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Study on the Biodegradation of Waste Oil
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Study on Microbial Culture Using Microbubbles
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Effect of the Pickles Quality by Condition of the Heat for Sterilization
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Changes in Quality Associated with Blanching of the Peel of Citrus Tamurana Hort
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Drying of Blueberry Leaves by Super-Heated Steam Treatment
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Study on Citric Acid Productivity by Liquid Barley Koji

Hiroshi OCHI, Hideki YAMAMOTO, Kiyoko TAKAYAMA and Masami MIZUTANI
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Research on Recycling of Food Waste using Lactic Acid Bacteria

Itsuki MORINAGA, Kazufumi YAMADA, Kiyoko TAKAYAMA, Hideki YAMAMOTO,
Hiroshi OCHI and Masami MIZUTANI
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Needs of the primary artifact and Problem of the primary processor in the food industry
—Miyazaki Prefecture Food Industry Survey Results—

Akiko Fukuyama (Miyazaki Prefectural Food R&D Center)
Chizuko Yukizaki (Miyazaki Prefectural Food R&D Center)

Kazuhisa Goto (NARO Kyushu Okinawa Agricultural Research Center)

In the midst of a sluggish manufacturing value
added to the national food, in order to revitalize
the food industry is important to understand the
needs of real demand food industry. In this report
we will conduct a survey on the needs and chal-
lenges of primary fabricators of primary process-
ing products were verified.
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dustry has the strongest potential needs primary
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processed products’ quality and convenience, and
then" functional nutrients Show "," domestic or
Miyazaki Prefecture ".

In addition, the potential needs of the most in-
tense primary fabricators "functional nutrients
Show," followed by "cost reduction”, "respond to
diverse lot," "high added value" to make value-
added products and strong desire to enhance the
technology
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ABSTRACT
J. Inst. Brew. 117(4), 627-633, 2011

Seven yeasts with superior ability in terms of alcohol fermenta-
tion and aromatic ingredient generation were isolated from 272
wild yeasts obtained from shochu mashes of shochu breweries.
These seven yeasts were examined for their fermentation ability
with rice and sweet potato using small scale of fermentation
tests. Moreover, their thermotolerance was evaluated by growth
tests and fermentation tests with barley koji. Among the isolated
seven yeasts, the shochu yeast “MF062” was superior in the
characteristics of fast fermentation, high alcohol production,
aromatic ingredient generation and thermotolerance. It was
named the “Heisei Miyazaki Yeast”. From the results of analyses
of physiological and genetic characteristics of MF062, it was
shown to be a Saccharomyces cerevisiae, but it showed different
characteristics from the industrial yeasts used in shochu produc-
tion. Using a sweet potato shochu brewing test, with 60 kg of
raw materials and yeast MF062, it was confirmed that a high
alcohol production yield and a high quality shochu could be
obtained.

Key words: Fermentation, Saccharomyces cerevisiae, screening,
shochu yeast, thermotolerance.

INTRODUCTION

In shochu production, it is important that shochu
mashes are fermented well and alcohol production yields
are high. Therefore excellent shochu yeasts that have
strong alcohol fermentation power, appropriate resistance
against citric acid and thermotolerance are needed. Sho-
chu yeasts also need to generate a good flavor to produce
high quality shochu. At present, there are many kinds of
brewer’s yeasts which have been used for shochu produc-
tion. Some of these are the following: Miyazaki Yeasts,
Kagoshima Yeasts, Kumamoto Yeasts, Awamori Yeasts
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and Kyokai Yeasts. These are sold to shochu breweries by
prefectural research institutions, alcoholic beverage asso-
ciations, and the Brewing Society of Japan.

Recently, shipments of shochu are increasing and con-
sumer preferences have been diversified. Diversification
with good qualities of shochu is mainly supported by
quality of raw materials at first, and then by various kinds
of microorganisms such as yeasts. Thirdly, manufacturing
methods such as fermentation, distillation, storage, refine-
ment, and blend are also important. From these back-
grounds, it has become necessary to make selections of
various shochu yeasts for shochu production to support
the diversity of tastes of consumers and also to utilize the
features of the raw materials well. This tendency for sho-
chu production is the same as sake brewing, and new
yeasts have been developed for the purpose of supporting
diversification of sake. Oba et al.*'%!! bred nine yeast
strains, which could produce 2-3 times higher malic acid
compared with the parent strains. These yeast strains were
used for brewing sake at an industrial scale and showed
their usefulness for sake production with a fruity taste.
Komuro et al.® isolated yeasts which characteristically
produced organic acid. Enriched medium with koji juice
was used to separate sake yeasts from flowers, with the
addition of the antibiotic ‘yeastcidin’ produced by Asper-
gillus oryzae. Sasaki et al.” studied floral yeasts which
were isolated from “Kanhi cherry blossoms” and “flowers
of peaches” in Tochigi Agricultural High School, and pro-
duced characteristic sake with them. Ohashi et al.'? tried
to isolate the useful yeasts, which could produce sake
with a sweet and sour taste, low alcohol, and a fruity fla-
vour from flowers called “Naranoyaezakura”. As for sho-
chu yeasts, Tanimura et al.'"* isolated the shochu yeast
from the coastal area in Miyazaki Prefecture called
Hyuga-nada. The salt and alcohol tolerance of the yeast
was high, and the fermentation of mash was conducted
very well. The isolated yeasts could produce shochu with
a brilliant aroma and sweetness. Although researchers
have tried to isolate new types of shochu yeasts as de-
scribed above, the variations in the shochu yeasts are still
less than those of the sake yeasts.

There is a high possibility that wild yeasts isolated
from shochu mashes could have the good characteristics
that are required for shochu production. In this research,
isolated yeasts from shochu mashes in Miyazaki Prefec-
ture were evaluated from the point of brewing ability.
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Their characteristics were examined and the selected
yeasts were tested for fermentation ability in sweet potato
shochu brewing.

MATERIALS AND METHODS
Tested yeasts

The 272 wild yeast strains, which were isolated from
shochu mashes in shochu breweries in Miyazaki Prefec-
ture and were stored in Miyazaki Prefectural Food Re-
search and Development Center, were used in this re-
search. Moreover eight industrial yeasts were used as
controls. One of them was the Miyazaki yeast (MKO021),
which was stored in the Centre, and the others were the
industrial brewer’s yeasts A-G stored in other agencies.

Selection of yeasts with excellent brewing
ability by fermentation tests

Yeasts were first prepared by pre-cultivation for 24 h at
28°C with MYGP medium (0.3% malt extract, 0.3% yeast
extract, 0.5% peptone, 1% glucose, pH 4.0). Then, 70 mL
of water was poured into 40 g dry rice koji (MKS, Toku-
shima Seikiku Corporation) for shochu brewing with the
100 uL of pre-cultivated yeasts to make mashes. These
were fermented for 7 days at 28°C. As an index of fer-
mentation progress, the weight of the mashes was meas-
ured regularly. Aromas of matured mashes at the 8th day,
immediately after the end of the fermentation examina-
tion, were also measured and evaluated.

Evaluation of thermotolerance of yeasts by
growth tests

The seven isolated yeasts were used in these tests. The
eight industrial yeasts, namely A-G and Miyazaki Yeast
(MKO021), were used as the controls. First, each of the
yeasts was shaken for 24 h at 28°C with 5 mL MYGP
medium. The 100 uL of the pre-cultivated yeasts was
added to 10 mL MYGP medium in L-shape tubes. These
were cultivated for 120 h at 20, 28 or 38°C by shaking in
a Biophotorecorder (Advantec TN-2612, Osaka, Japan).
Optical density at 660 nm (ODg4,) was measured regularly
and the growth rate of the yeasts (h™!) was calculated.
Moreover, cell number and viable cell percentage of the
yeasts were measured by methylene blue staining® after
120 h cultivation and reported as the viable yeast cell per-
centage.

Evaluation of thermotolerance of yeasts by
fermentation tests using barley koji

The seven isolated yeasts and the eight industrial
yeasts as the control were used in these tests. Each of the
yeasts was shaken for 24 h at 28°C with 5 mL MYGP

Table I. Proportion of raw materials for shochu brewing tests.

medium. Barley koji was made with A. kawachii as seed
strain in a general way. Then 60 mL of water was poured
into 50 g barley koji, and the 100 pL of pre-cultured yeast
was added to the mashes. These were fermented for 9
days at 20, 28 and 38°C. As an index of fermentation,
weight of the mashes was measured with the passage of
time. The alcohol content of the matured mashes was
measured immediately after 9 days of fermentation.

Small scale fermentation tests for rice and
sweet potato shochu production

Table I shows the proportion of raw materials for small
scale shochu brewing. Koji was made with polished rice
and A. kawachii as the seed strain. The seven isolated
yeasts or the Miyazaki Yeast (MKO021) as the control were
used as seed mashes. Each of the yeasts was shaken for 24
h at 28°C with MYGP medium. Then the cultivated yeasts
and water were added to rice koji. These were fermented
for 4 days in rice shochu production and for 6 days in
sweet potato shochu production. At this time, the initial
yeast concentration was 1 x 10° cells/mL. Rice as the
main material and water were added to the seed mashes.
These were fermented for 13 days as the main mashes in
rice shochu production. In case of sweet potato shochu
production, steamed and shattered sweet potatoes and
water were added to the seed mashes. These were fer-
mented for 14 days as the main mashes. Rice and sweet
potato shochu were obtained by atmospheric distillation
with these matured mashes.

Fermentation tests for sweet potato shochu
production

Sweet potato shochu was produced by the selected
superior yeast MF062 or the Miyazaki Yeast (MKO021) as
the control according to the proportion of raw materials
shown in Table 1. Each of the yeasts was cultured stati-
cally for 2 days at 28°C with 5 mL MYGP medium. Then
100 pL of pre-cultivated yeast was added to 50 mL of
MYGP medium. Each of the yeasts was incubated for 2
days at 28°C. The koji was made with polished rice and A.
kawachii as the seed strain. Then yeasts and water were
added to rice koji as mentioned above. These were fer-
mented for 6 days as seed mashes. The initial concentra-
tion of yeasts was 1 x 10° cells/mL. Moreover, sweet
potatoes as the main raw material and water were added
to the seed mashes and these were fermented for 14 days
as the main mashes. Sweet potato shochu was obtained by
atmospheric distillation with these matured mashes. Sen-
sory tests of the sweet potato shochu were performed and
shochu was evaluated by a three point method (1: Excel-
lent, 2: Good, 3: Poor) from the viewpoint of flavor, at-
tractive taste, sweetness, roundness, dryness taste, aroma,
sweet potato like characteristics, rough taste, etc.

Small scale rice shochu brewing

Small scale sweet potato shochu brewing

Sweet potato shochu brewing test

Raw materials Seed mash  Main mash Total Seed mash  Main mash Total Seed mash  Main mash Total
Koji rice (kg) 0.5 - 0.5 0.5 - 0.5 10 - 10
Rice (kg) - 1 1 - - - - - -
Sweet potato (kg) - - - - 2.5 2.5 - 50 50
Water (L) 0.6 1.95 2.55 0.6 1.5 2.1 12 27 39
628 JOURNAL OF THE INSTITUTE OF BREWING
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Characteristics of the yeasts

To judge the difference between MF062 and the indus-
trial yeasts, their morphological characteristics were ob-
served. MF062 and the eight industrial brewer’s yeasts
(A-G and MKO21) were cultured statically for 2 days at
28°C with MYGP medium, and their forms were ob-
served by use of both an optical microscope and a scan-
ning electron microscope. MF062 and the eight industrial
yeasts were also cultivated for 2 days at 28°C on MYGP
agar plates (1.5% agar) and the forms of their colonies
were observed.

They were cultivated for 7 days at 25°C with potas-
sium acetate medium plates (1% potassium acetate, 0.1%
yeast extract, 0.05% glucose, 2% agar at pH 6.5), and
their sporulation was observed by optical microscopic
observation?.

Sugar fermentation of MF062 or the eight industrial
yeasts was evaluated as follows. One loop of yeast was
inoculated into the YP liquid medium (0.5% yeast extract
and 1% peptone), which contained one of the following
sugars at 2% (glucose, galactose, sucrose, maltose, lac-
tose, raffinose, trehalose, melibiose), and coloured with
bromothymol blue (BTB) solution. These were incubated
for 2 days at 25°C. Yeasts were deemed to have sugar fer-
mentation ability when the carbon dioxide gas accumu-
lated in the Durham tube and the color of medium con-
taining BTB changed to yellow from yellowish green®.

Assimilation tests of each element such as sugar, alco-
hol, amino acid, and organic acid salt were performed
using agar plates. Agar plates, which included one kind of
element whose concentration was 2% for the assimilation
tests, were first prepared with yeast nitrogen base (where
the element for assimilation was a carbon source of sugar
etc.) or yeast carbon base (when the element for assimila-
tion was a source other than a carbon source such as am-
monium sulphate, ethyl amine, L-lysine, potassium ni-
trate, sodium nitrite, cadaverine) of Bacto Inc. Yeast cells
were inoculated onto these plates by platinum loop and
were cultured for 4 days at 30°C. It was judged “+” in

case where growth of yeasts could be observed, “~” where
no growth could be observed, “+” where growth of yeasts
could not be judged*.

The 2,3,5-trimethyltetrazolium chloride (TTC) dye-af-
finity test, using glucose as a carbon source (hereinafter,
we call “Glucose-TTC dye-affinity test”), was carried out.
The colonies of MF062 or the eight industrial yeasts were
diluted to grow about 200 cells on a plate. Then, the cells
were inoculated on substratum medium plates (2.0% glu-
cose, 2.5% agar, 0.1% yeast extract, 0.2% peptone, 0.1%
KH,PO,, 0.04% MgSO,-7H,0, pH 6.5) and were incu-
bated at 30°C for 2 days. After dissolving the upper me-
dium containing glucose as the carbon source (0.5% glu-
cose, 0.05% TTC, 1.0% agar, pH 6.5), they were allowed
to cool to about 45°C and were gently layered on the
colonies formed on the substratum medium plates. These
were left for 2—3 h at 30°C, and the coloration of the colo-
nies was observed!. Moreover, TTC dye-affinity tests by
using maltose, a-methyl-D-glucoside (a-MG) or galac-
tose instead of glucose as the carbon source in the same
manner above mentioned were conducted. Hereinafter we
called these “non-Glucose-TTC dye-affinity test” and the
coloration of the colonies was observed’.

For detection of acid phosphatase activity, the colonies
of MF062 or the eight industrial yeasts were prepared in
the same way as for TTC staining. The upper medium soft
agar (0.025% a-naphthyl sodium acid phosphate, 0.025%
Fast Blue Salt B, 1.5% agar in 0.005M acetic acid buffer
solution (pH 4)) was prepared and was cooled to about
45°C. Then the soft agar was gently layered on the colo-
nies formed on the substratum medium plates. These were
left for 30-60 min at room temperature. Yeasts that had
acid phosphatase activity had colonies that stained dark
red®.

DNA samples were prepared according to the protocol
using CHEF Genomic DNA Plug Kits (Bio-Rad Labora-
tories, Richmond, Calif.)), and the pulse field gel electro-
phoreses was performed with the Bio-Rad CHEF-DR 11
system .

The sequence of rRNA gene D2 region was analyzed.
The DNA was extracted from yeasts and was purified
with the kit “Gentle-kun™” (for yeasts) (Takara Bio Inc.,
Shiga, Japan). PCR amplification and refinement process-
ing for obtained samples was conducted according to the
protocol of MicroSeq™ D2 LSU rDNA Fungal Sequenc-
ing Kit (Applied Biosystems, CA, USA). The sequence
analysis was conducted with ABI PRISM 310 Genetic
Analyzer (Applied Biosystems, CA, USA) and 323 bp of
sequence was determined. The homology search of the
obtained sequence was performed using database of Mi-
croSeq™ D2 Fungal Database v. 0050 ¢ (Applied Biosys-
tems, CA, USA).

Analytical method

The analyses of pH and acidity of shochu mashes were
performed according to Official Analytical Method of the
National Tax Administration Agency of Japan®. The alco-
hol content of the samples obtained by filtration of shochu
mashes with the No. 2 filter paper was measured by Hew-
lett Packard 5890 SERIES II gas chromatograph (DB-
WAX; I.D. 0.53 mm x 30 m, 1 pum of film, 55—170°C
(4°C/min), FID detector). By adding 10 mL hexane and 1
g sodium chlorides to 10 mL mashes, the aromatic ingre-
dients were extracted in hexane fractions. Aromatic ingre-
dients content was also measured by Hewlett Packard
5890 SERIES II gas chromatograph with temperature-
shift program of 55—225°C (4°C/min). Organic acid con-
tent was measured by organic acid analysis system LC-
10A (Shimadzu Corp., Japan) with ion-exclusion chroma-
tography using conductivity detector CCD-6A. A series of
two SCR-102 columns was used for separation and mo-
bile phase was 5 mM p-toluenesulfonic acid.

RESULTS AND DISCUSSION

Selection of yeasts with superior brewing
abilities by fermentation tests

The fermentation tests of shochu with dry koji were
carried out by using the 272 wild yeasts and the eight in-
dustrial yeasts. Alcohol content, pH and acidity of ma-
tured mashes after fermentation for 7 days are shown in
Table II. The seven wild yeasts, MF059, MF062, MF068,
MF165, MF182, MF197 and MF224, showed good fer-
mentation ability equal to or more than the industrial
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yeasts. The pH, acidity and aromatic ingredients content
with the seven wild yeasts were similar to those of the
eight industrial yeasts. The shochu of the seven wild
yeasts had no aroma of aldehyde, ethyl acetate, acetic acid
etc., which become off flavors when excessively included
in shochu. It was confirmed that the shochu made by the
seven wild yeasts had a brilliant and sweet good fra-
grance. Therefore, these seven wild yeasts were examined
in detail regarding their brewing characteristics.

Small scale fermentation tests for shochu
production

At first, small scale fermentation tests of rice shochu
using the seven isolated yeasts or Miyazaki yeast (MK021)
were performed. MK021 has been used widely in the
alcoholic beverages factories in Miyazaki Prefecture. The
alcohol content, pH and acidity of the matured main
mashes of rice shochu with MF059, MF062, MF197 and
MF224 were equal to those with MKO21. However, the
values of MF068, MF165 and MF182 were lower than the
others. There were no differences between the seven
isolated yeasts and MKO021 regarding pH and acidity. By
measuring the aromatic ingredient content, it was
observed that the n-propyl alcohol concentration of the
seven isolated yeasts was lower than that of MKO021, but
that the i-butyl alcohol concentration was higher.
Therefore, the i-amyl alcohol / n-propyl alcohol (A/P),
and i-butyl alcohol / n-propyl alcohol (B/P) ratios of the
seven isolated yeasts were higher and i-amyl alcohol / i-
butyl alcohol (A/B) ratios were lower than that of MKO021.
These differences indicated that the seven isolated yeasts
and MKO21 were different in terms of their metabolism.

Table II. General components of shochu mashes fermented by isolated
and industrial yeasts using shochu dry rice-koji.

Strains Alcohol (%) pH Acidity

Isolated yeasts MF059 19.4 3.8 14.7
MF062 19.8 3.8 14.7
MF068 19.9 3.8 15.9
MF165 19.2 3.8 142
MF182 19.9 3.8 14.6
MF197 19.3 3.8 14.8
MF224 19.7 39 14.2

Industrial yeasts A 16.8 3.7 155
B 16.6 3.6 15.9
C 18.0 3.7 16.4
D 17.5 3.7 16.3
E 18.9 3.7 15.5
F 19.0 3.7 16.1
G 17.9 3.7 15.2
MKO021 19.0 3.8 14.6

Small scale fermentation tests of sweet potato shochu
were also carried out similar to those of rice shochu. The
pH values with the seven isolated yeasts were the same as
that with MKO021 as shown in Table III. The acidity values
of MF062, MF165 and MF197 were a little higher than
that of MKO021. The alcohol content and pure alcohol ac-
quirement quantity of the mashes with the seven isolated
yeasts were higher than those with MKO021. The acetic
acid and lactic acid contents of the mashes with the seven
isolated yeasts were almost equal to those with MKO21.
Table IV shows the results of the aromatic ingredients
content of the sweet potato shochu. Ethyl acetate, which
becomes an off flavor when excessive levels are present in
shochu, was lower than that with MKO021 with the seven
isolated yeasts. The n-propyl alcohol concentration with
the seven isolated yeasts was lower than that with
MKO021, and the i-butyl alcohol concentration of shochu
with the seven isolated yeasts was higher than that with
MKO21, except for MF224. As for the main alcohol ra-
tios, the A/P and B/P ratios of the selected yeasts were
higher than those of MKO021, and A/B ratios of the se-
lected yeasts were lower than that of MKO21. This ten-
dency was the same as the results of the fermentation tests
of rice shochu. These results showed that there were dif-
ferences in the main aromatic ingredients between the
selected yeasts and MKO021.

Growth tests of yeasts

According to the measurement of the specific growth
rates of the yeasts at 20, 28, and 38°C, the values of se-
lected MF062 and the industrial yeast C at 38°C were
higher than those at 28°C as shown in Table V. At 28°C,
the specific growth rates of the selected yeasts were
0.292-0.340 h' and those of the industrial yeasts were
0.303-0.352 h™!. At 20°C, the specific growth rates of the
selected yeasts were 0.159-0.200 h™' and those of the in-
dustrial yeasts were 0.158-0.203 h™'. There were few dif-

Table III. General components of sweet potato shochu mashes brewed
on a small scale.

Alcohol  Amount of absolute acquired
Strains pH Acidity (%(v/v)) alcohol (L/t(raw materials))
MF059 4.4 52 13.8 203
MF062 4.3 55 13.8 203
MF068 4.3 52 13.6 198
MF165 4.4 54 13.8 202
MF182 4.4 5.1 13.7 201
MF197 4.4 5.6 13.6 202
MF224 4.4 5.0 135 199
MKO021 4.4 5.2 134 197

Table IV. Volatile components of sweet potato shochu brewed on a small scale.

mg/L
Strains Ethyl acetate n-Propyl alcohol i-Butyl alcohol i-Amyl alcohol p-Phenyl ethyl acetate B-Phenyl ethyl alcohol
MF059 2 139 217 577 4.8 79

MF062 3 125 255 566 5.8 81

MF068 4 128 231 532 5.1 67

MF165 7 153 238 591 5.1 76

MF182 2 127 213 573 43 80

MF197 3 127 212 619 3.8 84

MF224 2 135 179 500 4.6 69

MKO021 8 208 199 597 43 68
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ferences between the selected yeasts and the industrial
yeasts at 28°C and 20°C. On the other hand, the specific
growth rate of the selected yeast MF197 at 38°C was very
low (0.034 h™!). It was thought to be difficult for that yeast
to grow at the high temperature. As for the specific growth
rates of the other yeasts at 38°C, those of the selected
yeasts were 0.241-0.329 h™! and those of the industrial
yeasts were 0.205-0.328 h™!. At 38°C, the differences in
the specific growth rates were more remarkable than at 20
and 28°C. At 38°C, the specific growth rate of the se-
lected yeast MF062 was 0.329 h™!, which was the highest.
Next to that it, the value of the industrial yeast C was
0.328 h™'. It was confirmed that the characteristics of
growth of the selected yeast MF062 at the high tempera-
ture was excellent. The viable cell percentage of all yeasts
after 120 h cultivation was equal to or more than 95% at
20°C and 28°C, and there were no differences between
yeast strains. The viable cell percentage of all of the in-
dustrial yeasts after 120 h cultivation fell below 90% at
38°C. That of the selected yeast MF062 showed 93.2%
viability, which was the highest confirming that the se-

Table V. Specific growth rate of isolated and industrial yeasts at 20°C,
28°C and 38°C on growth tests.

Specific growth rate (h™)

lected yeast MF062 had a high thermotolerance among
the tested yeast strains.

Thermotolerance by fermentation tests with
barley koji

At 28°C, the carbon dioxide gas loss in weight had in-
creased smoothly during fermentation. At 20°C, the in-
creases of the carbon dioxide gas loss in weight at early
stages were slow compared with 28°C. The increases in the
second half of the fermentation were smooth. At 38°C, the
increases of the carbon dioxide gas loss in weight were
smooth until the 4th day after which they hardly increased.
The carbon dioxide gas loss in weight from the early stages
by the selected yeast MF062 at 38°C was higher than that
of the control MKO021. The alcohol content of the matured
mashes after 9 days of fermentation with any yeast was
sufficiently high at 20 and 28°C, and low at 38°C. The al-
cohol content of the matured mashes at 38°C is shown in
Fig. 1. The alcohol content of the matured mashes with the
selected yeast MF062 was 11.6% (v/v) at 38°C, which was
the highest of the yeasts. Generally, fermentation involves a
competition of growth and nutrient consumption between
the yeasts and the contaminating bacteria. Therefore, it is
important for the yeasts to grow fast and to start the alcohol
fermentation early thus avoiding pollution by lactobacillus,
a cause of poor mashes. It was thought that the alcohol fer-
mentation of shochu mashes could be performed preferably
with the selected yeast MF062, because the beginning of
the alcohol fermentation was early and alcohol production
was high. From these results, it was confirmed that the al-
cohol fermentation could be conducted efficiently in the
high temperature area with the selected yeast MF062. The
yeast MF062, which had excellent brewing aptitude, was
named the “Heisei Miyazaki Yeast (MF062)”, and was thus
researched further.

Physiological characteristics of MF062

From the results of the scanning electron microscope
observation of MF062, the sizes of the vegetative cells

Strains 20°C 28°C 38°C
MF059 0.185 0.313 0.284
MF062 0.180 0.312 0.329
MF068 0.159 0.292 0.241
MF165 0.198 0314 0.269
MF182 0.178 0312 0.241
MF197 0.192 0.334 0.034
MF224 0.200 0.340 0.298
A 0.190 0.315 0.205
B 0.164 0.314 0.223
C 0.200 0.322 0.328
D 0.166 0.352 0.261
E 0.188 0.317 0.267
F 0.185 0.331 0.298
G 0.158 0.303 0.268
MKO021 0.203 0.335 0.291
14
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Fig. 1. Alcohol concentration after 9 days of fermentation using shochu barley koji at 38°C. White bars, isolated yeasts; grey bars,
industrial yeasts; black bar, Miyazaki yeast (industrial yeast of Miyazaki Prefecture).
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were about 4-8 pm, and the shapes were oval and growth
was by budding. By liquid cultures of yeasts for 2 days at
28°C with MYGP medium, no differences of the shapes
were observed between MF(062 and the eight industrial
yeasts. On the agar plates, the colonies of MF062, whose
diameter were 2-3 mm, were white and opaque; their sur-
faces were lustrous and smooth. They were convex and
their brims were smooth circular forms. The forms of the
colonies of the eight industrial yeasts were the same as
those of MF062. Spore forming tests of the yeasts by opti-
cal microscopic observation were performed. All the
yeasts except for the industrial yeast A formed spores. In
the sugar fermentation tests, there were differences be-
tween MF062 and the industrial yeast A. However, the
fermentation ability of MF062 was the same as that of the
other seven industrial yeasts. None of the yeasts produced
films. In the assimilation tests of carbon sources, except
for the industrial yeast A, the assimilation of MF062 was
the same as those of the other seven industrial yeasts. All
the superior yeasts for sake brewing such as Kyokai No.
6, No. 7, No. 9, and No. 10 stained red by TTC, while
wild yeasts stained pink. As the dye-affinities of yeasts
were changed by the kinds of sugar sources, the yeasts
could be distinguished in detail. As shown in Table VI, the
colonies of MF062 stained red with the Glucose-TTC
dye-affinity tests, but stained pink by the non-Glucose-
TTC dye-affinity tests. All the colonies of the eight indus-
trial yeasts stained red with the Glucose-TTC dye-affinity
tests like those of MF062. On the other hand, as for the
non-Glucose-TTC dye-affinity tests, only the colonies of

DNA Size Markers

D C MKo021

the industrial yeast A stained pink with all the carbon
sources (maltose, a-methyl-D-glucoside, galactose) simi-
lar to MF062. Those of the other seven industrial yeasts
stained a different color. The results of the acid phos-
phatase activity are shown in Table VI. The colonies of
MF062 appeared dark red and their acid phosphatase was
active. Among the eight industrial yeasts, the colonies of
B, C, D and F appeared dark red similar to MF062, but
the acid phosphatase of A, E, G and MK021 was not ac-
tive.

Genetic analyses of MF062

The pulse-field gel electrophoresis photographs of
MF062 and the industrial yeasts are shown in Fig. 2. For
the chromosomes of about 225-365 kb size, three band

Table VI. TTC staining with different carbohydrate media and acid
phosphatase activity of selected MF062 and industrial yeasts".

TTC-staining Acid
Strains  Glucose Maltose a-MG Galactose phosphatase
MF062 R P P P +
A R P P P -
B R P W P +
C R P W R +
D R P w P +
E R P w P -
F R P w P +
G R R R R -
MKO021 R R P R -

2 Abbreviations: R, red; P, pink; W, white; +, positive; —, negative.

DNA Size Markers

Sample well
Approx. Size(Kb) Chromosomed#
2,200 XII

1,600 v

1,125 XV, VI

1,020 XVI
945 XIII
825 il
785 X1V
750 X
680 X1
610 v
565 VIII
450 IX
365 1
285 VI
225 1

Fig. 2. Pulse field gel electrophoresis of selected yeast MF062 and the industrial yeasts.
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patterns with regular intervals can be seen on MF062. At
this point, MF062 appears different from the industrial
yeasts. Chromosomes of ~750 kb size were seen on all the
industrial yeasts, but these were not seen on MF062. The
band patterns of MF062 were different from those of the
industrial yeasts. Sequences in the rRNA genes D2 area of
MF062 were also analyzed. A BLAST homology search
was conducted. MF062 coincided with the well known
yeast Saccharomyces cerevisiae by 100%. It was con-
firmed that the characteristics of MF062 were maintained
in 20 series of subcultures.

Brewing tests for sweet potato shochu production

The alcohol content of the mashes of sweet potato sho-
chu in brewing tests were measured and the changes with
MF062 and MKO021 were almost the same (Fig. 3) and the
absolute alcohol acquirement quantities in the matured
mashes were about 200 L per one ton of raw-material
confirming that MF062 had good fermentation power and
high alcohol productivity with sweet potato shochu brew-
ing. Sensory tests of the sweet potato shochu were per-
formed by four shochu technical experts. Tastes were
evaluated by a three point method with 1 (very good), 2
(good) and 3 (bad). The average score of shochu with
MKO021 was 2.0, whereas that with MF062 was 1.3, an
excellent evaluation (Table VII). The quality of shochu
produced with MF062 was very good, the shochu did not
have a rough taste and had a sweetness, maturity, good
dryness, and good aroma. Since yeasts are stressed from
the strong alcohol in the latter period of shochu mashes,
they tend to die easily. Off-flavors occur by autolysis of
yeasts and the quality of the shochu worsens. High stress
tolerance and the survival ratio of strain MF062 during
the second half of shochu mashes could lead to few gen-
erations of off-flavors due to stress and yeast death. The
shochu made by MF062 received a high organoleptic
evaluation.

Table VII. Results of sensory tests of sweet potato shochu®.

Sensory
Strains  evaluation Comments
MKO021 2.0 good flavor, good taste, mellow, characteristic
of raw materials
MF062 1.3 sweetness (3), mellow (3), clear (2), aromatic

(2), good taste, light, characteristic of raw
materials, potato like, pure taste

2Evaluations were performed using a 3 point scale: 1 (very good), 2
(good), 3 (bad). Values are the average of 4 panellists.
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