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Abstract — For the purpose of development of non-toxic and biodegradable flocculant, chitosan
complex was isolated from Ganoderma lucidum wastes. The isolated complex was identified as
the expected chitosan-glucan complex by IR specta. The complex was extracted by treatment of
50% NaOH solution at 120C for 5 hrs, namely optimal condition and solubilized with 2% acetic
acid for further use as flocculant. Preliminary experiments showed that the solubilized complex
had higher flocculation activity of 1.3 fold than commercial chitosan at 400 mg/l concentration
in soybean curd wastewater. Also the solubilized complex removed 83% of MLSS and 60% of
COD in the soybean curd wastewater treated by photosynthetic bacteria, 50% of turbidity and
21% of MLSS in sugar industry wastewater, and 90% of turbidity and 89% of MLSS in alcohol
fermentation wastewater. Bacterial cell flocculation activities of the solubilized chitosan-glucan com-
plex were 89% in Bacillus subtilis broth, 81% in Streptococcus lactis broth, and more than 90%
in Escherichia coli broth after standing for 2 days. The results reveal that chitosan-glucan complex
from Ganoderma lucidum wastes can substitute for commercial chitosan as non-toxic and biodegra-
dable flocculant.
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Fig. 1. Overall process for preparation of chitosan-
glucan complex as flocculant from Ganoderma lucidum
wastes.
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Table 1. Conditions for preparation of chitosan-glucan complex from Ganoderma lucidum wastes

v

e

NaOH Temp. Time Extract Glucosamine Total Glucosamine®

Conc, Weight Contents Glucosamine Yield
(%) (C) (hi) (g) (mg/g) (ing) (%)
40 100 3 3.88 76.5 296.8 57.1
40 100 4 3.72 81.2 302.1 58.1
40 100 5 3.57 85.3 304.5 58.6
40 110 3 3.77 79.5 299.7 57.6
40 110 4 3.58 84.2 3014 580
40 110 5 3.42 92.7 317.0 61.0
40 120 3 3.12 974 303.9 58.4
40 120 4 2.95 100.6 296.8 571
40 120 5 2.80 115.3 322.8 62.1
50 100 3 3.28 95.1 311.9 60.0
50 100 4 3.08 104.7 3225 62.0
o0 100 5 2.87 114.3 328.0 63.1,
50 110 3 2.67 116.0 309.7 59.6
50 110 4 2.44 140.0 341.6 65.6
50 110 5 2.25 147.0 330.8 63.6
50 120 3 2.54 128.5 326.4 62.8
o0 120 4 2.02 142.5 359.1 69.1
50 120 5 2.48 175.0 434.0 83.5

*Glucosamine yield was calculated by total glucosamine (mg)/glucosamine of raw maternial (5620 mg) X 100.
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Fig. 2. IR spectra of chitosan (A), glucan (B) and chitosan-glucan complex (C) isolated from Ganoderma lucidum

wastes and commercial curdlan (D)
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Fig. 3. COD and MLSS removal from photosynthetic
bacteria treated soybean curd wastewater by chitosan-
glucan complex.

The chitosan-glucan complex stock solution of 5000
mg/l in 2% acetic acid was prepared by stirring for
4 hrs at room temperature for solubilize chitosan
moiety,

The samples for measurement of COD (v -%) and
MLSS (@ -@®) are taken from supernatant of waste-
water after flocculation at pH 7 for 1 hr.
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Table 2. Reduction of turbidities and MLSS in various wastewater by commercial chitosan and chitosan-glucan

complex
Turbidity (NTU) MLSS (g/l)

Wastewater Raw Commercial Chitosan- Raw Commercial Chitosan-
waste- chitosan glucan waste- chitosan glucan
water complex water complex

Soybean curd 2936 23020217  218.2(25.7) 1.52 0.56(63.2) 0.49(67.8)

wastewater

Sugar industry 95.2 15.1(40.1) 12.7(49.6) 0.28 0.20(28.6) 0.29(21.4)

wastewater

Alcohol

fermentation 1112.5 183.3(83.6) 112.2(90.0) 4.72 (0.54(88.6} 0.52(89.0)

wastewater

Swi

wine 1774 134.5(24.2) 161.0( 8.9) 1.70 1.46(14.1) 1.60(5.89)
wastewater

Final concentration of commercial chitosan and chitosan-glucan complex in each wastewater was 40 mg/! and
400 mg/! of optimal concentrations established by previous experiment, respectively (14).
*( ) are percentage of removal efficiencies in comparison with raw wastewater.
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Table 3. Flocculation effects of commercial chitosan and chitosan-glucan complex on kaolin, various cells in saline

and soybean curd wastewater

Abs. at 660 nm Flocculation

0 min 60 min activity (%)*
Kaolin** -+ chitosan 1.418 0.363 74.4
Kaolin + complex 1418 (.732 18.4
Escherichia colr + chitosan 1.2 1.196(0.572)*** 0.3(52.3)
E. coli +complex 1.2 1.183(0.120) 1.4(90.0)
Bactllus subtilis + chitosan 1.2 0.016 98.7
-~ Bacillus subtilis + complex 1.2 0.132 89.0
Streptococcus lactis + chitosan 1.2 0.827 31.1
Streptococcus lactis +complex 1.2 0.226 81.2
E. colt 1n wastewater + chitosan 1.2 1.143(0.484) 4.8(59.7)
E. coli in wastewater + complex 1.2 1.102(0.106) 8.2(91.2)
B. subtilis 1n wastewater + chitosan 1.2 0.123 89.8
B. subtilis in wastewater+ complex 1.2 0.152 87.3
S. lactis in wastewater + chitosan 1.2 0.691 42 .4
S. lactis In wastewater-+ complex 1.2 0.196 83.7

Final concentration of commercial chitosan and chitosan-glucan complex 1n each solution was 40 mg// and 400

mg/l, respectively.

*Flocculation activity was calculated as described under Material and Methods after standing for 1 hr.
**The concentration of kaolin stock solution was 5,000 mg/l.
***( ) are the absorbances and flocculation activities measured after standing for 2 days.
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