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DIETARY FIBER PRODUCTION FROM SWEET POTATO
RESIDUE BY SOLID STATE FERMENTATION USING THE
EDIBLE AND MEDICINAL FUNGUS Schizophyllum commune

Jianguo Wu,? Hongxun Wang,”* Xialu Yang,? Jilin Wan,? Ping Liu,* Qiwu Xu,?
Yong Tang,® and Xiaoyu Zhang **

Dietary fiber (DF) has attracted increasing interest from nutritionists. The
yield of DF by traditional extraction methods, however, is very low. This
paper aims to increase the yield of DF by solid state fermentation using
the edible and medicinal fungus Schizophyllum commune. Sweet potato
residue (SPR) was selected as raw material for producing DF. Results
showed that SPR was a good feedstock for DF production by solid state
fermentation. Optimized conditions of solid state fermentation of SPR for
DF were obtained as follows: material particle size = 1.8 mm to 2.5 mm,
water moisture at 65%, natural lighting radiation, and temperature at 27
°C. Under the optimal conditions, the yield and DF content in fermented
SPR were more than 80% and 70%, respectively. The increased DF
yield was mainly attributable to increased cellulose and hemicelluloses
conversion. Swelling capacity, water-holding capacity, oil-holding
capacity, and glucose absorption capacity of the fermented SPR were
also determined, and the data indicated that the fermented SPR could be
considered as a new good DF. Therefore, this work showed us a novel
bioconversion method to produce high-quality DF, and the yield of DF
increased 4-fold compared with traditional extraction methods.
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INTRODUCTION

Some diseases of western civilization, such as obesity, diabetes mellitus, cancer,
neurodegenerative diseases, and acne are increasing along with improvements in the
standard of living (Melnik 2011). Some researchers (Cordain et al. 2005; Russo et al.
2010) have reported that lack of dietary fiber (DF) is one of the key reasons for these
trends. DF mainly consists of plant cell wall complex carbohydrates such as cellulose,
hemicelluloses, pectin, and lignin, as well as intracellular polysaccharides, which are not
hydrolysable by human digestive enzymes (Spiller 2000). DF is typically classified into
two categories, which are soluble dietary fiber (SDF), such as pectin, gum, and B-glucan,
and insoluble dietary fiber (IDF), which includes cellulose, hemicelluloses, and lignin
(Happi Emaga et al. 2008; Vergara-Valencia et al. 2007). The function of DF has led to
its widespread use as a food additive in biscuits (Verardo et al. 2011), confectioneries
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(Sidorova et al. 2007), drinks (Lummela et al. 2009), sauces (Pollard et al. 2009),
desserts, and moon-cakes.

Traditionally, the sources of DF are milling by-products of cereal grains, fruits,
and vegetables, including wheat, corn, sorghum, apple, orange, grapefruit, peach,
sugarcane, celery, coconut, etc. (McKee and Latner 2000; Raghavendra et al. 2004,
Rupérez and Toledano 2003).

Normal DF-producing methods include crude separation, chemical separation,
membrane separation, and enzyme-aided chemical separation. The last method is the
most widely used by researchers among four methods above, but there still remains a
puzzle in that the extraction rate of total DF (TDF) is limited by DF content of the
feedstocks (Mallillin et al. 2008; Mei et al. 2010). However, there is no report about DF
production by solid state fermentation.

Sweet potato ranks No.1 among all vegetables for anti-cancer properties. DF is
one of the major functional components in sweet potato residue (SPR), but the extraction
yield of DF from SPR is very low (no more than 16%) (Mei et al. 2010). Starch and
protein in SPR are non-DF compositions and can be transformed to mycelium and
polysaccharides which are good DFs by solid state fermentation. Now, some products
such as poly gamma-glutamic acid (Bajaj et al. 2008), adlay angkak (Pattanagul et al.
2008), monacolin K (Chen and Hu 2005), solid fuel (Wu et al. 2011a), and fiberboard
(Wu et al. 2011b) have been produced by solid state fermentation. Schizophyllum
commune is an edible and medicinal fungus, which produces cellulase, xylanase,
glucosidase, and other extra enzymes (Steiner et al. 1989). Therefore, S. commune should
have potential to transform some non-DF compositions of SPR into some DF
compositions. This study aims to increase the yield and the content of DF by solid state
fermentation using the edible and medicinal fungi S. commune.

EXPERIMENTAL

Microorganism Maintenance and Inoculums Preparation

The strain S. commune (code no.: DS1) was isolated, identified, and preserved by
the Institute of Micro-biotechnology and Environmental Resources in Huazhong
University of Science and Technology. S. commune was preserved on potato-glucose
agar slants at 4 °C. Three agar blocks (about 1 cm?) with hypha were inoculated to SPR
liquid seed medium which included 20 g SPR (presented by Sanyou Potato Industry CO,
LTD) and 1000 mL water for 4 days at 28 °C in a shaker with 150 r/min.

Solid State Fermentation of SPR

Liquid inoculum (10 mL) was added to 50 g SPR in a 250 mL flask containing a
certain amount water. The flasks were incubated with no shear for 20 days at various
temperatures.

Measurement of DF and Lignocelluloses
The whole cultivated matrix was dried in the oven at 60 °C until the mass was
stable (measurement interval 2 h), and was analyzed for its TDF, IDF, and SDF contents

Wu et al. (2012). “Dietary fiber from fungal growth,” BioResources 7(3), 4022-4030. 4023



PEER-REVIEWED ARTICLE b | oresources.com

by enzymatic and gravimetric method developed by the Association of Official
Analytical Chemists (AOAC) (Farhath et al. 2000). The contents of their lignocelluloses
were measured by the Van Soest method (Goering and Soest 1970).

Physicochemical Properties of Fermented SPR

The functional properties of the fermented SPR were measured, including the
swelling capacity (SWC), water-holding capacity (WHC), oil-holding capacity (OHC),
and glucose absorption capacity (GAC) (Mei et al. 2010).

Statistical Data Expression
All data were expressed as mean + standard deviation, and the statistics data were
calculated from five repeated experiments.

RESULTS AND DISCUSSION

Chemical Composition Analysis of SPR

The chemical compositions of SPR are shown in Table 1. TDF content of SPR
was 22.3 %, which indicated that SPR was a good source for DF. The contents of
cellulose, lignin, and hemi-cellulose in SPR were 8.9 %, 2.2 %, and 11.7 %, respectively.
It was found that the TDF content was approximately equal to the total content of
lignocelluloses (22.3% compared to 22.8%), which indicated that the TDF was mainly
composed of lignocelluloses, such as cellulose, hemicelluloses, and lignin (Spiller 2000).
The content of starch in SPR (50.1 %) was very high. That starch could be easily
metabolized by starch degrading microorganism. Furthermore, the remaining 27.8 % of
SPR consisted of other materials, which perhaps were protein, fat, etc. S. commune is
an edible and medicinal fungus that has effective amylase and lignocellulose
oxidation enzymes. Therefore, S. commune could grow well in SPR and produce new DF
to increase the TDF content of SPR. Based on the chemical compositions of SPR, it was
indicated that SPR was a good material for solid state fermentation by S. commune to
produce DF.

Table 1. Chemical Compositions of SPR (grams per 100 g of SPR)

Ingredients TDF Starch  Cellulose  Hemi-cellulose Lignin Water Others

Content 22.310.4 50.1+0.9 8.9+0.1 11.7+0.2 2.2#0.1 10.5+0.8 27.8%+2.9

Optimization of Solid State Fermentation Conditions for DF

The size of particles in biomaterial affects the growth and metabolism of microbes
in solid-state fermentation. Small material size accelerates the utilization of substrate by
microbes but is not conducive to mycelial growth. Large material size has the opposite
effect. In this paper, the SPR was processed with a crusher at different bore diameter in
the range of 0.5 mm to 3.6 mm. The effect of material size on DF production by solid
state fermentation is shown in Fig. 1(a). The TDF content increased with the increasing
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material size, and the maximum TDF content was 68.1% when the material size was 1.8
mm to 2.5 mm. The content of TDF subsequently decreased when the size was further
increased.

The moisture content had a great impact on the physical properties of the solid
substrate in solid state fermentation. Higher than optimum moisture level decreased
porosity, lowered the oxygen transfer, and altered the particle structure (Pandey et al.
1999). Likewise, lower than optimum moisture level decreased the solubility of the solid
substrate, lowered the degree of swelling, and produced a high water tension (Mahadika
et al. 2002). From Fig. 1(b), the optimal water moisture was 65 % and the TDF content
was 69.2 %.

Kuforiji and Fasidi (2009) reported that light affects the yields of fruit bodies and
sclerotia of Pleurotus tuberregium. Does light affect the growth and metabolism of the
strain S. commune? From Fig. 1(c), the TDF content was slightly changed respectively
under conditions of full light, gap light (natural lighting radiation), and no light. The
results indicated that light had little effect on producing DF by S. commune.

The incubation temperature was also optimized, as shown in Fig. 1(d). The TDF
content was increased when the temperature increased from 19 °C to 27 °C and then
decreased slightly when the temperature further increased. Thus the optimal temperature
was 27 °C. From the results above, the optimum fermentation conditions were as follows:
material size = 1.8 mm to 2.5 mm, water moisture at 65%, natural lighting radiation, and
temperature at 27 °C. Under the optimum conditions, the yield and DF content of
fermented SPR were higher than 80% and 70% by five repeated experiments,
respectively. The yield was much higher than that with methods that were not optimized
(increased 4- to 5-fold), while the DF contents were almost the same.
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Fig. 1. The impact of fermentation conditions (material size (a), water moisture (b), light condition
(c), and temperature (d)) on TDF by solid state fermentation using S. commune
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Component Analysis of SPR in the Fermentation Process

From Fig. 2(a), the content of starch decreased rapidly to a lower level at the
beginning of fermentation, and then it remained stable after 8 days.
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The weight of fermentation matrix decreased at a steady speed over the first 12
days, and then it remained stable thereafter. Comparing the decrement of starch and the
weight loss of fermentation matrix, the former was greater, which indicated that the strain
might have produced new ingredients after it metabolized the starch.

From Fig. 2(b), the DF content kept increasing until 8 days, which was in
accordance with the decreasing result of the starch content (Fig. 2(a)). S. commune
utilized the starch in SPR and transformed it to new DF. The DF consisted of 17.6% SDF
and 54.2% IDF, and the ratio of IDF to SDF was about 3 to 1, which was the suggested
proportion by nutritionists.

From Fig. 2(c), the content of cellulose was increasing during the first 8 days, and
then it remained stable. The content of hemicelluloses was increasing until the 16" day.
However, the content of lignin changed slightly during the entire fermentation. The
results indicated that the DF increase was derived mainly from the cellulose and
hemicelluloses by biotransformation of SPR by S. commune.

Physicochemical Properties of Fermented SPR

The physicochemical properties of fermented SPR are shown in Table 2. The
SWC of the fermented SPR was 8.67 mL/g, which was higher than the SWC of fiber-rich
cocoa product and apple pectin (6.51 and 7.42 mL/g, respectively) (Lecumberri et al.
2007). The WHC of the fermented SPR was 5.47 g/g. The WHC of some other DF
products, such as guar gum, apple, and citrus pectin were 63.07, 16.51, and 28.07 g/g,
respectively. The WHC of the fermented SPR was lower than guar gum, apple, and citrus
pectin, but higher than cocoa DF with a value of 4.76 g/g (Lecumberri et al. 2007). The
OHC of the fermented SPR was 1.64 g/g, which was higher than the OHC values in
apple, pea, wheat, sugar beet, and carrot (1.3, 0.9, 1.3, 1.5, and 1.2 g/g, respectively)
(Thebaudin et al. 1997). The GAC of the fermented SPR was 0.91 mmol/g, which was
higher than the GAC value of alcohol-insoluble residue from pumpkin pressed-pulp (0.7
mmol/g) and pumpkin pressed-peel (0.3 mmol/g) (Pla et al. 2007).

Table 2. Physicochemical Properties of Fermented DF from SPR

Physicochemical properties ~ SWC (mL/g)  WHC (g/g) OHC (g/g) GAC (mmol/g)

Values 8.67+0.52 5.47+0.35 1.64+0.14 0.91+0.12

The SWC, WHC, OHC, and GAC results of fermented SPR were similar or
higher than that of fiber-rich cocoa DF, which was an average DF. Therefore, the
fermented SPR could be considered as a new good DF.

Historically, edible and medicinal fungi had been shown to have profound health-
promoting benefits, and recent studies have been confirming their medical efficacy and
identifying many of the bioactive molecules (Smith et al. 2002; Papaspyridi et al. 2012).
Wu et al. (2012) found that the edible and medicinal fungi could bioconvert traditional
Chinese medicine to produce some new bioactive compounds. From the above studies,
we also find that the edible and medicinal fungi could produce DF from agro-processing
residues (such as SPR). Compared with other traditional extraction methods (Mei et al.
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2010), the yield of DF was increased 4-fold by this bioconversion method. Therefore, this
work showed us a novel bioconversion method to produce high-quality and high-yield of
DF, and extended the applied field of the edible and medicinal fungi.

CONCLUSIONS

1. Sweet potato residue (SPR) is a good raw material for solid state fermentation by the
edible and medicinal fungi S. commune.

2. The yield and dietary fiber (DF) content of fermented SPR increased up to more than
80% and 70% by solid state fermentation employing the edible and medicinal fungi S.
commune, and the ratio of insoluble dietary fiber (IDF) to SDF in fermented SPR was
about 3 to 1.

3. The increase in dietary fiber yield was mainly because of increased conversion of
cellulose and hemicelluloses by biotransformation of S. commune.

4. Swelling capacity, water-holding capacity, oil-holding capacity, and glucose
absorption capacity of the fermented SPR indicated that the fermented SPR could be
considered as a new good DF.
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