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Production of Total Reducing Sugar and Levulinic Acid from Brown Macro-algae Sargassum fulvellum
Gwi-Taek Jeong*
Department of Biotechnology, Pukyong National University, Busan 608-737, Republic of Korea

Recently, many biofuels and chemicals converted from renewable resources have been introduced into chemical industries.
Sargassum fulvellum is a brown macro-algae, which is found on the seashores of Korea and Japan. In this work, the production
of total reducing sugar and levulinic acid from S. fulvellum, using dilute-acid catalyzed hydrothermal hydrolysis and statistical
methodology, was investigated. As a result, 15.28 g/l total reducing sugar was obtained under the optimized conditions of
160.1°C, 1.0% sulfuric acid, in 20.2 min. Furthermore, 2.65 g/l levulinic acid was obtained at 189.5°C, 2.93% sulfuric acid, in
48.8 min.
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Table 1. Experimental design and data for 5-level-3-factor response surface analysis in central composite rotatable second-order

design.
STD RUN Reaction Catalyst amount  Reaction time Total reducing Levulinic
temperature (°C), A (wt %), B (min), C sugar (g/l) acid (g/l)
12 1 175.0 3.7 35.0 2.66 2.24
20 2 175.0 2.0 35.0 4.50 1.18
17 3 175.0 2.0 35.0 3.87 1.26
19 4 175.0 2.0 35.0 3.85 1.30
13 5 175.0 2.0 9.8 9.06 0.51
15 6 175.0 2.0 35.0 4.04 1.40
3 7 160.0 3.0 20.0 12.12 0.00
18 8 175.0 2.0 35.0 3.77 1.43
16 9 175.0 2.0 35.0 4.32 1.24
7 10 160.0 3.0 50.0 6.66 1.06
14 1 175.0 2.0 60.2 248 1.72
6 12 190.0 1.0 50.0 4.90 0.00
8 13 190.0 3.0 50.0 2.7 2.26
1 14 175.0 0.3 35.0 8.24 0.00
5 15 160.0 1.0 50.0 13.12 0.00
9 16 149.8 2.0 35.0 14.06 0.00
2 17 190.0 1.0 20.0 8.24 0.00
1 18 160.0 1.0 20.0 14.98 0.00
4 19 190.0 3.0 20.0 2.20 2.28
10 20 200.2 2.0 35.0 1.20 219
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LAZF A=l ou, B2 Az oA LAZ HE2=HA &
k.

A EHE Design Expert Z2IHE A5t thF 3]

E4(ANOVAYS F33to] @& AIHE Table 20 LER
At |49 A58 p-values7} 0.062 T 2o W ZF Q@ 3hct
I skt ST AP Aol lojAl= EATk o
2 Y AL FvalueZ| 18.922 A3 mdF = ict. E3
Al 7HQ] 13H41 9] Alg=(A, B, Ot Al 71 2244] €] A 4= (A2,
B2, CH7F 223 AAE At LAY 7 $-of Lol A

Table 2. ANOVA results for the response surface quadratic model for levulinic acid formation.

Source Sum of squares DF Mean square F-value Prob. > F
Total reducing sugar
Model 328.06 9 36.45 18.92 < 0.0001
A-Temperature 186.44 1 186.44 96.79 < 0.0001
B-Catalyst 53.11 1 53.11 27.57 0.0004
C-Time 32.96 1 32.96 17.11 0.0020
AB 0.15 1 0.15 0.08 0.7880
AC 2.54 1 2.54 1.32 0.2777
BC 0.01 1 0.01 0.00 0.9498
A? 37.91 1 37.91 19.68 0.0013
B2 10.42 1 10.42 5.41 0.0423
c? 13.37 1 13.37 6.94 0.0250
Residual 19.26 10 1.93
Lack of Fit 18.83 5 3.77 43.99 0.0004
Pure Error 0.43 5 0.09
Cor Total 347.32 19
Levulinic acid

Model 13.51 9 1.50 14.63 0.0001
A-Temperature 3.75 1 3.75 36.53 0.0001
B-Catalyst 6.44 1 6.44 62.75 < 0.0001
C-Time 0.70 1 0.70 6.79 0.0262
AB 1.51 1 1.51 14.75 0.0033
AC 0.15 1 0.15 1.44 0.2578
BC 0.14 1 0.14 1.32 0.2768
A? 0.36 1 0.36 3.48 0.0916
B2 0.31 1 0.31 3.06 0.1107
c? 0.33 1 0.33 3.17 0.1053
Residual 1.03 10 0.10
Lack of Fit 0.98 5 0.20 21.66 0.0021
Pure Error 0.05 5 0.01
Cor Total 14.54 19
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Fig. 1. Effect of explanatory factors on total reducing sugar
and levulinic acid production. (A) Reaction temperature, (B)
Catalyst concentration, (C) Reaction time.
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Fig. 2. Response surface plot representing the effect of reac-
tion temperature, catalyst concentration, reaction time, and
the reciprocal interaction of these factors on the production
of total reducing sugar from S. fulvellum at a constant reac-
tion condition. (A) At a constant 35 min, (B) At a constant 2% sul-
furic acid, (C) At a constant 175°C.
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Fig. 3. Response surface plot representing the effect of reac-
tion temperature, catalyst concentration, reaction time, and
the reciprocal interaction of these factors on the production
of levulinic acid from S. fulvellum at a constant reaction con-
dition. (A) At a constant 35 min, (B) At a constant 2% sulfuric
acid, (C) At a constant 175°C.
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Table 3. Comparisons of total reducing sugar and levulinic acid production.

Products Reaction conditions

Product concentration

Species/References

Total reducing Dilute-acid hydrothermal hydrolysis

15.28 g/l

This work

sugar (160°C, 1.0% H,S04, 20.2 min)
Dilute-acid hydrothermal hydrolysis 218 mg/g biomass Palmaria palmate [11]
(125°C, 0.4 M H,SOy4, 25 min)
Acid pretreatment (121°C, 40 mM H,SOq, 69.1% total Saccharina japonica [14]
10%(wi/v) slurry), microbial saccharification saccharification yield
(1 g dry cell weight/l Bacillus sp. JS-1)
Thermal acid hydrolysis (121°C, 75 mM H,SO,, 28.65 g/l Undaria pinnatifida [13]
60 min, 13%(w/v) slurry)
Post-hydrothermal (at 170°C for 30 min) 20.1 g/l Enteromorpha intestinalis [12]
enzymatic hydrolysis (22% yield)
Levulinic acid Dilute-acid hydrothermal hydrolysis 2.65 g/l This work
(189.5°C, 2.93% H,SQ,, 48.8 min)
Acid hydrothermal reaction 9.74 g/l Gelidium amansii [6]
(160.0°C, 3.0% H,SO4, 43.1 min)
Acid hydrothermal reaction 4.26 g/l Codium fragile [9]
(160.7°C, 3.9% H;SO4, 39.1 min)
o $UFL ATk Bask goh1z). Ed FRF o ]
Undaria pinnatifida25-€ 28.65 g1 LGS BASHS ol A A ® Lovincasd
o= B 1[3], 282 Saccharina japonicaZ F-E At7}4E A
dot o AE FHE Fol 60.1%0) FHAERL AP R o 7 ‘
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B dedA et BatRRHE Fotol 201 g19] BUF F o A A
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FE FAGHL e T AR 74 2 Il B2, o] . g ®
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gt vlgo] F7bst= S 7HA L Utk ol g g &
2 A7t E e BANIC R RE o] gito R
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3|27 278 levulinic acid®] FAta} AT 22 429
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© 974 gl& ALY T BA[9]E 9o, =27 Codium
fragile®] 7o A= 4.26 g/19] levulinic acidE A TH
I B0 7|29 A= HRF F ERRE
o] &3t A7t YA ghob YAl HlaE o9y, 2
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Fig. 4. Effect of combined severity factor on the production
of total reducing sugar and levulinic acid by dilute-acid
hydrothermal reaction of S. fulvellum.
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