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Abstract

This study was conducted to investigate the rheological propetties of protein-bound polysaccharide powders (SD-1,
2, 3) using ultafiltration (UF) and spray drying (SD) process from Agaricus blazei Minill. The calculated weight-average
molar mass (Mw) in the positions at 29.7 mL (for SD-1), and at 27.8 mL (for SD-2), and at 18.7 mL (for SD-3)
was 8.2 x 10°, 9.6 x 10°, and 5.9 x 10° g/mol, respectively. As concentration increased, the solution showed higher
pseudoplasticity where the pseudoplasticity decreased as temperature increased. The flow behaviors of spray dried
powder solutions were more fitted to Herschel-Bulkley equation than Power law equation. Apparent viscosity of
SD-2 was more temperature-dependent than that of SD-1 and 3. However, the SD-3 tended to be more
concentration-dependent than SD-1 and 2 as temperature increasing.
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Fig. 1. Procedures for the extraction, separation and powder of
crude protein bound polysaccharide from Agaricus blazei Murill.

LEZE 40TE st wEw 9+ S 1.2 bar(10 kDa), 2
bar(150 kDa)= ke]odZ}gt Tha- 10 kDao[3}, 10~150 kDa,
150 kDao] <] 4| 71X &S AUt

o] Al 71X & E-L Nozzle type2] spray drienMini Spray
Dryer B-191, Buchi Inc., Flawil, Switzerland)ES ©] &3}
10 °Brix®] FEZ 2E3 A8E 7}E37]-Z(inlet
temperature) 200TC, 5 E(compressed air flow) 10
Ljmin, A & F5<4E(feed rate) 8 mL/minol| X FF71=% 3}
of Baslslivt. EAbwe] ztoldl| whet 10 kDao| 3}, 10~
150 kDa, 150 kDao]’de] A 714 #8 &9 #5112 £42
z}z} SD-1, 2, 308 &%th

Ho2xzk £3

BRAzE B2 SD, 2, 39] Exle-S glslr] 93t
A E2F-2 MALLS (multi-angle laser-light scattering) 2}
RID(refractive index detector)”} 72 SEC (size exclusion
chromatography)& ©| &3l EX3t3ct. SEC/MALLS
system-2 MALLS$} RI detector(Wyatt Technology, USA),
degasser(Degasis, DG-1200, HPLC Technology, UK), high
performance pump(Model 590, Waters Corp., USA )&} 100
1L loop =719 injection valve(Rheodyne Inc., USA)2 T4
Hol glom, BAWEE e 2 3, ARE 004%
diaminotetraacetic acid-disodium salt(Na,EDTA)%} 0.01%
sodium azide’} ¥ phosphate/chloride buffer(ionic
strength 0.1, pH 6.8)0] %91 & 0.22 im filter membrane
(Millex HV type, Millipore Corp., Bedford, MA, USA)©. &
o] 3}3} 11 SEC/MALLSY| 593815 th. o]ju) SEC column-&
Shodex PROTEIN KW-802.5, 803, 804(Showa Denko K K.,
Tokyo, Japan)2] A &< columng 27| 02 AAFY
o, flow rate= 0.8 mL/min®] 11, injection volume} F %
< 27 100 pL9} 3 mg/mL3ict. Ao Ealge] Aske
Wyatt Technology’s ASTRA chromatography software
version 4.73.042 o] &38le] Falth.

g, it Bz Bl 2ATRde gl
&}7] 95l molecular massol] ) 3+ RMS(root-mean-square)
rdis® o] §3te] ol F 27 ¥4 (€ fEsld T3
t}.

log i =k + alog M; (1)

ri: TG BExle] RMS ¥HE (RMS radius
of the powders molecule)

M; : A (molar mass)

k : yZ ZH (an intercept on the y axis)

a : 7]&7] (the slope providing a hint about
the conditions of the polymeric chain)
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A2 (shear stress, Pa)
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llc : Casson H % (Pa -sec’?)
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: 2R 71- % (apparent viscosity, Pa - s)
, K1 : A< (constant)
: A8}l A] (activation energy, Jfmole)
: 713745 (gas constant, J/mol - K)
: A) &% (absolute temperature, K)
. 244 (constant, %)
: FX (concentration, %)
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Fig. 2. Elution profiles of spray dried powders (SD-1, 2, 3) for the
determination of molecular mass in SEC/MALLS system.
The dotted curves at elution volumes over 33 mL are baseline noise the buffer solution.
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Fig. 3. Cumulative distribution of molar mass of spray dried
powders (SD-1, 2, 3).
Dotted lines indicate that 50% of the sample mass is below a given molecular weight,

aste] E2 81 tiFig. 3). Cumulative weight fractiono]
50%3) A\ ol|A 2] Eapeke SD-1, 29} 30] 72} 82 x 10°,
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Fig. 4. The double logarithmic plots of RMS (root-mean-square)
radius versus molecular mass for spray dried powders (SD-1, 2, 3).
a) SD-1 : slope=0.34, b) SD-2 : slope=0.69, ¢) SD-3 : slope=047.
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Table 1. Rheological parameters of solution adding with spray
dried powder(SD-1, 2, 3) adapting to Power law model

Samples Temp.('C) Concentration() R KmPa-s) 1

3 0.981 250  08%9

20 5 0974 3000 083

7 0.981 352 083%

3 0.984 2,065 0.842

SD-1 40 5 0.980 2388 0.835
7 0.980 3.006 0.805

3 0.986 1.888 0.835

60 5 0.981 243 079

7 0980 2958 0771

3 0.981 2858 0.853

20 5 0971 3.664 0.833

7 0.947 520 0776

3 0980 2198 0.844

SD2 4 5 0.964 3000 079
7 0.949 4955 0.728

3 0.985 208 0814

60 5 0977 204 0769

7 0.944 4406 0715

3 0977 3516 0853

20 5 0.964 4169 0851

7 0956 6.998 0782

3 0.985 2661 0.830

SD-3 4 5 0978 3.681 0.821
7 0.953 6.683 0727

3 0.987 2046 0863

60 5 0.9% 3.491 0.79

7 0.950 5715 0.709

BAE 2719 dagle] 7k FAE
£ ¢ 4 gd

ERAZxg B2 899 rheology 5738 Powder law
model 2} 3} Herschel-Bulkley model2] o] Z-8A1A A3k
A3} Table 1, 2014 B niel 2o] 27)9] Beafo] A 9]
AR ABRAE YA frsATe BEdde] 5
= 9 =7t SR vt 7l orkadel Sl
o 2 AdE A Yehve A9 2 dee 49
we] BARZE SR 3 F49€ ozt 33l o8 veht
A AR e AVSRANE BAL Ho] 2l
BArEe] sEUe R wdehl BoR HE) 2ael
o] 97hag e UEA Boas). AEE A BEo)
SHEFS, & 227 #A4g8FE STl6 e, 384
< 0.088~1.913 mPa M99 22 groz 7o YehiA|
et Ex A mE dFS Hus) B W AT
2Age] 7Kl we) gadgen, A
SD-1, 2, 30] Z}7} 2.065~3.532 mPa - s, 2.084~5.20 mPa -
s, 2.046~6.998 mPa - 8" 2 F-A}ko] Z7}18ld| ulg} =7}
e & 7 UMk ol BAFo] theology S/l Athgh
G PR EApRke] T/EFE R 718 Bl
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Fig. 5. Shear stress vs shear rate plot of spray dried powders (SD-1,
2, 3) solutions at 20TC.
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Table 2. Rheological parameters of solution adding with spray

dried powder(SD-1, 2, 3) adapting to Hershel-Bulkley model

Sample Temp. (C) Concentration (%) R’ K (mPa-s") n 1, (mPa)
3 0981 2466 0862  0.088
20 5 0975 2938 0840 0207
7 0983 3365 0847 039
3 0987 2004 0847 0.41
SD-1 40 5 0981 2323 0840  0.150
7 0983 2773 0819 0531
3 0987 1914 0840  0.135
6 5 0984 2228 0812 0476
7 0985 2559 0797 0876
3 098 273 0858 020
20 5 0972 355 0838 0267
7 0948 4932 0785 0689
3 0982 2075 0854 0293
D2 40 5 0966 2897 0808 0475
7 0955 4266 0754 1649
3 0987 1936 0827 034
6 5 0981 2661 0784 0533
7 0949 4009 0731 0945
3 0977 3451 0856  0.149
20 5 0965 4064 085 0265
7 0958 662 0791 0935
3 0987 2535 0839 028
SD3 40 5 0980 3451 0833 0555
7 0958 598 0745 1651
3 0988 2004 0867 0.104
60 5 0995 2864 0813 1261
7 0957 4898 0734 1913
TEROE 2 FEoA ¥ ateE AMES Jehdd

SD-2% 3~5%9 A= 16.61~18.87 kl/kg - mol2. =715+
1, 5~7%91A = 18.87~16.41 Kifkg - mol2 745491 o 1]

Table 3. Values of Ky and E, of spray dried powders (SD-1, 2,
3) solution at 88 s

Sample Concentration (%) ~ R* Ko (<10° Pa - s) E, (Klfkg - mol)

3 0976 340 1234
SD-1 5 0.987 415 1200

7 0981 170 1570

3 0999 119 1661
SD-2 5 0999 707 18.87

7 0.995 153 1641

3 0.988 287 14.06
SD-3 5 0.986 419 1327

7 0992 278 1531

AEAZTEE A A|134 A55 (2006)

SD-13} 35.cH 843} oA} FHH O Ete, S
o &% 9|2 Mk fud 9 JFge] 2 B
& % gith B3 45 Ko A2 5} 271k
weh sk Agol9ln SD29] THagol 7 m3hh

2HY| HEol sroEY

EFA2E ot FamA dhiodR 2 9o 2
B7] Azel] tig T=o] 9L 2ARP] Y] AdEe
88 s'ell M9l In no} F=o} BAE N5l w2t Kzt
AZ 73 Z3}E= Table 49} 2t} SD-1, 29} 3 BEd|A]
L &9 2u7} Sl uel A4 K 24k 1,
71871 A9l 3§ SD-13} 30| A= Z+2} 0065 %A 0.036
%' 2, 0081 %A 0070 %2 7FAisle] 2RI} =
MATE FEEFL WolFE & 4 Utk SD-2&
257} Z7VEEE A K 11.53 x 10* Pa - soll 4] 6.34
x 10* Pa - s2 7+23901) 7]87] A= 0.047~0.052 %
2 el BE FroEAe] nulsle] 2r7) Hert
CEENUS & F 9o, 2RV Axd Y3 B
o] 32 SD-30] 71 Ath= AR-S E1E T Y
TEoA gdo] Mol go] Bk vkeA] Au)Hst
Ale @A, ARt oz 829 BExldgo] F42 ArE
371 gt 4e A Arh21). Hong 5(22)2] Ao m=
W, SD-1, 2¢} 39] I &teke zZhz} 3925%, 67.05%%} 73.94%
£ 150 kDa o]/¢e] SD-3¢] 7} Egkon, vhid ke
15.33%, 11.95% 9} 8.5%= 10 kDa ©]&}91 SD-10] 714 =3t
o} mEbA, SD-1, 29} 3 Exlke] Xjpo|i ut ol g} F-h-
ol e AEEC] tedsla o3 AEEC] FEEA
B 9gE A dadn

Table 4. Values of K; and A of spray dried powders (SD-1, 2,
3) solution at 88 s”.

Sample  Temp. () R Ki (<10*Pa-s) A%

20 0971 9.35 0.065
SD-1 40 0.988 157 0.048
60 0.948 6.86 0.036
20 0.938 11.53 0.047
SD-2 40 0.959 829 0.052
60 0.954 6.34 0.049
20 0.998 12.26 0.081
SD-3 40 0.998 9.25 0.077
60 0.978 798 0.070
2 o

B weh et 4288 Yehle ol s
BRI Eel GUTHIRE o] 8oid o5 F554
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