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ABSTRACT 

Crude fungal chitin was prepared from shiitake stipes as the raw material using alkaline treatment followed by 
three various decolorization methods. Yields of crude shiitake chitins were 25.08–36.72% and in the descend-
ing order of chitins B > A > C. The crude fiber content of chitin C was higher than those of stipes and chitins A 
and B. Chitin C obtained by decolorization with potassium permanganate showed the best color. Using chitin C 
as raw material, chitosan C was obtained with higher yields. At higher ratios of chitin to sodium hydroxide of 
1:9, 1:12, and 1:15, no difference in the yields was found on the basis of raw material. For the yields, better 
conditions were at ratios of 1:9, 1:12, and 1:15 for 60 min, and the yields were 14.14–19.14% for chitosan B 
and 19.54–23.69% for chitosan C. For degrees of N-deacetylation (DD), better conditions were at ratios of 1:5 
and 1:15 for 120 min and the DD was 95.39–98.21%. The proposed conditions for N-deacetylation of fungal 
chitin would be at a ratio of 1:12 for 60 min. 
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Introduction 

Chitin is the second abundant biopolymer in 
the nature, found in the shell of crustacean, the 
cuticles of insects, and the cell walls of fungi 
(Knorr, 1984). Chitin in cell walls of fungi such 
as mushrooms is a straight-chain polymer com-
posed of β-1,4-N-acetylglucosamine (Cabib, 
1981; Cabib et al., 1988). Because chitin pos-
sesses many beneficially biological properties 

such as biocompatibility, biodegradability, 
haemostatic activity, and woundhealing prop-
erty, much attention has been paid to its bio-
medical applications (Farkas, 1990; Fleet and 
Phaff, 1981). However, little information is 
available about the preparation of chitin from 
fungi, especially mushrooms.  

Mushrooms are commonly used as food and 
food flavoring substance and also a traditional 
Chinese medicine. Recently, mushrooms were 
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found to be medically active in several thera-
peutic effects including antiinflammatory, anti-
tumor, antiviral (e.g., anti-HIV), antibacterial, 
and antiparasitic, blood pressure regulation, 
cardiovascular disorders, immunomodulating, 
kidney tonic, hepatoprotective, nerve tonic, 
sexual potentiator and chronic bronchitis 
(Wasser and Weis, 1999). Mushrooms have be-
come attractive as functional foods and a source 
of physiologically beneficial substances.  

Shiitake (Lentinula edodes (Berkeley) Pe-
gler), also called forest mushrooms and shing-
ku (fragrant mushrooms), is a traditional deli-
cacy in Japan, Korea, Taiwan and China 
(Stamets, 1993). The stipes of shiitake are usu-
ally discarded due to their tough texture. How-
ever, the shiitake stipe is a potential source of 
fungal chitin. The objective of this study was to 
isolate fungal chitin from shiitake stipes using 
alkaline treatment followed by decolorization 
with sodium hypochlorite, ethanol, or potas-
sium permanganate, respectively. The proxi-
mate compositions and color characteristics of 
chitins obtained were analyzed. Chitosan was 
also prepared by N-deacetylation treatment with 
concentrated sodium hydroxide solution. The 
yield and degree of deacetylation (DD) of vari-
ous chitosan products were also determined.  

Materials and Methods 

Materials 
Air-dried stipes of shiitake (L. edodes strain 

271) were purchased at a local mushroom farm 
in Taichung County, Taiwan. Three air-dried 
samples (ca. 200 g each) were randomly se-
lected and ground using a mill (Retsch ultra 
centrifugal mill and sieving machine, Haan, 
Germany) to obtain coarse power (65 mesh). 

Sodium hydroxide was obtained from Wako 
Pure Chemical Co. (Osaka, Japan). Sodium hy-
pochlorite, potassium bromide and potassium 
permanganate were the products of Sigma 
Chemical Co. (St. Louis, MO). Ethanol (95% 
pure) was supplied by Taiwan Tobacco & Wine 
Monopoly Bureau (Taipei). 

Preparation of crude chitin  
Chitin was prepared from shiitake stipes 

according to the method of Kurita et al. (1993) 
with some modification. The powder of shiitake 
stipe was treated with 1 N aqueous sodium hy-
droxide solution at the ratio of 1:10 (w/v) at 
100°C for 3 h to remove protein. The mixture 
was then filtered and washed with deionised 
water to neutral and crude fungal chitin was ob-
tained as the precipitate. For the purpose of de-
colorization, the crude chitin was treated further 
with sodium hypochlorite (treatment A), with 
ethanol (treatment B) and with potassium per-
manganate (treatment C), respectively.  

Treatment A: The precipitate was decolored 
with 0.5% sodium hypochlorite three times, 
each for 1 h (Sun, 1995). Treatment B: The pre-
cipitate was decolored with 95% ethanol three 
times, each for 1 h (Synowiecki and Al-
Khateeb, 1997). Treatment C: The precipitate 
was decolored with 1% potassium permanga-
nate for 1 h, and then reacted with 1% oxalic 
acid for 1 h. (Chang, 1982). Following decol-
orization, the sample was washed with deion-
ised water to neutral. After freeze-drying, the 
corresponding crude chitins obtained were de-
signed as chitins A, B, and C, respectively.  

Proximate analysis  
The proximate compositions of shiitake sti-

pes and chitins A, B, and C, including moisture, 
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ash, crude fat, crude fiber, and crude protein, 
were determined according to the methods of 
AOAC (1990). The nitrogen factor used for 
crude protein calculation was 4.38 (Crisan and 
Sands, 1978). Crude protein of chitins was fur-
ther conformed by their absorbance at 280 nm 
in a Hitachi 2001 spectrophotometer (Layne, 
1957). The carbohydrate content was calculated 
by subtracting the contents of crude ash, fat, fi-
ber and protein from 100% of dry matter and 
expressed as the percentage of dry weight. Total 
reducing sugars were determined using the 3,5-
dinitrosalicylic acid (DNS) method as described 
by Miller (1959) and James (1995). The ab-
sorbance of each sample solution was measured 
at 450 nm against a blank. Total reducing sugars 
were calculated based on a calibration curve of 
glucose.  

Color measurement  
The reflective surface color of powder of 

shiitake stipes and chitins A, B, and C was 
measured using a Σ80 Color Measuring System 
(Nippon Denshoku Inc., Tokyo, Japan) and L, a 
and b values were recorded. A standard white 
plate (X = 91.98, Y = 93.97, and Z = 110.41) 
was used to standardize the instrument. Each 
sample was individually measured in triplicate. 
Whiteness index (WI) was calculated based on 
the following equation (Sheen 1990; Tsai, 
1994):  

WI = 100 – [(100 – L)2 + a2 + b2]1/2 

Preparation of chitosan  
For the purpose of N-deacetylation, 1 g of 

chitins B and C was treated with 10 mL of 30%, 
40%, or 50% sodium hydroxide solution or 
with 30 mL of 30%, 40%, or 50% sodium hy-
droxide solution at 105°C for 60, 90, or 120 

min, respectively. After filtration, washing to 
neutral with deionised water and freeze drying, 
the chitosan was obtained with various DD.  

Measurement of degree of N-deacetylation  
The DD of chitosan samples was determined 

using an Equinox 55 infrared spectrometer 
(Bruker Optics Inc., Billerica, MA). An aliquot 
of chitosan samples was mixed with potassium 
bromide (1:1000) and compressed into pellets. 
The absorbances at 1655 and 3450 cm–1 were 
used to calculate the DD according to the fol-
lowing equation (Baxter et al., 1992; Muzza-
relli et al., 1997):  

DD (%) = 100 − (A1655/A3450) × 115 

Statistic analysis 
Each preparation and measurement was con-

ducted in triplicate. The experimental data were 
subjected to an analysis of variance for a com-
pletely random design using a Statistical Analy-
sis System (SAS Institute, Inc., 2000). Dun-
can’s multiple range tests were used to deter-
mine the difference among means at the level of 
0.05.  

Results and Discussion 

Preparation of crude chitins  
Yields of crude shiitake chitins were in the 

range of 25.08–36.72% and in the descending 
order of chitins B > A > C (Table 1). The high-
est yield of chitin B indicated that treatment B 
was the most effective method. The lowest yield 
of chitin C might be due to the strong oxidant 
nature of potassium permanganate. Yen and 
Mau (2004) used treatment B to prepared crude 
chitin from crab shells and reported the yield to 
be 64.42%. Su et al. (1996) reported that sac-  
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Table 1.  Yield of chitin from shiitake stipes  
Treatment*  Yield (%) 

A  28.32 ± 1.28b**

B  36.72 ± 0.95a 
C  25.08 ± 0.17c 

 * Treatment A, alkaline treatment followed by decolori-
zation with sodium hypochlorite; treatment B, alkaline 
treatment followed by decolorization with ethanol; and 
treatment C, alkaline treatment followed by decoloriza-
tion with potassium permanganate.   

 ** Prepared from air-dried shiitake stipes (100.00 g). Each 
value is expressed as mean ± standard error (n = 3). 
Means with different letters within a column are sig-
nificantly different (P < 0.05). 

 
chachitin with a yield of ~50% was prepared 
from the residue from the boiling water extrac-
tion of Ganoderma tsugae (Ling chih). Ling 
chih contained 73.4% dry weight of crude fiber 
(Tseng et al., 2005), which was mainly the resi-
due after boiling water extraction. After the 
conversion of the yield in Su et al. (1996) on 
the basis of the residue to raw material, the 
yield of sacchachitin in air-dried Ling chih was 
36.7%, similar to that of chitin B in this study.  

Proximate composition of shiitake stipes and 
crude chitins 

Shiitake stipes contained higher moisture 
content (9.81%) than crude chitins whereas no 
difference in moisture contents (6.52–7.03%) 
among crude chitins was observed (Table 2). 
The discrepancy in moisture might be due to 
different drying methods employed. Shiitake 
stipes were prepared from hot air drying 
whereas freeze drying was used for the dehy-
dration of crude chitins. Raw materials stipes 
were high in carbohydrate, fiber and protein. 
With regard to contents of carbohydrate, chitin 
B was higher than chitin A, which in turn was 
higher than stipes and chitin C. In addition, 

content of reducing sugars was higher in chitin 
B. The reason for the higher contents of carbo-
hydrate and reducing sugars in chitin B was the 
use of ethanol in preparation, which could pre-
cipitate polysaccharides and thereby, increasing 
the contents of carbohydrate and reducing sug-
ars in crude chitin. 

The crude fiber content of chitin C was 
higher than those of stipes and chitins A and B. 
The major component of crude fiber in mush-
rooms is chitin (Michalenko et al., 1976). 
Therefore, the higher content of fiber corre-
sponded to the higher content of chitin. Stipes 
contained 12.60% of crude protein, which was 
eliminated by alkaline treatment and was not 
detected in crude chitins. Overall, crude chitins 
mainly contained two components, carbohy-
drate and fiber. Yen and Mau (2004) found that 
crude chitin prepared from crabs also contained 
high amount of carbohydrate (58.06%) and fi-
ber (39.79%). Like sacchachitin in Ling chih 
(Su et al., 1996) and crab chitin in Yen and Mau 
(2004), obviously, crude chitins prepared from 
shiitake stipes might also be a complex of poly-
saccharide and chitin. 

Interestingly, content of carbohydrate in chi-
tin B was similar to that of fiber in chitin C 
whereas content of fiber in chitin B was similar 
to that of carbohydrate in chitin C. Two differ-
ent decolorization methods resulted in differ-
ence percentages in proximate composition. 
The mechanism by which the discrepancy was 
made was not clearly understood. Accordingly, 
chitin B and C were used further to prepare chi-
tosan.  

Color of shiitake stipes and crude chitins  
Crude chitins were lighter than stipes with 

chitin C being the lightest (Table 3). Stipes  
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Table 2.  Proximate composition of shiitake stipes and crude chitins  
 Content (%) 

Component* 
 Stipes  Chitin A**  Chitin B**  Chitin C** 

Moisture  9.81 ± 0.72a*** 6.85 ± 0.44b  7.03 ± 0.43b  6.52 ± 0.26b 

Dry matter  90.19 ± 0.72b  93.15 ± 0.44a  92.97 ± 0.43a  93.48 ± 0.26a 
Carbohydrate  36.06 ± 0.57c   56.03 ± 0.38b  60.34 ± 1.89a  38.12 ± 1.67c 
Reducing sugar  11.11 ± 0.56c  11.75 ± 0.85c  20.05 ± 0.82a  12.63 ± 0.58b 

Crude ash  3.87 ± 0.06a  1.03 ± 0.13b  0.77 ± 0.03c  1.14 ± 0.01b 
Crude fat  1.74 ± 0.04a  0.59 ± 0.11c  0.57 ± 0.05c  0.87 ± 0.05b 

Crude fiber  45.73 ± 0.99b  42.35 ± 0.76c  38.32 ± 0.67d  59.87 ± 0.13a 
Crude protein  12.60 ± 1.18  nd****  nd  nd  
 * Moisture and dry matter were presented based on air-dried weight; others were presented based on dry weight.  
 ** Chitins A, B, and C: obtained from treatments A, B, and C, respectively.  
 *** Each value is expressed as mean ± SE (n = 3).  Means with different letters within a row are significantly different (P < 

0.05).  
**** Not detected. 
 
Table 3. Color characteristics of shiitake stipes and chitins  

  L  a  b  WI** 
Stipes  41.74 ± 0.06d***  6.63 ± 0.02a  3.17 ± 0.01d  41.28 ± 0.06d

Chitin A*  58.42 ± 0.34b  0.79 ± 0.01c  13.43 ± 0.02b  56.30 ± 0.23b

Chitin B*  53.16 ± 0.03c  1.17 ± 0.02b  15.04 ± 0.11a  50.79 ± 0.21c 
Chitin C*   64.57 ± 0.06a   0.62 ± 0.06d  12.61 ± 0.07c  62.39 ± 0.05a

 
 * Chitins A, B, and C: obtained from treatments A, B, and C, respectively.  
 ** WI (whiteness index) = 100 – [(100 – L)2 + a2 + b2]1/2  
 *** Each value is expressed as mean ± SE (n = 3). Means with different letters within a column are significantly different 

(P < 0.05). 

 
showed the highest redness and the least yel-
lowness as evidenced by the highest a value 
(6.63) and the lowest b value (3.17). Overall, 
stipes showed the least whiteness as evidenced 
by the lowest WI value (41.28). Generally, chi-
tin prepared from alkaline treatment showed 
beige to brown color. A chitin with the right 
color would increase the preference and accept-
ability of consumers to this product. However, 
product value was enhanced by the decoloriza-
tion process following alkaline treatment.  

Among three products, chitin C showed the 
highest lightness, the least redness and yellow-
ness, and the highest whiteness, indicating that 
treatment C was the most effective in decolori-

zation. In other words, decolorization with po-
tassium permanganate would produce a whiter 
chitin product with better acceptability. Crude 
crab chitin prepared using treatment B showed 
L, a, b and WI values of 50.33, 0.97, 18.54, and 
46.97, respectively (Yen and Mau, 2004). How-
ever, crab chitin was less white than chitins A, 
B and C. Therefore, chitin prepared from shii-
take stipes would show better color than that 
from crab shells.  

Yields and degrees of N-deacetylation of chi-
tosans  

By treatment with concentrated sodium hy-
droxide solution, chitosan B with yields of 
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9.04–19.14% was prepared from chitin B (Table 
4). The reaction times did not affect the yields 
of chitosan B and average yields were 13.64, 
12.97, and 12.92% for 60, 90, and 120 min, re-
spectively. In addition, ratios of chitin to so-
dium hydroxide significantly affected the yields 
of chitosan B and average yields were 9.99, 
10.96, and 10.84% for 1:3, 1:4, and 1:5 and 
16.87, 13.66, and 16.72% for, 1:9, 1:12, and 
1:15, respectively. Apparently, better ratios 
were 1:9 and 1:15. The first highest yield 
(19.14%) was produced from the treatment at a 
ratio of 1:9 for 60 min whereas the second 
highest yield (18.62%) was produced from the 
treatment at a ratio of 1:15 for 60 min.  

The DD of chitosan B did not follow the 
same pattern as its yields and were in the range 
of 68.34–97.86% (Table 5). The DD increased 
with prolonged reaction times and average DD 
were 78.67, 83.88, and 89.11% for 60, 90, and 
120 min, respectively. In addition, the DD in-
creased with the increased ratios of chitin to so-
dium hydroxide and average DD were 73.55, 
80.55, and 94.86% for 1:3, 1:4, and 1:5 and 
77.53, 84.75, and 92.07% for 1:9, 1:12, and 
1:15, respectively. The first highest DD 

(97.86%) was produced from the treatment at a 
ratio of 1:5 for 120 min whereas the second 
highest DD (95.39%) was produced from the 
treatment at a ratio of 1:15 for 120 min.  

Using chitin C following the treatment for 
chitin B, chitosan C with yields of 9.04–19.14% 
was prepared (Table 6). The reaction times 
slightly affect the yields of chitosan C and aver-
age yields were 16.24, 15.42, and 17.70% for 
60, 90, and 120 min, respectively. In addition, 
ratios of chitin to sodium hydroxide signifi-
cantly affected the yields of chitosan C and av-
erage yields were 11.22, 11.77, and 11.59% for 
1:3, 1:4, and 1:5 and 20.70, 23.19, and 20.27% 
for 1:9, 1:12, and 1:15, respectively. Appar-
ently, better ratios were 1:9, 1:12, and 1:15 with 
1:12 being the best. The first highest yield 
(24.03%) was produced from the treatment at a 
ratio of 1:12 for 120 min whereas the second 
highest yield (23.69%) was produced from the 
treatment at a ratio of 1:12 for 60 min. 

Similarly, the DD of chitosan B did not fol-
low the same pattern as its yields and were in 
the range of 70.03–98.21% (Table 7). The DD 
increased with prolonged reaction times and 
average DD were 80.03, 86.04, and 89.82% for 

 
Table 4.  Yield of chitosan B prepared from chitin B by treatment with concentrated sodium hydroxide solution  

 Yield (%) Ratio of chitin to 
sodium hydroxide*  60 min  90 min  120 min 

 1:3  c9.04 ± 0.11F**  b10.14 ± 0.05E  a10.79 ± 0.14D  
 1:4  b10.77 ± 0.08D  b10.89 ± 0.19D  a11.21 ± 0.04C 
 1:5  c10.12 ± 0.04E  b11.01 ± 0.08C  a11.38 ± 0.11C 
 1:9  a19.14 ± 0.05A  b16.44 ± 0.22A  c15.04 ± 0.12A 
 1:12  a14.14 ± 0.07C  b12.76 ± 0.11B  a14.09 ± 0.06B 
 1:15   a18.62 ± 0.10B  b16.55 ± 0.11A  c15.01 ± 0.11A

 
 * 1:3, 1:4, and 1:5: One gram of chitin was treated with 10 mL of 30%, 40%, or 50% sodium hydroxide solution, respec-

tively; 1:9, 1:12, and 1:15: One gram of chitin was treated with 30 mL of 30%, 40%, or 50% sodium hydroxide solution, 
respectively.  

 ** Each value is expressed as mean ± SE (n = 3). Means with different capital letters within a column are significantly dif-
ferent (P < 0.05). Means with different small letters within a row are significantly different (P < 0.05).  
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Table 5. Degree of N-deacetylation of chitosan B prepared from chitin B by treatment with concentrated sodium hydroxide 
solution  

 Degree of N-deacetylation (%) Ratio of chitin to 
sodium hydroxide*  60 min  90 min  120 min 
 1:3    c68.34 ± 0.72F**  b73.42 ± 0.51F  a78.88 ± 0.59F

 1:4    c73.78 ± 1.02D  b80.21 ± 0.33D  a87.66 ± 0.59D

 1:5    b92.91 ± 0.39A  b93.81 ± 0.43A  a97.86 ± 1.83A

 1:9    c70.17 ± 0.35E  b77.82 ± 0.91E  a84.59 ± 0.32E

 1:12   c78.46 ± 0.85C  b85.54 ± 0.77C  a90.25 ± 0.72C

 1:15    c88.36 ± 0.96B  b92.47 ± 1.23B  a95.39 ± 0.79B

 
 * 1:3, 1:4, and 1:5: One gram of chitin was treated with 10 mL of 30%, 40%, or 50% sodium hydroxide solution, respec-

tively; 1:9, 1:12, and 1:15: One gram of chitin was treated with 30 mL of 30%, 40%, or 50% sodium hydroxide solution, 
respectively.  

 ** Each value is expressed as mean ± SE (n = 3). Means with different capital letters within a column are significantly dif-
ferent (P < 0.05). Means with different small letters within a row are significantly different (P < 0.05). 

 
Table 6.  Yield of chitosan C prepared from chitin C by treatment with concentrated sodium hydroxide solution  

 Yield (%) Ratio of chitin to 
sodium hydroxide*  60 min  90 min  120 min 
 1:3  b11.21 ± 0.06D**  c10.34 ± 0.18E  a12.10 ± 0.08E

 1:4  b11.54 ± 0.12D  c10.78 ± 0.12E  a12.98 ± 0.32D

 1:5  c10.24 ± 0.04E   b11.62 ± 0.14D  a12.90 ± 0.24D

 1:9  b21.22 ± 0.29B  c18.29 ± 0.49E  a22.59 ± 0.13B

 1:12  b23.69 ± 0.08A  c21.84 ± 0.33A  a24.03 ± 0.16A

 1:15   b19.54 ± 0.67C  b19.67 ± 0.03B  a21.59 ± 0.28C

 
 * 1:3, 1:4, and 1:5: One gram of chitin was treated with 10 mL of 30%, 40%, or 50% sodium hydroxide solution, respec-

tively; 1:9, 1:12, and 1:15: One gram of chitin was treated with 30 mL of 30%, 40%, or 50% sodium hydroxide solution, 
respectively.  

 ** Each value is expressed as mean ± SE (n = 3). Means with different capital letters within a column are significantly dif-
ferent (P < 0.05). Means with different small letters within a row are significantly different (P < 0.05).  

 
Table 7.  Degree of N-deacetylation of chitosan C prepared from chitin C by treatment with concentrated sodium hydroxide 
solution  

 Degree of N-deacetylation (%) Ratio of chitin to 
sodium hydroxide*  60 min  90 min  120 min 
 1:3   c70.03 ± 1.21D**  b77.67 ± 0.80E  a80.45 ± 1.12D

 1:4   c74.25 ± 2.12C  b82.33 ± 0.87C  a89.76 ± 0.43B

 1:5   c92.44 ± 1.54A  b95.41 ± 1.36A  a98.21 ± 1.21A 
 1:9   c73.77 ± 0.86C  b79.71 ± 1.19D  a82.43 ± 0.48C 
 1:12  c78.11 ± 1.15B  b86.25 ± 0.66B  a90.18 ± 1.37B 
 1:15   c91.56 ± 0.66A  b94.87 ± 0.83A  a97.89 ± 0.28A  
* 1:3, 1:4, and 1:5: One gram of chitin was treated with 10 mL of 30%, 40%, or 50% sodium hydroxide solution, respec-

tively; 1:9, 1:12, and 1:15: One gram of chitin was treated with 30 mL of 30%, 40%, or 50% sodium hydroxide solution, 
respectively.  

** Each value is expressed as mean ± SE (n = 3).  Means with different capital letters within a column are significantly dif-
ferent (P < 0.05). Means with different small letters within a row are significantly different (P < 0.05). 
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60, 90, and 120 min, respectively. Similarly, the 
DD increased with the increased ratios of chitin 
to sodium hydroxide and average DD were 
76.05, 82.11, and 95.35% for 1:3, 1:4, and 1:5 
and 78.64, 84.85, and 94.77% for 1:9, 1:12, and 
1:15, respectively. The first highest DD 
(98.21%) was produced from the treatment at a 
ratio of 1:5 for 120 min whereas the second 
highest DD (97.89%) was produced from the 
treatment at a ratio of 1:15 for 120 min. 

As shown in Tables 4 and 6, reaction times 
had no or slight impact on the yields of chito-
sans B and C, whereas no difference in the 
yields among treatments with various concen-
trations of sodium hydroxide (30%, 40%, and 
50%) was found. However, the volumes of so-
dium hydroxide solution used per one gram chi-
tin (10 or 30 mL) remarkably affected the yields 
of chitosans B and C. The more the amount of 
alkaline solution used, the higher the yield was 
obtained. In addition, the yields of chitosan C 
were higher than those of chitosan B. Evidently, 
this pattern was more marked in the treatments 
with 30 ml alkaline solution. This could be ex-
plained by the higher fiber content in chitosan 
C as shown in Table 2. The lower yields of chi-
tosan in all treatments might be due to most of 
polysaccharide portion and some the chitin por-
tion in the chitin complex were hydrolyzed in 
strong alkaline solution.  

After the conversion of the yields of chito-
sans on the basis of chitin to shiitake stipes, the 
average yields of chitosan B were in the range 
of 3.67–4.02% for 1:3, 1:4, and 1:5, and 5.02–
6.19% for 1:9, 1:12, and 1:15, respectively. 
Also, the average yields of chitosan C were in 
the range of 2.81–2.95% for 1:3, 1:4, and 1:5, 
and 5.08–5.81% for 1:9, 1:12, and 1:15, respec-
tively. With regard to the yields of chitosans on 

the basis of raw material, at higher ratios of chi-
tin to sodium hydroxide of 1:9, 1:12, and 1:15, 
no difference was found.  

During the preparation of chitosan, concen-
trations of sodium hydroxide, reaction times 
and reaction temperatures were the factors af-
fecting the DD, in which reaction times was the 
major factor (Lin, 1995; Chang et al., 1997; 
Synowiecki and Al-Khateeb, 1997; Ho and Wu, 
2000; Prashanth et al., 2002; Methacanon et al., 
2003). As shown in Tables 5 and 7, reaction 
times and concentrations of sodium hydroxide 
significantly affected the DD of chitosans B and 
C. The more the concentration of alkaline solu-
tion used, the higher the DD was obtained. 
However, the volumes of sodium hydroxide so-
lution used per one gram chitin (10 or 30 mL) 
were not a key factor to the DD of chitosans B 
and C. In addition, the DD of chitosan C was 
slight higher than that of chitosan B. Evidently, 
this pattern was more obvious in treatments at 
lower ratios of chitin to sodium hydroxide and 
for shorter times.  

For the yields of chitosans B and C, better 
conditions were at ratios of chitin to sodium 
hydroxide of 1:9, 1:12, and 1:15 for 60 min, 
and the yields were in the range of 14.14–
19.14% for chitosan B and 19.54–23.69% for 
chitosan C. For DD of chitosans B and C, better 
conditions were at ratios of 1:5 and 1:15 for 120 
min and the DD was in the range of 95.39–
98.21%. These results were similar to those in 
Chang (1982) and Methacanon et al. (2003) us-
ing crude crab chitin as the raw material.  

As mentioned in Prashanth et al. (2002), 
Synowiecki and Al-Khateeb (1997) and Metha-
canon et al. (2003), the higher the DD, the more 
the physicochemical properties of chitosan, 
such as its molecular weight, solubility, viscos-
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ity and adsorption, would be adversely affected. 
Since the DD of commercial chitin product was 
85%, the conditions for the preparation of chi-
tosan with the DD of 90% would be suitable. 
Therefore, when the yields and DD were taken 
into consideration, the proposed conditions for 
N-deacetylation of fungal chitin would be at a 
ratio of chitin to sodium hydroxide of 1:12 for 
60 min.  

Conclusion 

Crude fungal chitin was prepared from shii-
take stipes using alkaline treatment followed by 
three various decolorization methods. However, 
chitin C with the lowest yield obtained by de-
colorization with potassium permanganate was 
high in fiber. Also, chitin C showed the best 
color with better acceptability among chitins as 
evidenced by the highest lightness, the least 
redness and yellowness, and the highest white-
ness. Using chitin C as raw material, chitosan C 
was obtained with higher yields. However, at 
higher ratios of 1:9, 1:12, and 1:15, no differ-
ence was found in the yields of chitosans B and 
C on the basis of raw material. Therefore, the 
decolorization with potassium permanganate 
would be beneficial for crude chitin prepara-
tion. Overall, the alkaline method and N-
deacetylation condition established in this study 
could be adapted to other mushrooms or fungi 
to prepare chitin and chitosan for further appli-
cation.  
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從香菇腳製備之真菌幾丁質和幾丁聚醣 

顏名聰1 毛正倫2 

1. 嘉南藥理科技大學生活應用與保健系，仁德鄉，臺南縣，臺灣，中華民國 
2. 國立興大學食品暨應用生物科技學系，臺中市，臺灣，中華民國 

摘  要 
粗真菌幾丁質以香菇腳為原料，使用鹼處理，接著由三種不同的脫色方法製備。粗香菇幾丁質之產量

為 25.08–36.72%，及個別產量依降序為幾丁質 B > A > C。幾丁質 C 之粗纖維含量較菇腳、幾丁質 A 和 
B 所含的更高。由高錳酸鉀脫色法製備之幾丁質 C 展現最佳的色澤。使用幾丁質 C 為原料，可得到較

高產量之幾丁聚醣 C。在幾丁質對氫氧化鈉之較高比值 (1:9、1:12 和 1:15) 下，以菇腳原料重作基準，

在幾丁聚醣產量上並無差異。基於幾丁聚醣產量，較佳的條件為在 1:9、1:12 和 1:15 之比值下處理 60 
分鐘，及幾丁聚醣 B 產量為 14.14–19.14%，而幾丁聚醣 C 產量為 19.54–23.69%。基於去乙醯度 
(DD)，較佳的條件為在 1:5 和 1:15 之比值下處理 120 分鐘，及去乙醯度為 95.39–98.21%。綜此，真菌

幾丁質去乙醯化處理之建議條件為在 1:12 之比值下處理 60 分鐘 

關鍵詞：去乙醯化、香菇、香菇腳、真菌幾丁質、幾丁聚醣。 
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