Food Eng. Prog.

Vol. 23, No. 2. pp. 94~103 (2019.5)

DOI https://doi.org/10.13050/foodengprog.2019.23.2.94
ISSN 1226-4768 (print), ISSN 2288-1247 (online)

PRy

Food Engineering Progress

!'.

Bacillus polymyxa YU-101 0| Mitsh= HE0EXIe 24 M
A
BRSNS, FEAZ AFYFAT

Rheological Property of Biopolymer Produced from Bacillus polymyxa YU-101

Jae-Kweon Jang*

Dept. of Food Nutrition, Chungkang College of Cultural Industries, Ichon, Korea

Abstract

For the study of the production and availability of biopolymer from Bacillus polymyxa YU-101, its rheological prop-
erties were investigated in comparison with other polysaccharides. The intrinsic viscosity of the biopolymer was
35.18 dL/g, showing the characteristics of the polyelectrolyte. The chain stiffness of the biopolymer was 0.55, which
was expected to be extremely flexible, and the coil overlap parameter and the critical concentration were 0.722 and
0.15 dL/g, respectively. The activation energy of the biopolymer calculated by intrinsic viscosity showed two linear
relationships at 50°C. Biopolymer showed pseudoplastic flow characteristics with increasing shear rate. At a concen-
tration of 0.5% (w/w), the consistency index was 660.39 mPa-S and the flow behavior index was 0.765 and 0.4 at
the shear rates of 0-11.7 s and 11.7-105.3 s, respectively, similar to guar gum. At the shear rate of 58.5 s, the
apparent viscosity of the biopolymer with the change of pH showed an abrupt increase in the range of acidity. In
addition, the apparent viscosity of the biopolymer showed the maximum value at the 0.3%(w/w) concentration of

salt, increased only by sucrose in the tested sugars.
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7hsste] AMPA R e #AAS WL Qo 53] viol
2 oofEo] 38L& E9 rheologyE HlE & U= Y
ojuf 259 5 AETE EAd oEH= H, ol
gt AT AES, S 48 AxF DNA 7s
I e AER MABESE 7Ie A 7xE T
A7) wel thER 8o A (viscosity)ol] =2 HAES

7FA 3L 3t} Biopolymers2 5% 2713t A] water
holding capacity, moisturizing effect, thickenning, lubrica-
tion, adhesion, coating, drag reduction, shape retention 5 3}
e 7153 548 ZF=t(Mitchell, 1980). Hyaluronic acid
Qt} 448 viscosurgery 2 FHIE]Z X 5.9 lubricant
o] 89 4 QoW Pseudemonas elodea® F-E AYAte]
gellan gum2 215F hetero TF3 2.2 agar -89 A3}
AzA AMEE 4 ok 28 gellan gum3} FAFSE 2

2 rhamsan gum®= ZtZF QHA| & H|E &
A2l 57} WRE AL, Leuconostoc mesenteroids®

Az zztel] o] gk WolF=HE A4 Dextran (R4)%= 2]

e e

¢l wellan

E, SGE, JFEFN S5 B AARA AL
g % 9ol WA deRE AP, faergY o
EWREe) 24%, BEFS, 44, D84S 59 %
MAF 1554 M 2899 theology HAEL 2
A ASAPORA T B4l wel 2% FolN B



Bacillus polymyxa YU-101 o] Aikeh= AEEAe] £4 54 95

SHAl ARE-EAL QT ko] F Al (drag reduction), T
TR A3 2 M 2] FA g (photo-resist) B AT B
FF4=Al (super conducting composite material)l = S8
ATH & FAAE, & A7 B 245 At ARl 1
Wik AEEE vlol Q. oJofkFe] aAlet e HIUHA|

2 ERAAE BEe O S84 U AXHA Q
UH(Sandford & John, 1982; Wang et al., 2016). |22 A
EEA ALtel] Fel A4E FEEIANAY] kst SH
e B8, AEZ MEe #39 Jde TS A=
2 Fdade mg =t & 5 ok & A= Bacillus
polymyxa YU-101 oF2ZFF A = AEILEAS] &
AERE Fotstr] St 3 Aol

i

av)
% ox £ K

3

ME L e

o0 UK =4 3 iR

2 Aol AR Al B A wiA = A AR
2%, soybean meal 1%, KH,PO, 0.2%, MgSO, 0.1%,
NaCl 0.2%, CaCO, 02%% %43 WS 121°ColA 15
w7E 71SE Aetate] ARg stk HEE e A g o+
£ WA 20mLE e 100mL AZHEE2Ie 1 Wg
o] HFskaL 30°CollA 12417 &< shleh. £ w2
AoHg- v 50 mLE $HYSF 250 mL S ekl A
HFH S 3%(viv) HES F, 30°CAlA 120 ppmeE 2
7k 21 g s A g aksith

Crude biopolymer(ZME12A)| 22| X HA|
a2 3w ]A8kaL 9,000 gof 4 H

A& st FAE AASAY. A5 o

isopropyl alcohol (IPA)E #7}3le] RHEO 2 3|2 oW A

TR A AFAS 9 F vacuum e E A8k

WHEAES ¢k W o] A% F crude biopolymer= &FATh

(Minakami et al., 1984).

A8 Ao A

Alg Ao ZAE= A
0.1 g/dLe] F=R= dLd3sHA &3
Else=

SAEA] 24

AlE He] HEA FHLE 480°CE FAS 2%
(ThermoFisher Scientific SC160, Waltham, MA, USA)ell EA|
# A=A (Canon-Fenske size 200-350, Cannon Instrumment
Co., State College, PA, USA)ZS o] &3lo] IS =A%)
th &, dAFI0mL)2] AENS HEA YWar 2087k
AHY AT o2 A8 do] Fotshe AZhe S5k A

T‘lsample — psamplc % tsamplc (1)
T]rcf p ref x trcf

o714, n(reference viscosity)2t 1, ZH2 glycerol 2]
HHAEMY AEEN ] A Mg T 00012,
Pert Pampes ZHZ glycerol 3 Al E-&<f ] o], ¢
Rt glycerolt A 284 9] FspA| kot

H] 3 &= (n (specific  viscosity))F € 3 &=(n, (reduced
viscosity))= A ek A 5&N 0] P EZRE 747t

() % 3)ell 9sted F3A
N = N — | 2
Nea = Ny/C (3)

Ce AN89 FX(gdL)el™, XA %E 2] (4)2] Huggins
2] (Krigham & Flory, 1953)°] ¢]3}e] AH&3}13 T}

1,/C =l + KMJ’C 4)

A714 e AEY IHHE| L K'S Huggins’d5o]th.
& Tt dolx= A 4
27t ik KPS 3o,
o|2FH IHHES Huggins 35 T3t

.IC_|>_Z41:
o 242 38 wrEate] o] A o HEA

™

e

~L
b

Chain stiffness2] A&
Biopolymer A -8 2] chain stiffress:= 2] (5)2] Smidsord
9} Haug®] 4)(Smidsord & Haug, 1971)°] 2]&fl AxFaliTh.

[l = Al +B[n],,"*Cs-"* )

(A1 745 BE chain stiffness, [n],, < °l24d%= 0.1M
NaCl §d oA 2] F/FH %, Csi= NaCl F=°|th)

Coil overlap parameter®] A&

Biopolymer®] coil overlap parameter(C"-n)E Morris<}t
Ross-Murphy2] "' (Morris & Ross-Murphy, 1981)el w2}
Log 1, Log Cn #A¢] 712717 A2 g2l + 4
de] M3 dA8H= Log Cn #22 FH A3t

A3} oA
Biopolymer f-55/dlA =& digk &3} o

A= 4 (6)2] Arrhenius] ol €]3te] Al4s}i T

n= Ao exp(-Ea/RT) E=+= 1 =logAo — Ea/2.303RT 6)



% A

o714 nE L8 E(intrinsic viscosity, dL/g), Aoe Y%=
o1z} (frequency factor, dL/g), Eax= E/33} oI\ A](activation
energy, Kcal/g'mol), R 7]A|’d4(gas constant, Kcal/
g-mol-K), T& At (absolute temperature, K)°|Tth. =,
logn®} log 1/T(K")e] A ABAZHE e 7]&7](-Ea/
2303R)E Tt o|=2FE A3} oUAE At
(Morris et al., 1980a).

2™ HeA0 olst M= Fd

Al gl o] A

Crude biopolymer A5l F/FTE 7Fst 025-1% &
THLe dg S 7= IN NaOH ¥+ IN HCIZ pH
£ xdsto] AR doz &3t dH AFE NaClt
CaClL,E AH&3Ste] TEHE AR Ao H7iste] A6t
At

Rheology 549 54

A& 9] rheology Z4-& 3] =A2] Haake Rotovisco
RV 100 (Haake Buchler Instruments Inc., Saddle Brook N.J.)
2 Algate] st 2ol ST 244 ol Aw
NS 40mLE B SHLEE 4-80°C W] dAF2EE
A% exxd &7 1087 453 A7 & 0-50
pme] A& @91}01] wE 3522 (shear stress, Pa), T
o Wate 5715 sk

Rheology 543k 4=

Rheology 573 %2 Herschel-Bulkley (Kim et al., 1990,
Lee et al, 1992)¢] 2 (NA< ol& a%= o), 4 (7ol

TE Ft 2 ) ¥ s, log D=0Y wWie A
W A 712712 E*é%kg T3, dE-8-
(ty, yield stress)= Casson model 2](Yoon & Goo (1994))
4 (9= FH Altstit

Tty +KD" ™
Log (t-ty) =log K + nlog D ®
Ju = Jiy+KJD ©)
o714 1= A (shear stress, Pa), tye= 552 (yield

stress, Pa), D= T4 (shear rate(l/s)) KE AZxEA$
(consistency index, Pa's"), n 575X < (flow behavior
index, n)°]t}.
75 §dof 2E

d B ole] AFEA

1%°] A5 NaCl, CaCLE %
A7VskaL pHO| Wstel] wE Ao ¥
(Pettit, 1982).

H(0.1-3%, wiw)Z
Here BRI

T3 A
SHFTY AFFY 111 EFE 03%2] A ELEA,

xanthan, sodium alginate % tween 802 21z} H7tsled A
=ollA 30 7 dstete] Zhzhe] {5k 10mLE AE
ol FHall A7 ol & #73}F A AIFH 73k
Aol(em)oll thate] F]d Zol(em)d] HE&E AEATt
(Tako et al., 1977).

Cd A7s

TEE T JFEE(C)E] AASTS Cd™ Sppm &4 40
mLol| Biopolymer 0.2% 8<% 10mLE #7}st & 35°Ce|
A 250 rpm 2 FEEIHA] HY o o] FF AAg &
HAHE-E 12,000 rpmoll A A4lEste] A|ASIAL s
of H& Cd™e F& SASHATE Cd™e Y2 microwab
digestion system (Prolabo Co., France)ollA] $4tz} diko
2 A AHgs A& THFF S0mLE AL T ICP-MS
(ELAN 6100 DRC II, PerkinElmer, Waltham, MA, USA)
£ AH&3F] 214.438 nm] apgol|l A A skt EEA oF
< 1,000 ppm (Accustandard, New Haven, CT, USA)<]
Cd &L AHgaIslom 259 olFd FAde of=
7taE ARSI

An e g

Biopolymer2| IR& T (Intrinsic viscosity)

IPAZ AL F ’“ St 1 Ee] o wE 3
(reduced viscosity)2] W3}= Fig. 13} o, ¥ Ag<]
AFHE] SA g AFPES HASsh7] 918 20dLg
2 B 3JH xanthan gum (Rinaudo & Milas, 1978)% $HA|
27 81Tt Huggins 4ol et} ydH gro= H¢ 4
st IHAAE 32 biopolymer”Zt 35.18 dL/gS 2, S4 gk
xanthan gum®] 19.32dL/g9] ZHEE @HRY & #He Y
BRItk £ biopolymerd] YHFAHAEE oA UFFE
Bl S| B guar (15-19.2 dL/g), CMC (14.4 dL/g), locust
bean (16 dL/g) (Elfak et al., 1977, Rao et al., 1981),
sodium alginate (31 dL/g)e] HHE-FER U= & FholAU L,
NaCMC (125 dL/g), k-carrageenan (42 dL/g) (Elfak et al.,
1977), gellan (39.4 dL/g), wellan (137.4 dL/g), rhamsan (88.5
dL/g) (Rinaudo & Milas, 1978)¢] THIFHE HuE= e
el Mot

(=) 5 o

FLHN-

pH2t NaCloi| CHSt biopolymer2| IREE HiS}
4] (dialysis)2 3t GA| S ZEAFe] pHoll ul&
TR Waks A4 23 Flg 20 YEhHAT. ALf
Xé‘:” T pHollM 7HE =2 3e BAUAAL A 3 &
2 FZoxAe 4 FALE Bk dREeE Y%
2ol A EAF] xanthan gumS FAE 7712 pyruvie

o K

Fd
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Fig. 1. Variation of reduced viscosity according to concentration
of biopolymer and xanthan gum (O: biopolymer, [0: xanthan
gum).
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Fig. 2. Effect of pH on the intrinsic viscosity of biopolymer in
aqueous solution.

&2

acid®] pH7} 39.24] 30]3ke] pHOlH = o] £317} 517
ofr] AH7]A whito] dojupx] giol AlEe] AIAS do
712 7] W&ol AErt §438] Fhshes AR deEA
2 THRinaudo & Milas, 1978). 17.5%2] uronic acidZ
F3lL e E biopolymer= F4 pH F-ZollA AR 5
ZF s el E 7HY =2 AR5 @S Bk 2
H=ol thak biopolymere] NaCl F=¢] JS Ak 4
= Fig. 33 2t} 0.005M2] NaCl F=oll= F43% &
o] AstE Ko thite] tibds]E o] A AL Atet B

fx
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Fig. 3. Changes in the intrinsic viscosity of biopolymer solution
by increasing NaCl concentration.

523 EAS Y90 NaCl 52 Z7e wel 2f
Aw7t 2ske 43S BT Lang? Rha(1981)E 4ol

b 22 19 (shielding)A] 7] 7] w21 Aoz Ana}
.07 Nakamura 5(1987)% Th7 2322} 218] 42 charge
o] 25 Atolell 714 whito] EA|ste] Hlo| 24 LAt
B} o 938 12E /R =y A9 ol st 27}
ghol] whel whdko] ZhAate] H =7t FAgthal &gt

Biopolymer2| chain stiffness

NaCl®] F%(Cs™?)ol W THHE ghe] HalS Fig 4
o YeRRITh A2 71€ 712 5FE chain stiffness B
T A 0.55019 09, thE tdREF Hlalste] Table
19] YERRATE Lang 5(1982)¢] ®.ol sk thrpAs)
A tgF2l Chain stiffness 54 -2 0.05-0.24 ¥ 90w
o] ol ZSFE rigid rod 3 FEIE AL FFE
flexible s}Ttal skl wabx £ biopolymere] AFEEE)
£ 71289 i B} flexible & A0 2 AGE AL}

Biopolymer2| coil overlap parameter2} AAIST
Biopolymer®] coil overlap parameter C™[n]& T3}7]
95t log ok log C:[n] #AIE Fig. 59 Uepl AT
Fig. 5¢] HIdo 2 H¥E F#3 coil overlap parameter %t
2 0722801 0H o]2RE g dAFE(C)E 0.15dL/g
o]t tdEdFE] et coil overlap parameter (C'[n])
ZHEL 3-69 W (Morris et al., 1980b)=, & Ao A 2]
biopolymer®] coil overlap parameter (C*[n)#t< HILE
ZERT Aot YAIFE(CH)E welan gume] 0.056 g/dL,
xanthan gum<] 0.024 g/dL, rhamsan gum<] 0.025 g/dL
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Fig. 4. Ionic strength dependence on intrinsic viscosity of
biopolymer solution.

Table 1. Chain stiffness parameter of gums

Biopolymer 0.555
Zooglan 0.02  Nakamura et al., 1987
Alginate 0.04  Smidsord & Haug, 1971
Sodium Pectinate 0.04  Smidsord & Haug, 1971
Carboxymethyl cellulose 0.05  Trivedi & Patel, 1982
Xanthan 0.05  Rinaudo & Milas, 1978
Chitosan 0.06  Signini et al., 2000
Hyaluronic acid 0.07 Langetal., 1982
Carboxymethylamylose 0.2 Patel et al., 1967
Dextran sulfate 0.23 Smidsord & Haug, 1971

(Launay et al., 1986; Hwang & Shin, 2000; Jampen et
al,, 2000)°] #E Hohe & FolojA &2k 7ie] £33
HEo 2 dojuh= entanglement®] AJ2F2 o]# 3 HH

ERTIE 20 oA A2 202 ek o)

Biopolymer2| IRHEE SH0| 2|t 2435} energy

4°Col| A 80°C7HAI el 2= HIol A logm)et 1/TS] A
£ Fig. 69 YERAATE 50°CE AFE 9.55, 3.55Kcal/
gmol®] AM=Z thE &As}t JUAE YeERUTE. Tako 5
(1977 7 78 AAddAe 24 bd A=
o] YAFx7} Wstslr] wZoletal skt & biopolymer
o] A% 50°ColM EAAES] YAl TFxIE EepE Ao R
of = At

S|IHEH A0 2|8t biopolymere| FE/HE
0.5%(w/iw) &4 FE|A biopolymer, guar gum,
xanthan gum, carrageenan gum= 20°Co|A IHAH=A=Z

1.4
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0.8 I
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Fig. 5. Plot of log specific viscosity (n,,) and log C-[n] for coil
overlap parameter of biopolymer solution.
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Fig. 6. Arrhenious plot of biopolymer solution.

T (shear rate, D) 0-105s'o] w2 Aok S o] Wz)
At 235 Fig. 7(A)° YEMH AT Carrageenan
gume 958 AV Fadel 77k & 4 (newton
fluid)24] -5 3} 3L biopolymer$} guar gum3} xanthan

= YER

gum H]7$-E -4 (pseudoplastic ﬂuid)°] AsE
Atk TgFel B 717 AgEHo e AvE wrE

i

le

r1o J

A AsS HolH, T 7|7} gle A F2=E Holde
ggd7e A= vF+E A9 AsE Helvkil(Tako

et al, 1977) &=l w2} 2 biopolymere guar gum¥t
xanthan gumA 8 & 2H7)17F A= o] S Ao 2wty
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Fig. 7. Flow curve of shear rate vs shear rate (Fig. 7A) and plot of log (7-ty) vs log D (Fig. 7B) of biopolymer and other gums
at 0.5% solution (O : biopolymer, [0 : guar gum, A : xanthan gum, < : carageenan gum).

Table 2. Calculated reological parameters for 0.25, 0.5% solution of biopolymer and other gums

Rheological parameter

Concentration

Flow Index, n

Materials H .
(%, wiw) Consm(t;r})c;/. ér)ldex K Shear rate Shear rate Y$l?£;f)ss
3.51-11.7 () 11.7-105.3 (")
Biomorvimer 025 101.82 0.743 8235
POy 0.5 660.39 0.765 0.430 467.94
e o 025 4236 0.792 11.75
g 0.5 382.80 0.741 0.526 269.49
anthan o 025 15938 0.566 0.507 774.87
g 0.5 483.88 0.590 0329 1409.62
Carascenan eum 025 232 1.10 0
arageenan gu 0.5 11.71 0.960 0
valuromate 025 119.83 0.921 0.716 49
4 0.5 464.16 0.859 0.587 75.50
Tk HE3F Casson 2ol meb FE-SH(yield stress, ty)s  E9 F7b mE ¥ FE HIZE 13 shear thining

S AN B9 ATreHoA] ELHE wl z}o] k) A

T o T

A

Tt

Eré% (shear rate)9}e] #AIE Fig. 7(B)]l YeERAATH &
]

¢

Herschel-Bulkely 219l ]3] 0.25%, 0.5% §%=°] &

Aol 718719 logD=0 ¢ we] d¥ o= RE 7+
FE5ATAFMn) T AZEAFK) g AlArele] Casson
20 2HE ALet 8238 Zh(y)d $7 Table 201 U}
ERASITE AIEEL 05% sEddMe AdEE 1175'S
71F02 0-11.7s'9] HeIet 11.7-1053 s7'¢] W= 1+
O]A carrageenan gum< A 2]3taL EF 270 €] Z‘ AAAE
Fe MR e S EloH 025% SR HdRE
xanthan gum $o] 11.7s5'S 7|F0 2 2719 AAAA
o xanthan 0.25%%] FEIAAME H7E4 #%
HAS & F ATk old 71&7]9 WHsle dAds

N e

>1\I

tlo it rlo
I

HAOo 2 W (Tako et al,
thinningS H] )3

Al 7]—}4

3 7

1977)%] 2L
Bz}e] wjgkgdo] Z7FstAY flexible 3F
RS Fest g 22 7+ 0¥ o
Ak =3 YA 22k A T 294 T

o™, o] shear

[4E WEOE

HE zhe= 53383 (ty)2 xanthan gum, biopolymer,
guar®] ol o HEEAF(K) 2 0.5%2] 5= o
= biopolymer7} 660.39 mPa-si A3t E]-‘:‘re s =73



100 A

czesmakﬁ- F arkas( 1962)= 54
Yol A slimsy 3 =72 wrom
SE clean mouth feel2 =71t} 3}
£ biopolymer?] FFAF n#te AEEE 11.75'9]
A F2 0765, 04322 guar gum3}= A8 xanthan
gum HU= 2 7o 2 thd ¢Rto|A clean mouth feel
S =7A & AR Az X B3 biopolymer=
0.75% °l’de] TEeA e F2olx S/l &allske 2
PO BT geld YA 55T AL BAh
EA R &0 tigk AR Jxe] Wks 4
HE7] 218+ 0.5% FZN4 biopolymer, xanthan gum,
guar gum £9S 4-80°Ce] 2= IJAL=AE
ol g3t A&E 585¢'A ARy g 4 2
#E Fig. 89 YERHIATE Fig. 84 & & Sl= nie}
biopolymer= <=S=® 3} 94+ xanthan gum3} AR 7]
AE7b aske guar gumB ohE AR 7] =9 FhaaEo]
257 F71gel| wet gdsiAl Zink o9 AHE 245}
ol=]e] %4(9.55 Kceal/gmol (Fig. 6))= sodium alginate (5.0
Kcal/gmol) % locust bean gum (6.87 Kcal/gmol) (Tako et
, 197 ETE 2 FholojA o thEk &gl =5
% & 4 Uk T B AT biopolymers %
0.5%(w/w)ell A 4-80°Co] AP =RflollA W2 221 9
ol oCol M= b3t gelS FA = EAE BT
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Fig. 8. Effect of temperature on apparent viscosity of biopoly-
mer and gums of 0.5% solution at shear rate (D) 58.5 s™ (O:
biopolymer, OI: guar gum, A : xanthan gum).

AER FF 0.5%ww)e] FE=oA biopolymer, guar
gum, xanthan gum®] A& =(D) 58.5s'oA ] Hr7] A
ol gk pHel &S Fig. 9l YEPH AT} Guar gum}
xanthan gum-> pH®| ¥ste] we} AR 7] Hxe] syt
72 1oy B biopolymers pH7} ol 4= ZAR7] A
T7F F7F dbe AFS EASH pH 3004 oFt gele I
dotar w4 Hre] S Bk olgd dA

£ CMC, sodium alginate 52| tF-&2] A IEZ 7T 4F
4 g G =T aeke ?—%J% & 7ol
St ol# st ARz 7344—% U 23 o) A AHA]
oA BExE7 A71A whdke] 7 7} AN R

Agga= 24 Jepd Eﬂ_’gii Moms 5(1980a)<]
hyaluronic acid @J%ﬂ' frAkeE Solgt 73 3ol

AEA FF 0.5%wiw)e] F=A biopolymer, guar
gum, xanthan gum«] A& (D) 58550049 AR A
Tof st A7 S AEE ZI= Fig 10(A, By
2t AT guar gume NaCl F7FllA Aol HJ&s
wbz] eForom Sol thEdFR< £ biopolymer?l xanthan
gum2 NaCl 0.3%2] -7 AedsddS Bie
w1 o]e] x| dellMe JrTt hshe A
AT 3 biololymere= € H7F Al gelS FAs= =5
3 AAS B T3 CaCl, F7He] A$oME guar
gum3} xanthan gum E5F AR7|HEe] A3 I
- biopolymer?t NaCl 7} wje} fASE 43S HSTh
Peter®} Francis (1961)= A 282 E2ho] oAzo] ofs
] Ho] FHS o aggregation4 A= &rjo) o
ke kx| otE AE(state 2} FEZH OS2 swollen E 4
H(state Ia, b9} 2 AEE UrE]ﬂH*‘E FEAesE 4k

HI

l‘l

400

w
a
(=}
Fa

300

250

200

150

Apparent viscosity(mPa-s)

.

100

50 L | - - | PR 1|

pH

Fig. 9. Effect of pH on apparent viscosity of biopolymer and
gums of 0.5% solution at shear rate (D) 58.5 s™ (O: biopolymer,
O: guar gum, A : xanthan gum).
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