did not produce 

acid, as in yeast extract media. Possibly, therefore, even 

yeast extract may not contain the proper balance of nutrients to 

allow certain Acetobacter species to produce acid. Acetobacter 

organisms did not produce acid in synthetic media at the rate 

produced in yeast extract media. Acetobacter aceti 1 produced 

insignificantly different maximum amounts of acetic acid in a 
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synthetic medium consisting of inorganic salts and amino acids 

and in the corresponding yeast extract medium. The maximum 

amount of acid produced in a medium containing vitamins or 

vitamins and pyrimidine and purine bases was significantly 

less, and pro du ct ion was at a slower rate. Therefore the 

substances interfered with the metabolic processes reqQired 

during fermentation. Acetobacter oxydans 2 oxidized ethyl 

alcohol in a medium consisting of inorganic sal ts and amin.o 

acids well. Vitamins caused less acid to be farmed, and 

vitamins in the presence of pyrimidine and purine bases 

were less inhibitory. Acetic acid fermentation, therefore, is 

related to the individuel nutrient requirements of the 

organism. The components of the synthetic media used during 

experimenta were not meant to replace those of yeast extract. 

The components were used because they were previously round 

to affect growth of Acetobacter organisms. Wilder and Keys 

(54) have reviewed the nutrients present in dried brewer's 

yeast. It is largely protein, 40 to 55 per cent. Among 

the amino acids round in the proteins are alanine, valine, 

phenylalanine, glutamic acid, aminoacetic acid, leucine, 

oxyproline, aspartic acid, cystine, methionine, tyrosine, 

proline and tryptophan. The percentage of these ranges from 

10 to 0.5 per cent in the order given. The diamine acids 

present include lysine 10 per cent, arginine 5 per cent and 

histidine 5 per cent. The content of vitamins of the B 

complex is very great. Sorne vitamin A is present and much 
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ergosterol. The amount of fat is small, from 1 to 3.5 per 

cent, but this is rich in steroids. Most of the nitrogen 

free content is a mannose polysaccharide. Paterson (25) 

maintained that yeast is one of the richest sources of the 

B vitamins. The vitamin content varies greatly because of 

differences in the medium in which the yeast is grown. 

Brewer's yeast contains thiamine, riboflavin, nicotinic 

acid, pantothenic acid, pyridoxine, p-aminobenzoic acid, 

folie acid and biotin. Baldwin (3) claimed that nucleic 

acids in yeasts contain cytosine, uracil, adenine and 

guanine. Peterson (25) maintained that yeast is a superior 

source of phosphorus and iron, and compares favourably with 

many staple foods in calcium content. The method by which 

yeast is autolyzed determines the final chemical composition. 



H. SUMMARY 

A. Individuel organisms vary in the rate at which 

they produce similar amounts of acetic acid 

under identical conditions. Spasmodic production 

of acetic acid is thought to be a species 

characteristic. Some Acetobacter species did 

not produce acetic acid. Only organisms that pro­

duced a cid co nt inuously are di scuss ed. 

B. Acetic acid production in yeast extract medium: 

1. All Acetobacter pro du ced a la g in ac id production 

when fermenting broth was incubated at 12° to 24° c., 

and some produced a lag at 35° c. All organisms 

oxidized ethyl alcohol satisfactorily at 25° c. 
2. All Acetobacter tended to produce a greater lag in 

acid production when the surface area of the fer.ment­

ing liquid was 43.9 instead of 76.6 sq.cm. In terms 

of maximum a cid production by each organism, all 

organians oxidized alcohol satisfactorily when the 

surface area at the meniscus of the liquid was tbe 

smaller. 

3. In general, organisms did not produce a lag in acid 

production when two, four, six, eight and ten-day 

samples were taken instead of three, five and eight­

day samples. Each organism prcd uced insi gnificantly 

different maximum amounts of acid wi th the two types 

of sampling-time intervals. 



4. ~11 Acetobacter produced a varying degree of lag 

in acid production when the medium initially con­

tained 6 per cent instead of 3 per cent ethyl 

alcohol, and an even greater lag when the medium 

contained 9 per cent. Some organisms produced 

insignificant amounts of acid with 6 per cent or 

9 per cent ethyl alcohol or both. Some organisns 

produced a maximum amount of acid in 3 per cent 

while others produced a maximum amount in 6 per 

cent ethyl alcohol. Maximum yields of acetic 

acid in 3 per cent alcohol-containing media 

reached 86.6 per cent of the theoretical yield 

with one organism; in 6 percent reached 68.8 

per cent of the theoretical yield with another 

organism. 
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5. The difference in maximum average yields for varia­

tions in pH with individual organisms was influenced 

more by the spasmodic behaviour of organisms in acid 

production than by the change in pH. A medium at an 

initial pH of 5.0 was generally favourable for acid 

production. 

6. The size of inocula did not affect the rate of acid 

production by individual organisms. 

7. In mixed inocula acetic acid production was not in­

fluenced by the effect of each organism alone but by 

the eff ect of the mixture . 



c. The conversion of ethyl alcohol to acetic acid 

by Acetobacter was determined by the individual 

nutrient requirements of species. 
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I. CLAIM TO ORIGINAL RESEARCH 

A method to isolate Acetobacter species from Quebec 

apples was described. The method was different from 

that successfully used in England. 

The production of acetic acid by Acetobacter appears 

to have received more interest industrially than academie­

ally. It seems, however, that difficulties in the 

industrial production of vinegar are due to the lack of 

scientific knowledge regarding the physical and chemical 

factor requirements of Acetobacter for the efficient 

conversion of ethyl alcohol to acetic acid. 

The work reported in this thesis comprises an attempt 

to supply information, heretofore lacking, about those 

physical and chemical factors that affect the enzyme 

system of Acetobacter species in the oxidation of alcohol. 



J. BIBLIOGRA:PHY 

1. Ackermann, w.w. and Shive, W. a-Amino-B, 
B-dimethyl-v-hydroxybutyric acid; a precursor 
of pantoic acid. J. Biol. Chem. 1?5 : 86?-8?0. 
1948. 

2. Ames, R. Louis Pasteur and the science of 
fermentation. Wallerstein Lab. Comm. 9 : 85-95. 
1946. 

3. Baldwin, E: •• ":Pynamic Aspects of Biochemistry.'! 
lst ed. Cambridge University Press. 1948. 

4. Barton-Wright, E.C. ":Practical Methods for the 
Microbiological Assay of the Vitamin B Complex 
and Essential Amine Acids. 11 Lond. Ashe Labora­
tories Ltd. 1948. 

5. Breed, R.s., Murray, E.G.D., and Hitchens, A.P. 
"Bergey's Manual of Determinative Bacteriology." 
6th ed. The Williams & Wilkins Company, Baltimore, 
Md. 1948. 

6. Brown, G.M. and Snell, E.E. Pantothenic acid 
conjugates and growth of Acetobacter suboxydans. 
J. Bact. ô? : 465-4?1. 1954. 

?. Cheldelin, V.H. and Bennett, M.J. Modifications in 
the Acetobacter suboxydans assay for p-aminobenzoic 
acid. J. Biol. Chem. 161 : 751. 1945. 

8. Cosbie, A.J.C., Tosic, J., and Walker, T.K. Further 
observations on the behaviour of Acetobacter turbidans. 
J. Inst. Brewing 49 : 88. 1943. Abstracted, Waller­
stein Lab. Comm. ~: 141-142. 1943. 

9. Foda, I.O. and Vaughn, R.H. The nutritional require­
ments of Acetobacter melanogenum and related sre cies. 
J. Bact. 65 : 79-82. 1953. 

10. Gray, C.H. and Tatum, E.L. X-ray-induced growth 
factor requirements in bacteria. Proc. Natl. Acad. 
Sei. 30 : 404-410. 1944. 

11. Gyërgy, P. "Vitamin Methods", Vol. I. Academie 
Press Inc., Publishers, New York. 1950. 



12. Hall, A.N., Thomas, G.A., Tiwari, K.S., and Walker, 
T.K. Nutrition of Acetobacter species. Arch. 
Biochem. Biophys. 46 : 485-487. 1953. 

13. Hodgman, C .D. "Handbook of Chemistry and Physics." 
33rd ed. Chemical Rubber Publishing Co., Cleveland, 
Ohio. 1951. 

14. Karabinos, J.V. and Dicken, D.M. The isolation of 
nicotinic acid from milk and its role as an essential 
growth factor for Acetobacter suboxydans. Arch. 
Biochem. 4 : 211-215. 1944. 

15. Kaushal, R. and Walker, T.K. Formation of cellulose 
by certain species of Acetobacter. Biochem. J. 
48 : 618-621. 1951. 

16. Lampen, J.O., Underkofler, L.A., and Paterson, W.H. 
p-Aminobenzoic acid, a growth factor for Acetobacter 
suboxydans. J. Biol. Chem. 146 277-278. 1942. 

17. Landy, M. and Dicken, D.M. A microbiological method 
for the determina ti on of p-aminobenzoic a cid. J. 
Biol. Chem. 146 : 109-114. 1942. 

18. Lepper, H.A. "Official and Tentative Methods of 
Analysis of the Association of Official Agricultural 
Chemists." 6th . ed. Published by the .Association 
of Official Agricultural Chemists, Benjamin Franklin 
Station, Washington, D.C. 1945. 

19. Levine, M. and Schoenlein, H.W. "A Compilation of 
Culture Media for the Cultivation of Microorganisms." 
The Williams and Wilkins Company, Baltimore. 1930. 

20. Litsky, W. and Esselen, W.B. Attempts to improve the 
efficiency of farm and commercial vinegar-making 
methods. Determination of optimum conditions for the 
conversion of alcohol to acetic acid by Acetobacter. 
Mass. Agr. Exptl. Sta. Bull. 467 : 23. l953. 

21. Litsky, W., Esselen, Jr., W.B., Tepper, B.S., and 
Miller, G. Nutritive requirements of Acetobacter. 
I. Vitamin requirements of Acetobacter xylinum. 
Food Research 18 : 250-252. 1953. 

240 

22. Litsky, W. and Goldman, C.L. The nutritive require­
ments of Acetobacter. II. The vitamin synthesis of 
Acetobacter xylinum. Food Research 18 : 646-648. 1953. 

23. Marshall, C.R. and Walkley, V.T. Some aspects of 
microbiology applied to commercial apple juice produc­
tion. I. Distribution of microorganisms on the fruit. 
Food Research 16 : 448-456. 1951. 



24. Oginsky, E.L. and Umbreit, W.W. "An Introduction 
to Bacteria1 Physio1ogy." W.H. Freeman and Company, 
San Francisco. 1954. 

25. Peterson, W.H. Vitamins and minera1s of yeast. 
Yeasts in feeding, Proceedings of the Symposium, 
Nov. 1948 : 26-33. 1950. Abstracted, Wal1erstein 
Lab. Comm. ~ : 401. 1950. 

26. Porter, J.R. "Bacterial Chemistry and Physiology." 
John Wi1ey & Sons, Inc., New York. 1948. 

2?. Prescott, S.C. and Dunn, C.G. "Industriel Micro­
biology." 2nd ed. McGraw-Hi11 Book Company, Inc., 
New York. 1949. 

28. Rainbow, C. and Mitson, G.W. Nutritional requirements 
of acetic acid bacteria. J. Gen. Microbiol. 9 : 3?1-
3?5. 1953. 

241 

29. Rao, M.R. Raghavendra and Stokes, J.L. Nutrition of the 
acetic acid bacterie. J. Bact. 65 : 405-412. 1953. 

30. Rao, M.R. Raghavendra and Stokes, J.L. Utilization 
of ethanol by acet ic ac id bacteria. J. Ba ct. 66 : 
634-638. 1953. 

31. Sarett, H.P. and Cheldelin, V.H. The use of Acetobacter 
suboxydans for assay of the lactone moiety of panto­
thenic acid. J. Biol. Chem. 159 : 311-319. 1945. 

32. Saz, H.J. and Krampitz, L.O. The oxidation of acetate 
by Micrococcus lysodeikticus. J. Bact. 6? : 409-418. 
1954. 

33. Shimwel1, J.L. Some facts and fallacies in brewing 
bacterio1ogy. J. Inst. Brewing . 44 : 563. 1938. 
Abstracted, Wallerstein Lab. Comm.--2 : 55-57. 1939. 

34. Shimwel1, J.L. Brewing bacteriology III. The classi­
fication and identification of bacteria. Wallerstein 
Lab. Coram. 10 : 195-20?. 194?. 

35. Shimwe11, J.L. Brewing bacteriology IV. The acetic 
acid bacteria (fami1y Acetobacteriaceae; genus 
Acetobacter). Wal1erstein Lab. Comm. 11 : 2?-39. 1948. 

36. Shirnwe11, J.L. Brewing bacteriology VII. Common but 
harmless brewery bacteria. Wa1lerstein Lab. Comm. 
12 : 18?-194. 1949. 

3?. Shimwel1, J.L. Brewing bacteriology IX. Laboratory 
methods. Wa1lerstein Lab. Comm. 12 : 349-364. 1949. 



38. Shimwell, J.L. Pure culture vinegar production. 
J. Inst. Brewing 50 : 135-141. 1954. Abstracted, 
Wallerstein Lab •. Comm. 17 : 151. 1954. 

39. Snell, E~E. and Strong, F.M. A microbiological 
assay of riboflavin. Ind. Eng. Chem., Anal. Ed. 
11 : 345-350. 1939. 

40. Stanier, R.Y. Acetic acid production frQm ethanol 
by fluorescent pseudomonads. J. Bact. 54 : 191-
194. 194?. 

41. Stokes, J.L. and Larsen, A. Amino acid require­
ments of Acetobacter suboxydans. J. Bact. 49 : 
495-501. 1945. 

42. Swim, H.E~ and Krampitz, L.O. Acetic acid oxida­
tion by Escherichia coli : evidence for the 
occurrence of a tricarboxylic acid cycle. J. 
Bact. 67 : 419-425. 1954. 

43. Tepper, B.S. and Litsky, W. The nutritional 
requirements of Acetobacter. III, Amino acid 
requirements of Acetobacter xylinum. Growth 
17 : 193-199. 1953. 

44. Tosic, J. Beer infection organisms. 
infection. Brewers Digest 20 : 99T. 
Abstracted,Wal1erstein Lab. Comm. 9 : 

Bacteria1 
1945. 
73-74. 1945. 

45. Tosic, J. Oxidations in Acetobacter. Biochem. J. 
40 : 209-214. 1946. 

46. Tosic, J. and Wa1ker, T.K. A procedure for the 
characterisation of the acetic acid bacteria. Part 
I. J. Soc. Chem. !nd. Trans. 55 : 104-107. 1945. 

47. Tosic, J. and Walker, T.K. A procedure for the 
characterisation of the acetic acid bacteria. Part 
II. J. Soc. Chem. !nd. Trans. 65 : 180-184. 1946. 

48. Underkof1er, L.A., Bantz, A.C., and Peterson, W.H. 
Growth factors for bacteria. XIV. Growth require­
ments of Acetobacter suboxydans. J. Bact. 45 : 
183-190. 1943. 

49. Vaughn, R.H. The acetic acid bacteria. Wal1erstein 
Lab. Comm. ~ : 5-26. 1942. 

242 

50. Wa1ker, T.K. and Kulka, D. Comparative studies of 
Acetobacter species with particu1ar reference to beer 
contaminants. Wa1lerstein Lab. Comm. 12 : 7-28. 1949. 



243 

51. Walker, T.K. and Tosic, J. Acetobacter infection. 
Part II. Studies of Acetobacter viscosum and 
Acetobacter aceti, isolated respectivel~ from top­
fermentation beer and yeast. J. Inst. Brewing 
51 : 245. 1945. Abstracted,Wallerstein Lab. Comm. 
~ : ?4-?5. 1946. 

52. Walker, T.K. and Tosic, J. The characterization and 
identification of acetic acid bacteria. J. Inst. 
Brewing ·. 52 : 238-249. 1946. 

53. Wallace, R.H. and Lochhead, A.G. 
of soil microorganisms. IX. Amino 
of rhizosphere bacteria. Can. J. 
1950. 

Qualitative studies 
acid requirements 
Research 28 : 1-6. 

54. Wilder, R.M. and Keys, T.E. Unusual foods of high 
nutritive value. "Handbook of Nutrition." A symposium 
prepared under the auspices of the Council on Foods and 
Nutrition of the .Aiœ rican Medical Association. Pages 
2?9-296. American Medical Association, Chicago, Ill. 
1943. 



APPENDIX TABLE I 

SPASMODIC ACID PRODUCTION BY ACETOBACTER ORGANISMS 

SERIES OF SAMPLE TITRATI ONS IN VHICH THE DIFFERENCE BETWEEN THE LARGEST .AND SECOND LARGEST 
OF THREE SIMILAR FERMENTING MEDIA IS NINE ML • . OR GREATER 

Organism Condition Fermenting media Titration reading of samp1es, ml. 

2 day 4 day 6 day 8day 

.A. acetosum pH 7.0 1 1.20 11.20 40.10 37.00 
2 1.20 10.40 41.60 38.00 
3 1.80 21.60 41.30 37.80 

A. kützingianum 6 ~ etby1 1 1.00 1.70 3.90 19.10 
a1coho1 2 1.05 1.40 3.50 17.50 

3 0.95 1.50 4.20 23.50 

A. kü t zingianum pH 4.0 1 2.50 5.70 26.00 36.70 
2 2.50 15.10 37.80 45.00 
3 2.50 13.00 36.90 49.00 

A. kützingianum pH 4.5 1 2.10 15.30 40.20 61.90 
2 2.10 9.90 31.20 56.40 
3 1.90 10.60 33.60 58.30 

A. kützingianum pH 5.0 1 2.10 9.10 22.30 54.60 
2 2.20 13.00 33.20 58.70 
3 2.20 12.60 32.30 60.50 

A. rancens 3~ ethy1 1 14.60 21.30 20.80 41.40 
a1coho1 2 10.00 16.80 36.00 39.20 

3 10.40 15.30 17.30 29.50 

A. rancens 6~ ethyl 1 1.05 18.70 26.20 60.00 
a1coho1 2 0.95 17.60 22.40 33.90 

3 1.15 19.30 31.50 62.90 

A. rancens pH 4.0 1 2.40 19.50 20.50 32.90 
2 2.40 21.70 23.40 35.10 
3 2.80 21.50 21.00 37.60 

A. rancens pH 5.0 1 1.70 21.40 20.40 62.50 
2 1.80 16.30 17.30 32.30 
3 2.40 19.60 18.30 55.60 

A1 rancens pH 5.5 1 10.00 11.80 14.00 23.50 
2 s.oo 11.00 11.60 16.70 
3 4.30 12.70 12.20 39.00 

10 day 

41.5o11 
36.50 
39.80 

59.50 
49.20 
63.00 

64.50 
74.00 
67.00 

59.30 
71.60 
69.20 

78.oo11 
80.20 
81.20 

24.6011 
25.70 
30.00 

66.40 
53.40 
63.80 

35.00 
61.30 
67.70 

72. 7o11 
71.00 
71.40 

59.5012 
50.90 
60.20 

11- E1even day instead or ten day reading. 
12- Twe1ve day instead of ten day reading. 

continued 
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APPENDIX TABLE I continued 

Organism Condition Fermenting Media Titration reading of samples, ml. 

2 day 4 day 6 day 8 day 10 day 

A. rancens pH 6.5 1 1.60 19.90 24.70 26.50 47.00 
2 1.50 19.90 23.20 43.80 59.00 
3 1.40 20.20 23.80 39.50 43.80 

A. rancens 3 x standard size 1 3.10 3.90 4.00 12.50 51.40 
of inoculum 2 3.10 3.80 4.10 4.20 5.40 

3 2.80 3.80 3.80 5.20 9.90 

~. rancens 5 x standard size 1 3.00 3.70·, 4.00 12.20 49.70 
of inoculum 2 2.70 3.70 3.90 5.00 6.00 

3 2.90 3.70 3.80 9.60 22.90 

A. g1uconicum pH 5.5 1 1.10 1.50 1.50 1.70 2.1012 
2 1.10 2.00 18.60 41.46 40.50 
3 1.10 1.30 2.00 2.60 36.60 

A1 melanogenYm 1 6% ethy1 1 o.ao 1.10 14.90 46.30 67.00 
a1coho1 2 0.70 0.80 11.30 44.50 67.00 

3 0.90 1.00 13.10 46.70 46.00 

A. ox~daD;,s 1 pH 4.5 1 2.20 36.50 48.10 65.10 67.00 
2 2.20 38.70 48.30 63.30 72.10 
3 2.20 27.50 49.00 62.90 68.00 

A1 OXIdans ~ 6% ethy1 1 0.90 2.20 39.60 49.20 52.60 
alcoho1 2 0.95 1.40 34.40 65.20 65.40 

3 0.95 1.40 36.30 62.70 61.90 

:A 1 OXIdans 2 pH 4.0 1 4.00 45.90 49.90 45.30 56.50 
2 3.20 45.20 48.30 45.80 65.00 
3 3.40 43.20 44.30 42.20 78.90 

A1 o:x:;z:dans 2 pH 4.5 1 2.80 45.30 45.70 46.10 60.30 
2 2.40 37.10 41.70 43.60 70.70 
3 2.60 44.20 53.40 51.90 57.50 

A. Q6:II1Wl~ 2 3 x standard size 1 5.30 25.40 40.20 39.40 39.40 
ot inocu1um 2 4.10 25.20 40.90 42.90 42.30 

3 5.20 27.50 42.00 41.90 64.20 



APPENDIX TABLE II 

THE EFFECT OF VARYING '!HE INCUBATION T:EMPERATURE OF THE INOCULATED YEAST EXTMCT MEDIUM ON THE AMOUNT 
OF ACETIC ACID PRODJCED 

12° to 24° C 

Organ.ism Readings 

3 day 

Titra-
ti on, 
ml c 

A. suboxidans 2T8 Q.ô3 
cb 0.55 

A1 acetosum 2T 1.08 
c 0.60 

A, ascendens 2T 0.90 
c 0.50 

A. 12asteurianum 2T 0.98 
c 0.40 

A. turbidans 2T 0.83 
c 0,55 

A 1 küt zingianum 2T 0.95 
c 0.65 

A. aceti 1 2T 1.13 
c 0,55 

.A. aceti 2 2T 1.13 
c 0.45 

A. rancens 2T 6.85 
c 0.40 

A1 gJ,ucQn1,cum 2T 0.73 
c 0.55 

A1 me1anogenum 1 2T 1.13 
c 0.70 

A. oxydans 1 2T 1.03 
c 0.60 

A. oxydans 2 2T 2.08 
c 0.55 

a - 2T - Average taken from two testsc 
b - C - Control. 

5 day 

HA%/100 Titra-
ml. me- ti on, 
dium, gm ml 

0.01 0.73 
0.75 

0.03 1.40 
0.60 

0.02 1.05 
0,55 

0.04 1.15 
0,35 

0.02 1.10 
0.55 

0.02 1.40 
0.55 

0.04 3,85 
0.30 

0.04 16.05 
0,15 

0,39 11.30 
0.40 

0.01 0,85 
0,65 

0.03 1.53 
0,60 

0.03 2,88 
0.45 

0.09 18.78 
0,55 

c - The amount of N/10 NaOH required to neutra1ize 10 ml• medium. 
d - HAc - Aceti c a cid • 

HAc/100 
ml. me-
dium, gm 

o.oo 

0.05 

0.03 

0.05 

0.03 

0.05 

0.21 

0.95 

0.65 

0.01 

0.06 

0.15 

1.09 

8 day 

Titra- RAc/100 
tion, ml. me-
ml dium, gm 

0. 70 0.01 
0.55 

1.90 0,09 
0.40 

2.88 0.15 
0.45 

1,68 0.08 
0.30 

1.35 0.05 
0.50 

3.40 0.17 
0.50 

8.55 0,49 
0.35 

37,48 2,23 
0.30 

42.05 2.51 
0.20 

1.28 0.04 
0.70 

2,08 0.09 
0.65 

17.75 1.05 
0.25 

44.48 2.65 
0.35 
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APPENDIX TABLE III 

THE EFFECT OF VARYING '!HE INCUBATION TEMPERATURE ON THE INOCULATED YEAST EXTRACT MEDIUM ON THE AMOUNT 
OF ACETIC ACID PRODUCED 

250 c 
Organism Readings 

3 day 5 day 8 day 

Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 
ti on, ml. me- ti on, ml. me- ti on, ml. me-
ml dium, gm. ml dium, gm ml dium, gm 

A. subo!Idans 2T 0.78 0.01 o.8o 0.01 0.68 o.oo 
c 0.70 0.70 0.65 

A1 aceto~ym 2T 2. 70 0.13 26.98 1.59 39.63 2.37 
c 0.55 0.48 0.15 

A. a sc en dens 2T 1.45 0.05 13.65 0.80 41.55 2.48 
c 0.55 0.35 0.15 

A. 12asteurianum 2T 0.90 0.02 1.25 0.05 1.75 0.09 
c 0.50 0.35 0.30 

A. :t:u.:t::b1!1!ànii 2T 1.00 0.02 1.07 0.03 1.1ol 0.05 
c 0.65 0.55 0.25 

A1 kÜt~ing1ama.m 2T 1.68 0.07 10.53 0.61 42.65 2.55 
c 0.55 0.38 0.20 

A. aceti 1 2T 17.90 1.04 31.68 1.89 44.50 2.67 
c 0.50 0.15 o.oo 

A. aceti 2 2T 24.75 1.46 43.27 2.59 31.30 1.88 
c 0.35 0.10 o.oo 

A. rancens 2T 18.43 1.08 39.93 2.38 20.95 1.26 
c 0.40 0.25 o.oo 

A1 g1uconicum 2T 0.851 0.02 1.601 0.07 2.301 0.11 
c 0.60 0.50 0.50 

A1 melanogenum 1 2T 1.33 0.04 2.18 0.09 3.48 0.17 
c 0.70 0.70 0.65 

.A 1 o~dans 1 2T 5.28 0.28 43.08 2.57 35.53 2.13 
c 0.55 0.25 o.oo 

A. ox;ydans 2 2T 23.43 1.38 43.48 2.59 42.28 2.53 
c 0.45 0.30 0.05 

1 - Average taken fram one test • 
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APPENDIX TABLE IV 

THE EFFECT OF VARYING THE INCUBATION T:EMPERATURE OF THE INOCULATED YEAST EXTRACT MEDIUM ON THE AMOUNT 
OF ACETIC ACID PRODJCED 

30° c -

Organisms Readings 

3 day 5 day 8 day 

Titra- HAc/100 Titra- HAc/100 Titra- H.Ac/100 
ti on, ml, me- ti on, ml. me- ti on, ml. me-
ml dium., gm. ml dium., gm ml dium., gm 

A. suboxldans 2T 0.75 0.01 0.73 0.01 0.78 0,01 
c 0.65 0.60 o. 70 

A, acetosum. 2T 1.55 0.06 26,55 1.58 38.65 2,30 
c 0,50 0.30 0.35 

A. ascendens 2T 2,03 0.09 23.18 1.38 33.43 1.99 
c 0.55 0.20 0.25 

A 1 )2asteurianum 2T 1.03 0.03 1.25 0.08 1.65 0.10 
c 0,50 o.oo o.oo 

~. :tyr:Q1 !lên § 2T 0,85 0,02 0,75 0,02 0.93 0.03 
c 0.50 0.35 0.40 

A, kützingianum 2T 2.78 0.14 14.05 0.83 41.25 2.48 
c 0.50 0.30 o.oo 

A. aceti 1 2T 4.75 0.26 38.53 2,31 40.80 2.45 
c 0.45 o.oo o.oo 

A. aceti 2 2T 37.10 2.23 37.70 2,26 16.20 0.97 
c o.oo o.oo o.oo 

A. rancens 2T 31.53 1,89 33,00 1,98 22,73 1.36 
c o.oo o.oo o.oo 

A. g1uconicum 2T 0.70 o.oo 0.95 0.02 1.50 0,06 
c 0.80 0.55 0.55 

A. me1anogenum 1 2T 1.48 0.05 2,38 0.11 3,83 0.19 
c 0.65 0.60 0.60 

A, oxydans 1 2T 5.53 0.31 39.95 2,39 29.75 1.79 
c 0,45 0.20 o.oo 

A. oxydans 2 2T 21.70 1.28 38.80 2.33 32.45 1.95 
c 0.30 o.oo o.oo 
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APPENDIX TÀBLE V 

THE EFFECT OF VARYING THE INCUBATION TEMPERATURE OF THE INOCULATED YEAST EXTRACT MEDIUM ON THE .AMOUNT 
OF ACETIC ACID PRODUCED 

35° c 
Organism Readings 

3 day 5 day 8 day 

Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 
tion, ml. me- ti on, ml. me- ti on, ml. me-
ml dium, gm ml dium, gm ml dium., gm 

.A. subox;y:dans 2T 0.85 0.01 0.88 0.01 0.95 0.01 
c 0.65 0.75 0.80 

A1 acetos:y.m 2T 1.05 0.02 1.25 0.08 5.00 0.30 
c 0.65 o.oo o.oo 

A. ascendens 2T 7.30 0.41 19.18 1.14 17.45 1.03 
c 0.50 0.20 0.25 

A1 :Qasteurianum 2T 1.00 0.03 1.20 0.06 1.63 0.08 
c 0.45 0.25 0.35 

A. turbidans 2T 0.73 0.01 1.201 0.04 1.451 0.07 
c 0.50 0.50 0.35 

A. kÜtz1ns1anWD. 2T 1.65 0.01 2.83 0.15 17.53 1.04 
c 0.45 0.40 0.20 

A. aceti 1 2T 1.25 0.05 2.08 0.11 22.58 1.34 
c 0.35 0.30 0.20 

A. aceti 2 2T 32.40 1.94 34.45 2.07 36.08 2.17 
c o.oo o.oo o.oo 

A. rancens 2T 26.85 1.61 40.25 2.42 39.38 2.35 
c o.oo o.oo 0.20 

.A. s1uconicum 2T o. 70 0.01 0.73 o.oo 0.75 0.01 
c 0.60 0.75 0.60 

A. me1anogenum 1 2T 1.35 0.04 1.73 0.07 2.48 0.10 
c o. 70 0.65 0.75 

A1 oxydans 1 2T 1.58 0.07 25.80 1.54 32.53 1.94 
c 0.40 0.15 0.20 

A. oxydans 2 2T 1.28 o.o6 42.10 2.53 40.35 2.41 
c 0.35 o.oo 0.15 
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APPENDIX TABLE VI 

THE EFFECT OF VARYING THE INCUB.A\TION TEMPERATURE OF 
THE INOCULATED YEAST EXTRACT MEDIUM ON THE AMOUNT 

OF ACETIC ACID PRODUCED 

MAXIMUM YIELD PRO WCED AND TIME REQ.UIRED 
BY EACH OIDANISM FOR EVERY VARIATION 

IN T:EMPERATURE 

From Appendix Tables II, III, IV, V 
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Organism Temperature, oc 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

As 

12-24 25 30 

suboydans HAc/100 ml. medium, gm 0.01 0.01 0.01 
Time, days 3 3 3 

acetosum HAc/100 ml. medium, gm 0.09 ~ 2.30 
Time, da ys 8 a- 8 

ascendens HAc/100 ml. medium, gm 0.15 ~ 1.99 
Time, days 8 s- 8 

:12a steurianum HAc/100 ml. medium, gm 0.08 0.09 ~ 
Time, days 8 8 s-

turbidans HAc/100 ml. medium, gm 0.05 0.05 0.03 
Time, days 8 8 8 

kützingianum HAc/100 ml. medium, gm 0.17 ~ 2.48 
Time, days 8 8 8 

aceti 1 HAc/100 ml. medium, gm 0.49 ~ 2.45 
Time, days 8 8 

ace ti 2 H.Ac/100 ml. medium, gm 2.23 ~ 2.26 
Time, days 8 5 5 

rancens HAc/100 ml. medium, gm ~ 2.38 1.98 
Time, days 8 5 5 

g1uconicum H.Ac/100 ml. medium, gm 0.04 ~ 0.06 
Time, days 8 s- 8 

melanogenum 1 HAc/100 ml. medium, gm. 0.09 0.17 ~ 
Time, days 8 8 8 

oxldans 1 HAc/100 ml. medium, gm 1.05 2..M 2.39 
Time, days 8 o-- 5 

ox;ïdans 2 HAc/100 ml. medium, gm ~ ~ 2.33 
Time, days a- 5 5 

Maximum yield of each organism for temperature. 
Second best yield of each organism for temperature. 

35 

0.01 
3 

0.30 
8 

1.14 
5 

0.08 
8 

~ 8--

1.04 
8 

1.34 
8 

2.17 
8 

~ 
5 

0.01 
3 

0.10 
8 

1.94 
8 

2.53 
5 



Organism 

A. subo~dans 

A. acetosum 

A. ascendens 

A. :Qasteurianum 

A. :t:u.z::b1dans 

A. kützingianum 

A. aceti 1 

A. aceti 2 

A. ~Wl.Q§lU! 

A. gluconicum 

A1 me1anogenum 1 

A. oxydans 1 

A. o~dans 2 

APPENDIX TABLE VII 

THE EFFECT OF VARIING THE SURFACE ARE.A OF THE INOCULATED YEAST EXTRACT MEDIUM ON THE .AMOUNT 
OF ACETIC ACID PRODOCED 

SURFACE AREA: 43,9 sq. cm. (250 flask) 
------ - --

Optimum Readings 
Conditions 

3 day 5 day 8 day 

Temper- Titra- RAc/100 Titra- HAc/100 Titra- HAc/100 
a ture, ti on, ml. me- tion, ml. me- ti on, ml. me-

oc ml. dium, gm ml dium, gm ml dium, gm 

35 2T 0.85 0.01 0.88 0.01 0.95 0.01 
0 0.65 0.75 0.80 

25 2T 2.70 0.13 26.98 1.59 39.63 2.37 
0 0.55 0.48 0.15 

25 2T 1.45 0.05 13.65 0.80 41.55 2.48 
c 0.55 0.35 0.15 

30 2T 1.03 0.03 1.25 0.08 1.65 0.10 
0 0.50 o.oo o.oo 

35 2T 0.73 0.01 1.201 0.04 1.451 0.07 
0 0.50 0.50 0.35 

25 2T 1.68 0.07 10.53 0.61 42.65 2.55 
c 0.55 0.38 0.20 

25 2T 17.90 1.04 31.68 1.89 44,50 2.67 
0 0.50 0,15 o.oo 

25 2T 24.75 1.46 43.27 2,59 31,30 1.88 
0 0.35 0.10 o.oo 

35 2T 26.85 1.61 40.25 2.42 39.38 2.35 
0 o.oo o.oo 0.20 

25 2T 0,951 0.02 1.601 0,07 2.301 0.11 
c 0.60 0.50 0.50 

30 2T 1.48 0.05 2,38 0.11 3.83 0.19 
0 0.65 0.60 0.60 

25 2T 5.28 0.28 43.08 2,57 35.53 2.13 
0 0,55 0,25 o.oo 

25 2T 23.43 1.38 43.48 2.59 42.28 2,53 
0 0.45 0.30 0.05 

L_ 
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Organism 

A. suboxydans 

A, acetosum 

A. ascendens 

A. :Qasteurianum 

A, turbi dans 

A. kÜtzingianum 

A. aceti 1 

A. aceti 2 

A. rancens 

A. gluconicum 

A. me 1anogeny,m 1 

A. oxydans 1 

A, oxyda ns 2 

APPENDIX TABLE VIII 

THE EFFECT OF VARYING THE SURFACE AREA OF THE INOCULATED YEAST EXTRACT 
MEDIUM ON THE AMOUNT OF ACETIC ACID PRO UJCED 

SURFACE AREA: 76.6 sq, cm. (500 flaskl 

Optimum 
conditions Readings 

3 day 5 day 

Temper- Titra- HAe/100 Titra- HAc/100 
ature, ti on, ml. me- ti on, ml. me-

oc ml dium, gm ml dium, gm 

35 2T 0.78 0.01 0,80 o.oo 
c 0.65 0.75 

25 2T 4.10 0.22 39.60 2,36 
c 0,40 0,30 

25 2T 13.05 o. 76 21,68 1.29 
c 0.35 0,20 

30 2T 1.40 0.07 1.95 0,10 
c 0,25 0,30 

35 2T 1.13 0.04 1.28 0.05 
c 0.40 0.40 

25 2T 6,90 0,39 22,70 1.35 
c 0,35 0.25 

25 2T 38.40 2,30 38,48 2.30 
c 0.15 0.20 

25 2T 38.85 2,33 31.05 1.86 
c o.oo o.oo 

35 2T 35.98 2,15 44,43 2.67 
c 0.20 o.oo 

25 2T 0.93 0,01 1.25 0,03 
c 0.70 0,70 

30 2T 2.33 0.10 3,40 0.16 
c o. 70 0.70 

25 2T 23.75 1.41 33.28 2.00 
c 0.20 o.oo 

25 2T 45.10 2.71 43.93 2.64 
c o.oo o.oo 
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8 day 

Titra- HAc/10 
ti on, ml. me 
ml dium, gm 

0.90 0.04 
0.20 

37,20 2,21 
0,30 

30.98 1.84 
0.30 

2,75 0.15 
0.30 

1,53 o.o8 
0.25 

36,70 2.19 
0.20 

44.55 2.67 
o.oo 

5,40 0.32 
o.oo 

43,10 2,59 
o.oo 

1.88 0.06 
0.85 

4.75 0.24 
0.70 

26,03 1.56 
o.oo 

43.38 2.60 
o.oo 



APPENDIX TABLE IX 

THE EFFECT OF VARYING THE SURFACE AREA OF THE INOCULATED 
YEAST EXTRACT MEDIUM ON THE .AMOUNT OF 

ACETIC ACID PIDDOCED 

MAXIMUM YIELD PRO IDCED AND TIME REQU !RED BY EACH 
ORGANISM FOR EVERY VARIATION IN SURFACE AREA 

From Appendix Tables VII and VIII 
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Organism Surface a rea, sq. 

43.9 76.6 

A, subo!ldans HAo/100 ml. medium, gm 0,01 ~ Time, days 3 

A, acetQ§Y,m HAc/100 ml. medium, gm ~ 2,36 
Time, days 5 

A, a§ ce,g. ge D.§ HAc/100 ml. medium, gm ~ 1.84 
Time, days 8 

A. 12a steurianum HAc/100 ml. medium, gm 0.10 ~ Time, days 8 

A. tyr bl g§ D.§ HAc/100 ml. medium, gm 0.07 ~ Time, days 8 

A. !Qi t z 1 ;gg i. an, WB HAc/100 ml. medium, gm ~.55 2.19 
Time, days 8 

A. ace ti 1 HAo/100 ml. medium, gm 2,67 2.67 
Time, days 8 8 

A• ~~~ti 2 HAc/100 ml. medium, gm ~ 2.33 
Time, days 5 3 

A. rancens HAo/100 ml. medium, gm 2.42 &B2 
Time, days 5 5 

A. g1uconicum HAc/100 ml. medium, gm i*U 0.06 
Time, days 8 

A. mel§D.QS~;a.u.m 1 HAc/100 ml. medium, gm 0.19 ~ 
Time, days 8 8 

A. ox2:dags 1 HAo/100 ml. medium, gm ~ 2.00 
Time, days 5 5 

A a ox2:gan~ 2 HAo/100 ml. medium, gm 2.59 ~ 
Time, days 5 ~ 

cm. 



APPENDIX TABLE X 

THE EFFECT OF VAR!ING THE INITIAL ETHYL ALCOHOL CONTENT OF THE INOCULATED YEAST EXTRACT 
MEDIUM ON THE AMOUNT OF ACET!C ACID PRODUCED 

3 PER CENT ETHYL ALCOHOL 

Organism Optimum ' 

conditions Readings 

2 day 4 day ô day 8 day 

Temper- Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 Titra- H.Ac/100 
ature, ti on, ml. me- ti on, ml. me- ti on, ml. me- ti on, ml. me-
oc ml dium, gm ml dium, gm ml dium, gm ml dium, gm 

A. suboxvdans 35 3Te 0.93 0.02 0.8? 0.02 1.03 0.02 1.00 0.02 
0 0.65 0.60 0.?0 0.?5 

A. acetosum 25 3T 1.53 0.06 ?.5? 0.44 31.43 1.86 39.80 2,36 
0 0.55 0.30 0.45 0.45 

A. ascendens 25 3T 0.9? 0.03 5.5? 0.32 15.60 0.91 2?.93 1.68 
0 0.45 0.30 0.45 o.oo 

A. pasteurianum 30 3T 0.93 0.03 1.002 0.04 1.?0 0.08 1.952 0,09 
0 0.40 0.40 0.30 0.40 

A. turbidans 35 3T 0.83 0.02 0.?3 0.02 0.90 0.03 1.00 0.03 
0 0.50 0.45 0.45 0.45 

A. kützingianum 25 3T 1.70 0.08 12.88 0.75 25.07 1.50 45.0? 2. 70 
0 0.40 0.40 0.10 0.05 

A. aceti 1 25 3T 1.23 0.04 15.63 0.92 22.60 1.34 33.53 2.00 
0 0.50 0.30 0.20 0.20 

A. aceti 2 25 3T 3.3? 0.18 31.2? 1.8? 45.33 2.?2 41.33 2.48 
0 0.30 0.05 o.oo o.oo 

A. rancens 35 3T 11.6? 0.67 1?.80 1.05 24.?0 1.47 36.?0 2.18 
0 0.50 0.30 0.20 0.30 

A, g1uconicum 25 3T 0.83 0.02 1.20 0.04 2.30 0,09 2.80 0.12 
0 0.55 0.60 0.?5 0.80 

~· molanoienum 1 30 3T 0.93 0.02 1.90 0.08 2.90 0.13 3.2? 0.16 
0 0.65 0.60 0.?0 0.60 

A. oxvdans 1 25 3T 1.40 0.06 23.?8 1.41 39.30 2.35 43.9? 2.63 
0 0.40 0.30 0.15 0.20 

A1 ondans 2 25 3T 2.93 0.15 39.8? 2.38 46.2? 2.78 43.00 2.58 
0 0.50 0.20 o.oo 0.00 

----- - ---

2 - Average taken from two tests • 
e - 3T - Average taken from three tests. 
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11 day 

Titra- HAc/10 
ti on, ml. me 
ml dium, gm 

1.3? 0.05 
0.50 

32.83 1.94 
0.45 

40.80 2.45 
o.oo 
2.3? 0.13 
0,25 

1.10 0.04 
0.45 

37.10 2.23 
0.00 

44.1? 2.64 
0,20 

22.60 1.34 
0.20 

26.?? 1.58 
0.40 

2.901 0.13 
0.?5 

5.332 0.2? 
0.85 

34.30 2.05 
0.15 

35.8? 2.14 
0.20 



Organism 

A1 suboxidans 

A1 acetosum 

A! ascendens 

A1 J:!asteurianum 

A. turbidans 

A. kützi!!gianum 

.8. 1 acet;J. 1 

.A. aceti 2 

A! rancens 

.A. s1uconicum 

A. melanosenum 1 

A 1 ox:t:dans 1 

A. oxydans 2 

AFPENDIX TABLE XI 

THE EFFECT OF VARYING THE INITIAL E'IHYL ALCOHOL CONTENT OF THE INOCULATED YEAST 
EXTRACT MEDIUM ON TEE .AMOUNI' OF AC EriC ACID PID OOCED 

6 PER C:HNT ETHYL ALCOHOL 

Optimum 
Conditions Reading a 

2 day 4 day 6 day 8 day 

Temper- Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 Titra-
a ture, tion, ml. me- ti on, ml. me- ti on, ml. me- ti on, 

oc ml dium, gm ml dium, gm ml dium, gm ml 

35 3T 0.80 o.oo 0.77 o.oo 0.83 o.oo 0.90 
c 0.80 0.73 0.80 0.80 

25 3T 1.12 0.03 1.40 0.06 1.67 0.09 2.23 
c 0.70 0.40 0.20 0.30 

25 3T 1.05 0.03 1.27 0.05 1.60 0.07 6. 70 
c 0.55 0.50 0.40 0.40 

30 3T 0.97 0.02 1.23 0.04 1.23 0.04 1.60 
c 0.65 0.50 0.50 0.35 

35 3T 0.90 o.o1 0.77 0.02 0.73 0.01 0.87 
c 0.70 0.45 0.50 0.45 

25 3T 1.00 0.03 1.57 0.07 3.87 0.23 20.03 
c 0.55 0.45 o.oo o.oo 

25 3T 0.97 0.02 1.13 0.05 1.40 0.08 1.70 
c 0.65 0.25 o.oo o.oo 

25 3T 1.10 0.05 11.70 0.70 48.30 2.90 69.67 
c 0.30 o.oo o.oo o.oo 

35 3T 1.05 0.03 18.53 1.11 26.70 1.60 52.27 
c 0.55 0.10 o.oo 0.10 

25 3T 0.83 0.01 0.70 o.oo 0.67 o.oo 0.73 
c 0.75 0.80 0.75 0.90 

30 3T 0.80 o.oo 0.97 0.02 13.10 0.74 45.83 
c 0.75 0.70 0.75 0.60 

25 3T 1.02 0.03 1.63 0.09 17.80 1.06 55.03 
c 0.60 0.20 0.10 o.oo 

25 3T 0.93 0.02 1.67 o. lo 36.77 2.21 59.03 
c 0.55 o.oo o.oo o.oo 

- ----

255 

10 day 

HAc/100 Titra- HAc/lOO 
ml. me- ti on, ml. me-
dium, gm ml dium, gm 

0.01 0.93 0.03 
0.50 

0.12 2.63 0.14 
0.30 

0.38 21.87 1.29 
0.30 

0.08 2.00 0.10 
0.40 

0.03 0.93 0 . 03 
0.50 

1.20 57.23 3.43 
0.15 

0.10 1.90 0 .11 
o.oo 

4.18 73.60 4.42 
o.oo 

3.13 61.20 3.67 
o.oo 

o.oo 0.83 o .oo 
0.95 

2.71 60.00 3.59 
0.20 

3.30 72.80 4 .36 
0.20 

3.54 59.97 3.60 
0.05 



Organism 

A. suboxldans 

M.. ac~::tQ/àYDI. 

A. ascendens 

A 1 J2ê: steurianum 

~ 1 turbi dans 

.A. kÜ] z1 ns1~:Y.m 

A. aceti 1 

A. aceti 2 

A. l:§JJ.Qens 

A. glg,cQn;i.cJJ.m 

A. me1anogenum 1 

A. Q:3;:i:Q.an§ 1 

A. o~:ïQ.ans 2 

APPENDIX TABLE XII 

THE EFFECT OF VARYING THE INITIAL ETHYL ALCOHOL CONTENT OF THE INOCULATED YEAST 
En'RACT MEDIUM ON THE AMOUNI' OF ACETIC ACID PRODUCED 

9 FER CENT l!n'HYL ALCOHOL 
---- - ----- -

Optimum 
conditions Readings 

2 day 4 day 6 day 8 day 

Temper- Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 Titra-
ature, ti on, ml. me- ti on, ml. me- ti on, ml. me- ti on, 

oc ml dium, gm ml dium, gm ml dium, gm ml 

35 3T 0.87 0.01 1.10 0.02 0.90 0.01 0.80 
c 0.75 0.85 0.80 0.85 

25 3T 0.93 0.03 1.07 0.04 1.13 0.05 1.33 
c 0.40 0.40 0.25 0.30 

25 3T 0.77 0.01 1.07 0.04 0.97 0.03 0.90 
c 0.60 0.40 0.40 0.35 

30 3T 0.87 0.02 0.90 0.02 0.87 0.02 0.83 
c 0.60 0.50 0.60 0.65 

35 3T 0.73 0.01 0.97 0.03 0.73 0.02 0.73 
c 0.50 0.55 0.45 0.45 

25 3T 0.83 0.02 1.20 0.05 1.20 0.06 1.30 
c 0.45 0.30 0.25 0.20 

25 3T 0.70 0.02 0.80 0.03 0.80 0.04 0.77 
c 0.45 0.30 0.15 o.oo 

25 3T 0.83 0.04 1.13 0.05 1.30 0.07 1.73 
c 0.15 0.30 0.15 0.10 

35 3T 0.87 0.04 0.87 0.05 0.80 0.04 0.73 
c 0.20 0.10 0.20 o.oo 

25 3T 0.77 0.01 0.87 o.oo 0.87 o.oo 0.87 
c 0.65 0.85 0.80 o.8o 

30 3T 0.77 o.oo 0.87 0.01 0.83 0.01 0.80 
c 0.70 0.70 0.70 0.?5 

25 3T 0.87 0.03 1.10 0.05 1.33 0.0? 1.73 
c 0.45 0.20 0.25 0.20 

25 3T 0.87 0.04 1.13 0.06 1.33 0.07 16.7? 
c 0.15 0.10 0.20 o.oo 

- - , ----- ---------
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10 day 

HAc/100 Titra- H.Ac/10 
ml. me- ti on, ml. me 
dium, gm ml dium, gm 

o.oo 0.80 o.oo 
0.90 

0.06 1.30 0.07 
0.20 

0.03 1.23 0.06 
0.30 

0.01 0.90 0.02 
0.65 

0.02 0.97 0.04 
0.30 

0.07 1~63 0.09 
0.10 

0.05 0.77 0.05 
o.oo 

0.10 1.93 0.11 
0.10 

0.04 0.87 0.05 
o.oo 

o.oo 0.87 o.oo 
o.so 

o.oo 0.87 o.oo 
0.80 

0.09 3.50 0.21 
0.05 

1.01 38.53 2.31 
o.oo 



APPENDIX TABLE XIII 

A COMPARISON OF EFFICIENCY IN STUDYING THE RATE OF 
ACETIC ACID PRODUCTION BY USING D.IFFERENT 

SAMPLING-TIME INTERVALS 

MAXIMUM YIELD PRO OOCED AND TIME REQ.UIRED BY 
EACH ORGANISM FOR EVERY VARIATION IN 

SAMPLING-TI~Œ INTERVALS 

From Appendix Tables VII and X 
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Organism Time intervals, days 

3,5,8 2,4,6,8,10 

.A. subo~dans HAc/100 ml. medium, gm 0.01 0.05 
Time, days 3 11 

A. acetosum HAc/100 ml. medium, gm ~ 2.36 
Time, days 8 8 

A. ascendens HAc/100 ml. medium, gm ~ 2.45 
Time, da ys 11 

.lâ. :ga §te1u:1a num. HAc/100 ml. medium, gm 0.10 ~ Time, da ys 8 

A• turbidans HAc/100 ml. medium, gm ~ 0.04 
Time, da ys 8 11 

.A. kützingianum HAc/100 ml. medium, gm 2.55 ~ 
Time, da ys 8 8 

As ace ti 1 HAc/100 ml. medium, gm ~ 2.64 
Time, da ys 11 

.A. aceti 2 HAc/100 ml. medium, gm 2.59 .2.J.2 
Time, days 5 s-

A. œn~!;l !la HAc/100 ml. medium, gm ~ 2.18 
Time, days o- 8 

A. gluconicum HAc/100 ml. medium, gm 0.11 ~ Time, days 8 

A. mela üQgenw.G 1 HAc/100 ml. medium, gm 0.19 ~ 
Time, days 8 11 

A. ox;ydans 1 HAc/100 ml. medium, gm 2.57 2.63 
Time, days 5 8 

A• ox;ydans 2 HAc/100 ml. medium, gm 2.59 2.....26 
Time, da ys 5 6--



APPENDI~ TABLE XIV 

THE EFFECT OF VARYING THE INITIAL ETHYL ALCOHOL CONTENT 
OF THE INOCU:U.TED YEAST EXTRACT MEDIUM ON THE 

AMOUNT OF ACETIC ACID PRODUCED 

MAXIMUM YIELD PRO IDCED AND TIME REQ.UIRED BY EACH 
ORGANISM FOR EVERY VARIATION IN ETHYL ALCOHOL 

CONC:ENTRATI ON 

·From Appendix Tables X, XI, XII 
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Organism Ethyl alcohol, 
per cent 

3 6 9 

A. subox:t:dans HAc/100 ml. medium, gm .a.....a.o. 0.03 0.02 
Time, da ys rr- 10 4 

A. acetosum HAc/100 ml. medium, gm ~ 0.14 0.07 
Time, da ys ~ 10 10 

A. ascendens HAc/100 ml. medium, gm 2.45 1.29 0.06 
Time, days 11 10 10 

A. ;2asteurianum HAc/100 ml. medium, gm 0 ] 3 0.10 0.02 
Time, days 11 10 2 

A. turbidans HAc/100 ml. medium, gm ~ 0.03 .Q.....Qi 
Time, days 11 8 ra--

A. kützingianum HAc/100 ml. medium, gm 2. 70 3...4:.3 0.09 
Time, da ys 8 ~ 10 

"· acet1 1 HAc/100 ml. medium, gm ~ 0.11 0.05 
Time, days rr- 10 8 

A. ace ti 2 HAc/100 ml. medium, gm 2.72 U& 0.11 
Time, days 6 rn- 10 

A. rancens HAc/100 ml. medium, gm 2.18 3.....6.2 0.05 
Time, da ys 8 j]) 4 

A. gluconicum HAc/100 ml. medium, gm ~ 0.01 0.01 
Time, da ys 11 2 2 

A. me la nogenum 1 HAc/100 ml. medium, gm 0.27 .3....59. 0.01 
Time, days 11 10 4 

A. O!Idans 1 HAc/100 ml. medium, gm 2.63 LM 0.21 
Time, days 8 10 10 

A. ox:t:dans 2 HAc/100 ml. medium, gm 2.78 ~ 2.31 
Time, days 6 10 10 

---- ---·------- --------------------------------



Organism 

A. ~[!J,:bQXI:!ian~ 

A 1 acetosum 

A. ascendens 

A. 12asteurianum 

A: turbidans 

A1 kützinfiianum 

A. aceti 1 

.A 1 aceti 2 

i!,. ran cens 

A. gluconi cum 

A1 melanogenum .. 

A. OX;ïdans 1 

A. oxzdans 2 
., 

APPENDIX TABLE XV 

THE EFFECT OF VARTING THE INITIAL pH OF THE INOCULATED YEAST EXTRACT MEDIUM 
ON THE AMOUNT OF ACETIC ACID PRODUCED 

pH 4.0 

Optimum 
eonditi ons Readings 

2 day 4 day ô day 8 day 

Temper- Ethyl Titra- HAe/100 Titra- HAe/100 Titra- HAe/100 Titra-
a ture, alcohol ti on, ml. me- tion, ml. me- ti on, ml. me- tion, 

oc ~ ml dium., gm ml dium, gm ml dium, gm ml 

35 3 3T 2.17 o.oo 2.17 o.oo 2.37 o.oo 2.17 
c 2.20 2.30 2.35 2.25 

25 3 3T 3.57 0.11 31.50 1.80 39.60 2.29 36.20 
c 1.?0 1.55 1.40 1.45 

25 3 3T 4.93 0.19 26.1? 1.50 32.03 1.86 34.93 
c 1.75 1.15 1.10 1.20 

30 3 3T 2.40 0.02 2.60 0.04 3.07 0.08 3.23 
c 2.10 1.90 1.80 1.80 

35 9 3T 2.17 0.01 2.23 0.01 2.30 0.02 2.33 
c 2.00 2.00 1.90 1.80 

25 6 3T 2.50 0.05 11.27 0.62 33.57 1.97 43.57 
c 1.?5 0.90 0.?0 0.?0 

25 3 3T 3.?3 0.11 29.10 1.68 41.60 2.47 41.40 
c 1.85 1.10 0.45 0.40 

25 6 3T 2.60 o.o? 18.73 1.06 50.03 2.94 58.50 
c 1.40 1.10 1.00 1.10 

35 6 3T 2.53 0.12 20.90 1.23 21.63 1.27 35.20 
c 0.60 0.45 0.45 0.55 

25 3 3T 2.20 0.00 2.33 0.01 2.47 0.01 2.93 
c 2.25 2.20 2.25 2.25 

30 6 3T 2.5? 0.02 2.90 0.04 3.30 O.Oô 3.80 
c 2.20 2.30 2.35 2.50 

25 ô 3T 2.87 0.09 37.10 2.20 50.20 2.98 52.93 
c 1.45 0.45 0.50 0.40 

25 ô 3T 3.53 0.13 44.77 2.64 47.50 2.83 44.43 
c 1.40 0. 70 0.35 0.35 

-

259 

10 day 

HAe/100 Titra- HAe/100 
ml. me- tion, ml. me-
dium, gm ml dium, gm 

o.oo 2~43 0.01 
2.25 

2.09 34.10 1.97 
1.30 

2.02 38.07 2.22 
1.15 

0.09 3.40 0.11 
1.60 

0.03 2.23 0.04 
1.60 

2.5? 68.53 4.0? 
0.65 

2.46 44.?7 2.6? 
0.30 

3.44 66.03 3.90 
1.05 

2.08 54.67 3.26 
0.35 

0.04 3.07 0.05 
2.30 

0.08 4.10 0.10 
2.40 

3.15 ôl.3? 3.ô5 
0.50 

2.65 ôô.80 3.99 
0.35 



Organism 

A. subox;ldans 

A. aeetosum 

!?. • ~Ui!C!iiln!l~n a 

A. Easteurianum 

A1 turbi dans 

A. kützingianum 

A, aceti 1 

A. ac~:ti 2 

A1 r§llcen§ 

A 1 gJ.UCQI!ÏQwtJ. 

A1 melanogenum 1 

A1 ox:y:dans 1 

A. ox;y:dans 2 

Optimum 

APPENDIX TABLE XVI 

THE EFFECT OF VARYING THE INITIAL pH OF THE INOCULATED YEAST EXTRACT MEDIUM 
ON THE AMOUNr OF ACETIC ACID PR01lJCED 

~..~..... .. . " 
. 

conditions Readings 

2 day 4 day 6 day 8 day 

Temper- Ethyl Titra- HAc/100 Titra- HAe/100 Titra- H.Ac/100 Titra-
a ture, alcohol tion, ml. me- ti on, ml. me- ti on, ml. me- ti on, 

oc % ml dium, gm ml dium, gm ml dium, gm ml 

35 3 3T 1.80 0.01 1.70 o.oo 1.83 0.01 1.73 
c 1. 70 1.65 1.65 1.65 

25 3 3T 2.90 0.09 32.33 1.88 36.50 2.14 35.10 
c 1.40 0.95 0.80 0.85 

25 3 3T 2.83 0.09 27.13 1.59 33.13 1.95 36.37 
c 1.35 0.65 0.60 0.60 

30 3 3T 2.07 0.04 2.03 0,04 2.50 0.08 2. 70 . 
c 1.40 1.30 1.20 1.15 

35 9 3T 1.83 0.02 1.80 0.02 1.87 0.03 1.67 
c 1.50 1.45 1.30 1.25 

25 6 3T 2.03 0,03 11.93 0.67 35.00 2,07 58.87 
c 1.55 0.70 0.50 0.55 

25 3 3T 2.23 0.10 32.302 1.93 37.83 2.26 39.552 
c 1.50 0.20 0.20 0.20 

25 6 3T 2.17 0.07 29.50 1.74 59.47 3.54 62.00 
c 1.00 0.50 0.50 0.45 

35 6 3T 2.07 0.07 21.37 1.26 23.93 1.41 53.57 
c 0.85 0.40 0.45 0.35 

25 3 3T 1.80 0.01 1.80 0.01 8.13 0.03 2.27 
c 1.60 1.60 1.60 1. 70 

30 6 3T 2.17 0.03 2.60 0.06 2.80 0.06 3,07 
c 1.75 1.65 1.75 1.75 

25 6 3T 2.20 0.06 34.23 2.03 48.47 2.88 63.77 
c 1.20 0.45 0.45 0.40 

25 6 3T 2.60 0.08 42.20 2,52 46.93 2,80 47.20 
c 1.25 0.15 0.20 0.25 

260 

10 day 

HAc/100 Titra- H.Ac/10 
ml. me- ti on, ml. me 
dium, gm ml dium, gm 

0.01 1.90 0.02 
1.65 

2.06 34.50 2.03 
0.65 

2.15 38.97 2.30 
0.70 

0.09 2.80 0.10 
1.10 

0.03 1.73 0.04 
1.10 

3.50 66.70 3.97 
0.50 

2.36 42~10 2.51 
0.25 

3.69 58.63 3,49 
0.40 

3.19 66.43 3,96 
0.40 

0.03 2.53 0.06 
1.60 

0.08 3.37 0.09 
1.90 

3.80 69.03 4.13 
0.25 

2.82 62.83 3.76 
0.25 



Organism 

.à 1 subo~dans 

A. ac~:tcwm 

A. ascendens 

A. 12asteurianum 

A 1 t urbi dans 

A. kiitzingianum 

A1 aceti 1 

A1 aceti 2 

A. :tanc~n§ 

.A. gluconicum 

A. m~lanQs;~n!..l.m 1 · 

A. OXYdans 1 

A. QXl!:!lan~ 2 

Optimum 

.APPENDIX T.ABLE XVII 

THE EFFECT OF VARYING THE INITIAL pH OF THE INOCULATED YEAST EXTRACT MEDIUM 
ON THE AMOUNT OF ACETIC ACID PRODUCED 

pH 5.0 

conditions Readings 

2 day 4 day 6 day 8 day 

Temper- Ethyl Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 
ature, alcohol ti on, ml. me- ti on, ml. me- ti on, ml. me- ti on, ml. me-

oc % ml dium, gm. ml dium, gm ml dium, gm ml dium, gm 

35 3 3T 1.30 0.00 1.27 o.oo 1.43 0.01 1.47 0.01 
c 1.30 1.20 1.35 1.30 

25 3 3T 2.20 0.07 23.10 1.35 40.20 2.38 36.77 2.18 
c 1.05 0.60 0.50 0.40 

25 3 3T 3.30 0.15 18.13 1.06 29.73 1.76 34.43 2.05 
c 0.80 0.40 0.40 0.35 

30 3 3T 1.73 0.05 1.83 0.07 2.17 0.09 2.30 0.10 
c 0.95 0.75 0.70 0.60 

35 9 3T 1.30 0.02 1.30 0.02 1.23 0.03 1.30 0.04 
c 1.00 0.95 0.70 o. 70 

25 6 3T 2.17 0.09 11.57 0.67 29.27 1.73 57.93 3.45 
c 0.75 0.45 0.50 0.40 

25 3 3T 6. 70 0.36 28.10 1.68 37.87 2.27 43.63 2.62 
c 0.65 0.15 o.oo o.oo 

25 ô 3T 3.03 0.16 28.90 1.72 58.40 3.48 66.37 3.97 
c 0.40 0.30 0.35 0.15 

35 6 3T 1.97 0.09 19.10 1.12 18.67 1.10 50.13 3.00 
c 0.40 0.40 0.40 0.20 

25 3 3T 1.20 o.oo 1.70 0.03 1.63 0.02 1.83 0.03 
c 1.20 1.25 1.30 1.30 

30 6 3T 1.77 0.03 2.20 0.06 2.30 0.06 2.70 0.08 
c 1.25 1.25 1.25 1.30 

25 ô 3T 4.50 0.23 30.47 1.80 48.50 2.89 63.40 3.79 
c 0.60 0.40 0.30 0.30 

25 6 3T 13.73 0.80 49.40 2.95 51.07 3.06 50.60 3.02 
c 0.35 0.30 0.15 0.20 

261 

11 day 

Titra- HAc/100 
ti on, ml. me-
ml dium, gm 

1. 77 0.02 
1.45 

34.30 2.03 
0.45 

39.83 2.37 
0.35 

2.67 0.13 
0.55 

1.30 0.03 
0.75 

79.80 4.77 
0.35 

40.90 2.44 
0.20 

70.20 4.19 
0.30 

71.70 4.28 
0.40 

2.23 O.Oô 
1.30 

3.20 0.12 
1.25 

79.80 4.77 
0.30 

79.47 4.77 
o.oo 



Organism 

A. sy,:QQ:~;;Idan§ 

A • § ~~ :t ~:H:!J.J.m 

A. ascendens 

A1 !!asteurianum 

A1 turbi dans 

A. kützingianum 

A. aceti 1 

A. fà~~:ti 2 

.A. rancens 

A1 gluconicum 

A. melanos;e nwn l 

A. OXIdans 1 

A1 ox;ïdans 2 

Optimum 

APPENDIX TÀBLE XVIII 

THE EFFECT OF VARYING THE INITIAL pH OF THE INOCULATED YEAST EX:r'RACT MEDIUM 
ON THE AMOUNT OF ACETIC ACID PRODUCED 

pH 5.5 

conditions Readings 

2 day 4 day ô day 8 day 

Temper- Ethyl Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 Titra-
ature, alcohol ti on, ml. me- ti on, ml. me- ti on, ml. me- ti on, 

oc % ml dium, gm ml dium, gm ml dium, gm ml 

35 3 3T 1.00 o.oo 1.23 0.01 1.27 0.01 1.27 
c 1.00 1.05 1.10 1.00 

25 3 3T 2.03 0.77 17.67 1.03 41.20 2.45 37.63 
0 0.75 0.55 0.40 0.40 

25 3 3T 2.33 0.10. 13.83 0.81 31.20 1.86 36.83 
0 0.65 0.40 0.25 0.25 

30 3 3T 1.40 0.04 1.73 0.07 2.03 0.10 2.23 
c 0.70 O.ôO 0.40 0.40 

35 9 3T 1.07 0.01 1.40 0.03 1.13 0.02 1.30 
0 0.95 0.85 0.75 o.8o 

25 ô 3T 1.60 0;.07 4.77 0.26 18.40 1.09 41.33 
c 0.40 . 0.40 0.20 0.30 

25 3 3T 11.60 0.66 33.53 2.01 43.07 2.58 44.33 
c 0.55 o.oo o.oo o.oo 

25 ô 3T 1.87 0.10 9.57 0.57 43.70 2.61 61.47 
c 0,20 0.15 0.20 0.15 

35 6 3T 7.43 0.42 11.83 0.69 12.ô0 0~74 26.40 
c 0.45 0.35 0.20 0.20 

25 3 3T 1.07 0.01 1.60 0.05 7.37 0.41 15.25 
0 0.90 0.85 0.60 o.oo 

30 6 3T 1.63 0.05 2.00 0.06 2.33 o.o8 2.73 
c 0.85 1.00 1.00 1.10 

25 6 3T 2.00 o.o8 22.23 1.31 49.53 2.96 56.20 
0 0 .6.5 0.35 0.25 0.25 

25 6 3T 4.93 0.26 38.63 2.30 47.43 2.84 49.07 
c 0.65 0.25 0.10 0.15 

- -------- -- -- ------ - -

262 

-~- --

12 day 

HAc/100 Titra- HA0/10 
ml. me- ti on, ml. me 
diu.m., gm ml dium, gm 

0.02 1.53 0.02 
1.20 

2.23 35.27 2.09 
0.45 

2.20 39.17 2.33 
0.40 

0.11 2.77 0.14 
0.40 

0.03 1.30 0.04 
O.ôO 

2.46 81.60 4.87 
0.45 

2.66 39~1? 2.35 
o.oo 

3.68 82.67 4.95 
0.20 

1.57 56.87 3.39 
0.30 

0.92 26.40 1.58 
o.oo 

0.10 3.47 0.14 
1.15 

3.3ô 74.20 4.43 
0.35 

2.94 77.03 4.61 
0.20 



Organism 

A. suboxydans 

A. acetosum 

A. ascendens 

A • :Ciii §:te y,;r 1 sUlYm 

A. ]y,;t:b;lda:ns 

A1 kÜtzingianum 

A. aceti 1 

A1 a~eti 2 

A1 rancens 

A. g1uconicum 

A 1 melanogenum 1 

A. ox;y:dans 1 

A. QUdans 2 

APPENDIX TABLE XIX 

THE EFFECT OF VARYING THE INITIAL pH OF THE INOCULATED YEAST EJCI'RACT MEDIUM 
ON THE AMOUNT OF ACEriC ACID l?ROOOCED 

pH 6.0 

Optimum 
conditions Readings 

2 day 4 day 6 day 8 day 

Temper- Ethyl Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 Titra-
ature, al ooho1 ti on, ml. me- ti on, ml. me- ti on, ml. me- tion, 

oc % ml dium, gm ml dium, gm ml dium, gm ml 

35 3 3T 0.93 0.02 0.87 0.02 1.03 0.02 1.00 
c 0.65 0.60 o. 70 0.75 

25 3 3T 1.53 0.06 7.57 0.44 31.43 1.86 39.80 
c 0.55 0.30 0.45 0.45 

25 3 3T 0.97 0.03 5.57 0.32 15.60 0.91 27.93 
c 0.45 0.30 0.45 o.oo 

30 3 3T 0.93 0.03 1.00 0.04 1.70 0.08 1.952 
c 0.40 0.40 0.30 0.40 

35 9 3T 0.73 0.01 0.97 0.03 0.73 0.02 0.73 
c 0.50 0.55 0.45 0.45 

25 6 3T 1.00 0.03 1.57 0.07 3.87 0.23 20.03 
c 0.55 0.45 o.oo o.oo 

25 3 3T 1.23 0.04 15.63 0.92 22.60 1.34 33.53 
c 0.50 0.30 0.20 0.20 

25 6 3T 1.10 0.05 11.70 0.70 48.30 2.90 69.67 
c 0.30 o.oo o.oo o.oo 

35 6 3T 1.05 0.03 18.53 1.11 26. ?0 1.60 52.27 
c 0.55 0.10 o.oo 0.10 

25 3 3T 0.83 0.02 1.20 0.04 . 2.30 0.09 2.80 
c 0.55 0.60 0.75 0.80 

30 ô 3T 0.80 o.oo 0.97 0.02 13.10 0.74 45.83 
c 0.75 0.70 0.75 0.60 

25 6 3T 1.02 0.03 1.63 0.09 17.80 1.06 55.03 
c 0.60 0.20 0.10 o.oo 

25 6 3T 0.93 0.02 1.67 o .1o 36.?7 2.21 59.03 
c 0.55 o.oo o.oo o.oo 

263 

10 day 

HAc/100 Titra- H.A0/10 
ml. me- ti on, ml. me 
dium, gm ml dium, gm 

0.02 1.37 o .0511 
0.50 

2.36 32.83 1.9411 
0.45 

1.68 40.80 2.4511 
o.oo 

0.09 2.37 0.1311 
0.25 

0.02 0.97 0.04 
0.30 

1.20 57.23 3.43 
0.15 

2.00 44.17 2.6411 
0.20 

4.18 73.60 4.42 
o.oo 

3.13 61.20 3.67 
o.oo 

0.12 2.9ol 0.1311 
0.75 

2.71 60.00 3.59 
0.20 

3.30 72.80 4.36 
0.20 

3.54 59.97 3.60 
0.05 

- -



-

Organism 

A. suboELdans 

.A, acetosum 

A. ascendens 

A1 32asteurianum 

A. turbidans 

A. kütz1ng;!.anum 

.A. aceti 1 

A. aceti 2 

.A. ran~§l:L~ 

A1 gluconicum 

~. m~lanogenum. 1 

A. Q~;ldans 1 

A. oxldans 2 . 

---- -------------

APPENDIX TABLE XX 

THE EFFECT OF VARYING THE INITIAL pH OF THE INOCULATED YEAST EXTRACT MEDIUM 
ON THE AMOUNT OF ACETIC ACID PRODUCED 

pH ô.5 

Optimum 
conditions Reading a 

2 day 4 day 6 day 8 day 

Temper- Ethyl Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 Titra-
ature, alcohol tion, ml. me- ti on, ml. me- ti on, ml. me- tion, 
oc % ml dium, gm. ml dium, gm ml dium, gm ml 

35 3 3T 1.03 0.02 1.00 0.01 0.80 o.oo 0.97 
c 0.75 0.80 0.75 0.80 

25 3 3T 1.43 0.06 16.87 0.99 40.53 2.41 38.00 
c 0.50 0.45 0.30 0.35 

25 3 3T 1.43 0.07 9.652 0.55 28.13 1.67 42.17 
c 0.35 0.45 0.25 0.25 

30 3 3T 1.23 0.04 1.40 0.06 1.47 O.Oô 1.87 
c 0.50 0.35 0.45 0.415 

35 9 3T 0.83 0.02 0.80 0.02 0.83 0.02 0.93 
c 0.55 0.50 0.55 0.50 

25 6 3T 1.97 0.09 11.67 0.69 32.47 1.93 68.93 
c 0.50 0.25 0.30 0.20 

1 

25 3 3T 1.23 0.05 29.17 1.75 35.53 2.13 44.40 
c 0.35 o.oo o.oo o.oo 

25 ô 3T 1.27 0.07 15.13 0.91 34.80 2.09 ô4.97 
c 0.15 o.oo o.oo o.oo 

35 ô 3T 1.50 0.07 20.00 1.19 23.90 1.42 36.ô0 
c 0.40 0.20 0.20 0.20 

25 3 3T 0.93 0.02 1.00 0.03 1.43 0.06 1.93 
c O.ô5 0.55 0.50 0.25 

; 30 ô 3T 1.33 0.04 1.57 O.Oô 1.83 o.o8 2.20 
c 0.70 0.55 0.45 0.25 

25 ô 3T 1.50 0.07 27.03 1.61 42.17 2.52 66.60 
c 0.40 0.20 0.25 0.20 

25 6 3T 1.20 0.04 34.07 2.04 39.93 2.40 4ô.23 
c 0.50 o.oo o.oo o.oo 

L_ ___ - -- --------

264 

10 day 

HAc/100 Titra- HAc/10 
ml~ me- ti on, ml. me 
dium, gm. ml dium, gm 

0.01 1.07 0.04 
0.45 

2.2ô 33.87 2.01 
0.45 

2.52 4l.ô3 2.47 
0.50 

0.09 1.93 0.09 
0.50 

0.03 0.97 0.03 
0.50 

4.12 71.43 4.27 
0.25 

2.ôô 42.97 2.5ô 
0.30 

3.90 70.20 4.20 
0.15 

2.18 49.93 2.97 
0.40 

0.10 2.23 0.13 
o.oo 

0.12 2.43 0.13 
0.35 

3.98 76.93 4.60 
0.35 

2.77 58.77 3.53 
o.oo 



Organism 

A, suboxydans 

A. acetosum. 

A. ascendens 

A. pasteurianum 

A. turbi dans 

A. kÜ tzingianum 

A. aceti 1 

A, aceti 2 

A. rancens 

A, gluconi cum 

A, me1anogenum 1 

A. oxydans 1 

.A, ox!dans 2 

APPENDIX TABLE XXI 

THE EFFECT OF VARYING THE INITIAL pH OF THE INOCULATED YE.AST EXTRACT MEDIUM 
ON THE AMOUNT OF ACETIC ACID PRODUCED 

pH 7.0 

Optimum 
conditions Reading a 

2 day 4 day 6 day 8 day 

Temper- . Ethyl Titra- H.Ac/100 Titra- HAc/100 Titra- HAc/100 Titra-
a ture, alcohol tion, ml. me- ti on, ml. me- ti on, ml. me- t1on, 
oc % ml dium, gm ml d1um, gm ml d1um, gm ml 

35 3 3T 0.70 0.01 0.87 0,02 0.87 0.01 1.102 
0 0.50 0.60 0.65 0.65 

25 3 3T 1.40 0,05 14.40 0.84 41.00 2.44 37.60 
c 0.50 0.35 0.30 0.20 

25 3 3T 0.87 0.03 3,252 0.17 18.73 1.11 38,03 
c 0,45 0.40 0.30 0.30 

30 3 3T 0.87 0.02 1.13 0.04 1.33 0,07 l,ô3 
c 0.50 0.40 0.20 0,25 

35 9 3T 0.70 0.01 0.70 0.02 0.?0 0.04 O,ô7 
c 0.55 0,40 o.oo o.oo 

25 6 3T 1.03 0.04 4.43 0.24 24.10 1.43 58.47 
c 0.45 0.50 0.25 0.25 

25 3 3T 1.10 0,04 21.53 1.28 44.23 2.65 39.90 
c 0.40 0.20 o.oo o.oo 

25 ô 3T 0.97 0.04 2.102 0,12 12.87 0.77 42.53 
c 0.30 0.10 o.oo o.oo 

35 6 3T 1.00 0.03 13.87 0.82 17.57 1.05 22,53 
c 0.45 0.20 o.oo o.oo 

25 3 3T O.ô7 0.01 0.73 0.01 1.10 0,03 2.00 
c 0.50 O,ô5 O.ô5 0.70 

30 6 3T 0.70 0,01 0.83 0.01 0.93 0.02 1.33 
c 0,50 0.70 0.60 O.ôO 

25 ô 3T 0.93 0.03 ô.23 0.35 41.00 2.45 ô1.50 
c 0.45 0.35 0.25 0.10 

25 ô 3T 1.oo2 0.03 24.70 1.48 50 .1? 3.01 57.80 
c 0.50 o.oo o.oo o.oo 

265 

11 day 

H.Ac/100 Titra- HAC/100 
ml. me- t1on, ml. me-
dium, gm ml dium., gm 

0.03 1.252 0.04 
0,65 

2.24 39.27 2.3ô 
o.oo 

2.2ô 34.03 2.03 
0.15 

0.08 2.07 0.12 
0.10 

0,04 0.67 0,04 
o.oo 

3,49 74,37 4.45 
0.15 

2,39 41.23 2,47 
o.oo 

2,55 81.27 4,88 
0.00 

1.35 6ô.OO 3.96 
o.oo 

o.o8 2.27 0.10 
0.55 

0,04 2.03 0.12 
0.10 

3.ô8 80.37 4.82 
o.oo 

3.47 77.57 4.ô5 
o.oo 



Organism 

A. suboxvdans 

A. acetosum 

A. ascendens 

A. pasteurianum 

A. turbidans 

.A. kützingianum 

A. aceti 1 

A. aceti 2 

A, rancens 

A. gluconicum 

A. me1anogenum 1 

APPENDIX TABLE XIII 

THE EFFECT OF VARYING THE INITIAL pH OF THE INOCULATED YEAST EXTRàCT MEDIUM 
ON THE AMOUNT OF ACETIC ACID PRODUCED 

MAXIMUM YIELD PROIDCED AND TIME REQUIRED BY E.ACH ORG.ANISM FOR EVERY 
VARIA TI ON IN pH 

From Appendix Tables XV - XXI 

HAc/100 ml. medium, gm 
Time, days 

HAc/100 ml. medium, gm 
Time, days 

IUc/100 ml. medium, gm 
Time, days 

HAc/100 ml. medium, gm 
Time, days 

HAc/100 ml. medium, gm 
Time, days 

HAc/100 ml. medium, gm 
Time, days 

HAc/100 ml. medium, gm 
Time, deys 

HAc/100 ml. medium, gm 
Time, da ys 

HAc/100 ml. medium, gm 
Time, days 

HAc/100 ml. medium, gm 
Time, days 

HAc/100 ml. medium, gm 
Time, da ys 

pH 

4.0 

0.01 
10 

2.29 
ô 

2,22 
10 

0.11 
10 

0.04 
10 

4.07 
10 

4.5 

0.02 
10 

2,14 
ô 

2,30 
10 

0.10 
10 

0,04 
10 

3.97 
10 

5.0 

0,02 
11 

2,38 
ô 

2,37 
11 

0.13 
11 

0.04 
8 · 

4,?7 
11 

5,5 

0.02 
8 

~ 
s--
2.33 
12 

~ 
~ 
rr-

~ 
r- ~ 

~ 1 2.51 1 2,62 1 ~ 
10 10 8 8 

3,90 
10 

3.2ô 
10 

0.05 
10 

0.10 
10 

3.ô9 
8 

3.96 
10 

O.Oô 
10 

0.09 
10 

4.19 
11 

L..2S 
11 

O.Oô 
11 

0.12 
11 

.4:....9.5 
I2" 

3.39 
12 

~ 
0.14 
12 

6.0 

~ 

6.5 

0.04 
10 

7.0 

0.04 
11 

2.3ô 1 2,41 1 2,44 
8 ô ô 
~ ' 
~ 1 ~t 1 2,2ô 
11 8 8 

0.13 
11 

0.04 
10 

3.43 
10 

2,64 
11 

4.42 
10 

3,67 
10 

0.13 
11 

~ 

0.09 
8 

0.03 
8' 

4.27 
10 

2.66 
8 

4.20 
10 

2.97 
10 

0,13 
10 

0.13 
10 

0.12 
11 

0.04 
ô 

4.45 
11 

2.65 
ô 

4.88 
11 

3,96 
11 

0.10 
11 

0.12 
11 

A. oxydans 1 HAc/100 ml. medium, gm 
Time, da ys 

.ç.· ~ 

A. oxydans 2 HAc/100 ml. medium, gm 
Time, days 

t- Arrow points to pH used in succeeding experimenta. ' 

3,65 
10 

3,99 
10 

4.13 
10 

3,7ô 
10 

L:l2. 
11 

4.zJ 
11 

4,43 
12 

4.61 
12 

•.. ~~ 
10 

3,60 
10 

4.60 
10 

3,53 
10 

L.S.a 
11 

4.65 
11 
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Organism 

A. suboxzdans 

A. acetosum 

A. ascendem2 

A. pasteurianJUI'l. 

-~• turbidans 

A. kÜtzinezianum 

A. aceti 1 

A1 acet1 2 

A1 rancens 

A. gluconicum 

A. melanogenuml 

A. oudans 1 

A1 o:x;Idans 2 

Optimum 

APPENDIX TABLE XXIII 

THE EFFECT OF VARYING THE SIZE OF THE INOCULUM IN YEAST EXTRACT MEDIUM ON 
TEE AMOUNT OF AC:m'IC ACID PRODUCED 

STANDARD SI ZE 

conditions Readings 

2 day 4 day 6 day 

Temper- Ethyl Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 
a ture, alcohol pH ti on, ml. me- ti on, ml. me- ti on, ml. me-

oc % ml dium, gm ml dium, gm ml dium, gm 

35 3 6.0 3'1' 0.93 0.02 0.87 0.02 1.03 0.02 
c 0.65 0.60 0.70 

25 3 5.5 3T 2.03 O.?? 17.67 1.03 41.20 2.45 
c 0.75 0.55 0.40 

25 3 6.0 3T 0.97 0.03 5.57 0.32 15.60 0.91 
c 0.45 0.30 0.45 

30 3 5.5 3T 1.40 0.04 1.73 0.07 2.03 0.10 
c 0.70 0.60 0.40 

35 9 5.5 3T 1.07 0.01 1.40 0.03 1.13 0.02 
c 0.95 0.85 0.75 

25 6 5.5 3T 1.60 0.07 4.77 0.26 18.40 1.09 
c 0.40 0.40 0.20 

25 3 5.5 3T 11.60 0.66 33.53 2.01 43.07 2.58 
c 0.55 o.oo o.oo 

25 6 5.5 3T 1.87 0.10 9.57 0.57 43.70 2.61 
c 0.20 0.15 0.20 

35 6 5.0 3T 1.97 0.09 19.10 1.12 18.67 1.10 
c 0.40 0.40 0.40 

25 3 5.5 3T 1.0? 0.01 1.60 0.05 7.37 0.41 
c 0.90 0.85 0.60 

30 ô 6.0 3T o.8o o.oo 0.97 0.02 13.10 ·o .74 
c 0.75 0. 70 0.75 

25 ô 5.0 3T 4.50 0.23 30.47 1.80 48.50 2.89 
c O.ôO 0.40 0.30 

25 ô 5.0 3T 13.73 0.80 49.40 2.95 51.07 3.06 
0 0.35 0.30 0.15 

-~---

26? 

8 day 10 day 

Titra- HAc/100 Titra- HAc/10 
ti on, ml. me- ' ti on, ml. me 
ml dium, gn : ml dium, gm 

1.00 0.02 1.37 o.o5ll 
0.75 0.50 

. 37.63 2.23 35.27 2.0912 
0.40 0.45 

27.93 1.68 40.80 2.4511 
o.oo o.oo 

2.23 o·.11 2.77 0.1412 
0.40 0.40 

1.30 0.03 1.30 0.0412 
0.80 0.60 

41.33 2.46 81.60 4.8?12 
0.30 0.45 

44.33 2.66 39.17 2.3512 
o.oo o.oo 

61.47 3.68 82.6? 4.9512 
0.15 0.20 

50.13 3.00 71.70 4.2811 
0.20 0.40 

15.25 0.92 26.40 1.5812 
o.oo o.oo 

45.83 2.?1 60.00 3.59 
0.60 0.20 

63.40 3. 79 79 .ao 4.7711 
0.30 0.30 

50.60 3.02 ?9.47 4.7711 
0.20 o.oo 



Organism 

A. suboxx:dans 

A. acetosu..rtJ. 

A. ascendens 

A. 12asteurianum 

A. turbi dans 

A. kÜtzin~ianum 

A. aceti 1 

A. aceti 2 

A. rancens 

A. sluconi cum 

A. melanosenum 1 

A. oxydans 1 

A. oydans 2 

APPENDIX TABLE XXIV 

THE EFFECT OF VARYING THE SIZE OF THE INOCULUM IN YEAST E:n'RACT 
MEDIUM ON THE AMOUNr OF ACETIC ACID PROIDCED 

THREE TIMES STANDARD SIZE 

Optimum Readings 
conditions 

2 day 4 day 6 day 

Temper- Ethyl Titra- HAc/100 Titra- HAc/100 Titra- H.Ac/100 
a ture, alcoho1 pH ti on, ml. me- ti on, ml. me- ti on, ml. me-

oc % ml dium, gm ml dium, gm ml dium, gm 

35 3 6.0 3T 1.50 0.03 1.67 0.03 1.87 0.05 
c 1.05 1.15 1.10 

25 3 5.5 3T 2.53 0.09 16.03 0.92 41.03 2.42 
c 1.00 0.75 0.75 

25 3 6.0 3T 1.50 0.04 2.40 0.09 12.70 0.72 
c 0.85 0.85 0.75 

30 3 5.5 3T 1.60 0.04 1.97 0.06 2.17 0.08 
c 1.00 0.90 0.85 

35 9 5.5 3T 1.63 0.03 1.83 0.05 2.03 0.06 
c 1.20 1.05 1.10 

25 6 5.5 3T 1.93 0.06 2.00 0.08 2.83 0.14 
c 0.95 0.65 0.45 

25 3 5.5 3T 1.73 0.04 5.73 0.30 21.83 1.27 
c 1.00 0.70 0.65 

25 6 5.5 3T 1.87 0.08 2.80 0.14 9.90 0.57 
c 0.60 0.40 0.40 

25 6 5.0 3T 3.00 0.12 3.83 0.18 3.97 0.19 
c 0.95 0.80 0.80 

25 3 5.5 3T 1.40 0.01 1.67 0.03 1.93 0.04 
c 1.20 1.20 1.30 

30 6 6.0 3T 1.60 0.03 2.00 0.05 2.33 0.07 
c 1.10 1.10 1.25 

25 6 5.0 3T 2.80 0.11 8.57 0.47 14.53 0.83 
c 0.90 0. 70 0. 70 

25 6 5.0 3T 4.87 0.24 26.03 1.52 41.03 2.43 
c 0.90 0.65 0.60 

- -- ---

268 

8 day 10 day 

Titra- HAc/100 Titra- HAc/100 
tion, ml. me- ti on, ml. me-
ml dium., gm ml dium, gm 

2.00 0.05 2.13 o.oa 
1.10 0.80 

41.70 2.48 37.?0 2.24 
0.40 0.45 

27.07 1. 59 33.53 1.9? 
0.65 0.65 

2.33 0.10 2.57 0.11 
0. 70 0. 70 

2.00 0.06 2.00 0.05 
1.05 1.20 

11.03 0.63 28.00 1.65 
0.50 0.50 

29.10 1.73 41.47 2.47 
0.30 0.25 

42.13 2.50 55.07 3.28 
0.50 0.40 

7.30 0.38 22.23 1.28 
0.90 0.95 

2.23 0.05 2.40 0.05 
1.35 1.50 

2.752 0.10 3.13 0.11 
1.15 1.30 

31.43 1.86 40.?7 2.42 
0.45 0.50 

41.40 2.45 48.63 2.90 
0.60 0.35 



Organism 

A. suboxldans 

A. acetosum 

A. ascendens 

A. Easteurianum 

A1 turbidans 

A. kiitzingianum 

A1 aceti 1 

A. aceti 2 

A. rancens 

A. gluconicum 

A. me1anggenum1 

A. OX;ïdan§ 1 

A. OX;Idans 2 

Optimum 

APPENDIX TABLE :XXV 

THE EFFECT OF VARYING 'mE SIZE OF THE INOC ULUM IN YE.AST EX!rRACT MEDIUM ON 
THE AMOUNT OF ACETIC ACID PRODUCED 

FIVE TIMES STANDARD SIZE 

conditions Readings 

2 day 4 day 6 day 

Temper- Ethyl Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 
a ture, alcohol pH ti on, ml. me- ti on, ml. me- tion, ml. me-

oc ~ ml dium, gm ml dium, gm ml dium, gm 

35 3 6.0 3T 1.40 0.02 1.80 0.04 1.67 0.04 
c 1.10 1.10 1.05 

25 3 5.5 3T 3.47 0.15 27.77 1.62 43.40 2.56 
c 1.00 0.85 0.80 

25 3 6.0 3T 1.60 0.05 3.67 0.17 18.83 1.08 
c 0.85 0.80 o.8o 

30 3 5.5 3T 1.53 0.03 2.07 0.08 2.07 o.o8 
c 1.00 o.8o 0.70 

35 9 5.5 3T 1.73 0.04 2.10 0.06 2.00 0.06 
c 1.15 1.10 1.00 

25 6 5.5 3T 2.00 o.o6 3.50 0.17 4.90 0.26 
c 1.00 0.60 0.50 

25 3 5.5 3T 1.83 o.o5 13.97 0.80 21.80 1.28 
c 1.00 0.6.0 0.40 

25 6 5.5 3T 1.87 o.o8 2.43 0.12 4.60 0.25 
c 0.60 0.40 0.50 

35 6 5.0 3T 2.87 0.12 3.70 0.17 3.90 0.19 
c 0.95 0.85 0.80 

25 3 5.5 3T 1.47 0.02 1.73 0.02 1.90 0.04 
c 1.20 1.40 1.20 

30 6 6.0 3T 1.77 0.04 2.20 0.06 2.37 0.08 
c 1.15 1.15 1.10 

25 6 5.0 3T 2.10 0.06 9.43 0.53 14.80 0.85 
c 1.05 0.60 0.65 

25 6 5.0 3T 2.40 o.o8 24.93 1.45 44.67 2.64 
c 1.10 0.75 0.60 
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8 day 10 day 

Titra- HAc/100 Titra- HAc/100 
ti on, ml. me- tion, ml. me-
ml dium, gm ml dium, gm 

1.87 0.05 1.90 0.04 
1.10 1.20 

41.93 2.48 38.23 2.26 
0.60 0.60 

29.60 1.73 35.30 2.08 
0.70 0.70 

2.30 0.10 2.63 0.11 
0.60 o. 75 

2.00 0.07 1.97 0.06 
0.90 0.90 

8.43 0.48 27.03 1.60 
0.40 0.30 

30.07 1.78 45.77 2.73 
0.40 0.30 

34.47 2.03 52.43 3.13 
0.60 0.35 

8.93 0.49 26.20 1.54 
0.85 0.60 

2.40 o.o8 2.47 0.07 
1.15 1.30 

2.90 0.10 3.23 0.12 
1.25 1.25 

32.97 1.95 41.27 2.45 
0.55 0.50 

46.20 2.75 44.43 2.64 
0.40 0.50 



.APPENDIX TABLE XXVI 

THE EFFECT OF VARYING THE SIZE OF THF~ INOCULUM IN 
Y.Eii.ST EJITRACT MJWIUM ON THE i~MOUNT OF ACETIC 

ACID PRCDUCED 

MAXIMUM YIELD PRCIUCED AND TIME REQUIRED BY 
ElaCH ORG.ANISM FOR EVERY v~RIATION IN SIZE 

OF INOCULUM 

From Appendix Tables XXIII - XXV 

2'70 

Organism Size ot 1noculum, 
standard 

1 3xS 5 x 

A a SUbQX:tda;g,g HAo/100 ml. medium, gm 0.05 ~ 0.05 
Time, days 11 8 

A. acetosum RAo/lOO ml. medium., gm 2.45 2.48 ~ 
Time, days 6 8 a--

~. ascendens H.Ao/100 ml • medium, gm 2.i~ 1.97 2.08 
Time, days rr- 10 10 

A. 12asteurianum H.Ae/100 ml. medium, gm Q....ll 0.11 0.11 
Time, days rr- 10 10 

A a turbidans liAa/100 ml. medium, gm 0.04: 0.06 0.07 
Time, days 12 · 6 g--

~. kÜt z1ng1anum H.Ao/100 ml. medium, gm LM 1.65 1.30 
Time, day a rr- 10 10 

A. aceti 1 HAc/100 ml. medium, gm 2.66 2.47 2.23 
Time, days 8 10 10 

A,_ acet1 2 HAc/100 ml. medium, sm ~ .3.28 ..3 .. 13 
Time, daya w- 10 10 

A,_ rancens ~o/100 ml. medium, gm ~ 1.28 1.54 
Time, daya 11 10 10 

A. gluconicum Hbo/100 ml. medium, gm ~ 0.05 0.08 
Time, days 12 8 8 

..... melanogenum 1 HAc/100 ml. medium, gm ~ 0.11 0.12 
Time, day a ro- 10 10 

~. oxldans l H.àc/100 ml. medium, gm L22 2.42 2.45 
Time, days n- 10 10 

.do. oxldans 2 RAo/lOO ml. medium, gm L12 2.90 2.75 
'l'ime, day a rr- 10 8 

g - x- timea. 



Organism 

A. subo~dans 

A. acetosum 

A. ascendens 

~ 1 :ga steyr;i.~UlYm 

A. turbidans 

='• laii~1ng1~num 

A. aceti 1 

. . 
6 1 aceti 2 

A1 rancens 

A_. sluconicum 

A. me1ano~enum 1 

A. oxzdans 1 

A. ox;x:dans 2 

Optimum 

APPENDIX TABLE XXVII 

THE EFFECT OF MIXED INOCULA IN THE YEAST EXTRACT MEDIUM ON THE AMOtJNr 
OF ACETIC ACID PRODUCED 

EACH ORGANISM f ACETOBACTER ACETI 1 

Conditions Readings 

2 day 4 day 6 day 

Temper- .!!;thyl Titra- HAc/100 Titra- HAC/100 Titra- HAC/100 
ature, alcohol, pH ti on, ml. me- ti on, ml. me- ti on, ml. me-

oc % ml dium, gm ml dium, gm ml dium, gm 

35 3 6.0 3T 1.63 0.04 2.07 0.08 2.73 0.12 
0 1.00 0.75 0.70 

25 3 5.5 3T 2.63 0.10 28.77 1.68 46.70 2.77 
c 1.05 0.75 0.50 

25 3 6.0 3T 1.87 0.06 11.57 0.66 36.53 2.17 
0 0.90 0.60 0.35 

30 3 5.5 3T 1.90 0.05 3.53 0.16 32.97 1.95 
c 1.10 0.80 0.50 ' 

35 9 5.5 3T 1.60 0.03 1.73 0.05 1.70 0.05 
c 1.05 0.85 0.80 

25 6 5.5 3T 1.73 0.05 2.07 0.09 2.67 0.13 
0 0.90 0,.55 0.50 

25 6 5.5 3T 1.77 0.07 2.07 0.10 17.87 1.04 
0 0.65 0.45 0.50 

35 6 5.0 3T 2.47 0.10 4.53 0.22 4.902 0.25 
0 0.85 0.85 0.80 

25 3 5.5 3T 2.00 0.06 16.07 0.91 29.27 1.73 
c 1.00 0.85 0.45 

30 6 6.0 3T 1.60 0.05 1.87 0.07 2.27 0.11 
c 0.85 0.75 0.40 

25 6 5.0 3T 2.03 0.06 7.97 0.44 19.00 1.10 
0 1.10 0.70 0.65 

25 6 5.0 3T 2.43 0,.08 27.07 1.59 58.80 3.50 
0 1.15 0.55 0.50 

271 

8 day 10 day 

Titra- HAc/100 Titra- HAC/100 
ti on, ml. me- tion, ml. me-
ml dium, gm. ml dium, gm 

3.30 0.16 3.80 0.20 
0.65 0.55 

43.27 2.57 39.47 2.35 
0.40 0.35 

40.07 2.39 41.97 2.49 
0.25 0.45 

42.50 2.53 44.83 2.66 
0.40 0.45 

1.67 0.06 1.70 0.07 
o. 70 .0.60 

8.83 0.51 25.50 1.51 
0.40 0.40 

42.67 2.54 59.53 3.54 ' 
0.40 0.50 

7.33 0.40 19.83 1.15 
0.70 0.70 

33.60 1.99 52.47 3.12 
0.40 0.40 

2.63 0.14 2.90 0.15 
0.30 0.40 

39.23 2.32 46.37 2.75 
0.50 0.55 

59.97 3.57 54.87 3.26 
0.55 0.55 

1 



APPENDIX TABLE XXVIII 

THE EFFECT OF MIXED INOCULA IN YEAST ~RACT MEDIUM ON THE AMOUNT 
OF ACETIC ACID PRODUCED 

Organism Optimum 
conditions 

Temper- Ethyl 
ature, 

oc 
alcohol, 

% 
pH 

A. ac~ti 1 35 3 6.0 2T 
c 

25 3 5.5 3T 
c 

25 3 6.0 3T 
c 

30 3 5.5 3T 
c 

35 9 5.5 3T 
c 

25 6 5.5 3T 
c 

35 6 5.0 3T 
c 

30 6 6.0 3T 
c 

25 6 5.0 3T 
c 

3 - Three day instead of two day reading • 
5 - Five day instead of f'our day reading • 

Readings 

2 day 

Titra-
tion, 
ml 

1.25 
0.35 

11.60 
0.55 

1.23 
0.50 

11.60 
0.55 

o. 70 
0.45 

0.97 
0.65 

0.97 
0.65 . 

0.97 
0.65 

0.97 
0.65 

ACETOBACTER ACETI 1 

4 day 6 day 

HAc/100 Titra- HAc/100 Titra- HAc/100 
ml. me- ti on, ml. me- ti on, ml. me-
diwn, gm ml diwn, gm ml dium, gm 

o.os3 2.08 0.115 
0.30 

0.66 33.53 2.01 43.07 2.58 
o.oo o.oo 

0.04 15.63 0.92 22.60 1.34 
0.30 0.20 

0.66 33.53 2.01 43.07 2.58 
0.00 0.00 

0.02 0.80 0.03 0.80 0.04 
0.30 0.15 

0.02 1.13 0.05 1.40 0.08 
0.25 0.00 

0.02 1.13 0.05 1.40 0.08 
0.25 o.oo 

0.02 1.13 0.05 1.40 0.08 
0.25 o.oo 

0.02 1.13 0.05 1.40 0.08 
0.25 o.oo 

'""' 
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8 day 10 day 

Titra- HAc/100 Titra- HAc/100 
ti on, ml. me- ti on, ml. me-
ml dium, gm ml dium, gm 

22.58 1.34 
0.20 

44.33 2.66 39.17 2.3512 
o.oo o.oo 

33.53 2.00 44.17 2.6411 
0.20 0.20 

44.33 2.66 39.17 2.3512 
o.oo o.oo 
0.77 0.05 0.77 0.05 
o.oo o.oo 
1.70 0.10 1.90 0.11 
o.oo o.oo 
1. 70 0.10 1.90 0.11 
o.oo o.oo 
1.70 0.10 1.90 0.11 
o.oo 0.00 

1.70 0.10 1.90 0.11 
o.oo o.oo 



Organism 

Thirteen together 

Optimum 
conditions 

Temper- Ethyl 

APPENDIX TABLE XXIX 

THE EFFECT OF MIXED INOCULA IN THE YEAST EJcrlRACT MEDIUM ON 
THE AMOUNT OF ACETIC ACID PRODUCED 

ALL ACETOBACTER ORGANISMS 

Readings 

2 day 4 day 6 day 

Titra- H.Ac/100 Titra- HAc/100 Titra-
at ure, alcohol, pH ti on, ml. me- ti on, ml. me- ti on, 

oc % ml dium, gm ml dium, gm ml 

25 6 5.5 3T 2.03 0.05 6.43 0.34 44.1? 
c 1.20 0.?5 0 .'60 

2?3 

8 day 11 day 

HAc/100 Titra- HAc/100 Titra- HAc/100 
ml. me- ti on, ml. me- ti on, ml. me-
dium., gm. ml dium., gm ml dium, gm 

2.61 '71.23 4.24 83.5? 4.99 
0.50 0.45 

~-~ 



Organism 

APPENDIX TABLE XXX 

THE EFFECT OF :WJ.!XED INOCULA IN THE YEAST EXTBACT MEDIUM ON THE AMOUNT OF ACETIC ACID PROllJCED 

MAXIMUM TIELD PRODUCED AND TIME REQUIRED BY EACH MlX'.DIJ.HE FOR EVERY VARIATION 
IN DRGANTSJ.a~ AND COMPARISON WITH THE TEST USING INDIVIDUAL ORGANISMS 

From Appendix Tables XXIX, XXVII, XXIII, XXVIII respectively 

Mixture Comparison, each organism 

Organisms Organisms .;. 
A. aceti ll together A. aceti 1 Organism h 

All Acetobacter HAc/100 ml. medium, gm ' 4,99 
Time, days 11 

A. suboxydans HAc/100 ml. medium, gm ~ 0.05 ~ 
Time, days 10 11 ~ 

A ft a cetosum HAc/100 ml. medium, gm 2,77 2,45 2ft pô 
Time, days -r- 6 8 

A. ascendens HAc/100 ml. medium, gm .2...A9 2,45 .a.M 
Time, days Io · 11 rr-

A. pasteurianum HAc/100 ml. medium, gm 2.....ô4 0.14 ~ 
Time, days 10 12 a-

A ft tu rbi dans HAc/100 ml. medium, gm .Jl..D..7 0.04 ~ 
Time, days ïO 12 8 

A, kützingianum HAc/100 ml. medium, gm 1.51 4.&1 0.11 
Tirne, days 10 rn- 10 

A. acet~ 1 HAc/100 ml. medium, gm 
Time, days 

A1 acet1 2 RAc/100 ml. medium, gm ~ L.2ll 0.11 
Time, days 10 ï2" 10 

A. rao cens HAc/100 ml. medium, gm Lli ~ 0.11 
Time, days 10 rr- 10 

A. gluconicum HAc/100 ml. medium, gm ~ 1.58 .2.....ê.ô 
Time, days 10 12 8 

A1 melanQgenym 1 HAc/100 ml, medium, gm Q..._ll; 3.59 0.11 
Time, days 10 ra- 10 

A. oxydans 1 HAc/100 ml. medium, gm ~ ~ 0.11 
Time, days 10 10 

A, oxydans 2 HAc/100 ml. medium, gm .3..a..!i2 L.2:Z 0.11 
Time, days 8 ·- rr- 10 

- . - - --- -- - - ·-- -~~- ------ '--- ----- ------ -

h- Maximum amount of acid produced under conditions of those used tor the corresponding organisms studied. 
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Organism 

A. subo~dans 

A. ac~:tQ~:wD. 

A. ascendens 

A. 12asteurianum 

A. turbidans 

A. Kùtzine,iianum 

A. aceti 1 

.A. aceti 2 

.A. rancens 

A, gluconicum 

A. me1anogenum 1 

A. oxldans 1 

A. oxydans 2 

-----

Optimum 

APPENDIX TABLE XXXI 

THE EFFECT OF VARYING THE CHElliliCALS IN THE INOCULATED MEDIUM ON· THE .AMOUNT 
OF ACETIC ACID PRODUCED 

MEDIUM 1 - INORGANIC SALTS f VITAMIN FREE CASAMINO ACIDS f SPECIAL AWŒNO ACIDS 

conditions Readings 

2 day 4 day 6 day 8 day 

Temper- Ethyl Titra- H.Ac/100 Titra- HAc/100 Titra- HAc/100 Titra-
a ture, alcohol pH ti on, ml. me- ti on, ml. me- ti on, ml. me- ti on, oc % ml dium, gm. ml dium, gm ml dium, gm ml 

35 3 6.0 3T 1.48 0.01 1.77 0.04 1.95 0.04 
c 1.30 1.15 1.25 

25 3 5.5 3T 1.58 0.02 2.07 0.05 2.20 0.05 
c 1.30 1.25 1.30 

25 3 6.0 3T 1.48 0.01 1.78 0.04 1.83 0.03 
c 1.35 1.20 1.30 

30 3 5.5 3T 1.80 0.02 1.90 0.04 2.15 0.05 
c 1.40 1.30 1.30 

35 9 5.5 3T 1.45 0.01 1.63 0.01 1.60 0.01 
c 1.30 1.50~ 1.40 

25 6 5.5 3T 2.02 0.05 2.27 0.06 2.65 
c 1.20 1.20 1.20 

25 3 5.5 3T 2.98 0.10 7.20 0.37 9.53 0.51 
c 1.25 1.10 1.10 

25 6 5.5 3T 1.65 0.02 1.97 0.04 2.35 0.06 
c 1.35 1.35 1.30 

35 6 5.0 3T 1.52 o.oo 1.52 0.03 1.77 0.09 
c 1.45 1.00 0.30 

25 3 5.5 3T 1.35 o.oo 1.82 0.03 1.30 o.oo 
c 1.40 1.25 1.30 

30 6 6.0 3T 1.25 0.01 1.32 0.01 1.37 o.oo 
c 1.15 1.20 1.35 

25 6 5.0 3T 1.82 0.02 2.20 0.05 2.62 0.08 
c 1.45 1.40 1.35 

25 6 5.0 3T 1. 70 0.02 2.08 0.04 3.03 0.11 
c 1.40 1.50 1.20 

------- ------
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10 day 

HAc/100 Titra- HAc/100 
ml. me- ti on, ml. me-
dium, gm ml dium, gm 

2.28 0.06 
1.30 

2.55 o.o8 
1.30 

2.32 0.07 
1.20 

2.77 0.08 
1.40 

1.62 0.01 
1.40 

0.09 3.02 0.11 
1.20 

39.37 2.30 
1.05 

2.90 0.09 
1.40 

2.35 0.14 
o.oo 
1.37 o.oo 
1.40 

1.27 o.oo 
1.25 

13.97 0.78 
1.00 

67.68 4.03 
0.60 



Organism 

.A, suboxydans 

A. acetosum 

A. ascendens 

A. pasteurianum 

A. turbidans 

A. kü:t z1ns:i~HlYm 

A1 aç~:t;i. 1 

A, aceti 2 

A. rancens 

A. g1uconicum 

A 1 melanogenum 1 

A. g;ug,a,;c,~ 1 

A. Q~:2:Q.§n~ 2 

APPENDIX TABLE XXXII 

THE EFFECT OF VARYING THE CHEMICALS IN THE INOCULATED MEDIUM ON TEE AMOUNr 
OF ACETIC ACID PRODUCED 

MEDIUM 11 - INORGANIC SAill'S f VITAMIN FREE CASAMINO ACI:œ .f. SPECIAL AMINO ACIOO .f. VITAMINS 

Optimum 
conditions Readings 

2 day 4 day 6 day 8 day 

Temper- Ethyl Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 
a ture, alcoho1, pH ti on, ml. me- tion, ml. me- tion, ml. me- ti on, . ml. me-oc % ml dium, gm ml dium, gm ml dium, gm ml dium, gm 

35 3 6,0 3T 1.43 0.01 1.75 0,03 1.98 0.04 1.90 0.03 
c 1.25 1.30 1.30 1.35 

25 3 5,5 3T 1.40 0.01 1.75 0.03 2.10 0.05 2.30 0.06 
c 1.20 1.25 1.25 1.25 

25 3 6.0 3T 2.00 0.06 2,25 0.08 2.37 0.08 2.37 0.08 
c 1.00 0.95 1.10 1.10 

30 3 5.5 3T 2,15 0.06 2,53 0.08 2,68 0.09 2.97 0,10 
c 1.15 1.20 1.25 1.25 

35 9 5.5 3T 1.48 0.01 1.37 o.oo 1.60 o.oo 1.65 o.oo 
c 1.35 1.40 1.55 1.60 

25 6 5.5 3T 1.50 0.01 1.93 0.04 2,12 0.05 3,08 0.11 
c 1.30 1.30 1.30 1.30 

25 3 5.5 3T 3.90 0.17 5.77 0.29 7.98 0.42 11.95 0.65 
c 1.10 0.95 1.05 1,05 

25 6 5,5 3T 1.68 0.04 2,03 0.05 2.52 0.08 2.77 0.10 
c 1.10 1.15 1.15 1.15 

35 6 5.0 3T 1.53 0.00 1,50 o.oo 1.62 o.oo 1.77 o.oo 
c 1.55 1.60 1.75 1,70 

25 3 5.5 3T 1.33 o.oo 1.32 o.oo 1.38 o.oo 1.38 o.oo 
c 1.30 1.40 1.45 1.40 

30 6 6.0 3T 1.20 0.01 1.15 o.oo 1.33 o.oo 1.32 o.oo 
c 1.10 1.20 1.40 1.40 

25 6 5.0 3T 2.23 0.05 3,03 0.11 4.38 0.19 7.38 0.38 
c 1.35 1.20 1.20 1.00 

25 6 5.0 3T 1.67 0.02 2.47 0.06 4.17 0.17 7.00 0.34 
c 1.40 1.40 1.40 1.40 

-
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10 day 

Titra- IU.c/100 
ti on, ml. me-
ml dium, gm 

2.03 0.04 
1.40 

2.77 0.09 
1.25 

2.93 0.11 
1.10 

3.48 0,13 
1.30 

1.75 0.01 
1.55 

6,25 0.30 
1.30 

16.23 0.91 
1.05 

3.32 0.12 
1.35 

1.78 0.02 
1.50 

1.53 o.oo 
1.60 

1.42 o.oo 
1.50 

16.37 0,92 
1.00 

33,58 1.93 
1.40 



Organism 

A. suboxrdans 

A. acetosum 

A. ascendens 

.A. 12asteurianum 

A1 turbidan§ 

.A 1 kUtzingianum 

A. aceti 1 

A. ~ç~~1 2 

A. rancens 

A.. gluconicum 

A. me1anogenum 1 

A1 ox;ydans 1 

A. QUdans 2 

Optimum 

APPENDIX TABLE XXXIII 

THE EFFECT OF VARYING THE CHEMICALS IN THE INOCULATED MEDIUM ON THE 
AMOUNT OF ACETIC ACID PRODUCED 

MEDIUM 111 - INORGANIC SALTS f VITAMIN FREE CASAMINO ACIDS f SPECIAL AMINO ACIDS 
f VITAMINS f PYRIMIDINES AND PURINES 

conditions Readings 

2 day 4 day 6 day 8 day 

Temper- Ethyl Titra- HAc/100 Titra- HAc/100 Titra- HAc/100 Titra-
ature, alcohol, pH ti on, ml. me- tion, ml. me- ~ion, ml. me- ti on, oc % ml dium, gm ml dium, gm ml dium, gm ml 

35 3 6.0 3T 1.25 0.04 1.282 0.04 1.37 0.05 1.53 
c 0.60 0.60 ' 0.60 0.60 . 

25 3 5.5 3T 1.00 0.03 1.25 0.04 1.32 0.05 1.98 
c 0.55 0.55 0&55 0.55 

25 3 6.0 3T 1.10 0.03 1.40 0.05 1.60 0.06 2.00 
c 0.60 0.60 0.60 0.60 

30 3 5.5 3T 1.23 0.04 1.43 0.05 1.63 0.07 1.97 
c 0.55 0.55 o ·.55 0.55 

35 9 5.5 3T 0.75 0.01 0.73 0.01 0.70 0.01 0.60 
c 0.60 0.60 0.60 0.60 

25 6 5.5 3T 1.25 0.03 1.65 0.06 1.85 0.0? 2.22 
c 0.70 0.70 0~70 0.?0 

25 3 5.5 3T 2.272 0.10 4.42 0.23 
1 

5.55 0.30 8.95 
c 0.55 0.55 0.55 0.55 

25 6 5.5 3T 1.12 0.03 1.38 0.04 1.63 0.06 2.20 
c 0.70 o. ?0 0.?0 0 .?0 

'· 

35 6 5.0 3T 0.72 0.01 0.77 0.01 0.63 o.oo 0. 70 
c 0.58 0.58 0.58 0.58 

25 3 5.5 3T o. 70 0.01 0.60 o.oo 0.55 o.oo 0.62 
c 0.55 0.55 0.55 0.55 

30 6 6.0 3T 0. 70 o.oo 0.65 o.oo 0.65 o.oo 0.62 
c 0.63 0.63 0.63 0.63 

25 6 5.0 3T 1.68 0.07 1.83 0.08 2.7? 0.13 6.82 
c 0.58 0.58 0.58 0.58 

25 6 5.0 3T 1.02 0.03 1.35 0' •. 05 ?.75 0.43 24.05 
c 0.58 0.58 0.58 0.58 

2?? 

10 day 

HAc/100 Titra- HAc/loo 
ml. me- ti on, ml. me-
dium, gm ml dium,gm 

0.06 1.38 0.05 
0.60 

0.09 2.43 0.11 
0.55 

0.08 1.92 0.08 
0.60 

0.09 2.13 0.10 
0.55 

o.oo 0.75 0.01 
0.60 

0.09 4.47 0.23 
o. ?0 

0.50 13.60 0.?8 
0.55 

0.09 3.18 0.15 
o. ?0 

0.01 1.25 0.04 
0.58 

o.oo 0.67 0.01 
0.55 

o.oo 0.82 0.01 
0.63 

0.37 20.33 1.19 
0.58 

1.41 59.32 3.52 
0.58 



APPENDIX TABLE XXXIV 

THE EFFECT OF VARYING THE CHEMICÀLS IN THE INOCULATED 
MEDIUM ON THE AMOUNI' OF ACETIC ACID PRODUCED 

MAXIMUM YIELD PROIDCED AND TIME REQ.UIRED BY EACH 
ORGANISM FOR EVERY VARIATION IN THE CHEMICALS 

OF THE MEDIUM 
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From Appendix Tables XXXI, XXXII, XXXIII and XXIII respectively 

Organism 

A. subo!!dans HAc/100 ml. medium, 
Time, days 

A! acetosum HAc/100 ml. medium, 
- Time, da ys 

A, ascendens HAo/100 ml. medium, 
Time, days 

.A. 12§ ~:t~:Y.J:it:u:w.m HAc/100 inl.. :rœdium, 
Time, days 

A. :tyr:Q1dan§ HAe/100 ml. medium, 
Time, da ys 

A. kützingianYm RAo/lOO ml. medium, 
Time, days 

A a ace ti 1 HAc/100 ml. medium, 
Time, days 

A. fàCC:t1 2 HAc/100 ml. medium, 
Time, days 

"· ;t:Wl,g~e,~ HAo/100 ml. medium, 
Time, da ys 

A. B:l:Y.~QC.i~Wl.l HAc/100 ml. medium, 
Time, da ys 

A. mal~nc~~nY-m 1 HAc/100 ml. medium, 
Time, da ys 

A. cxlèans 1 HAc/100 ml. :rœ dium, 
Time, days 

A. CXlèan~ 2 HA.c/100 ml. medium, 
Time, days 

i - See Appendix Ta·b1e XXXI • 
j - See Appendix Table XXXII. 
k - See Appendix Table XXXII,I· 

gm 

gm 

gm 

gm 

gm 

gm 

gm 

gm 

gm 

gm. 

gm 

gm 

gm 

Medium 

ri II j III k 

Q..&g 0.04 ~ nr 6 

0.08 0.09 ~ 
10 10 10 

0.07 Q....ll 0.08 
10 10 8 

o.oa ~ 0.10 
10 10 10 

0.01 0.01 0.01 
2 2 2 

0.11 ~ 0.23 
10 10 10 

~ 0.91 0.78 
10 10 10 

0.09 0.12 ~ 
10 10 10 

0.14 0.02 0.04 
10 10 10 

Q....M o.oo 0.01 
4 2 

0.01 0.01 0.01 
2 2 10 

0.78 0.92 L..l2 
10 10 10 

~ 1.93 3.52 
10 10 10 

1- See Append1;x, T_a~l-e.XXIII(ie. yeast extract medium). 

Ivl 

0.05 
11 

~ 
~ 

2.~fl 
11 

Q....li. 
12 

~ 
rr-
L.e.2 
rn-

~ 
8 

~ 
rr-
.L.E.6. rr-
Î258 
3.59 
10 

~ 
11 

~ 
11 


