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Abstract—This study examines the potential of Dahlia pinnata as an alternative energy source for ethanol.
Experimental results are presented as batch fermentation kinetics for two strains of Kluyveromyces fragilis
CBS 1555 and Saccharomyces cerevisiae ATCC 4126 grown on the extract derived from the tubers of Dahlia
pinnata. In the first extraction stage, the range of sugar conentration was 90-203 g/l in terms of total sugars.
Saccharomyces cerevisiae cells were immobilized in Ca-alginate beads and used in a packed-bed bioreactor
for the continuous production of ethanol from the extract of Dahlia pinnata tubers. Ethanol yield varied from
092 g-EtOH/g-Sugar utilized at D=0.1hr"! to 057 g-EtOH/g-Sugar utilized at D=04 hr™". The results presen-
ted in this study show that immobilized cells of S. cerevisiae have a high potential for fuel ethanol production
from Dahlia pinnata tubers. The immobilized cell bioreactor was operated continuously at a constant dilution
rate of 0.18 hr! for 35 days. The maximun ethanol yield was found to be 0.98 g-EtOH/g-Sugar.
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Table 1. Water extraction of sugar from Dahlia pinnata tubers

Harvest date August [September] October | November
Sugar concentration(g/!)
Cultivation cultivation at species from Japan
place Cultivation at home garden of Pusan Dong A University | which were cuitiva-
gardening place ted in pusan
1 94.8 976 106.4 134.4 154.2 146.9 166.8 144 203
(75.8) | (75.8) (75.2) (75.8) | (77.3) | (72.3) | (72.6) (78.6) (75.8)
2 19.6 199 195 277 30.3 326 40.2 34.7 42
(15.7) | (15.5) (13.8) (156) | (152) | (16.0) | (17.5) (19.0) (15.7)
3 7.8 8.2 10.1 11.0 114 18.8 139 33 16.6
6.2) (64) (7.1) (6.2) 6.7 (7.2) 6.1) 1.7 (6.2)
4 29 31 5.5 42 36 50 8.7 1.2 6.2
2.3) 2.3) (39) 24 (1.8) (2.5) (3.8 0.7 2.3)
5 ca0 cal cal) cal) ca.0 ca0 ca.0 ca0 ca.0
Total sugar 125.1 128.8 1415 1773 199.5 2033 2296 183.6 267.8

* ( ):Extraction efficiency(%)
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Table 2. Composition of Dahlia pinnata tubers

Compound Composition(wt% wet basis)
Total dry matter 20.6-22.77
Moisture 79.4-77.23
Composition(wt% wet basis)
Carbohydrates 76.2-84.5
Cellulose + hemicellulose 8.27
Nitrogen 0.95-1.18
Ash 4.6-6.05
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1. Substrate reservoir 5. Thermostat and

2. Peristaltic pump circulator

3. Beads with immobilized 6. Water bath
Saccharomyces cerevisiae 7. Temperature
and Kluyveromyces sensor
fragilis cells 8. Interrupter

4. Support(sintered glass filter) 9. Personal computer

10. Product reservoir

Fig. 1. Schematic diagram of the experimental packed bed
reactor system.
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Fig. 2. Batch fermentation of Saccharomyces cerevisiae
Dahlia pinnata tuber juice containing 100 g//
total sugars: variation of (A—A) biomass, (O—
Q) ethanol, (0—0) reducing sugar, and (@—@)
total sugar with time.
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Fig. 3. Batch fermentation of Kluyveromyces fragilis in
Dahlia pinnata tuber juice containing 92.8 g//
total sugars: variation of (A—A) biomass, (O—
Q) ethanol, ((0—C)) reducing sugar, and (0—®)
total sugar with time.
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Fig. 4. Effect of hydrolysis from Dahlia pinnata tuber
juice containing 50 g// nonreducing sugar with
enzyme acitivity: inulase (@—@®), invertase (O—
0).

WA gke) el ubzh & ol N3t #HUFe mass
ratio”} FAHT e AL &4 InulaseJA] EH+=
79 glow, A7) AN &4 Invertase YA o2
gAGe Yo A7) 2SS & 5 9
o} ghge] K. fragilise & 3 % 3939 2un]go]
Aol dAF Ao Yol & Inulase YA Aol 2]
714 o ulge] ZavleEEs A doidE 2
F Ak

3-2. 4 (Inulase % Invertase)?| Dahlia 2|2 ¥
ool et B4t o|dB0 8t HEUE

Dahlia #2 F%2 v F=7} 50 g/7t
52 FAsle] &4 Inulases} InvertaseE 77} 1-10
unit/m/ 5 ¥H-3AlA Somogyi-Nelson®ell 2] 3
£ ZAFo 2 sl A o3 ELUHEE =
Abstedz 2 A5 Fig 4o EA)5ksdch

AgAF}e] &3t Dahlia 3| 59 d53&

v} sucrose ©)9)e) B-fructofuranosidE fructose
9} glucose® 71285l Invertase(B-D-fructosidase)
A ME 2 gl Wted ot 71A Wl AFHES
FHddo] AA EAFE oudcln & ¢ lch =¥
&2 Inulase®} Invertaser} 7zt &2 A% 6 unit/
mi7FA = A wE A AR S A7 Inulase= 60
%) E&L, Invertased A& 16%9] 7I5EEaxE
HAE & F olvh FEA v F2E F2

HWAHAK KONGHAK Vol. 30, No. 3, June, 1992



314 A

50

N w &
=3 S S
—F T

REDUCING SUGAR PRODUCED [g/ll
O

-
k=]

] 2

10 20 30 40 50 60 70

NONREDUCING SUGAR CONCENTRATION [g/l}
Fig. 5. Effect of nonreducing sugar concentration from
Dahlia pinnata juice on hydrolysis by inulase(6
unit/m/f).

wEV|AZ AM-EE 9 10-70 g/ HEE 54
3t 4 Inulase FAE 6 unit/m/E HF-E-3lo] 34
F& ZA 5t v T GE SR aAdE
Fig. 50l E A3}

v|gdge] F27} 70 g/i7hA] dAEHA B_AGY F
=7} 2715k AL 88kl 70 g/l 5 =74%) = Dahlia
AE FE2YL 7|AZ 5o outE AE AAE AF
FaAe B4 4SS o F ok

Fig. 62 Dahlia | #&4& A4 Inulase 4%
6 unit/mi 2 7hpEste 271 F B2Fer) 110g/l2
=] rE 7Aoo & S. cerevisiaeol ¢]3}e] ol|gr-g 3
FUEE A Ao}

A2 Inulasedl] o8l Ao sipRad 713
ol 4] Ao slelal F Feoll Nt U2 mass ra-

(11}

-
<
o
T

o

q20.0

80t « 4 16.0 _
3
w

60} £ 3 112.0 2
=
]
«

40t 2 2 180

ETHANOL CONCENTRATION [g/1)

TOTAL, REDUCING SUGAR CONCENTRATION{

T M“-O
O 1
d g R
0 4 8 12 16 20 24

TIME [hr}
Fig. 6. Batch fermentation Saccharomyces cerevisiae in
Dabhlia pinnata tuber juice containing 110 g//
total sugar on the effect of inulase activity (6
unit/ml): variation of (A—2) biomass, (0—0O)
ethanol, (0J—0) reducing sugar, (@—@®) total
sugar with time.

tiov} 37Hd& & 7 AR HA o2& F== 164
7bell A 55.3 g/l= 4] Dahlia 22 22 2% 2i 9}
vlwsy FU3 27 |FE s 71EY o 221g057)
gk =3 F2 oshE 4A(Q F e g
(Yy)& 7tz 345¢/l-hr, 0567 g-EtOH/g-sugarE
e genl S. cerevisiaex ¥IFHLUF o] ok
€ HEFHL HEh gl dalde 3 g
A5YE 7RI S-S & F sl o] Wl Ho v
HALE ()= 0339 hr 124 Ho F4 (X))
17.68 g/loldct. 28] 3 K. fragiliss A Inulase A
o 2 FUpo g o] Hiho] F¥-3led, Inulasedl] 27}
A sl A 22 ko) Dahlia 2129 1
DA F59E &4 Inulase 6 unit/mBA L E AAg

Table 3. Kinetic and yield parameters for strains grown in Dahlia pinnata juice

Species

Kinetic parameter K. fragilis CBS 1555 S. cerevisiae ATCC 4126

Hydrolyzed Hydrolyzed . Hydrolyzed Hydrolyzed

None None )

Invertase Inulase Invertase Inulase

Initial sugar 92.8 872 110 100 100 100
concentration(g/l)

Usmar () 0.300 0.309 0.314 0.320 0.332 0.339
Y,:(g EtOH/g sugar) 0.463 0.519 0.551 0473 0.469 0.567
Y..(g dry wt/g sugar) 0.091 0.097 0.098 0.216 0216 0.181
Q(g/l-hr) 2.06 215 2.75 142 1.59 345
F(%) 84.1 90.3 89.6 67 684 89.6
qy(g/g-hr) 1.403 1.306 1.770 0.833 0.897 1.26
a,(g/g-hr) 3.158 3.174 2.17 1.303 1.382 1.481

sl2ta2st X303 H3S 199244 6%
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