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Abstract Schizophyllan is a homoglucan produced by

the fungus Schizophyllum commune, with a b-1,3-linked

backbone and b-1,6-linked side chains of single glucose

units at every other residue. Schizophyllan is commercially

produced for pharmaceutical and cosmetics uses. However,

the unique physical properties of schizophyllan suggest

that it may have biomaterials applications. Schizophyllan is

conventionally produced by submerged culture fermenta-

tion using glucose as a carbon source. This study demon-

strates for the first time the efficient utilization of

agricultural biomass substrates, particularly distiller’s dried

grains with solubles, for schizophyllan production. Sugar

composition analysis, NMR, and permethylation linkage

analysis confirmed that the recovered product was schizo-

phyllan. Schizophyllan produced from agricultural residues

was of a high molecular weight and exhibited solution

viscosity properties similar to those of commercially

produced material. Utilization of biomass substrates could

reduce the cost of schizophyllan production and provide a

new value-added bioproduct for integrated biorefineries of

the future.

Keywords Agricultural biomass � Corn fiber � Distiller’s

dried grains with solubles � Schizophyllum commune �
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Introduction

Schizophyllan is a polysaccharide produced by Schizo-

phyllum commune, a white-rot fungus and ubiquitous

mushroom. It is a homoglucan with a b-1,3-linked back-

bone and single b-1,6-linked glucose side chains at every

third residue [18, 19]. Schizophyllan acts as a biological

response modifier and a non-specific stimulator of the

immune system. It is used in vaccines, anticancer therapies,

and as a bioactive cosmetics ingredient. However, schizo-

phyllan has many additional potential uses. Its unique

physical properties of high viscosity, film formation, and

thermal stability suggest bulk biomaterials applications. It

has, for example, been tested for use in enhanced petro-

leum recovery [2, 19]. Schizophyllan can form oxygen-

impermeable films for food preservation [21]. Currently,

schizophyllan is produced from glucose and available only

in small quantities of expensive purified pharmaceutical-

and cosmetic-grade materials. Bulk biomaterials applica-

tions will call for less expensive production methods, and it

may not be necessary to have highly purified products. The

utilization of inexpensive agricultural biomass resources

could reduce the cost of schizophyllan production. The

biorefineries of the future will seek to convert agricultural

biomass substrates to fuels and value-added chemicals in a
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process analogous to today’s petroleum refineries. Bio-

based polymers derived from agricultural biomass can

enhance the economic viability of biorefineries and reduce

the need for imported petroleum by providing substitutes

for traditional petroleum-based products.

Although glucose is used in conventional production of

schizophyllan, S. commune can utilize a number of sugars

and soluble starch for polysaccharide production [10]. Shu

and Hsu [22] showed that schizophyllan could be produced

from mixed sugars in a detoxified acid hydrolysate of rice

hulls. S. commune is well known for production of biomass

degrading enzymes, including xylanases and cellulases,

and can directly utilize biomass resources [3, 4]. Despite

this, little work has been done on schizophyllan production

from biomass substrates. Steiner et al. [23] optimized

cultures of S. commune for cellulase and xylanase pro-

duction on purified microcrystalline cellulose, and

observed that it also made low amounts of schizophyllan

(0.02 g schizophyllan per g cellulose). Leathers et al. [13]

reported that S. commune grew well on pretreated corn

fiber and produced approximately 0.05 g schizophyllan per

g substrate. Gao and Zhou [6] reported that solid-state

fermentation of corn bran produced 0.05 g schizophyllan

per g substrate.

The current study compares untreated corn fiber, pre-

treated corn fiber, distiller’s dried grains with solubles

(DDGS), and soybean hulls as substrates for schizophyllan

production. Conditions are determined for efficient schiz-

ophyllan production from these substrates, particularly

DDGS, and the recovered product is characterized. Results

indicate that agricultural biomass substrates are promising

for schizophyllan production.

Materials and methods

Agricultural biomass substrates and culture media

Corn DDGS was obtained from the National Corn-

to-Ethanol Research Center (NCERC, Edswardville, IL,

USA). Soybean hulls were the kind gift of Archer Daniels

Midland (ADM, Galesburg, IL, USA). Corn fiber was the

kind gift of Aventine Renewable Energy, Pekin, IL, USA.

All biomass substrates were baked to dryness and used

directly or, in the case of corn fiber, after pretreatment with

alkaline hydrogen peroxide [11].

Biomass substrates were suspended at 1.0 % (w/v) in

either yeast extract (YE) or malt extract (ME) basal med-

ium. YE contained 0.3 % (w/v) yeast extract, 0.1 % (w/v)

KH2PO4, and 0.05 % (w/v) MgSO4.7H2O. ME contained

2.0 % (w/v) malt extract and 0.1 % (w/v) peptone. ME

agar slants contained 2.0 % (w/v) glucose and 2.5 % (w/v)

agar.

Strain and culture conditions

Schizophyllum commune ATCC 38548 was grown on ME

agar slants (with 2.0 % (w/v) glucose) at 28 �C for

7–10 days. An approximately 7 9 7 mm square of mycelia

was used to inoculate 250 ml of ME basal medium with

2.0 % (w/v) glucose in a 500-ml fluted Erlenmeyer flask

with three 10-mm glass beads. This preinoculum culture

was incubated at 240 rpm for 4–5 days at 30 �C. Experi-

mental cultures containing 1.0 % (w/v) of agricultural

biomass substrates in 150 ml of either YE or ME basal

medium in 500-ml flasks were inoculated with 1.5 ml of

preinoculum (1.0 % v/v) and incubated at 240 rpm for up

to 14 days at 30 �C. All experiments were carried out in

triplicate and standard deviations are shown.

Isolation of polysaccharide

Whole culture suspensions were transferred into 400-ml

centrifuge bottles, homogenized (Power Gen 700, Fisher

Scientific) for 20 s, then centrifuged at 8,000 rpm for 1 h at

4 �C. The supernatant was collected and the mycelium and

substrate residues were resuspended in an additional

100 ml of deionized water, homogenized, and centrifuged

as before. The mycelium and substrate residues were

transferred to tared aluminum foil dishes and dried under

vacuum for 48 h at 60 �C. The supernatants were com-

bined and one volume of 95 % ethanol was added. After

1 h at 4 �C, precipitates were collected by centrifugation at

8,000 rpm for 1 h at 4 �C. Polysaccharide precipitates were

air-dried overnight to reduce the ethanol content and then

lyophilized.

Biomass composition analyses

The composition of agricultural biomass substrates was

determined as previously described [14]. Approximately

30 mg of agricultural biomass was suspended in 3 ml of

2 N trifluoroacetic acid (TFA) and incubated for 1 h at

120 �C and then air dried to completion. Hydrolysates were

dissolved in 2 ml of nanopure water, filtered through

0.2-lm filters, and sugars were resolved by HPLC using an

Aminex (Bio-Rad Laboratories, Hercules, CA, USA) fer-

mentation monitoring column (150 9 7.8 mm) eluted with

2.4 mM nitric acid at 0.5 ml/min and 35 �C, with detection

by refractive index. Results are presented as means with

standard deviations.

Sugar composition of schizophyllan

The sugar composition of isolated schizophyllan was

determined as previously described [13]. Lyophilized

polysaccharide was hydrolyzed and aldonitrile acetate
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derivatives were prepared by adapting the method of Price

[17]. Approximately 30 mg of schizophyllan was hydro-

lyzed in 2 N TFA as described above. Hydroxylamine

pyridine reagent (0.5 ml) was added and the sample was

stirred in a heating block at 60 �C for 1 h prior to the

addition of 0.5 ml acetic anhydride. The sample was

acetylated for another 30 min. The reaction was quenched

with water and extracted with ethyl acetate. The organic

layer was analyzed by GC/MS using a Hewlett-Packard

6890 N gas chromatograph equipped with an HP 7683

autoinjector. The GC was interfaced with an HP 5973

Series mass spectrometer configured in electron impact

(EI) mode. Chromatography was accomplished with a

caterpillar HP-1 column (25 m; 0.2 mm). Helium was used

as the carrier. The oven temperature was ramped over a

linear gradient from 150 to 250 �C at 4 �C/min. Mass

spectra were recorded in positive-ion mode over the range

50–500 mass units. Commercial schizophyllan (cosmetic

grade) used as a standard was purchased from European

Technologies, Inc. (Denver, CO., USA).

Schizophyllan linkage analysis

Prior to hydrolysis and acetylation, permethylation was

performed by adapting the method of Hakamori [7].

Briefly, approximately 10–30 mg lyophilized polysaccha-

ride was dissolved in 1.6 ml dimethyl sulfoxide. The

solution was stirred with a magnetic stirrer overnight at

ambient temperature. To the solution, 1.5 ml of methyl

iodide was added, followed by 190–200 mg of anhydrous

sodium hydroxide. This solution was further stirred for

15 min at ambient temperature. The reaction mixture

was diluted with water and the methylated product was

extracted with chloroform twice. The organic layer was

washed with water prior to evaporation under an air stream.

The methylated product was hydrolyzed, acetylated, and

analyzed by GC/MS as described above.

NMR analysis

Solution NMR spectra were recorded on a Bruker AMX

500 spectrometer at normal probe temperature with stan-

dard instrument settings. Deuterated dimethyl sulfoxide

(d6-DMSO) was used as the solvent. All chemical shifts

were referenced to tetramethylsilane at 0 ppm.

Molecular weight determinations

Polysaccharide molecular weights were determined by size

exclusion chromatography as previously described [12].

Briefly, approximately 10 mg of lyophilized polysaccha-

ride were dissolved in 1 ml of nanopure water. The sample

solution was filtered through a 0.45-lm filter (Pall, Port

Washington, NY, USA), applied to a Shodex SB-806M

high-performance size exclusion chromatography (HPSEC)

column (Showa Denko, Tokyo, Japan) and eluted with

0.05 M sodium nitrate at a flow rate of 0.5 ml/min. The

column was calibrated with a set of eight pullulan molec-

ular weight standards ranging from 5.8 9 103 to 1.66 9

106 Da (Showa Denko, Tokyo, Japan). Separations were

monitored using a Shodex OR-1 optical rotation detector

(Showa, Denko).

Solution viscosity

Polysaccharide solution viscosity was measured using a TA

Instruments (New Castle, DE, USA) ARES LS-1 con-

trolled strain rheometer with a 25-mm titanium parallel

plate. All tests were performed at 25 �C using a Peltier

plate. Dynamic frequency sweeps (100-0.1 rad/s) at 1 %

strain (dynamic strain sweep linear range) were used to

determine complex viscosity, G0 (elastic modulus) and

G} (viscous modulus) of this gel. Steady-rate sweeps were

used to determine the viscosity of samples from 0.01 to

100 s-1. The Cross model was used to determine the zero

shear viscosity, which was 460 Pa.s.

Surface activity

Surface activity was determined using the pendant drop

method [5]. Samples were analyzed using the FTA 4000

surface tension instrument (First Ten Angstroms Inc.,

Portsmouth, VA, USA). Measurements were made using

22-gauge blunt needles with 7-ll drops. The reported val-

ues are the average of triplicate cultures.

Results and discussion

Composition of agricultural biomass substrates

Currently, schizophyllan is commercially produced for

cosmetic and pharmaceutical applications. For such high-

value uses, it is reasonable to employ purified glucose as a

fermentation carbon source. For potential bulk biomaterials

applications, it may be desirable to utilize lower-cost

agricultural biomass substrates. In the current study,

untreated and pretreated corn fiber, DDGS, and soybean

hulls are tested as substrates for schizophyllan production.

Corn fiber is an operational term used to describe a spe-

cific, abundant coproduct of the corn wet milling process,

primarily composed of the seed pericarp and adherent

starch [8]. Corn fiber may be combined with steep liquor

and/or stillage residues to form corn gluten feed for cattle.

DDGS is an abundant coproduct of the dry grind process

for fuel ethanol production from corn [20] and primarily
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sold as animal feed. Soybean hulls are an abundant

coproduct of soy processing [16]. Hulls may be blended

into soybean meal for feed or discarded.

Corn fiber contains about 20 % glucose, 16 % arabi-

nose, and 29 % xylose by dry weight (Table 1). Glucose

revealed by this assay would include adherent starch and a

portion of cellulose hydrolyzed by TFA. The glucose

content of corn fiber will vary somewhat depending on the

particular batch, since the efficiency of starch removal

varies depending on processing conditions. Pretreatment of

corn fiber with alkaline hydrogen peroxide enhances the

accessibility of cellulose and hemicellulose to enzymes but

is not expected to alter the polysaccharide composition

[11], and little or no difference was found between

untreated and pretreated corn fiber (Table 1). DDGS con-

tains corn pericarp arabinoxylan and also shows the char-

acteristic 2:1 ratio of xylose to arabinose (Table 1).

However, this preparation of DDGS contained much less

glucose than corn fiber, reflecting a lower starch content.

Soybean hulls also included glucose, xylose, and arabinose

(Table 1). S. commune can utilize these sugars as well as

soluble starch for polysaccharide production [10].

Production of schizophyllan from agricultural biomass

substrates

Schizophyllan for pharmaceutical and cosmetic applica-

tions is produced from glucose [18]. Yields are about

0.33 g schizophyllan per g glucose in a basal medium

containing yeast extract. A previous study showed copro-

duction of schizophyllan and arabinoxylan from 1.0 % w/v

alkaline hydrogen peroxide-pretreated corn fiber in a

defined basal medium, with yields of 0.05 g schizophyllan

and 0.2 g arabinoxylan per g corn fiber [13]. Similar low

yields of schizophyllan were previously reported from

other biomass substrates [6, 23]. In the current work,

untreated corn fiber, pretreated corn fiber, DDGS, and

soybean hulls are compared as substrates for schizophyllan

production. Two different basal media were compared for

this study. Yeast extract medium (YE) is conventionally

used for production of schizophyllan on glucose [18]. ME

basal medium is used (with 2.0 % (w/v) glucose) for

preparation of the S. commune preinoculum.

Cultures were grown in either YE or ME basal medium

containing 1.0 % (w/v) agricultural biomass substrates, and

total biomass and extracellular polysaccharide yields (dry

weight) were measured over a 14-day time course (Fig. 1).

Total biomass includes the weight of both insoluble

residual agricultural substrates and fungal biomass. In YE,

total biomass yields showed gradual losses over time,

suggesting that all four substrates were utilized to some

degree (Fig. 1a). Fungal growth was apparent in YE cul-

tures with agricultural substrates. However, no growth or

biomass accumulation took place in cultures containing YE

with no added carbon source (Fig. 1a). ME basal medium

cultures showed sequential decreases and increases in total

biomass, reflecting net differences between the solubiliza-

tion of agricultural biomass substrates and fungal growth

(Fig. 1b). Increases in total biomass in late cultures may

also reflect reutilization of schizophyllan produced up to

that point. Fungal growth was obviously heavier in these

ME basal medium cultures than in the corresponding YE

cultures. Furthermore, S. commune showed growth in

medium containing ME plus glucose, and even in ME with

no added carbon source (Fig. 1b). ME basal medium

contains 2.0 % malt extract, which includes about 60 %

reducing sugars, particularly maltose [1].

In YE medium, S. commune produced maximal yields of

approximately 2.2 g extracellular polysaccharide/liter at

day 6 from pretreated corn fiber, and approximately 1.1 g

polysaccharide/liter at day 4 from DDGS (Fig. 1c). Since

cultures contained 1.0 % substrates, these yields are

equivalent to 0.22 and 0.11 g polysaccharide/gram sub-

strate, respectively, somewhat greater than previously

reported schizophyllan yields from agricultural biomass

[6, 13, 23]. Maximal extracellular polysaccharide yields

from untreated corn fiber, soybean hulls, and no carbon

controls in YE were approximately 0.5 g/l, at days 8, 2, and

12, respectively (Fig. 1c).

S. commune cultures in ME basal medium produced

much higher maximal yields of extracellular polysaccha-

ride than did cultures in YE (Fig. 1d). Cultures containing

untreated corn fiber or glucose produced similar yields of

10.8 g polysaccharide/liter at days 8 and 10, respectively.

Pretreated corn fiber produced approximately 18.5 g/l at

day 14, while cultures with DDGS produced 15.4 g/l at day

8. Cultures with no added carbon source produced 7.4 g/l

at day 14, presumably reflecting the contribution of maltose

in malt extract. Interestingly, cultures grown on soybean

hulls in ME produced very little polysaccharide (maximal

Table 1 Monosaccharide components of agricultural biomass sour-

ces used in this study

Biomass source Percent of total dry weight

Glucose Arabinose Xylose

Untreated corn fibera 23.5 ± 1.5 13.3 ± 0.4 25.4 ± 0.6

Pretreated corn fiberb 20.2 ± 0.5 15.7 ± 0.4 29.0 ± 0.8

Distiller’s dried grains with

solubles (DDGS)c
5.1 ± 0.1 7.0 ± 0.9 12.7 ± 1.6

Soybean hulls 2.1 ± 0.1 5.5 ± 0.3 15.0 ± 0.9

Determined by the method of Leathers and Price [14]
a Coproduct of corn wet milling [8]
b Pretreated with alkaline hydrogen peroxide [11]
c Coproduct of fuel ethanol production by the dry grind process [20]
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yield of about 0.9 g/l at day 4), much less than ME basal

medium with no added substrate. This suggests that soy-

bean hulls are actually inhibitory to schizophyllan pro-

duction. Although pretreated corn fiber produced the

highest yields of polysaccharide, DDGS is the most

promising substrate for schizophyllan production, because

pretreatment of corn fiber adds considerable cost to the

process. Maximal yields also occurred earlier (day 8) on

DDGS than on pretreated corn fiber (day 14), saving pro-

duction time.

Since cultures produced approximately 5.8 g exopoly-

saccharide/liter in ME basal medium with no added carbon

source at day 8, this would imply that cultures produced an

additional 9.6 g/l polysaccharide from DDGS, or 0.96 g

polysaccharide/g DDGS. This 96 % conversion rate seems

unlikely, suggesting that there may be synergistic co-uti-

lization of DDGS and malt extract in ME basal medium.

Besides hemicelluloses and cellulose, DDGS contains

protein, amino acids, and other nutrients derived from corn

and yeast [15]. These nutrients could facilitate more

complete utilization of the malt extract in ME basal

medium.

Effect of medium components on schizophyllan

production from DDGS in ME

The effect of medium components was further investigated

in cultures grown for 8 days on modified ME basal media.

As reported above, cultures grown on 1.0 % DDGS in

standard ME basal medium produced more than 15 g

extracellular polysaccharide/liter at day 8, while those

grown on ME with no added carbon source produced

nearly 6 g/l polysaccharide (Table 2). Cultures grown on

modified medium containing DDGS but no malt extract

produced only about 0.6 g polysaccharide/liter, proving

that malt extract is essential for the utilization of DDGS.

Cultures grown on DDGS with half-strength malt extract

produced about 3.0 g polysaccharide/liter, still much less

than that produced from DDGS with standard ME

(Table 2). Cultures grown on medium with no peptone

produced less than a third of the polysaccharide produced

from DDGS with standard ME, showing that this compo-

nent is also important, probably as a nitrogen source. Thus,

Fig. 1 S. commune cultures

were grown in either YE

(a, c) or ME (b, d) basal

medium containing 1.0 % (w/v)

agricultural biomass substrates,

and total biomass (a, b) and

extracellular polysaccharide

(c, d) yields (dry weights) were

measured over 14 days (YE
yeast extract basal medium, ME
malt extract basal medium,

AHPCF alkaline hydrogen

peroxide pretreated-corn fiber,

UCF untreated corn fiber,

DDGS distiller’s dried grains

with solubles, SBH soybean

hulls)

Table 2 Effect of medium components on schizophyllan production

by S. commune grown for 8 days on distiller’s dried grains (DDGS) in

malt extract medium (ME)

DDGS

in MEa
No

DDGSa
No

malt

extract

Reduced

malt

extract

No

peptone

Medium component

DDGS (g/l) 10 0 10 10 10

Malt extract (g/l) 20 20 0 10 20

Peptone (g/l) 1 1 1 1 0

Schizophyllan

produced (g/l)

15.3 5.8 0.6 3.0 4.8

a Standard malt extract (ME) basal medium with and without DDGS,

from Fig. 1 for comparison here
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it appears that standard ME basal medium is a particularly

well suited for production of schizophyllan from DDGS.

Chemical characterization of schizophyllan produced

from DDGS

A time course of S. commune growth on DDGS in ME

basal medium showed the gradual appearance of extracel-

lular polysaccharide over time, suggesting that schizo-

phyllan was synthesized de novo (Fig. 1). However, it is

also possible that degradative enzymes from S. commune

gradually liberated polysaccharides, particularly starch and

arabinoxylan, from DDGS. Indeed, culture supernatants of

S. commune grown under other conditions on pretreated

corn fiber were found to contain four times as much ara-

binoxylan as schizophyllan [13]. Thus, it was important to

perform chemical characterizations of the extracellular

polysaccharides produced in the current study.

The monosaccharide components of extracellular poly-

saccharides produced by S. commune grown on DDGS in

ME were analyzed by GC/MS after hydrolysis (Table 3).

Results were compared with those from a sample of

commercial schizophyllan. Both samples were primarily

composed of glucose, characteristic of schizophyllan.

Importantly, polysaccharides appeared to contain a low

percentage of xylose and arabinose, suggesting little con-

tamination by arabinoxylan.

Extracellular polysaccharides produced on DDGS in

ME were also analyzed by Heteronuclear Single Quantum

Coherence-NMR (HSQC-NMR, Fig. 2). As shown, the

spectra were essentially identical to a commercial standard.

The HSQC 1H-13C correlation spectrum of this polysac-

charide precipitated from 50 % (v/v) ethanol showed two

anomeric sugar signals at 4.55 ppm and 4.20 ppm, due to

the b-1,3-linked glucose and b-1,6-linked glucose, respec-

tively [9]. These signals were clear in the HSQC spectrum,

and are correlated to overlapping 13C signals at 103.4 ppm,

consistent with b-linked glucosyl residues. Other carbohy-

drate signals are apparent in the 2.7–4.0 ppm region for 1H,

and 55–85 ppm for 13C nuclei. Characteristic methylene

–CH2 signals are apparent at 3.40 and 3.60 ppm, coupled to

a single 13C signal at 61 ppm. These are assigned to the C-6

position of the backbone glucose residues carrying a 1,6-

Glc branch. These data are consistent with the isolated

polysaccharide being schizophyllan.

The NMR data were confirmed by carbohydrate per-

methylation linkage analysis (Fig. 3). As analyzed by

Table 3 Monosaccharide components of schizophyllan

Sample Sugar component (%)

Schizophyllan from cultures

grown on DDGS in MEa
Ribose 0.2

Arabinose 1.2

Xylose 2.2

Mannose 15

Glucose 75

Galactose 6.5

Commercial schizophyllan Arabinose 0.0

Xylose 0.0

Mannose 0.7

Glucose 98

Galactose 1.7

Determined by the method of Leathers et al. [13]
a Distiller’s dried grains in malt extract basal medium

Fig. 2 Heteronuclear single quantum coherence-NMR (HSQC-NMR)

analysis of extracellular polysaccharides produced by S. commune on

DDGS in ME basal medium (upper panel DDGS-derived schizo-

phyllan, lower panel commercial schizophyllan)
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GC/MS, two peaks were detected at 7.10 and 9.08 min that

integrated to 56.4 and 43.6 %, respectively. Analysis of the

mass fragmentations showed that these peaks are due to

2,4,6-methylglucose and 2,4-methylglucose, arising from

the 3-linked and 3,6-linked sugars of the schizophyllan

backbone. A larger peak was also observed at 5.91 min due

to 2,3,4,6-tetramethylglucose, arising from the terminal

branched glucose residues. Taken together with the NMR

analysis, these data indicated that the precipitated poly-

saccharide is schizophyllan.

Physical characterization of schizophyllan produced

from DDGS

HPSEC was used to characterize the molecular weight of

schizophyllan produced from DDGS in ME. Schizophyllan

was predominantly represented by a high molecular weight

peak of 1.3 9 107. Commercial schizophyllan similarly

showed peaks consistent with literature values of

6–12 9 106 [18].

The solution viscosity properties of 0.6 % (w/v) aqueous

solutions of DDGS-derived and commercial schizophyllan

also were found to be identical or nearly identical (Fig. 4).

Aqueous solutions of schizophyllan exhibit pseudoplastic

flow behavior, characterized by decreasing viscosity with

increasing shear rates [18].

The interfacial tension of 0.6 % (w/v) aqueous solutions

of DDGS-derived and commercial schizophyllan were

69.7 ± 2.1 and 61.9 ± 4.4 dy/cm, respectively (standard

deviations shown). Values represent an equilibrium surface

tension determined 60 s after drop formation and are not

significantly different. By comparison, pure water provides

an interfacial tension of 72 dy/cm [5]. This means that, as

expected, schizophyllan solutions have little or no surface

activity. More importantly, DDGS-derived schizophyllan

appears to be equivalent to commercial schizophyllan with

regard to surface activity, and it does not contain con-

taminants that modify surface activity.

In conclusion, agricultural biomass substrates, particu-

larly distiller’s dried grains with solubles (DDGS), can be

used efficiently for the production of the polysaccharide

schizophyllan. The recovered DDGS-derived polysaccha-

ride was confirmed to be schizophyllan by chemical and

structural analyses, and solutions of this material showed

high molecular weight and solution viscosity properties

similar to those of commercial schizophyllan. The use of

low-cost biomass substrates could reduce the cost of

schizophyllan production for bulk biomaterials applications

such as in biodegradable films and in enhanced oil

recovery.
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