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Bioethanol Production from Seaweed Kappaphycus alvarezii by Simultaneous Saccharification and Fermentation

Chae Hun Ra and Sung-Koo Kim*

Department of Biotechnology, Pukyong National University, Busan 48513, Republic of Korea

Thermal acid hydrolysis pretreatment of Kappaphycus alvarezii was carried out with 12% (w/v) seaweed
slurry and 180 mM HySO, at 140°C for 5 min. Utility of the thermotolerant yeast Kluyveromyces marxianus
KCTC7150 was evaluated with respect to cell growth and ethanol fermentation at 40°C was close to optimal
for enzymatic hydrolysis. This could lead to the integration of both the saccharification and fermentation
processes. The levels of ethanol production by simultaneous saccharification and fermentation (SSF) with
non-adapted and adapted K. marxianus KCTC7150 were 9.1 g/l with an ethanol yield (Ygion) of 0.24 and
10.2 g/l with an ethanol yield (Ygion) of 0.27 at 156 h, respectively. The two-phase SSF process was employed
in this study to improve the efficiency of ethanol fermentation. Adapted K. marxianus KCTC7150 using the
two-phase SSF process produced 13.5 g/l with an ethanol yield (Ygion) of 0.35 at 96 h. Development of the
two-phase SSF process could enhance the overall ethanol fermentation yields of the seaweed K. alvarezii.
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Fig. 1. Effect of temperatures on (A) enzymatic saccharifica-
tion to produce glucose and (B) cell growth on different tem-
perature conditions after thermal acid hydrolysis. The initial
glucose concentration was 5.1 g/l after thermal acid hydrolysis.
Enzyme mixtures were prepared at a 1:1 ratio of Celluclast 1.5 L
and Viscozyme L with 16 U/ml of equal activities.
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Fig. 2. Ethanol production from SSF with 12% (w/v) K. alvarezii
hydrolysates at 40°C, 200 rpm for 156 h using (A) non-
adapted (wild type) K. marxianus KCTC7150 and (B) adapted
K. marxianus KCTC7150 to a high galactose concentration.
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Fig. 3. Evaluation of ethanol fermentation by two phase SSF
process with adapted K. marxianus KCTC7150 using thermal
acid hydrolyzed 12% (w/v) K. alvarezii hydrolysates for 96 h
Vertical line indicates the temperature shifting point from
40°C to 30°C.

Table 1. Summary of adapted K. marxianus KCTC7150 to high
concentration of galactose for ethanol production using a
two phase SSF process with 12% (w/v) K. alvarezii hydrolysates.

General Two phase SSF
SSF process process
Growth factor :
One First Second
phase phase phase
Temperature (°C) 40 40 30
Fermentation time (h) 156 30 66
Ethanol centration (g/1) 10.2 - 13.5
Ethanol yield (Yeon) 0.27 - 0.35

SAo SRR LA ARG HHA o T o] AitE =
A& & 4 ATk Fig. 1A A Yehd vpe} o] a4 o

Sti= 30A|7ke] B3V B EUH, O o] R FFE
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o] FA B3 A (SSF)olA 30/\]7“3] SHRE = =S
30°CE W3+ 20 e Hag Ayt 1 23 %
F 96A|7] 13,5 g1 o &-Eo] *E’\‘llﬁ] dow, &g
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