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Production of Biosugar from Red Macro-algae Eucheuma cottonii using Acid-hydrolysis

Sang-Bum Lee and Gwi-Taek Jeong*

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

In this study, biosugar production by the red-algae Eucheuma cottonii was investigated using dilute sulfu-
ric acid-catalyzed hydrolysis and data analysis by response surface methodology. This approach yielded
25.8 g/l total reducing sugar under the conditions of 160.1°C, 1% (v/v) sulfuric acid, and 13.1 min. The sugar
concentration showed a linear inverse correlation with the combined severity factor (CSF) of the reaction

conditions. CSF was calculated as log(t-exp[(Ty —

Tr)/14.75]) — pH, where t is the coupling reaction time, Ty

is the target temperature, and Ty is the reference temperature (100°C). In addition, levulinic acid produc-
tion showed a linear positive correlation with CSF. E. cottonii may represent a useful feedstock for sugar

production in the field of bioenergy.
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Combined severity factore] A 2]
Combined severity factor(CSF)= BH&-9] 712 = (severity) S
‘%EMM, g2, BHEAZE, 223 jESH 9] pHE 4]
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Table 1. Experimental design and results for response surface analysis of dilute sulfuric acid-catalyzed hydrolysis of E. cottonii.

Reaction Reaction Products concentration (g/I)
temperature (°C), Catalyst amount time Total reducing Levulinic
A (wt %), B (min), C “w Glucose Galactose 5-HMF id
gar aci

149.8 2 35 19.6 3.39 16.41 1.01 4.67
160 1 20 20.63 2.85 16.86 1.96 344
160 1 50 15.98 242 13.27 1.18 5.07
160 3 20 16.7 3.25 12.82 0.57 6.06
160 3 50 9.12 213 6.73 047 8.37
175 0.32 35 141 232 10.68 3.6 2.86
175 2 9.8 14.45 3.01 10.65 04 147
175 2 35 523 1.62 3 045 9.46
175 2 35 3.66 1.15 2.04 0.54 9.37
175 2 35 4.26 1.49 2.68 043 9.59
175 2 35 5.12 1.56 291 043 9.59
175 2 35 482 1.38 241 0.44 9.62
175 2 35 448 1.25 221 0.5 9.49
175 2 60.2 1.55 042 045 ND 991
175 3.68 35 15 0.44 0.61 ND 11.48
190 1 20 3.78 0.96 1.57 0.87 8.39
190 1 50 0.92 ND ND ND 9.32
190 3 20 0.92 ND ND ND 11.02
190 3 50 1.84 ND ND ND 9.83
200.2 2 35 1.26 ND ND ND 9.36

ND : Not detected.
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Table 2. ANOVA results for response surface analysis of dilute sulfuric acid-catalyzed hydrolysis of E. cottonii.

o2 285 gl

929} 16.86 g/l ZHE L AT} A
A= od, 1.96 g9 5-HMFe} 3.14 g/19] HE2Ato] 7}
HAEZA BAE AT

WY MR s, SR
2 AAsta, FEYT =

Source Sum of squares DF Mean square F-value Prob. > P2

Total reducing sugar
Model 846.7 9 94.07 22.40 < 0.0001
A-Temperature 5575 1 557.48 132.77 < 0.0001
B-Catalyst 84.2 1 84.21 20.05 0.0012
C-Time 94.2 1 94,17 2243 0.0008
AB 9.8 1 9.81 2.34 0.1575
AC 133 1 13.25 3.16 0.1060
BC 0.1 1 0.09 0.02 0.8878
A? 68.2 1 68.18 16.24 0.0024
B2 154 1 1542 3.67 0.0843
< 176 1 17.58 419 0.0679
Residual 420 10 420
Lack of Fit 403 5 8.05 23.24 0.0018
Pure Error 17 5 0.35
Cor Total 888.7 19

Galactose
Model 631.7 9 70.18 30.02 < 0.0001
A-Temperature 419.8 1 419.77 179.52 < 0.0001
B-Catalyst 62.0 1 61.97 26.50 0.0004
C-Time 59.1 1 59.10 25.27 0.0005
AB 10.1 1 10.13 433 0.0641
AC 8.2 1 8.20 3.51 0.0906
BC 0.1 1 0.1 0.05 0.8338
A2 54.2 1 54.21 23.19 0.0007
B? 154 1 15.43 6.60 0.0280
< 144 1 1441 6.16 0.0324
Residual 234 10 2.34
Lack of Fit 226 5 453 30.37 0.0010
Pure Error 0.7 0.15
Cor Total 655.0 19

Glucose
Model 22.0 3 7.32 47.45 < 0.0001
A-Temperature 17.3 1 17.34 112.36 < 0.0001
B-Catalyst 12 1 1.18 7.64 0.0138
C-Time 34 1 345 22.33 0.0002
Residual 25 16 0.15
Lack of Fit 23 1 0.21 6.27 0.0276
Pure Error 0.2 5 0.03
Cor Total 244 19
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A = 457.803 — 4.157A — 19.782B — 1.534C
+0.074AB + 0.006AC + 0.007BC + 0.010A2
+1.034B% + 0.005C% (R?=0.953)

ZIEQ A =403.196 — 3.694A — 19.123B — 1.222C
+0.075AB + 0.005AC — 0.008BC + 0.009A2

+1.035B2+ 0.004C% (R?= 0.963)

SFI2A =16.388-0.075A - 0.294B - 0.033C

R?=0.899)
U, SRIA, AHEQAE 90% oA+ 2 FE
Lo RS 45 4= S8t vhHe] 5-HMF= 86.2%9] &
Y=E Yo, MekAQl =7F Wokeh flEUARE 65.7%

o to A= g Yetio] Bl o2 HE S 24
gt ool it

Table 20] A¥ ZIE ANOVA EAL Edlo] A At
£ Ueti ok B4 29| p-values7} 0.05 o5t of, 5
4ol ltta wastgch ST A HfdAe 2d
A19] FyalueZt 22.4002 Bdlo] A eyt =¢ton E3
37Me) 134219] Alg=(A, B, C)2F 1719] 221419 AS=A2)7t &
% AAZE I ZHEL A9 H oA BY 4
9] Fvalue7} 30.022 283591, 245l 9L nd 4o
3709] 1344 9] A=A, B, C)2 370<] 22441 €] Al42(A%, B,

3
= 2 1
w
-4 4 4
HEl TRS
-6 [ Galactose |
[ Glucose
-8 T T T T T T T T T
A B C AB AC BC AA BB cc

Factors

Fig. 1. Effect of explanatory factors on sugar formations
from E. cottonii by dilute sulfuric acid-catalyzed hydrolysis.
(A) Reaction temperature, (B) Catalyst concentration, (C) Reac-
tion time.
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Fig. 2. Response surface plot representing the effect of reac-
tion temperature, catalyst concentration, reaction time, and
their reciprocal interaction on the formation of total reduc-
ing sugar from E. cottonii at a constant reaction condition.
(A) At a constant 35 min, (B) At a constant 2% sulfuric 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
their reciprocal interaction on the formation of galactose
from E. cottonii at a constant reaction condition. (A) At a con-
stant 35 min, (B) At a constant 2% sulfuric acid, (C) At a constant
175°C.
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Fig. 4. Relationships of combined severity factor with the
production of sugars and by-products by dilute sulfuric
acid-catalyzed hydrolysis of E. cottonii.
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