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Abstract : Volatile fatty acids (VFAs) production from marine brown algae, Saccharina japonica, was investigated in anaerobic

dark fermentation. In order to evaluate the VFAs productivity, various experimental parameters (i.e., physicochemical pre-treatment,
microorganism inoculation ratio, substrate concentration, and pH) were evaluated. According to the physicochemical pre-treatment
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methods, the maximum concentrations of VFAs were obtained in the order of sulfuric acid, subcritical water and subcritical water
with lipid-extraction. Also, we investigated the operating parameters such as microorganism inoculation ratio (MV/M = 10 to 30),
the substrate concentration (18.0 to 72.0 g/L) and pH (6.0 to 7.0) in sulfuric acid pre-treatment method. When the substrate con-
centrations were 18.0, 36.0, 54.0 and 72.0 g/L at 35 ‘C, microorganism inoculation ratio 15, pH 7.0 for 372 hours, the maximum
concentrations of VFAs were respectively 9.8, 13.9, 18.6 and 22.3 g/L. The change in VFAs concentrations was detected that
acetic- and propionic acids increased according to increasing pH, while the butyric acid increased with decreasing pH. The VFAs
obtained from concentration and separation process may be used as basic chemistry materials and bio-fuel, and they will expect to

produce alternative energy of fossil fuel.

Keywords : Saccharina japonica, Anaerobic dark fermentation, Volatile fatty acids, Physicochemical pre-treatment extracts
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Figure 1. Preparation of various pre-treatment substrates for VFAs production.
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Figure 2. Schematic diagram of bubble column fermenter system
for VFAs production.
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Figure 3. Effect of different physico-chemical pre-treatment on total
VFAs production. Symbols represent the pre-treatment
methods of 3 wt% sulfuric acid solution (@), subcritical
water (O) and subcritical water with lipid-extraction ('¥).
Culture conditions: pH = 7.0, temperature = 35 C, initial
substrate concentration = 18.0 g/L, working volume to
microorganism (WV/M) ratio = 15.
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Table 1. Profiles of reducing sugars contents during anaerobic fer-
mentation: S. japonica was pre-treated with (a) 3 wt% sul-
furic acid solution, (b) subcritical water and (c) subcritical
water with lipid-extraction

Pre- . Time (h)
treatment ReduClng
methods | SUEATS 0 108 | 204 | 300 | 396
Sucrose | 36.51| 0.00] 0.0 0.00 0.00
Cellobiose| 039 | 0.38| 0.37| 0.62| 0.40
Maltose 0.00| 0.00| 0.00| 0.0 0.00
Lactose 0.00| 098] 0.89| 045| 0.95
3wi% |Rhamnose| 622 | 0.00| 0.00| 0.00| 0.00
sulfuric acid| Ribose 729 | 026] 036| 0.18] 0.89
solution | Nannose | 42.16 | 3.74 | 3.82| 5.14| 537
Arabinose | 1172.12 | 6.64| 6.66| 5.06| 0.75
Galactose | 4430 | 0.00| 0.00| 0.00 | 0.00
Xylose | 24.42| 047] 0.62| 0.61| 041
Glucose | 1633 | 6.41|11.03| 9.47| 8.74
Sucrose | 99.90 | 0.00| 0.00| 0.00| 0.00
Cellobiose|  0.00 | 0.00| 0.00| 0.00| 0.00
Maltose | 22.17 | 13.26 | 11.26 | 11.18 | 13.50
Lactose 0.00 | 0.00| 0.00| 0.00| 0.00
Rhamnose 0.00| 697| 641| 5.19| 0.08
Suberitical [Tpu e 0.00| 0.56| 241| 1.60| 1.18
water
Mannose 1.34 | 12.66 | 20.82 | 15.03 | 0.42
Arabinose | 0.00 | 2.91| 3.03| 3.16| 091
Galactose | 1341 | 0.00| 0.00| 0.00 | 0.00
Xylose 0.00 | 13.44 | 2637 | 24.01 | 0.98
Glucose 0.00 | 0.00| 0.00| 0.00| 5.09
Sucrose | 97.20| 0.00| 0.00| 0.00| 0.00
Cellobiose 0.00| 1.51| 1.13| 097 2.57
Maltose | 21.45 | 17.68 | 21.88 | 19.26 | 17.14
Lactose 0.00 | 0.00| 0.00| 0.00| 0.00
Subcritical | Rhamnose| ~ 0.00 | 0.00 | 0.00| 0.00 | 0.00
lgi‘;egzr‘g;t Ribose 0.00| 1.07] 139] 099] 091
ion Mannose 027 | 0.00| 0.00| 0.0 | 0.00
Arabinose | 0.00 | 3.41| 449| 9.66| 097
Galactose | 328 | 0.00| 0.00| 0.00| 0.00
Xylose 0.00 | 0.00| 0.00| 0.0 0.00
Glucose 0.00| 2.76| 4.01| 598 5.00
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Figure 4. Individual VFAs profiles according to the pre-treatment
using (a) 3 wt% sulfuric acid solution, (b) subcritical water
and (c) subcritical water with lipid-extraction.
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Table 2. Effect of microbial inoculum ratio on total VFAs produc-
tion at pH 7.0, 35 C, 18.0 g/L initial substrate concentra-
tion. The carbon source of S. japonica was pre-treated with
3 wt% sulfuric acid solution, subcritical water and sub-
critical water with lipid-extraction
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Figure 6. Effect of pH on sulfuric acid (3 wt%) pre-treatment for total

VFAs production. Culture conditions: pH = 7.0, tempera-
ture = 35 C, initial substrate concentration = 54.0 g/L,

Pre-treatment Mlcroblal Time (h)
hods inoculum
metho ratio 15 | 60 | 108|204 | 252|372 |496
3 wi% MV/M=30|0.0|13[65|79|82|88 |84
sulfuric acid |MV/M=15|0.0|1.6|7.1|8.1|8.7]9.8 |84
solution | niv/M=10]0.0 | 1.8 | 7.4 8.1 |8.8|11.0/10.1
N MV/M=30|0.0|08[3.3|48|4.7]3.5]3.0
Suberitical - o 15100 (1249605235 | 2.8
water
MV/M=10|0.0|12]52|52|46|4.0]3.5
Suberitical | MV/M=30|0.0 | 1.0 | 1.7 2.9 | 3.1| 3.1 | 2.0
water with | MV/M=15|0.0|1.4]2.1[29|28(3.6]|1.5
lipid-extraction| \ry/M=101 0.0 | 1.5] 2.6 | 3.1 | 2.8 | 3.3 |26
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Figure 5. Effect of initial substrate concentration on sulfuric acid (3
wt%) pre-treatment for total VFAs production. Culture
conditions: pH = 7.0, temperature = 35 C, initial subs-
trate concentration = 18.0 g/L, working volume to micro-
organism (WV/M) ratio = 15.
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