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ABSTRACT The optimal conditions for producing levulinic acid from office waste paper were investigated. Glucose was produced
by enzymatic hydrolysis and its yield maximized by varying the soaking time of the substrate and amounts of enzyme and substrate.
The optimal conditions to produce levulinic acid using the hydrolysate were determined by response surface methodology, with
reaction temperature and catalyst (sulfuric acid) concentration as independent variables. The production model was assessed with an
ANOVA regression analysis, and the results indicate its suitability for levulinic acid production (p, F, and lack-of-fit values were
0.003, 20.1, and 0.058, respectively). The optimal conditions were a reaction time of 56.27 min and catalyst concentration of 5.9%
with a predicted yield of 2.588 g/L. We verified the findings under the same conditions and obtained 2.323 g/L of levulinic acid.

Key words Office waste paper(AH5--& | Z]), Enzymatic hydrolysis(& 4 7} =8 3l), Levulinic acid(#] & #A}), Response surface
methodology (W3- 3 H 5 41 H)
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Table 1. The 22 full factorial design with four axial points and three replicates in the central point matrix employed for two
independent variables

Point type Run no Time (Xy) Acid concentration (X») Coded level (X)) Coded level (X2)
Center 1 55 5.92 2.68 3.19
Center 2 55 5.92 2.55 3.87
Center 3 55 5.92 2.50 3.64
Corner 4 65 6.72 0,51 1,61
Corner 5 65 5,12 1.96 3.19
Corner 6 45 5,12 0.18 2.64
Corner 7 45 6,72 0.96 1,13

Star/Axial 8 41 5,92 0,10 0,51

Star/Axial 9 69 5,92 0.68 4.09

Star/Axial 10 55 4.8 0.88 0.32

Star/Axial 1 55 7.04 1,61 3.60
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Table 2. Chemical composition and moisture content of raw
material (unit: %)

Quercus mongolica | Office waste paper

Moisture content 6.27 (0.65) 5.2 (0.26)

Ash 0.74 (0.74) 10,78 (0.43)

Extractive 1,44 (0.39) 0.65 (0.09)
Lignin 28.14 (0.60) N.D

Glucan 36.53 (0.45) 67.48 (0.15)

Xylan 13.29 (0.18) 9.03 (0.39)
Galactan N.D N.D
Arabinan 0.35 (0.29) N.D

Mannan 0.82 (0,07) 2.35 (0.62)

*N.D: not detected
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Fig. 1. Enzymatic hydrolysis yield of oak and office waste paper depending on soaking time before enzymatic hydrolysis
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2. Enzymatic hydrolysis yield of oak and office waste paper depending on amount of substrate and enzyme
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Table 3. Chemical composition and moisture content of oak
and office waste paper after enzymatic hydrolysis
when substrate and enzyme added 2X (35 FPU/g)

(unit: %)
Quercus mongolica | Office waste paper
Moisture content 6.79 (0.42) 7.57 (0.16)
Ash 0.68 (0,04) 16.53 (0.09)
Extractives 1.85 (0.75) N.D
Lignin 29.81 (0.40) N.D
Glucan 33,10 (0.14) 28.45 (0.34)
Xylan 12.05 (0.67) 4,57 (0.74)
Galactan N.D N.D
Arabinan 0.24 (0.09) N.D
Mannan 0.73 (0.14) 0.58 (0.39)
*N.D: not detected
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Table 4. Levulinic acid production from hydrolysate obtained
from enzymatic hydrolysis of office waste paper

Point type Run Levulinic acid (g/L)
Center 1 2.68
Center 2 2.55
Center 3 2.50
Corner 4 0.51
Corner 5 1.96
Corner 6 0.18
Corner 7 0.96

Star/Axial 8 0.10

Star/Axial 9 0.68

Star/Axial 10 0.88

Star/Axial 11 1.61
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Table 5. Analysis of variance for levulinic acid production from hydrolysate of enzymatic hydrolysis of office waste paper

Source Degrees of freedom Sum of squares Mean square F value p—value
Model 5 8.9529 1,7906 20,17 0.003
Liner 2 0,5906 0,2953 3.33 0,121

Xi 1 0,5748 0,5748 6,47 0,052
X 1 0.0158 0.0158 0.18 0.690
Quadratic 2 7.1157 3.5579 40,08 0.001
bal 1 6.4352 6.4352 72.49 0.000
X5 1 2.2888 2.2888 25,78 0.004
Cross product 1 1.2466 1.2466 14,04 0,013
XX 1 1.2466 1,2466 14,04 0,013
Residual 5 0.4439 0.0888
Lack—of—fit 3 0.4266 0.1422 16,47 0.058
Pure error 2 0.0173 0.086
Total 10 9.3968
* R—Square: 95,28, Adjusted R—Square: 90,55
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Fig. 3. Response surface (A) and contour plot (B) of reaction time vs, catalyst concentration on levulinic acid (LA) production
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