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Abstract: In a study of the aerobic growth of Baker’s yeast (Saccharomyces cerevisiae) on
Maxon-Johnson medium (with glucose as substrate) solidified with kudzu root starch, it was
observed that. between & and 24 hour incubation. 10 and 12% solids stimulated greater cell
production than did 6 and 8% solids. The concentration of solids also affected the secretion
of protein from the yeast cells with the highest content of extracellular protein at 10-24 hour

incubation stimulated by 10% starch solids.
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It seems probable that the concentration of
solids (undissolved materials) is an important
operational parameter in semi-solid or solid
(SSF) fermentations; however, apparently no
single value or range of values has been estab-
lished as optimal for homogeneous semi-solid
fermentations by workers in this field.

Experimentally determined standards exist
for heterogeneous systems. Han and Anderson
{1975, studied the fermentation of pretreated
ryegrass straw at a moisture level of 75%
(25% solids). Rolz ef al. (1979) found it nec-
essarv to add 1.4 parts of water to one part
of sugar cane pieces, ie., ca. 42% solids, to
achieve a reasonable yield of ethanol. Balasu-
bramanya ef al (1984) in their “dry” fermen-
tation of willow dust used 16-17% solids as
substrate. Huang ef a/l. (1984) investigated

the influence of initial moisture content of
steamed rice serving as substrate for the aero-
bic growth of Aspergillus koppan. Of the
moisture levels examined (28,12, 30,83, 33,
51, 37.54, and 40,01%), 37.5% gave the
maximum growth of the fermentation organ-
ism when growth was estimated by monitoring
CO, evolution. Using wheat bran as substrate,
a moisture content of 41,5% gave optimal
growth of the mold.

Park et «fl (1984), using gelatin as princi-
pal solid present in the aerated fermentation
mash (but not serving as substrate), observed at
9 hours into the batch run that the maximum
level of yeast cells was at 8% (wt/vol) gelatin.
The highest yeast level was reduced by one
~third at 10% and 12% and by one-half at
1% and 16% gelatin. Maximum utilization of
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the glucose substrate also occurred at 8%
gelatin, with use at 12% gelatin content
almost as great. The highest production of
extracellular protein and L-lysine was obser-
ved at 16% gelatin, wherease 12% (the high-
est value measured) promoted maximum L
-lysine concentration.

This is a report of SSF studies on the effects
of solids concentration on the semi-solid fer-
mentation of glucose by aerated Baker’s yeast
(Saccharomyces cerevisiae) when the gelatin
was replaced by kudzu (Preraria lobata) oot
starch as solidifying agent and as the principal
solid in the system (The Korean name for kudzu
is kuzu). The primary response variables
monitored were biomass and extracellular pro-
tein. A starch such as kudzu starch would not be
expected to interfere with the protein assay as
did gelatin and strach could also eventually
serve as an inexpensive carbon substrate if
treated with amylase. Amylase treatment was
bevond the scope of this study.

MATERIALS AND METHODS

A description of the fermentation organism,
aerobic fermentor and preparation of slide
cultures is given in the accompanying paper by
Park et al (1985a).

Growth medium; The basic culture medium
was the Synthetic Medium C of Maxon and
Johnson (1953) with 10% (wt/vol) glucose as
substrate. The M] medium was sterilized in the
autoclave (15 min at 125-126°C). A 200 m!/
portion was placed in a boiling water bath.
Then 5 to 12% (wt/vol) dry kudzu starch was
added and the mixture held at the boiling point
for about 3 min with constant agitation. This
treatment caused the starch to gelatinize and
the mixture assumed a semi-solid consistency.
Practical sterility was achieved by the boiling.
The mixing was completed ina 100 m/ blen-
dor for 1 min during which time weighed
yeast cells were added. The dry kudzu starch
(kuzu arrowroot starch) was manufactured by
the Japanese firm of Yoshino Zakura Industries
and was imported into the U.S. by Erewhon
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Natural and Organic Food Co., Boston, MA.
Sampling; At selected time intervals, one or
more slide cultures were removed from the
fermentor.

Cell growth monitoring; A small amount of
fermentation mash was scooped from the sur-
face of the slide culture with a spatula and
transferred to the biomass sample chamber
described in Park et al (1985b).

Measuring yeast growth; The growth of yeast
biomass in the fermentation mash was monitor-
ed by the biomass sample well method de-
scribed in Park ef al (1985b).

Chemical analysis; The fermentation mash
was scraped from a culture slide into a small
beaker using another microscope slide. This
mash was diluted with deionized water at ca.
40C. The mixture was stirred thoroughly,
then was analyzed for extracellular protein.
Assay of extracellular protein: The Coomas-
sie Blue dye-binding analysis for proteins
developed by Bradford (1976), as modified by
Franklin ef «l. (1984), wasused. A (.4m/
portion of sample was pipetted into a 13x 100
mm Bausch and Lomb Spectrophotometer cu-
vet. Proteindyereagent (3, 8m/) was added and
the contents were mixed carefully by inversion
to avoid protein loss. After 10 min, absorban-
ce (OD) of the solution wasreadonthe B & L
Spectronic 20 spectrophotometer. A standard
curve was prepared by treating a series of
solutions of sonicated yeast cell protein (0, (
to 10,0g/! of MJ medium) in a similar fash-
ion. A basic assumption was that 45% of the
yeast cell was protein. A standard curve was
prepared with Aspergillus niger a -amylase
(Miles Laboratories) and was found to be essen-
tially the same as that for yeast cell protein.
Therefore, this fungal e -amylase was used to
prepare subsequent protein calibration curves.

EXPERIMENTAL RESULTS AND DIS-
CUSSION

The influence of solids concentration on pro-
duction of yeast biomass; It can be seen in Fig
1 that at 10-12hr (the time of maximum cell



Vol 24, 1986

production in this batch run) the higher concen-
trations of kudzu starch solids examined (10
and 12%) stimulated greater biomass devel-
opment than did 6 and 8% solids. Park ef ol
(1984) observed greater cell production at
8-16% solids (gelatin) than at 0% solids, with
highest production at 8% solids. These
workers suggested that a primary causal factor
in increased cell production in the gelatin solids
case is CO, entrapped in the fermenting solid
mash. Presumably, CO, has the same role in
the kudzu root starch system as well. Prelimi-
nary tests with elevated CO, levels in the air
stream does stimulate cell growth in submerged
culture systems, Park et al. (1984),

The influence of solids concentration on pro-
duction of extracellular protein; The results
given in Fig 2 show that the amount of
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Fig.1, The effect of concentration (wt/vol) of

solids (kudzu starch) in the growth
medium on the production of yeast cells
during aerobic growth of Baker!s yeast in
Maxon-Johnson medium with 10% glu-
cose as substrate.
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Fig.2, The effect of concentration (wt/vol) of
solids tkudzu starch) in the growth
medium on the production of extracel-
lular protein during aerobic growth of
Baker!s yeast in Maxon-Johnson medium
with 10% glucose as substrate.

extracellular protein secreted at the 10-12 hr
interval was significantly increased by solids
levels, especially at 8 and 10% after 12hr
run time. The highest content of extracellular
protein at 24 hr was produced in the 10%
solids case.

When gelatin was the principal solid present,
Park et ol (1984) found that the concentra-
tion of protein excreted by the yeast cells into
the growth medium was essentially the same at
16% solids as at 0% solids but much lower at
12% solids. Unfortunately, in the Park’s study,
gelatin, the solidifying agent, is also a protein
and introduced interferences in the protein
assay, so the findings were not conclusive. In
the present study, the essentially protein-free
starch solidifying agent did not interfere in the
protein determination.
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