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ABSTRACT

In this paper, a gel polysaccharide DIPs-3 was a&otied and purified from the fruiting body of Digymra
indusiata. Further, the rheological properties ofiH3-3 under different conditions were investigat&lPs-3
solutions were pseudoplastic fluid and their visties decreased with the increasing of shear rafdse linear
viscoelastic region of DIPs-3 solutions was detewedi for 20%~100%. Storage modulus G' and loss modulus G"
exhibited strong dependence on concentration amgégature. The increasing of concentration and easing of
temperature were conducive to the formation of gk inferred gel point {g) of DIPs-3 solution was between
9x10° to 1.0x10° mg/mL at 26C and the  of DIPs-3 solution was betweefiCG5to 10C at concentration of
7x10° g/mL. Through the study on exponent n of &"~it showed that increasing concentration and redgc
temperature made DIPs-3 gels had bigger gel stienghese results suggested that DIPs-3 could be ase kind

of natural food additives and polysaccharide gefaad industry.
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INTRODUCTION

Polysaccharide is an important part of the organésmd widely involved in various life activities. has good
biochemical function, such as antitumor [1, 2],id@rdl [3, 4], antioxidant [5, 6] and immunomoduway activities
[7]. Polysaccharide gel, which can form gel undeegain condition, is a special part of polysaciteafamily. It
has a lot of unique properties and been used iryraapects [8, 9]. In recent years, the researchsaothan gum
[10], gellan gum [11], carrageenan [12], and ofhaysaccharide gels developed rapidly.

Rheology is a branch of mechanic. It studies therdeation and flow of material. The research onotbgical
properties of polysaccharide can provide the visgostress, modulus and other parameters of potysmide.
There are many researchs on the rheological piepeaft polysaccharides, especially in the polysaccleagdls
[13-15]. Rheological analysis of polysaccharidem&aningful for their application in food industmd it provides
useful information for the distribution, manufaautransport and storage of products

Dictyophora indusiatapelonging toPhalloidin families, is a precious edible mushroom with delis taste and
high nutritional values [16, 17]. The polysacchasdvere the main active componentDictyophora indusiata,
which were triggered to its various health progsrtil8, 19]. In this study, a polysaccharide fattDIPs-3 was
extracted from the fruiting ob. indusiatawith 5% NaOH/0.05% NaBJ Our previous study indicated that the
structure of DIPs-3 was mainly (46)-linked p-D-Glcp [20]. Interestingly, DIPs-3 could form gel at room
temperature without addition anything else in wateaticating it had the potential as gelling agentfood industry.
To our knowledge, it was a novel gel polysacchafiden the mushroom. However, up to now, there wastudy
on the mechanical characteristic of polysacchafiden D. indusiata The rheological study of polysaccharide
solutions was a basic way to understand their #riclg properties and gelation in aqueous systenj. [21
Subsequently, a series of rheological experimehii®s-3 were performed. This study could providéuable data
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for the application of DIPs-3 in food industry.
EXPERIMENTAL SECTION

2.1lsolation and purification of polysaccharides

The dry fruiting body oD. indusiatawas purchased from Qing chuan County, Sichuanipeey China. Voucher
specimen was deposited in the herbarium of the @afdBiotechnology and Food Engineering, Hefei \émsity of
Technology (No: DI0O001). After crushed into powdeujting body ofD. indusiatawas extracted with hot water.
The residues were collected and extracted twick B#NaOH/0.05% NaBldat 25C for 2h. The extracted solution
was neutralized with 36% acetic acid and centrifLigeremove precipitation. The supernatant wagdceaith 30%
H,0,to decolorize and removed proteins by Sevag mefp2 After dialyzed, the supernatant was lyopleitizto
give crude polysaccharide. The crude polysacchavate dissolved in distilled water. Acetone was $joadded to
the polysaccharide solution with ratio 1:1 (voluraéio). The precipitate was collected by centriftige 12000rpm
for 30min, dissolved in distilled water, dialyzeaddyophilized to obtain polysaccharide fractiorPBi3.

2.2 Shear viscosity measurement

DIPs-3 was dissolved in double distilled water vitie concentration of 6x1)7x10% 8x10° 9x10° 1.0x10? and
1.2x10% g/mL, respectively. The solutions were testedraftgiilibriumed at 20 °C for 24 h. The shear vistyosas
determined by a rotational rheometer (DHR-3, TA,AYSvith a 40mm plate with 2° angle. Flow curves twit
increasing shear rate (0:-1.000s") were measured at 20°C. The testing temperatusecoatrolled at 20 + 0.01°C
by means of a thermostated water jacket.

2.3 Dynamic viscoelastic behavior

Sample concentrations were 65¢10x10°% 8x10°% 9x10°% 1.0x10? and 1.2x18 g/mL. The dependence of storage
modulusG and loss modulu§" on strain was determined by strain sweep in staxige of 20%-300% under 1Hz
at 20°C. For concentration effect, oscillatory meaments were used to determine the storage mo@@lyisand
loss modulus@") of samples. For temperature effect, the solutieits concentrations of 7xI0and 9x1Gg/mL
were measured at various temperatures (5°C, 1@ and 30°C).

RESULTS AND DISCUSSION

3.1 Shear viscosity test
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Fig. 1. Dependence of the steady shear viscosif) on the shear rate for DIPs-3 solutions at 28C. The concentrations were 6x18 7x10°,
8x10°, 9x10° 1.0x10? and 1.2x1¢ g/mL from bottom to top

The dependence of shear viscosity ¢n shear rate for DIPs-3 solutions at differemeentrations was shown in
Fig. 1. The viscosity decreased with the increasing ehshate and the viscosity increased when the obrat®n

increased. It represented a shear-thinning behatibad reported that the formulg = k}'/"_1 could be used to

determine the type of fluids [23JVherey represents the shear viscoskyis the front factor, )/ represents the
shear rate and is the power law exponent. When thbetween 0 to 1, it indicated that the fluid wassaudoplastic
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fluid. The curves irFig. 1 were fitted according to the formulg = ky"‘l and the values d€ andn were given in

Table 1 All the values oh were less than 1 and decreased with the increadingncentrations. The behavior of
DIPs-3 solution was in line with the behavior oépdoplastic fluids.

It had reported that the polymer in solutions wolddarranged in a vertical tubular shape undeadtien of shear
stress before it caused the intermolecular intemast[24]. At this point the shear stress dominatesl Brownian
motion, so the high polymer solutions had the sfi@aning behavior under low shear rates. The \gggancreased
with the increase of concentration may becausesplaees between molecules were smaller and theetamgire
more likely to happen. Most shear rates were betw@d~1000 $ in the process of food processing, the
shear-thinning behavior of DIPs-3 solution maybadieive to its application in food. Similar phenoroa was
also found in other polysaccharides [25, 26].

Table 1. Power law model-fitted parameters

Concentration (g/mL) K n-1 n R
6 x 10° 0.301 -0.562 0.438 0.999
7 x 10° 0.396 -0.580 0.420 0.999
8 x 10° 0.542 -0.611 0.339 0.999
9 x 10° 0.997 -0.662 0.338 0.999
1.0x 107 1559 -0.716 0.284 0.999
1.2x 10° 4375 -0.755 0.245 0.999

3.2 Dependence of modulus on strain
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Fig. 2. Storage modulus G’(A) and loss modulus G"(Bas a function of strain for DIPs-3 in water withconcentrations of 6x1G, 7x10°,
8x10° 9x10°% 1.0x10% and 1.2x1C g/mL from bottom to top

The dependence of storage moduBiand loss modulu§€" on strain was shown iRig. 2. The strain range was
from 20% to 300%. It could see that the storageuhad5 and loss modulu&" were constant in the strain range of
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20%~100% under the condition of each concentration. lifteear viscoelastic region could be determined for
20%~100%.G" was larger thas" when the concentration was more than 9%@0nL andG” was smaller thaG"
when the concentration was less than 9%@@nL in the linear viscoelastic region.

3.3 Influence of concentration on dynamic viscaeldsehavior
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Fig. 3. Storage modulus” (solid symbols) and loss modulu&" (open symbols) as a function of angular frequenay for DIPs-3 solutions
at 20°C. The concentrations were 6x1%) 7x10°% 8x10° 9x10° 1.0x1(? and 1.2x1C g/mL from bottom to top. The data were multiplied
by 10°to avoid overlapping

The dependence of storage modufiisand loss modulu&" on angular frequency for DIPs-3 solutions at 2Q
was shown irFig. 3. Loss modulusG" was in a major position when the concentration wader 9x1Gmg/mL. It
was obvious characteristic of polymer solution. Theves ofG” andG" crossed in intermediate frequency area and
they almost overlapped in the whole frequency rampen the concentration reached 9%t@/mL. When the
concentration was 1.0xFamg/mL, G” was larger thas" and the curves almost parallel to each othendicated
the formation of weak gels [13, 15]. It could bencluded that the DIPs-3/water system transformenhfsolution

to gel in the concentration range from 9%10 1.0x10" mg/mL. The gel pointycould be inferred that between
9x10° to 1.0x10* mg/mL at 2C°C. In Fig. 3, the curves of5” andG" crossed at low concentration and the curve
intersections tended to appear in low frequenciorewith the increasing of concentration. When ¢bhacentration
was greater than 1.0xf0mg/mL, G~ was always bigger thaB". These results suggested that the increasing of
concentration was conducive to the formation of gel

3.4 Influence of temperature on dynamic viscoatdsthavior

The dependence of storage moduleisand loss modulu$s" on angular frequency for DIPs-3 solutions at
concentrations of 7x10and 9x1G g/mL under various temperatures was showfin 4. It could see tha®” and

G" increased with the increasing ®fin Fig. 4A. Two curves intersected in intermediate frequaegyon at higher
temperatures an@” was bigger thag" in high frequency region. With the decrease offerature, the frequency
at the curve intersection was reduced. When th@¢eature was &, G” was always greater tha®!' and the two
curves were almost parallel to each otldrich indicated the formation of gel [13, 15]. tiudd be concluded that
the gel poinfTy of DIPs-3 was betweerfG to 10C at concentration of 7xT0g/mL. The dependence of modulus
on angular frequenay for 9x10° g/mL DIPs-3 solutions was shownfig. 4B. The overall trend was close Fig.
4A. However, there were some differences between .tl9erh0® g/mL DIPs-3 solutions had formed gel a@0
with G’always greater thaG". It confirmed the conclusion i13.3 that the increasing of concentration was
conducive to the formation of gel at the same tiFf@m Fig. 4, it could be concluded that the DIPs-3 solutions
were sensitive to temperature. Reducing temperatips to gel formation.
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Fig. 4. Storage modulus” (solid symbols) and loss modulu&" (open symbols) as a function of angular frequenay for DIPs-3 solutions
at concentrations of 7x1G (A) and 9x10° (B) g/mL under various temperatures. The temperattes are 30, 20, 10,% from top to bottom.
The data were multiplied by 1Gto avoid overlapping

3.5 Exponent n along with the change of conceminagind temperature

It had reported that the change trerfids along with the angular frequency could be fittethwormulaG' ~ " [27].

The exponent of G' ~ »" could be used to determine the behavior of thetissl. When exponent was around 0,
system presented the behavior of elastic gel arehvexponenh was around 1, system presented the behavior of
weak gel [21]. As shown irig. 5A, the value oh decreased with the increasing of concentratioDIéfs-3. It
suggested the increasing of gel strength of DIBsk3tions. The DIPs-3 solutions tended to formtadagels. InFig.

5B, the value of increased with the increasing of temperatureudigested the decreased of gel strength of DIPs-3
solutions, which confirmed the previous conclusibat low temperature was conducive to gel formatidnthe
sane time, it illustrated that the gel of DIPs-8 légger gel strength at lower temperature.
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Fig. 5. (A) Exponentn of G' ~®" as a function of concentration for DIPs-3 solutios at 20°C; (B) Exponentn of G' ~®" as a function of
temperature for DIPs-3 solutions at concentration b7x10°g/mL

CONCLUSION

In this study, a polysaccharide, which could foreh, @IPs-3 was extracted and purified from thetingi body of
Dictyophora indusiataa precious edible mushroom. The rheological ptegeof DIPs-3 in aqueous solution were
investigated. DIPs-3 solutions were pseudoplasticld. The linear viscoelastic region of DIPs-3utimns was
determined for 20%-100%. Storage modulu§&' and loss modulusG" exhibited strong dependence on
concentration and temperature. The increasing néeatration and decreasing of temperature helgisetformation
of gel. The inferred gel pointg,) of DIPs-3 solution was between 9<® 1.0x10F mg/mL at 20C and theT g of
DIPs-3 solution was betweerfGto 10C at concentration of 7xT0g/mL. The study on exponentof G' ~ "
showed that increasing concentration and redu@ngpérature made DIPs-3 gels had bigger gel strefigise
results suggested that DIPs-3 could be used adyaaggcharide gel in food industry. Also, it provida better
understanding dbictyophora indusiataand useful data for its application in food indyst
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