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VP 8 40
Indole test 95 100
Acid from
Glucose -~ 95 100
Maltose 77 55
Lactose 49 57
Sucrose 95 75
Xylose 95 29
Arabinose 93 35
Gas production in glucose 0 1
Fermention of
glucose and lactose 96 57
H,S production 0 0
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70 28 99 100 30 25
98 100 0 0 0 0
100 76 81 0 100 100
35 99 85 100 82 59
2 78 70 55 2 23
75 99 84 100 81 87
70 92 44 68 54 61
29 95 45 100 17 65
0 0 0 1 0 1
71 3 62 23 1 82
0 0 0 0 0 0

1985). The mean bacterial volume from samples in
water was found to be 3.19 + 0.59x1072-6.19+
0.76x107% ym?® for cocci, whereas 4.57+0.17 x
1072-12.94+£0.21x 1072 um® for rods (Table 1),
Such average biovolume values for esturine and
coastal waters in Yellow Sea were almost correspond-
ed with those of other investigators (Zimmermann,
1975, 1977; Ferguson and Rublee, 1976). It seemed
that average biovolume showed also some seasonal
fluctuation. However, we cannot explain why it
showed seasonal fluctuation. It may reflect complex
nutritional and physico-chemical variations within
the surveying area. In addition to estimating the
bacterial volumes, we have equated the data to
biomass. Total biomass of investigating area
amounted to 5.1x 10*xm*/m/ - 17.8 x 10* # m* /m/
for cocci and 38 x 10* # m*/m/ - 406.6 x 10* xm?/m/
for rods (Table 1). Maximum values of total biomass
appeared during spring (April) and summer (July),
whereas minimum values occurred in fall (October)
and winter (December). Beacterial total biomass {luc-
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tuated monthly to almost a small extent (except April
and July). Some of the characteristics of the isolated
becleria are summerized in Table 2. Fifty eight to
83.3% of isolates obtained from waters and 30.9
-89.4% from sediments were gram negative. A high
percentage of isolates collected from waler saniple
were rods during August and Oclober, however, Is-
olates from sediment were almost cocci during
surveying periods except May. A greater percentage
of isolates both waters and sediments were nie-
sophiles and could grow at 20 -42°C. Most isolates
also showed tolerance at broad range of salinity and
showed various utilization of carbon sources such as
glucose, maltose, lactose, xyise and arabinose. The
analysis of 1,240 bacteria in waters and 1,328
bacteria in sediments which were isolated during
surveying periods yielded in 33 groups in waters and
35 groups in sediments (Figs. 3,4). The diversity of
these groups isolated both waters and sediments in-
dicate high similarities between the populations of
different season.
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Filamentous Bacteria Found in Rotating Biological
Contactors Treating Domestic Wastewater

Chung, Jae-Chun
Department of Environmental Science, College of Health Science,
Younsei University, Wonju, Korea

Y@s+E x2lste

 xi

AMCHEI D E24n}

=

SIr|

FIME AN WHE AMMAITR

ABSTRACT: Slime sampless from 10 rotating biological contactor (RBC) plants in New Jersey were
microscopically examined, Filamentous bacteria such as Type 1701, Type 0041, Type 021N, Nocardia,
Beggiatoa, and Sphaerotilus, which are commonly present as suspended forms also were found in RBC
slimes growing as attached forms. However, the abundance was much different from that of activated
sludge. In RBC slimes, Beggiatoa was most frequently observed filamentous bacteria and Sphaerotilus,
Type 0041, Type 1701, Type 021N and Nocardia were present in decreasing order of abundance, There
were morphologically two different types of Beggiatoa in RBC slimes. The statistical anaysis shows that
filamentous bacterial poulations between the 100 cm inside and the outside the RBC were different in
most cases with significant interactions between the location and stage,

KEY WORDS [ Filamentous Bacteria, Rotating Biological Contactor (RBC), Beggiatoa

Investigation of filamentous bacteria in activated
sludge has been fairly extensive due to their associa-
tion with bulking. Meanwhile, the study of filamen-
tous bacteria in the Rotating Biological Contactor
(RBC) is scanty and most of microbiological data is
included in engineering papers as supplementary
information.

According to the current research, Begiaroa and
Sphaerotilus are the most frequently noted filamen-
tous bacteria (Pretorius, 1971; Pescod and Nair,
1972; Antonie and Welch, 1969; Ouyang, 1980).
They are found in the early stages of RBC’s or
throughout the entire proces (Pescod and Nair,
1972). Nocardia (Hoag et al., 1980), filamentous ba-
cillae (Antonie and Welch, 1969) and Streptomyces
(Phaup and Gannon, 1967) were also found with less
frequency.

The purpose of this study was to identify filamen-
tous bacteria in the RBC slimes using the methods de-
veloped for the identification of filamentous bacteria

337

in activated sludge and to do a statistical analysis on
the microorganism present in the RBC.

MATERIALS AND METHODS

RBC slime samples were taken from 10 RBC
plants in New Jersey. The samples were scraped off
to the bottommost layer from the surfaces and from
c.a. 100 cm inside the biodisc with a long, thin $COOp.
The slimes then were placed in plastic bottles. After
the slime settled to the bottom, the supernatant was
decanted and the slimes were mildly mixed with a
spatula to homogenize the sample. Vigorous mixing
was avoided as not to break filamentous forms inside
the slimes. Two m/ of the homogenized slime was
pipetted into a plastic bottle with a wide-bore pipette
and 2 ml of tap water was added and again mildly
mixed with a spatula. Then, the mixed slurry was
mounted and uniformly spread to make a thin layer
over the slides for microscopic observation. To deter-
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Fig. 1. Sphaerotilus in the RBC Slime, 1000X phase con-
trast

mine the relative abundance, 10 microscopic fields
were randomly chosen and microorganisms counted.
A magnification of 1000X was used for filamentous
bacteria and algae, while, 100 magnification was used
for protozoa and metazoa. Field diameter was 1950
xm at 100X and 195 xm at 1000X.

For the activated sludge samples, mixed liquor
samples were taken form the aeration basin. One
drop of the mixed liquor sample was mounted on the
slide after vigorous shaking.

For the trickling filter sample, settled sludge from
the secondary settling basin was taken in a bottle.
One drop of the settled sludge was mounted after
decanting the supernatant.

Filamentous organisms were identified using the
microscopic method of Eikelboom (1975) and Eikel-
boom and van Buijsen (1981) as modified by Strom
and Jenkins (1984). the presence of sulfur granules
was tested by the method shown by Farquhar and
Boyle (1971). Sphaerotilus enrichment and isolation
was performed by the methods of Dondero et af
(1961).

Protozoa were identified to the Genus by the key
presented by Jahn and Jahn (1949) and Lee ef af
(1985).

Factorial design was used for the statistical analys-
is by the methods given by Hicks (1982). Statistical
calculation was done by using the computor package
SAS/9000.

RESULTS

Types found

Table 1 summarizes the filamentous bacteria
found in the RBC slimes. Seven types of filamentous
bacteria were found. Among these, Beggiatoa was

KOR. JOUR. MICROBIOL

Fig. 2. Type 0041 in the RBC Slime, 1000X phase con-
trast

Fig. 3. Type 1701 in the RBC S/ime, 1000X pnae con-
trast

the most abundant, with 9 of 10 plants showing its
growth. Sphaerotilus was the second most abundant
with 7 plants having it (Fig. 1). Type 0041 was found
in 4 plants (Fig. 2). Type 1701 (Fig. 3), Nocardia
(Fig. 4) and Type 021N (Fig. 5) were also found (2
plants each). One unidentified type (Fig.6) was
observed (1 plant).

Beggiatoa, a gliding filamentous bacteria, was
divided into 2 types by morphological differences
(Fig. 2). Beggiatoa 1 is larger than Beggiatoa Il in
diameter and extremely packed with bright granules.
Its diameter is 1.8 #m-2 pm and trichome length is
50-1000 «m. It contains sulfur granules and nume-
rous large PHB granules. PHB granules are not
melted by ethanol and the shape is irregular polygon.
It is stained to bright green color by Neisser staining.
Cross wall is normally not visible except incapaci-
tated or degrading forms. Individual cell size is 1.8
#m-2.0 pm. Normally this is gram negative, how-
ever, it may be gram positive if it contains extremelv
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Fig. 4. Nocardia in the RBC Slime, 1000X phase contrast

Fig. 5. Type 021N in the RBC Slime, 1000X phase con-
trast

high amounts of PHB granules, This type is also
Neisser negative.

Sphaerotilus has some outstanding morphological
characteristics; long chains of rod shaped cells, the
presence of sheath and false branching. Sphaerotilus
found in the RBC slimes in this study had long chains
of rod shaped cells and sheath. However, false bran-
ching was not observed. To confirm the Genus, isola-
tion was made from the RBC slimes,

The slime samples from L.T. plant and N.B. plant
which have the suspected Sphaerotilus in their slimes
(determined by microscopic observation) were plant-
ed on the Dondero’s isolation media. The slime sam-
ple which has no observed Sphaerotilus was also
plated for control. The L.T. and N.B. plant slime
samples produced 10-20 suspected filamentous co-
lonies on the first inoculation while the H.T. plant
sample produced only one suspected colony. The
pure cultures obtained from those 3 plant samples by
the second inoculation showed basically typical mor-

KOR. JOUR. MICROBIOL.

Fig. 6. Unidentified Filamentous Bacteria in the RBC
Slime, 1000X phase contrast

Fig. 7. Beggiatoa Type | and I! in the RBC Slime, 1000X
phase contrast

phology of Sphaerotilus including the characteristics
of false branching. There were also some slight mor-
phlogical differences betwen the type isolated and the
type normally present in activated sludge. It had
shorter trichome length than in the activated sludge,
ranging 20 £ m-150 uym, the false branching was not
as prolific as the type in the activated sludge, and
trichomes were circuitous rather than slightly bent.

Type 0041, Type 1701, Nocardia and Type 021N
showed the identical morphological characteristics as
the types found in the activated sludge.

The unidentified type (bead-shaped) (Fig. 6) is a
long chain of cocci. The individual cell is a sphere
which diameter is 1.5 #m-2.0 «m. The trichome color

" is opaque and 50-300 u#m long. It is not motile. The

diameter of cocci become slightly larger in the basal
part. At the base, the cocci become a larger, elongat-
ed ellipse or peanut-shape cells with the cell size of
2.5 pm-3.5 pmx 3.5 pm-7.0 gm. It contains some
granules. It is gram positive and Neisser negative.
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Table 2. Factorial Design Analysis of Variance for
Sphaeroiilus at the E.W. Plant

Sum of Mean Significance

Source df Squares Square F Value Level
Total 79 741.80 — — —
Location

(inside vs

outside) 1 3645 36.45 5.69 0.0197*
Stage 3 205.60 68.53 10.69 0.0001*
Interaction

(Lo.xS) 3 38.15 1272 1.98 0.1225
Error 72 461.60 6.41 — —

*Statistically significant at 5% level

Filamentous Bacteria in RBC 341

The difference between outside and inside popula-
tion

To test whether the population in the outside
slimes and the population in the inside (100 cm deep)
slimes are different, the microscopic count was per-
formed both for the outside and the inside slimes for
5 plants. A factorial design methods was employed to
test the statistical difference. One sample calculation
for the Sphaerotilus population in the E.W. plant
was shown in Table 2. The inside and outside popula-
tions of Beggiatoa and Sphaerotilus were statistically
different at 5% level except the N.B. plant. There
were also significant interactions between the loca-
tion (outside vs. inside) and the stages. In the case of
Types 0041 and 1701, the outside and inside popula-
tion were not statistically different between the stages
and there were some interactions between them

Table 3. Factorial Design Analysis of Variance for Effect of Samplling Location and Stage on Filamentious Bacteria

Abundance
(Probability value of significance level)

Plant (No. of Stages)

Orgainsm Source E. W * H.T. L.T. L.B. S.H.
0] @ 4 6)** )
Beggiatoa 1 Location
(inside/
outside) 0.0002* 0.0001* 0.1903 0.0842
Stage 0.0001* 0.0001* 0.0001* 0.0001*
Interaction 0.0001* 0.0005* 0.5601 0.4813
(L. x8)
Beggiatoa 11 Location 0.0004* 0.5230 0.0001* 0.0004*
Stage 0.0001* 0.0001* 0.0001* 0.0001*
Interaction 0.0001* 0.3801 0.0001* 0.0001*
Sphaerotilus Location 0.0197* 0.4280 0.0027*
Stage 0.0001* 0.0001* 0.0001*
Interaction 0.1225 0.3462 0.0001*
Type 1701 Location 0.1029 0.6512
Stage 0.0001* 0.0001*
Interaction 0.0001* 0.4914
Type 0041 Location 0.0907
Stage 0.0001*
Interaction
Nocardia Location 0.0001*
Stage 0.0001*
Interaction 0.0001*
*Values less than 0.05 indicate statistical significance at 5% level.

**N.B. plant has 2 stages with wastewater flow parallel to the shaft. By dividing each stage into 3 equal lengths for sampl-

ing purposes, the 2 stages were considered to be 6 stages.
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Table 4. Microorganisms Found in the H.T. Plant RBC
and Trickling Filter Receiving the Same Influent

Process

Organism* RBC Trickling Filter

(average for (rock scrapings and

all stages) settled sludge)

Beggiatoa 4.9 2.6
Bodo 0.6 0
Paramecium 2.0 0.3
Aspidisca 0.6 0
Vorticella 0.2 0
Epistylis 3.0 0
Opercularia 8.2 0
Fungi 0 some
Nematodes 1.0 0.2
Rotifers 0.3 0
Remarks Filamentous green

algae, filamentous
fungi, and fly
larvae were amply
present on the
rocks (down to
IS cm depth)

* Average number per field for 10 fields at 1000X for
filamentous bacteria and 100X for protozoa and metazoa

KOR. JOUR. MICROBIOL.

(Table 3).

To test the sampling variability in the sampling, 2
subsamples were taken from the sampling bottles
containing the slimes of 2 plants (N.B., H.T.). The
variability of the numbers of the microorganisms
present were statistically tested (ANOVA). The re-
sults showed that the 2 subsamples from all the stages
in the 2 plants tested were not statistically different.
Comparison of the RBC fauna with the activated
sludge and trickling filter fauna

Comparison of the microfauna was performed be-
tween the RBC system and the activated sludge sys-
tem for 2 plants which have both systems in their
plants receiving the same influent. The results are
shown in Table 4. For the filamentous bacteria,
Types 1701, 0041 and Nocardia were common in the
activated sludge, while Beggiatoa and Sphaerotilus
were common in the RBC. Due to the different gro-
wth pattern between the 2 processes (attached vs sus-
pended growth) and diffrent dilution factor, the fur-
ther quantitative comparison was not performed.

The RBC and the trickling filter biota were com-
pared in the H.T. plant which has both processes re-
ceiving the same influent. The results are shown in
Table 5. In both processes, Beggiatoa was the most
dominant bacteria, Fungi were presen in the trickling
filter only. Generally, the biota of the 2 processes ap-
peared to be more similar than that of between the
activated sludge and RBC process.

Table 5. Microorganisms Found in V.H. and S.H. RBC and Activated Sludge Plants

Plant
Organism @ V.H. S.R.
Activated Sludge RBC* Aclivated Sludge RBC

Summer Winter Summer Winter Summer

(July, 83) (Dec. 84) (July, ’83) (Dec, '84) (July, ’84)
Beggiatoa 0 0.5 abundant 15.3 0 0.6
(Type 1 +1I)
Sphaerotilus 0 0 some 0 0 7.7
Type 1701 0 0 some 0 moderate 0
Type 0041 few 3.0 0 0 0 0
Nocardia some 0.6 0 0 some 0.3
Bodo N[ ** 0.2 N.L** 12.83 abundant 1.1
Stylonychia " 1.3 " 0 0 0
Vorticella " 0 ’ 0 0 0.8
Episivlis " 3.2 i 17.8 moderate 0
Opercularia abundant 0 " 36.7 0 0
Nematodes N.I.** 0.2 " 33 0 0
Rotifers " 0.6 " 2.28 0 0.3
Annelid Worms ” 0 " 0.25 0 0

*4 Stage Average. **Not Investigated.

°Average number per field for 10 fields at 1000X for filamentous bacteria and 100X for prolozoa melazoa.
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DISCUSSION

The results show that quite a few types of fila-
mentous bacteria which exist in the activated sludge
are also found in the RBC. This implies that the
filamentous bacteria which grow in suspended forms
in the activated sludge can grow also in attached
forms in the RBC.

However, the abundance of filamentous bacteria
in the 2 systems are different. In the activated sludge,
Type 1701, Type 021N, Sphaerotilus, Type 0041 and
Nocardia are common filaments and Beggiatoa
belong to minor type (Strom and Jenkins, 1984),
while it is a most common type in the RBC and Type
1701, Type 021N, Type 0041 and Nocardia are minor
organisms. Presumably, this difference comes from
the different microenvironment created by the 2 dif-
ferent wastewater systems.

Principally, the classificalion of Beggiatou is solely
based on the diameter of trichomes (Buchanan and
Gibbons, 1974). According to this method, both the
Beggiatoa 1 and Beggiatoa 11 in this study belong to
Beggiatoa leptomitiformis. However, they could
form different supspecies or strains since their
morphological differences are outstanding and the
physiological difference (deposition of PHB gran-
ules) is also salient, usually coexisting in the same
slimes.

False branching of the Sphaerotilus in the slimes
and the pure cultures from the isolation in our study
was absent or scarce. It appears that the false branch-
ing can be amply formed when it grows in the suspen-
ded form and becomes scarce when grown in the
attached form. This is because the space for the fila-
mentous organism becomes smaller as the slime
grows thicker or it may comprise a new supspecies or
new strain.
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The population between the inside and outside
slimes of Beggiatoa and Sphaerotilus were statistical-
ly significantly different with important interactions
between the location and the stage. This is rather na-
tural for all organisms. Organisms choose their own
niche, which is the sum total of the complex factors
such as organic load, DO, temperature, nutrient
composition etc. Assuming that organic load, tem-
perature, and nutrient composition are same both for
the inside and outside the RBC surface, dissolved ox-
ygen(DO) might be the factor that make the dif-
ference. Even in the same stage, DO can be slightly
lower inside than outside since the volume of diffus-
able air exposed per unit area inside is less than out-
side.

The following conclusions can be drawn based
upon the study of the 10 RBC plants in New Jersey:
(1) Filamentous bacteria such as Type 1701, Type

0041, type 021N, Nocardia, Beggiatoa and Sp-
haerotilus, which are present as suspended
forms in activated sludge also grew as attached
forms in RBC slimes. However, the abundance
was different from that of activated sludge.
Here, Beggiatoa, Sphaerotilus, Type 0041, Type
1701, Type 021N, and Nocardia were present in
decreasing order of abundance.

(2) For the Beggiatoa which was common in RBC
slimes, two morphologically different types were
found.

(3) The false branching of Sphaerotilus in the RBC
slimes was scarce, and is speculated to be an eco-
logical type when it grows as attached tormis.

(4) The statistical analysis shows that the popula-
tion between the inside and the outside the RBC
were different with significant interactions be-
tween the location and stage.
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D-xylose §&Ho| Ea| 98 ME

Isolation and Properties of D-xylose
Fermenting Yeast

Lee, Jongsoo, Chuljoo Woo, Jongkyo Seo, Hyungik Song
and Kitack Chung
Department of Food Science and Technology, College of Agriculture, Kyungpook National
University, Taegu 702-701, Korea,
'Dept. of Food Technology, Shinil Junior College Taegu 706-022, Korea.
2Dept. of Food Technology, Taegu Technical Jonior College, Teagu 702-340, Korea

ABSTRACT: In order to ferment D-xylose directly to ethanol, Yeasts capable of utilizing D-xylose as a
sole carbon source and energy source were isolated from soil, sawdust and rotten woods. Among them,
the yeast strain, which showed the best ability to produce ethanol, was identified as Candida sp. 1.-16
isolated from rotten woods. The optimal conditions for production of ethanol were 60rpm of agitation
speed, 28°C of temperature, 4.5 of initial PH and 5% of D-xylose concentration. Ethanol production
was reached to maximum state for 4 days culture. Under these optimal conditions, the maximum
ethanol concentration and theoretical ethanol yield were 2.4%(v/v) and 74.4% of theoretical value,
respectively.

KEY WORDS ' ' D-xvlose, Candida sp. L-16, theoretical ethanol yield

58t D-xylose= #| 4 biomass®] oF 30%2 nophillus (Schneider 5, 1981 ; Slininger %, 1982 :
“d8h= hemicellulose ] F420 24 B9} xAb Dekker, 1982 : Maleszka %, 1982 ; Deverell, 1983 ;

33 he
A7) e FE JojAe A4 biomassel] =a)sle Jefferies, 1984 ; Mitze 5, 1985), Candida sp.(Jeffe-
Fd VUM glucose thgo R FHah sl = ries, 1981 ; Cong %5, 1981 a, b Alexander =, 19
oll4e 712 F4-4 hdo]oh D-xylosel #-2-4bou} 87), Phichia sp. (Dellweg % Linko %, 1986 :
ol s FhpRaEe] dojd 4 glom Ej Tran#} Chambers, 1986), Kluyveromyces sp. (Maga-
wiAbel gt Ay sleRa (Lee %, 1978) 9} ritis¢} Bajpai, 1982 ; Marikawa %, 1985) % Clavis-
A& Mo vlwd 414 hardwood® RE] wa pora sp. (Nigam 5, 1985)2) AR E w752 Mucor
€8 39" ¢ 9t gAolrk sp. (Ueng} Cong. 1982) %} Fusarium sp. (Suihko2}
D-xylose =12 biomass® ¥-E] oloja 4 gji Enari, 1981; ©) 5, 1987) 3 7t Zgo]2 o]g-at
-8 ’hflo) A ut glucose} Bl wal 4] Saccharom- alcohol ‘ZFEell wigh 177} ks zle s gl
yeesE3 -2 Fi ) ethanol WEFE V2L aldo- Al o)},
pentose?] D-xylose2 HE]: 24 ethanol A 4ko) A7 A biomassol] E53 b2 gla) D-xy-

TH7) mhrel AT AR A= AYsh) 2 AR losed A8k W slo] N7 ethanolS M ALs 2o
A=) godeh 2eivt 2eloll 944 Pachysolen tan- = MRL AR R eel® A RS FAow afo
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Fig. 1. Photograph of Candidasp. L-16.

Eo} #o Enr ul Mo JREZ BE] Dxylosed
A3} wtE sl AR FRE RedA oHE AR 5
2lo] W wh}y 1E2E]7] 2 BE ethanol P40
7 gt aRgFE del Aleta e A

ethanol A4kA19] 2z 7o) g A5 Asisich
e L w
NERF

Al Aaa W oasl bk FAe R B9
Eal o ogo JRrg P Dxylose A3H5& 71
15001 AR5 7hdlA] A 24T SEd &
Al F919) atell 9l #2 whby- ZLFE 7)ol A D-
xylose & S-¥| ethanol 44tAe] 71 738 #7<l

168 el Ause] ¥ Ade] PAFFE A
steich.

FFo| £F W

weitrel ged, ged W wepgel S4E

ZAFsled Lodders (1970) 2} Kregervan Rij~|(1984)
o] B3 7|Eell Esle] FA B

HHR| X Bl Hhy

Hufefe 2% D-xylose, 0.3% yeast extract 0.3%
maltextract % 0.5% bacto peptone(pH 5.0) ¢} 24-&
A wiAl 5 mlE A1 IH(2X 15 em)oll F5-skar 121
Coldl 1587 RIHER F BAFTE AEste]
30Cel 4] 24x]7F #EH(120 strokes/min, amplitude
5cm) weksled Farow ARE-3lqd

Ethanol A4S FA}al7) $98F 2 ujoke 5% D-
xylose, 0.3% veast extract, 0.3% malt extract ¥ 0.5
% bhacto peptone(pH 5.0)2] F4-& =Wl ##]&E 100
mig AzbEelsze] 40mi FFshal 121 Cel4)
1547 aqh g F 7] A ekl 16miE A
Z35}7, semi aerobic’de] Z3te] 28 Tell 4] 3|4 =&}
ok 2 Rledulof stgich
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Table 1. Morphological and cuitural characteristics of
the isolated strain L-16

Shape of vegetative cells oval

Cell size (um) 1.8-2.8
Vegetative reproduction budding
Ascospore absent
Pseudomycellium present
True-mycellium absent

Culture in YM media

Pellicle absent

Ring present
Growth on YM agar

Form regular

Edge entire

Elevation raised

Surface smooth

Color white creamy

24

ukgeahjie] 2k} (D xylose) & DNS#H(Summer,
1925)0‘51_ ;12 } of 7 _/’\._1147013 6:!?—);“"%1]7];'4
Apg-sko] alo] 7 s}oﬂ A A ZCREHFIE, 1969) 5k

ouw] uwlgalife] Ethanol &%k Rapid oxidation
method(Amerine %=, 1980) 2 A ekslaich
Zot 3 nFE

2el#e =8

e vh b TRE 7R e 2% D-xylose
AAW L-162] HelA, Aeld 2 njckie] EAS
7122 3le] Lodder®](1970) ¢} Kregervan Rij#](19
84) o} ¥-F-7]ol Fslo] $AE 23 Fig 19} Table
1, 2, 3l 4] vjelyt o} 3be] L-16 AT Can-
dida sp.2. % 3= <)

Ethanol 442 28l YT 2He| HE

Ethanol 44| O|X|= aeration2| H&

. pxge]l Ethanol A4kl vz
o3 3Fo @};3};'] 9l8ted 100 mi-& Az}
Bowekel & 40 m/¥ R-Ekal bk § 30Ced 4] 24

;ﬂEl— u“o] gl % uqotqﬁ 16m]'J xj £6]_ AL 3|
2 E 40, 60, 80, ¥ 100 rpmo.5 zhz} el
6}04 7] pH 5.0, D-xylose 5% 5% % ujok&-= 28
Coll 4] wlekeld W2} ethanol ¥Xx7F Hoizl
7}z] wjekgl = Table 494 3ol

Table 4041 H¥ vle} 7le] FHu dxE o=
Zer& w7l 60 rpmolal, wiek 4UH) REPRpepe

aeration 2]
ii_a]r =1 oﬂ
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Table 2. rermentation and assimilation of carbon com-
pounds by the strain L-16

D-xylose Fermenting Yeast 347

Table 4. Effect of aeration on the production of ethano!
by Candida sp. L-16

Fermention

D-Glucose Soluble starch -
D-Galactose + Inositol -
Maltose Sorbitol -
Sucrose - Glycerol -
Cellobiose - Raffinose -
Mannose + Melibiose -
Lactose - D-Xylose +
Inulin - L-Arabinose -

Assimilation

D-Glucose + Ducitol -
D-Galactose + D-Sorbitol +
Maltose + Salicine -
Sucroce + Succinic acid -
Lactose - Citric acid -
Starch + D-Ribose +
D-Xylose Melibiose -
L-Arabinose - Raffinose -
Ethanol + Rhamnose +
Adonitol + Maniiol '
Glycine -

(+, positive, —; negativé) T

Table 3. Physiological Characteristics of the strain L-16

Potassium nitrate assimilation -
Growth in vitamin free medium -
Growth at 37°C w
Gelatin liquefaction -
Growth in NaCl free medium +
(NaCl 0-8%)
Acid production -
Urea hydrolysis -
Pigment formation -
Production of extracellular -

amyloid compounds

ethanol A 4hek-2- 182g/l, ethanol 482 0.36g/go]
sdeh. AEEEsl wE 52 wga)zie dEs}
ethanol Y4kt ethanol 82 Hal Wolx 1w 2
B2 60 rpmiel 28 i WEATb] o 4%
#-& & ethanol *H*P%hql FEE WolR): Aake

Rate of

Fermentation Final ethanol Maximum
shaking time(day) ethanol yield
v/v% g/L e/g %
40 rpm 6 2.18 17.2 0.34 675
60 rpm 4 2.30 18.2 0.36 713
80 rpm 4 2.25 17.8 0.35 69.7
100 rpm 3 2.1 16.7 0.33  65.4

1. Ethanol yield Final ethanol concentration (g/L)

(e/g) = Initial D-xylose concentration (g/L)
2. Ethanol — Final ethanol concentration (g/L) x 100
" yield (%) Initial D-xylose concentration (g/L) x0.51

The strain cultured at 28°C and wit shaking.
The inintial pH was 5.0 and the initial D-xylose concenira-
tion was 50 g/L.

Table 5. Effect of temperature on the production of

ethano! by Candida sp. | -16.

Fermentation  Final ethanol Maximum
Temperature R
time(day) ethanol yield
vivOh e/l g o

25°C 7 2.04 16.1 0.32 63.1
28°C 4 2.30 18.2 0.36 71.3
30°C 4 2.28 18.0 0.36  70.6
33¢C 4 1.89 14.9 0.30 38.6

Tlu strain cultured on a rotary shaker at 60 strokes/min.
The initial pH was 5.0

v]F-o] Ro} ethanol 4 42
7F 9low Ala o) 4
Z21sh} ethanol A Abeks
T A7 71—"—-‘1’- A7) 1o, aba %!“ELO]
A2 A Aghg 7 oA S2 3} D-xylose 4=8]7}
A=, xylitol *§ o] ZF7}ahed thano] "B Ab o 4]
s Age] Qomz B oga Al 5 4be 2
Llo|] 0]5}] ethanol xg A].o] —]_7]] ZXJHL‘— 710_;; A}
59t} Maleszkae} Schneider(1982) = Paschyso-
len tannophilusoll 4 42 go] =7} & T2 etha-
nol pfe] Wolxj= olv% D-xylose & &}l 4
ethanol-& 4:w)8}r] wFola}w ghd e, Jefferis
(1984)+= 871" 272 &toll 4] ethanol T8o) Yol
A AL xylitol &Y 3ko) Z7}5}7) srolekar shedvt

Y 259 st

Ethanol A4tell v)x]& wjekerze) odspe ZALs)
7] 18k 7] pH 5.0, AEFL% 60 rpm ¥ D-xylose
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Table 6. Effect of pH on the production of ethanol by
Candida sp. L-16

KOR. JOUR. MICROBIOL

Table 7. Effect of D-xylose concentration on the produc-
tion of etharl by Candida sp. L-16

oH Fermentation Final ethanol Maximum D-xylose Fermentation Final ethanol Maximu.m
time(day) ethanol yield concentration ethanol yield
Vv g/’L ge % (%) time(day) v/v% g/L /g %
3.0 6 1.02 80  0.16 315 ) ) 0.95 75 038 132
3.5 5 183 145 029 56.7 5 4 540 190 038 744
4.0 4 211 167 033 65.4 7 9 306 241 034 67.6
4.5 4 240 190 038 744 10 10 298 236 0.24 462
5.0 4 2.30 18.2 0.36 71.3 -
5.5 4 1.89 14.9 0.30  58.6 Table 8. Ethano! production from different sugars by
6.0 4 1.82 14.4 0.29 56.4 Candida sp. L-16
Ferman Fermentation Final ethanol Maximum
% 502 dho] wlof 2B 25 28 30 ¥ 33CE table ethanol yield
7_|sz = js},‘_ 31% “H oohﬁ}oj‘ ethanol Ag }?}Eo]:'i ]Iﬂ_ sugars time(day) v/v% g/l g/e 0y
Heah #Aye= Table 591 3k Xylose 4 240 190 0.93 744
Table 5ol vefst nie} "%Ol ethanol Ak 28  Glucose 3 1,75 13.8 028 sS4
‘coll 4] ethanol &o°] 036 g/go® 714 °k9_ ElEs! Galactose 3 1.89 15.0  58.6
on, wjoFert F gl @4 HEAPR: W2 Maliose 3 192 152 030 395

thEE %] 94gk o] ethanol A AbedEe 7(}4‘_3101 33¢C
o 4% ethanol -8o] 0299 g/go. 2 #48] Zi
o) A}, o] A= du Preez % (1986) ) Candida
shehate s ©12-8F ethanol " 4toll A 28 Cell 41 ethanol
Ay ake Hoj7p gl o] o] &% o]4tel & ethanol
W abado] 2 wWol d.omd, Phichia stipitisel Hi= 30

Coll 4 A7} wlglom o] &x o]Atel 4= ethanol
Aabe] tha wWolgioh: AL dro] thEulE 9&
Zorste] Boofpel ofrs AN Axshs HETS X

o)iz 7 og AzbwEle) ATl zefut 25 Coff Atz oAl
A sbeko) vhar wolx)an MbE 4| 7be] Q1 H = Ao
Hol B ] FFI= 25T ofslell A 2] D-
xylose 4:v]7} olAls]e] ethanol A4t 4w
AgES Bolct o9} he AR w|Fof Wol it ¥4
4= ethanol A 4tell qlojAl 2ol thy}a] wl7hal
odekg whi o A7tEe]3ch

pHe| &

ethanol A 4bell w232 7] pHe| &g PEer)
2lafed v)E wiokole] pHE 3.0004 60742 057)
Ho 2 72489 ethanol F&& Bvla ek Axks
Table 63} zto] | ethanol Fxi 24 %(v/v),
ethanol &< 0.38 g/golgiv}. Zelar o] Mr}p uhd-
APAL edodofl Al ethanol A Ate] #led %‘Jﬂ} Aol
ethanol Z=§o] wWejx]i= 71& pH35 olahe] wh
pHegedofl 3= 5#2] Aol A 2 ako] D-xylose 4417}
7] wjarel o g Azt soialct pH 4.0-6.00 A =
ethanol W% "8 0“*01 glovt pHaS o] Aol
Ai= pH7} 27hakel whel ethanol A AHEES 248l

'r

The initial pH was 4.5 and the sugars concentration was 0
3/L.

Incubation was carried out in flask culture at 28 °C, shaken
at 60 strokes/min.

Aers Hojrt o)g} 22 Ak ¢ 5(1986) 2] Cu-
ndida sp.ol 4} # = pH7} 4.0, du Preez 5-(1986) |
Candida shehate’- ©1 83 D-xylose HFioll 4] 2
pH7} 400191 o, pH45-55 Slel4] ethanol
Are b bk wbebelis Boane) wlassl Bowf 2o
~o] D-xviose W& 3* pHEC} 24 .,r;»n]q}_f{,

DHS’]‘ WrESekel Al vba S A e
Holr

D-xylose SE2| A&t

ethanol A 4lel wlx)= %7] D-xylose 5% ¢
% ‘_Eff}’ Slate] 7] pH4S % 287C

= 60 rpmel 4] D-xylose 5% 2,5, 7 % 10%%=
Z}u i@a}-cﬂ ethanol A A vl FHEsleich

Table 7ol x.x= ulel 422 D-xylose ¥% 2%l 4]

5%7k A& D-xvlose fg =7}
80 Z7h ) 5% ol 4] welMe YAF Tt
27} ol e} S%]DH ethanol &3} ethanol Y4t
Hre A8 z Zdhs AEe Beler o etha-
nol ‘}l\‘%% ] dfs 5%0“’(1 0] 01/‘ al O]“H etha-
nol & 0’38g/g°l°* o, o] 43 ethanol 4*8+>
Frdol vfated 744%°]}

g§AM R E2 FE| ethanol A4Hd H|

7] pH45, &5 28C, $le4% 60 rpm % Fin

%7} &rell ulz} ethanol
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Fig. 2. Effect of incubation time on the production of

ethanol by Candida sp. L-16.

5% & FA w5 BEA FF<l glucose, galac-
tose, maltose ¥ D-xylose® ¥ ethanol &<

D-xylose Fermenting Yeast 349 °

e 71 £ ethanol $4% 992 hexosed
glucose, galactose 3! maltoset= D-xyloseol| B]3]
A S5 whE ethanol 588 A Holx)=
S Bodoh oje} e A B A #F37) D-
xylose ‘“E. ﬂ'*r°]“1 D-xylose2] 34 wi z73)
ol A o Al Wil A2 A zEle )

uH?,t AI?_POI D-xylose W&ol oO|Xl= &

srell o] Ay Avol M Jojzl HA 27 3ol
ek Alzbell & ethanol *#&, D-xylose 4:H] @
A AARS F Al b= Fig.2¢| 4] H.i= v}e} 7lo|
TAH &2 ethanol FAFeke wioF 427 }]‘Hﬁ-ﬁ
vlebfigl e old ethanol %3 24%(v/v)o)g]
AL 3408 X107 cell/mio] ). wi ok 491 =) °]'r"

F-El= ethanol Fxe} ke s 7bisls
7288 Bglrh D-xylose ¥ wloF 290 g
7 A3 Ssle] wioF 449 H FE|E D-xylose 557}
A8 hasic}ot vk 5U A= D-xylosed H4d

o

ol
i

H
vlat ZAFE o= Table 8.014 9} o] D-xylose® 3 Zw|slgich
= i)

D-xylose® ¥ =& ethanol& A} 4%‘ RS ‘1-4,}_ D-xylose s #3F &g} olu#]glo g o] 838l Arute gof
i Ae HEE e sk o) 7% sFHlA) ethanol A ArHo] shab -?"?5& TF= HE R R
¥-218b Candida sp. L-162% %—@E]?d\i}. ol#FFg ©] &g ethanol MR 4 £71& LT 60 rpm, ML E
28'(‘ 27 pH45 3 D-xylose 12 5%0I5ich ¥2E Y4k wioF 4elmlol] Holx]o] 28T ojujel ethanol i

24%(v/v) 2 A 0]:1 gl ethanol +~§&

M

=
nEH

1. Alexander, M.A., T.W. Chapmand and T.W. Jel-
fries, 1987. Continuous ethanol production from
D-xylose by Cundida shehatae. Biotechnol. Bioenyg.,

30, 685-691.

2 ARMEIE 1969, MM ERE, EYEENE
k., 315'

3. Cong, C.S., L.D. McCracken and G.T. Tsao, 1981 a.

Direct termcnlanon of D-xylose 10 ethanol by xylose-
fermeting yeast mutant, Candida sp. XF-217. Bioteci-
nology Letters, 3, 245-250.

4. Cong, C.S., M.R. Ladish and G.T. Tsao, 1981 b. Pro-
duction of ethanol from wood hemicellulose hydro-
lysate by a xylose-fermenting yeast mutant, Candida
sp. XF-217. Biotechnology Letters, 3, 657-662.

5. Dellweg, H., M. Rizzi, H. Methner and D. Debus,
1984. Xylose fermentation by veasts. Biotechnology
Letters, 6, 395-400.

6. Deverell, K.F., 1983, Ethanol production from wood
hydrolysates using Pachysolen tannophillus. Biotech-
nology Letters, 5, 475-480.

7. du Preez, J.C., M. Bosch and B.A. Prior, 1986.
Xylose fermentation by Candida shehatae and Pichia

el d# 74.4%0)

st

stipits: effects of pH, temperature and substrate con-
centration. Engyme Microb. Technol., 8, 360-364.

8. Jeffries, T.W., 1981. Conversion of xylose to ethanol
under aerobic conditions by Candida trapicalis.
Biotechnology Letiers, 3, 213-218.

9. Jeffries, T.W., 71984. Mutanis of Pachysolen tan-
noplulius showing enhanced rates of growth and
ethanol formation from D-xylose. Enzvme Microb.
Technol., 6, 254-258.

10. Kim, Nam Soon and Jung-Hwn Seu, 1988. Isolation
and identification of xylose fermenting veast. Kor, J.
Appl. Microbiol. Bioeng., 16, 505-509.

11. Kreger-van Rij, N.J.W., 1984. The Yeasts a lax-
anomic study. Elserier Sciciice Publishers B.Y., Am-
sterdam.

12, Lee, Sang-Hyub, Wang-Sik, Lee, and Wan-Gi, Bang,
1987. Production of ethanol from D-xylose by
Fusarium sp. Kor. J. Appl. Microbiol. Bioeng., 15,
340-345.

13. Lee, Y.Y., C.M. Lim, T. Johnson, R.P. Chambers,
1978. Selective hydrolysis of hardwood hemicellulose
by acids. Biotechnol. Bioeng. Symp., 8, 75-88.

14. Linko, Y.Y., H. Kautola, S. Uotila and P. Linko,
1986. Alcohol fermentation of D-xylose by immobiliz-



350

15.

16.

17.

18.

19.

20.

21.

22.

Filamentous Bacteria in RBC

ed Phichia stipitis yeast. Biotechology Letters, 8,
47-52.

Lodder, J., 1970. The yests.
Publishing Co., Netherlands, 1sted.
Maleszka, R. and H. Schneider, 1982. Concurrent
production and consumption of ethanol by cultures of
Pachysolen tannophillus growing on D-xylose. Appl.
Environ. Microbiol., 44, 909-912.

M.A. Amerine and C.S. Ough, 1980. Methods for
analysis of musts and wines. 94-96.

Margaritis, A. and R. Bajpai, 1982. Direct Fermenta-
tion of D-xylose to ethanol by Kiuyveromyces marx-
famus strains. Appl. Environ. Microbiol., 44,
1039-1041.

Morikawa, Y., S. Takasawa, 1. Masunaga and K.
Tagayama, 1985. Ethanol production from D-xylose
and cellobiose by Kluyveromyces cellobiovorus.
Biotechnol. Bioeng., 27, 509-513.

Miitze, B. and C. Wandrey, 1985. Continuous
fermentation of xylose with Pachysolen tannophillus.
Biotechnology Letters, 5, 633-638.

Nigam, J.N., A. Magaritis and M.A. Lachance, 1985.
Aerobic fermentation of D-xylose to ethanol by
Clavispora sp. Appl. Environ. Microbiol., 50,
763-766.

Robert F.H, Dekker, 1982. Ethanol production from

Nor-th-Holland

23.

24,

25.

26.

27.

28.

KOR. JOUR. MICROBIOL.

D-xylose and other sugars by the yeast Pachysolen
tannophillus. Biotechnology Letters, 4, 411-416.
Slininger, P.J., R.J. Bothast, J.E. von Cauwenberge
and C.P. Kurtzman, 1982. Conversion of D-xylose to
ethanol by the yeast Pachysolen tannophillus. Bio-
technol. Bioeng., 24, 371-384.

Schneider, H., P.Y. Wang, Y.K. Chan and R. Malesz-
ka, 1981. Conversion of D-xylose into ethanol by the
yeast Pachysolen tannophillus. Biotechnology Letiers,
3, 89-92.

Suih Ko, M.L. and T.M. Enari, 1981. The production
of ethanol from D-glucose and D-xylose by different
Fusarium strains. Biotechnollogy Letters, 3, 723-728.
Summer J.B., 1925. Dinitrosalicylin Method for
Glucose. J. Biol. Chem., 60, 393.

Tran, A.V. and R.P. Chambers, 1986. Ethanol
fermentation of red oak acid prehydrolysate by the
yeast Pichia stipitis CBS 5776. Enzyme Microb.
Technol., 8, 439-444,

Ueng, P.P. and C.S. Cong, 1982. Ethanol production
from pentose and sugar-cane bagasse hemicellulose
hydrolysate by Mucor and Fusarium species. Enzyme.
Microb. Technol., 4, 169-171.

(Received August 4, 1990)
(Accepted December 7, 1990)



