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INTRODUCTION

This bulletin has been prepared for the general information of those interested in
producing riboflavin (vitamin B2 ) with Ashbya gossypii, It comprises a brief summary of
the occurrence, importance, and morphological, cultural, and physiological characteristics
of this yeast-like fungus which possesses tremendous capacities for the production of
riboflavin.

The Ashbya gossypii fermentation has certain advantages favoring it for riboflavin
production. They are:

1. The United States government possesses basic patent rights for this process

as outlined in U. S. Patent 2,445,128, July 13.. 1948, with license available

to all bona fide parties by application to the Secretary of Agriculture.

2. The Ashbya gossypii fermentation is not adversely affected by the presence

of certain inorganic ions as are most other microbial processes for ribo-

flavin production. At this Laboratory, successful fermentations have been

carried out in glass, aluminum^ copper, and stainless steel vessels. Tap

water has been used in preparing media.

3„ The Ashbya gossypii process gives extremely high yields of riboflavin in

low- cost nutrient media. In media consisting of animal stick liquor (a ma-

terial derived from the wet rendering of packing plant wastes, cost 3# per

pound), corn steep liquor (cost 3<£ per pound), and commercial glucose (cost

7# per pound) yields from 500 to 600 micrograms 6 per milliliter are readily

obtained in pilot-plant fermentations (150-300 gallons). The only other

microbial process resulting in similar yields involves Eremothecium ashbyii,

patents being held by one or more industrial firms.

Report of a study in which certain phases were carried on under the Research and Marketing Act
of 1946.

o
Microbiologist, Culture Collection Section, Fermentation Division.

3 .

Bacteriologist, Alcohol and Byproducts Section, In charge of development investigations on ribo-

flavin, Fermentation Division,

4
In charge of pilot plant work on riboflavin, Engineering and Development Division,

5
One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, Agricultural

Research Administration, U. S. Department of Agriculture.

6
One microgram is 0.001 milligram.
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OCCURRENCE AND IMPORTANCE OF ASHBYA GOSSYPII

Ashbya gossypii , also known as Nematospora gossypii , or Ashbia gossypii , was first

isolated and described in 1916-1917 by W. Nowell from cotton bolls in the British West

Indies. In this crop it produces "Internal Boll Rot", "Cotton Staining", or "Stigmato-

mycosis", causing large annual losses,, particularly in Africa. It has since been reported

as an important plant pathogen infecting tomatoes- okra, citrus fruits., beans, and coffee,

in many parts of the world. In these plants, infection with A, gossypii is generally

known as 'Yeast Spot". It has been shown that certain sucking insects (Dysdercus

,

Antestia, etc. ) are necessary for the transmission of the infection, since the micro-

organism is unable to penetrate the outer cell walls of the host plants. The insects in-

ject the spores or filamentous growth (mycelium) of the microorganism through these walls

during their feeding, which leads to active infection. 7

Ashbya gossypii, aside from its importance in agriculture and in the industrial pro-

duction of riboflavin, may be used in an assay procedure for estimating the vitamin

biotin.

MORPHOLOGY OF ASHBYA GOSSYPII

Ashbya gossypii is characterized by an asexual life cycle during which certain dis-

tinct morphological structures are formed. These may be best shown by the life-cycle dia-

gram presented in figure 1. It produces a uniformly-branched, filamentous, segmented,

mold-like type of growth from either spores or vegetative segments. The filaments

(hyphae) are 6 to 7 microns 8 in diameter. The spores form within swollen segments of the

hyphae (sporiferous sacs) in bundles (fascicles) of 2 to 6, one fascicle at each end of

the sac. The spores measure 25 to 35 x 2 to 2.5 microns and each has a long terminal

appendage. Each spore is divided in the middle by a transverse wall (septum), Ihe spore-

bearing sacs are multinucleate and of many shapes and sizes. Most generally they are of a

sigmoid shape and measure 100 to 200 x 10 to 20 microns. When spores are liberated from

the spore -bearing segments, they usually remain in fascicles, since the long appendages on

the spores intertwine and prevent their separation. Any or all of the forms shown in

figure 1 may be seen in wet mounts of fermented liquors (300x). In riboflavin -producing

strains the so-called bulb forms and hyphae are usually filled with a yellowish, oily-

appearing fluid. This material is probably riboflavin or one of its derivatives. In many

cases, crystals of pure riboflavin separate out and may be seen in material taken from the

later stages of the fermentation.

The fact that A, gossypii is an important plant pathogen requires that the fermented liquors from
the production of riboflavin be treated properly. In this Laboratory, heating fermented liquors
for 20 minutes at 60° C, (140° F. ) or for 10 minutes at 70 C. (158 F. ) has been found sufficient
to destroy all living cells of the microorganism. Since most fermented liquors are dried with high
pressure steam (up to 100 pounds per square inch), the presence of any viable cells in the dried
concentrates is highly improbable, and indeed, we have been unable to isolate the organism from
several lots of drum-dried material,

g
One micron is 0.001 millimeter.



Sporiferous Sacs Containing Fascicles of Spores

Figure I.—Schematic presentation of the life cycle of Ash bya gossypi i .
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By virtue of its morphology and other characteristics, Ashbya gossypii is usually
classed among the yeast-like fungi. Its systematic position is as follows:

Kingdom . . Plant

Division •
. . . . Thallophyta [plants with no true roots, stems, or

leaves]

,

Sub-division. ........ Fungi [thallophytes possessing no chlorophyll].

Phylum. .......... Eumycophyta [true fungi, as opposed to slime fungi

and bacteria]

.

CI ass .......... Hemiascomycetes [true fungi producing spores borne

in asci (sacs) which are naked and formed singly

or in loose clusters]

.

Order ......... Endomycetales [ascus formed directly from zygote,

mycelium usually not well developed]

.

Family. ....... Ashbyaceae, Ascoideaceae , or Saccharomycetaceae
[depends upon whose classification is followed]

.

Genus ....... Ashbya [see morphological, cultural, and physio-

logical data] .

The closely related genera, Eremothecium, Nematospora , Piedraia , Coccidiascus
, and

Monosporella are also included in the order Endomycetales. These genera, together with
Ashbya, form a specialized group characterized by the formation of long, fusiform to

acicular (slender, needle-shaped) spores within sporiferous sacs. Ashbya differs from

most of these genera and from the true yeasts in that it produces a definite mycelium and

the sporiferous sacs are multinucleate.

CULTURAL CHARACTERISTICS OF ASHBYA GOSSYPII

Characteristic colonies of Ashbya gossypii form on a medium composed of peptone 0.5

percent, yeast-extract 0.3 percent, malt-extract 0.3 percent, glucose 1.0 percent, and

agar 2.0 percent. 10 Colonies are circular, flat to slightly raised, and mold- like,

attaining a diameter of 35 to 55 millimeters in 10 days at 27° to 30° C. (80.6° to 86°

F. ) . After 2 days of growth, colonies of riboflavin-producing strains begin to show yel-

low pigment (riboflavin) which in 7 to 10 days
;
intensifies to a brilliant orange -yellow.

Sporadic production of the pigment often results in concentric ringing of colonies. After

the second day of growth, the surface of the colonies is covered with numerous tiny, spiny

projections. Under certain conditions (growth on thin layers of medium), riboflavin-pro-

ducing strains form pale yellow colonies which are flat and moist. Natural variation

leading to substrains which produce lesser amounts of riboflavin occurs very infrequently.

9
With the exception of glucose, all materials were obtained from the Digestive Ferments Company.

^ The use of names of firms or commercial products is for identification, not for endorsement of

either manufacturers or products.



- 4 -

In still broth cultures. Ashbya gossypii forms numerous flocculent, mold-like colo-

nies and produces very little pigment . The medium remains clear. In agitated broth cul-

tures, a smooth homogeneous growth is obtained which, after several days, undergoes
autolysis (the cells dissolve), With appropriate media, intense pigmentation occurs in

several days due to riboflavin synthesis.

PHYSIOLOGICAL CHARACTERISTICS OF ASHBYA GOSSYPII

Ashbya gossypii has been found to require thiamin, biotin, and zneso-inositol (members

of the vitamin B complex) for adequate growth.

Ashbya gossypii can utilize glucose, sucrose, or maltose as a source of carbon for

riboflavin production. Commercial glucose has been found the most acceptable material for

production at this Laboratory. Hie organism does not appear to be able to utilize the

common pentoses, starch, corn sugar molasses, cane molasses, or beet sugar molasses for

riboflavin synthesis. Other compounds, primarily of academic interest, vary in their

ability to serve as carbon sources for growth.

Ashbya gossypii can utilize inorganic nitrogen-containing compounds as a sole source

of nitrogen, provided other requirements for adequate growth are met. In most cases,

riboflavin- producing strains cannot synthesize riboflavin in completely synthetic media.

The organism can utilize most of the common proteinaceous substances as a source of nitro-

gen. These include peptone, tryptone, animal stick liquor, tankage, etc. A combination

of degraded plant protein and degraded animal protein appears necessary for the production

of riboflavin. Of numerous plant proteins tested, corn steep liquor has been found the

most acceptable; while of animal proteins, peptone, or animal stick liquor give highest

yields. In laboratory tests, peptone has given the highest yields when incorporated in

appropriate media. In large-scale fermentations, animal stick liquor has been found to be

an economical and suitable animal protein source.

RIBOFLAVIN FERMENTATION

The highest microbial yields of riboflavin yet reported have been obtained with

Ashbya gossypii and with the closely related Eremotheciwn ashbyii. At this Laboratory,

the production of riboflavin with A. gossypii has been studied at three levels:

1. Shake-flask fermentations in 500-milliliter Erlenmeyer flasks.

2. Laboratory fermentations in 50-liter aluminum fermentors.

3. Pilot-plant fermentations in 300-800 gallon stainless steel or copper fermentors.

At all three levels of production of riboflavin, as practiced at this Laboratory, stock

cultures are handled identically, riboflavin assays are run in the same manner, and pH and

temperature requirements of the microorganism treated identically.
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Stock cultures are transferred regularly each week and are incubated continuously
within the range of 27° to 30° C. The stock culture medium (M-Y medium)

11
consists of:

Peptone ........ . ... 0.5 percent

Yeast-extract ... t ..... 0.3 "

Malt-extract. 0.3 "

Commercial glucose. ...... 1.0 "

Agar. ............. 2.0

pH not adjusted (about 6.0 after sterilization)

This medium is brought into solution, tubed, stoppered with cotton, and sterilized by

autoclaving for 20 minutes at 121.5° C„ (250.7° F. , 15 p.s.i.h Following sterilization,

the tubes are slanted and the medium is allowed to solidify. It is stored at 3° to 5° C.

(37.4° to 41° F.) if not intended for immediate use.

Cultures are transferred aseptically by taking one loopful of growth from the surface

of a week-old slant culture and smearing it over the surface of a slant of fresh, sterile

medium. The inoculation is carried out in such a manner that no visible inoculum remains

on the upper surface of the slant. Any excess inoculum is pushed to the base of the

slant. Subsequent loopfuls of growth are always taken from the center of the slant sur-

face. These procedures are carried out to assure that each culture represents as com-

pletely new growth as is possible to attain.

Riboflavin assays are ordinarily carried out with a photofluorometer equipped with a

filter passing the 4360 A mercury band. The assay is based on the characteristic fluor-

escence of acidic solutions of riboflavin at that wave length. During assays, precautions

are taken to exclude light from samples.

For this assay, 10=milliliter samples are placed in 125-milliliter Erlenmeyer flasks

and buffered by the addition of 1 milliliter of acetate buffer (glacial acetic acid 3.75

grams, anhydrous sodium acetate 5.00 grams, distilled water 100 milliliters). The pH of

this buffer is within the range 4.5 to 4.7. The buffered sample is hydrolyzed by auto-

claving for 30 minutes at 121.5° C. Following hydrolysis, the samples are diluted

appropriately with distilled water and compared in the photofluorometer with a standard

solution of pure riboflavin (Hoffmann-La Roche riboflavin, 0. 4 microgram per milliliter)

set at a scale reading of 100 on the instrument. The scale reading of each sample is pro-

portional to the amount of riboflavin in the sample under these conditions.

The initial pH of all media is adjusted to 6.5 to 6.8 with either potassium hydroxide

or sodium hydroxide. This has been found to be the optimal initial pH range for the pro-

duction of riboflavin by Ashbya gossypii Means of attaining this pH range vary with the

level at which riboflavin is to be produced.

The optimum temperature range for the Ashbya gossypii fermentation is 27 to 30° C.

The correct temperatures are attained in laboratory experiments by incubation in a room

held constantly within this range. Temperatures in the larger equipment are maintained

with water-j acketed fermentors.

See footnotes 9 and 10.



- 6 -

The Ashbya gossypii process is essentially an aerobic submerged fermentation. For
this reason, laboratory experiments are carried out with shaking on a reciprocal shaker.

Fifty-liter fermentations and those in the pilot plant are agitated by propeller-type
stirrers and aerated by passage of sterile air through the fermenting medium.

During the course of the Ashbya gossypii fermentation, the disappearance of sugar and

changes in pH follow a characteristic pattern. All sugar disappears from media within the

first 24 hours of fermentation. This results in an initial lowering of the pH to around

4.5. The pH then gradually rises to a maximum of 7.5 to 8.0. The rise in pH is accompa-

nied by production of riboflavin. Any marked deviation from this pattern usually indi-

cates either contamination (characterized by rapid rises in pH to over 8.0 or in rapid

lowering of pH to around 3.0) or abnormal fermentation (characterized by a leveling off of

the pH at 4.5 to 5.0 with no subsequent rise or riboflavin synthesis).

Contamination may be easily detected in this fermentation both by visual observation

and by odor. Contaminated liquors usually have a froth of pale yellow flecks floating on

the surface of the liquors and an unusually putrid odor in the case of bacterial contami-

nation. With mold contamination, the liquors become very thick and mushy and have either

a sharp, pungent or a musty odor. Normal liquors have no such froth, are not thick and

mushy, and have a pleasant aromatic odor,

SHAKE-FLASK FERMENTATIONS

This particular level of production is useful for evaluating various raw materials

for use in larger-scale fermentations, for periodic checking of stock cultures, and

for experimental work in developing optimal conditions for large-scale production of

riboflavin.

It has been found that shake- flask yields depend to a great extent upon the condition

of the inoculum, which in turn depends upon the method of its production. Work at this

Laboratory has indicated that a good inoculum is made up principally of undifferentiated

filamentous growth containing no spores or sporiferous sacs. In addition, most inocula

leading to high yields range in pH from 5.5 to 6.5 and contain some initially synthesized

riboflavin.

The following media 2
are required for shake- flask production of riboflavin:

1. Slants of M-Y medium.

2. Inoculum broth: 10 milliliters in 50-milliliter Erlenmeyer flasks. Compo-

sition: peptone 0.5 percent, corn steep liquor 2.5 percent, commercial

glucose 2.0 percent. Medium adjusted to pH 6.6 to 6.8 with potassium

hydroxide prior to sterilization. Sterilized by autoclaving at 121.5° C.

for no longer than 20 minutes.

The corn steep liquor contains 45 to 50 percent solids and the animal stick liquor 60 to 65 per-

cent solids as received. These materials are weighed as is (wet weight). The commercial glucose
contains from 10 to 11 percent water of hydration and necessary corrections are applied when weigh-
ing out this material for 50-liter and pilot-plant media. Glucose concentration in shake- flask

media is not corrected for water of hydration.
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3, Fermentation medium: 100 milliliters in 500-milliliter Erlenmeyer flasks.

Composition: peptone 0.5 percent, corn steep liquor 2.5 percent, commer-

cial glucose 4.0 percent. Medium adjusted to pH 6.6 to 6.8 with potassium

hydroxide prior to sterilization. Sterilized by autoclaving at 121.5° C.

for no longer than 20 minutes.

All media, when inoculated, are incubated continuously at 27° to 30° C. All liquid

media (inoculum broths, fermentation media) are incubated on a reciprocal shaker operating

continuously at 80 strokes per minute (3-inch stroke). The procedure is as follows:

A 4-day-old or a 7 -day-old M-Y slant culture of Ashbya gossypii NRRL Y-1056 is used

to inoculate a flask of inoculum broth. One loopful of growth from the center of the

slant surface is transferred aseptically to each flask of inoculum broth. This culture is

incubated as described above for 24 hours. A second flask of inoculum broth is inoculated

by aseptically adding 1 milliliter of culture from the first inoculum broth culture. This

is incubated as described above for 24 hours. Each flask of fermentation medium is then

inoculated with 0.25 milliliter of this culture. Fermentation media are incubated as

described above for 9 days. Samples are taken aseptically on the fifth, seventh, and

ninth days, assayed for riboflavin and pH determinations made. Peak yields are usually

obtained around the seventh day. The procedure for shake- flask production of riboflavin

is graphically outlined in figure 2, and the results of a typical "normal" fermentation

and of a typical "abnormal" fermentation are recorded in table 1.

TABLE 1. —Results of typical shake- flask fermentations

Seventh day Ninth day

Flask PH

R i bofl av i n „

micrograms per
millil iter

PH

Ri bofl av i n ,

micrograms per
mill il iter

1

2

7.65

7.60

992

1040

7.80

7.76

1216) "Normal"
1280)

3

4

4.50

4.63

less than 1

less than 1

4.56

4.72

less than l)

, ''Abnormal
"

less than 1)

THIRTY-LITER FERMENTATIONS

This particular level of production is useful for evaluating improvements developed

in shake- flask fermentations and for experimental work in developing optimal conditions

for pilot-plant production of riboflavin.
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The following media are employed at this level of production:

1. Slants of M-Y medium.

2. Inoculum broth I; 100 milliliters in a 500-milliliter Erlenmeyer flask. Compo-

sition: animal stick liquor 0.75 grams, corn steep liquor 0.50 grams, commercial

glucose 1.25 grams, water 100 milliliters. Medium adjusted to pH 6.5 with sodium

hydroxide prior to sterilization. Sterilized by autoclaving at 121.5° C. for 30

minutes followed by cooling with air for 1 hour under continued pressure.

3. Inoculum broth II: 300 milliliters in a 1-liter Erlenmeyer flask equipped with

an apparatus for blowing contents into fermentor. Composition: animal stick

liquor 2.25 grams, corn steep liquor 1.50 grams, commercial glucose 7.50 grams,

water 300 milliliters. Medium adjusted to pH 6.5 with sodium hydroxide prior to

sterilization. Sterilized by autoclaving at 121.5° C. for 30 minutes followed by

cooling with air for 1 hour under continued pressure.

4. Fermentation medium: The fermentation medium is made up in two parts:

A. 325 grams (1.25 percent) of animal stick liquor is dissolved in minimum

amount of water in a 1-liter Erlenmeyer flask equipped with a blowing appara-

tus. The pH is not adjusted. Sterilized by autoclaving at 121.5° C. for 30

minutes followed by cooling with air for 1 hour under continued pressure.

B. 15 liters of tap water containing 1.25 percent corn steep liquor (wet

weight) , 2.50 percent commercial glucose (corrected for water of hydration),

and 30 milliliters soybean oil are sterilized in each fermentor by the direct

passage of steam at 120° to 130° C. for 30 minutes. The water of condensa-

tion formed during sterilization will bring the final volume in each fermen-

tor to 30 liters. Following sterilization, the media in the fermentors is

cooled and the animal stick liquor added aseptically. The complete medium is

then adjusted to pH 6.6 to 6.8 with potassium hydroxide (15 Molar solution).

As an added precaution, each fermentor is pre-sterilized empty before each

run.

' All media, when inoculated, are incubated at 27° to 30° C. The inoculum broths are

incubated on a reciprocal shaker operating continuously at 80 strokes per minute (3- inch

stroke). The fermentation medium is incubated at 27° to 30° C. by means of a water jacket

around the fermentor. Aeration of the fermentation medium is accomplished by direct pas-

sage of a current of sterile air (% to Vz volume air/volume medium/minute) through an

Alloxite sparger in the bottom of the fermentor. The fermentation medium is also agitated

by a propeller- type stirrer operating at 225 r.p.m. The procedure is as follows:

A flask of inoculum broth I is inoculated with 1 loopful of the growth taken from the

surface of a 7-day slant culture of Ashbya gossypii NRRL Y-1056 on M-Y medium. This cul-

ture is incubated for 24 hours. Ten milliliters of the culture is added aseptically to a

flask of inoculum broth II and this culture is incubated for 24 hours. All of inoculum

broth II is then aseptically blown into the previously sterilized and adjusted medium in

See footnote 12.



Stock culture: 4 or 7 days old on M-Y medium slant.

One loopful

First inoculum broth: 10 ml. medium in a 50-ml

.

Erlenmeyer flask; after inoculation incubated
on shaker for 21 hours.

One will il iter

Second inoculum broth: 10 ml. medium in a 50-ml.
Erlenmeyer flask; after inoculation incubated on
shaker for 2U hours.

One- four th milliliter

Fermentation medium: 100 ml. medium in a 500-ml

.

Erlenmeyer flask; after inoculation incubated on
shaker for 9 days.

Figure 2. --Sequence of steps in the shake-flask procedure, as used in

the laboratory, for the production of riboflavin.
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the fermentor. Thirty- liter fermentations are run for 5 days and samples for pH and ribo-
flavin determinations are withdrawn each morning and evening. Peak yields are usually ob-
tained around the fourth day of fermentation. Air flow and temperature are checked each
morning and evening. Steam seals are kept on all outlets during the fermentation to pre-
clude contamination.

The procedure for 30-liter fermentations is graphically depicted in figure 3 and the
results of a typical fermentation are recorded in table 2.

TABLE 2. -.Results of typical 30- liter fermentation

Age,
hours PH

Gl ucose,
percent

Ri bofl avi n,

micrograms per
mi 1 1 i 1 i ter

6.50 2.34

16 5.75 1.99

24 5.55 1.12

40 6. 10 0.13 128

48 6.26 320

64 7.05 520

72 7.60 608

88 7.70 656

96 7.70 752

114 7.60 544

While specific figures have been given for the composition of the medium employed

for 30-liter fermentations, often modifications must be made because of the extreme varia-

bility of different batches of both corn steep liquor and animal stick liquor. For that

reason, it is usually necessary to run several experimental fermentations with varying

concentrations of the ingredients to determine the optimal ratios and concentrations

necessary for good yields of riboflavin.

PILOT-PLANT FERMENTATIONS

This particular level of production simulates actual industrial production of ribo-

flavin. Dried concentrates prepared from fermented liquors obtained at this level average

from 25,000 to 30,000 micrograms of riboflavin per gram. The dried concentrates may be

used for supplementing animal feeds, or alternatively, pure riboflavin may be extracted

from fermented liquors for use in pharmaceuticals, etc.

The following media14 are employed at this level of production:

1. Slants of M-Y medium.

See footnote 12.
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2. First inoculum broth: 100 milliliters in a 500-milliliter Erlenmeyer flask.

Composition: animal stick liquor 0.75 percent, corn steep liquor 0.50 percent,

commercial glucose 1.25 percent. pH adjusted to 6,5 with sodium hydroxide prior

to sterilization. Sterilized by autoclaving at 121.5° C. for 30 minutes. Fol-

lowed by cooling with air for 1 hour under continued pressure,

3. Second inoculum broth: 6 liters in a 9-liter jug. Composition: animal stick

liquor 0.50 percent, corn steep liquor 1.00 percent, commercial glucose 2.00 per-

cent, soybean oil 0.25 percent (by volume). pH adjusted to 6.5 with sodium
hydroxide prior to sterilization. Sterilized by autoclaving at 121.5° C. for 45

minutes followed by cooling with air for 1 hour under continued pressure.

4. Fermentation medium: 200 gallons in a 300-gallon stainless steel fermentor or

300 gallons in an 800-gallon copper fermentor. Composition: animal stick liquor

1.00 percent, corn steep liquor 1.85 percent, commercial glucose 2.00 percent,

soybean oil 0.20 percent (by volume, antifoam). pH is 4.0 to 4.5 but is not ad-

justed prior to sterilization. Sterilized by exposure of medium to 135° C. (275°

F. ) for holding time of 5 minutes. Adjusted to pH 6.5 with sodium hydroxide

after sterilization.

All media, when inoculated, are incubated at 27° to 30° C. The first inoculum broth

is incubated on a reciprocal shaker operating continuously at 92 strokes per minute (3-

inch stroke). The second inoculum broth is incubated at room temperature and is aerated

by passage of sterile air through a sparger. The fermentation medium is aerated by direct

passage of sterile air at the rate of % volume/volume of medium/minute and agitation by a

propeller-type stirrer operating at 100 r.p.m. The procedure is as follows:

A flask of the first inoculum broth is inoculated with growth from a 7-day slant cul-

ture of Ashbya gossypii NRRL Y-1056. This culture is incubated for 24 hours. The entire

culture is then added to the second inoculum broth and incubated for 24 hours with aera-

tion by sparger. This 6-liter culture is then added to the fermentation medium, Fermen-

tations are run for 120 hours and samples for pH and riboflavin determinations are with-

drawn periodically. Air flow and temperature are checked periodically. Steam seals are

kept on all outlets during the fermentation to preclude contamination. Peak yields are

usually obtained at around 100 hours. The procedure for 200 -gal Ion fermentations is

graphically depicted in figure 4 and the results of a typical fermentation are recorded in

table 3.

TABLE 3, -'Results of typical pilot-plant fermentation

Age,
hours PH

G1 ucose,
percent

Ri bof 1 avi n,

micrograms per
mil J il iter

6.50 2.00

24 4.80 0.20

40 5.30 100

80 6.00 400

100 7.00 500
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As with the 30-liter fermentations, specific figures have been given for the composi-

tion of the fermentation medium. Again certain modifications in ratios and concentrations

may be necessary, depending upon the quality of the animal stick liquor and the corn steep

liquor used.

Note: In laboratory and pilot-plant fermentations, yields of riboflavin may be in-

creased at least 200 micrograms per milliliter by feeding more sugar to the fermenting

cultures. The additional amount of sugar should preferably be equivalent to 25 to 50 per-

cent of the original sugar content of the medium, Shake- flask cultures should be fed

between the 48th and 72nd hour and larger-scale cultures at about the 40th hour of

fermentation.
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