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Rheological properties of compound carrageenan
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Abstract: The rheological properties of six compound gels that consists of kappa carrageenan (KC) and
another excipient such as konjac gum were explored through comparison of their viscosity measured by the
rotation method. The gel fluid type was dependent on the rheological curve fitted by the power-law equation.
The effect of concentration on the viscosity of different compound gels was investigated by establishing the
linear equation between their viscosity and concentration, the slope of which was used to determine the relation
between viscosity and concentration of different compound gels. The viscous flow activation energy ( E,) was
calculated by the Arrhenius equation, which was able to investigate the effect of temperature on their viscosity.
The interaction between monomer and compound gels was also studied by measuring their viscosity. The
results showed that six compound gels were pseudoplastic fluid. Among all compound gels, the KC-xanthan gum
(KC-XG) solution exhibited the most obvious shear thinning, the strongest pseudoplasticity, while the smallest E,,
resulting in the best thermal stability of viscosity. Furthermore, the concentration of KC-sodium hyaluronate
(KC-HA-Na) solution affected its viscosity significantly. The viscosity of six compound gels was greater than
the summation of the two kinds of monomer gels, which suggests that there is a synergistic-viscosity interaction
between KC and another excipient.
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MR 5RE*E

MRI5EE KC (R FMC A7, #15: GP812,
fit5: 10212160); JA/RAEE (Guargum, GG, FHXT 4T i
1220000, KEfEAL TH R A, #itS: 160301);
i% B R EN (sodium hyaluronate, HA-Na, #H%f %1
JFi 150000, ‘LR RIAEMEGHRAA, #S:
150322); RN HEH R4 43 (hydroxypropyl methyl
cellulose, HPMC, K4M, %#I[E Colorcon A, 5
PD353356); & T ik (konjac gum, KGM, L ifiEH
EYIRHECE R AR, bS5 160301); & H FE LT 4 K
(sodium carboxymethyl cellulose, CMC-Na, K & 18
WAL THRAF, FE 0.8~1.2 Pas, #it5: 151015);
R (xanthan gum, XG R AEVIRE AR 2
H], fit'5: 160322); £E T /K (SZ-93 H 3N ME 4K
s, BB RAENAEE ). BT RF (ESI210-4
B, JLPH e s T AR AR A PR A D), SR AUE R
INHARE 1B FE %8 (DF-101S Y, IR SCTH A28 R
TATAF]); WeiE i (DV-T2 BFFiRiE— 1AM,
Fig e iR R R A R A A,

SECAAECH] AR 2ZE 5, IR BREC ] 7
HEAFIAE. KC 5 HPMC ERcf:: B KC iE&, %
BN EEY 2, BT 70 CEEKB R 20 min )5,

HIE R HPMC INA$] 70 'C KC i, 4ksfii+k
SYHL 10 min, 18R A =, HALR R B R H
KC Akl &, =R T riue&aH5, ET 70T
TER KB ERE 30 min, SRR fE 1 b B4, Frd
BB SEECH; RS R VK, DL RE AL e
2% 515) J5 ¥ 75 AR THUE. 24 ho BRI A G ) 7 Vs
HERHIA, KC &5 538 0.8%.
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Figure 1 Effect of shear rate on the viscosity of different
compound gels solution at (37 +£0.1) C. KC: Kappa carrageenan;
XG: Xanthan gum; GG: Guargum; HPMC: Hydroxypropyl methyl
cellulose; HA-Na: Sodium hyaluronate; CMC-Na  Sodium
carboxymethyl cellulose; KGM: Konjacgum. n=3, X+s

Table 1 Rheological parameters of different compound gels solution at (37+0.1) C.

FEC A T (B A R BE WY 248 KC-XG > KC-GG >
KC-HA-Na > KC-KGM > KC-HPMC > KC-CMC-Ng;
Al — R R AR BE R, 2 BEBOR, BT VIR R 2,
R ZB VR AR vy R BC R B W 2 IR BT VI AR AL B B
U 280 i B ) o 4 P 4 S 2 S, JRRIE T AR
HEN, SRRER T ARG M, BENL A
AE RS, HHENE VN, WS T T
THERK BV 2 508, MESeE e, ST
TSN, B, B BY DD R b 8,
ME IS 7> - BB, ISR 70 5 SRR AR
Hoor 7 8B 85 U) 7109 75 18 5€ RS, s B A B
1%, FRICARFRERARD S, BB U R, &
AR ARG . KC-XG ST I i 52 hn B X2 1
STUIRRAL LG, R B B ) 3 2 0 o v R, R
B AT g2 KC 5 XG 734 8] 5P 5 1) LA 1 70 18]
25 7759, B BT D) 5t BE A8 A 2> 1 B IR A
gL, BB, 6 Rl kL SR IR B
VLR, KC 5 6 Rkl =L 5 R B 28 1 I 14
FRRFAE, U0 B AR S IE IR A A A S R AT
2 KRESHENXAR

BhRERE Sy T 1E) A LA RO AR B, Sk T eI N
FR O TR B 5 FE L, R T 23 1 R K
SR 2/ FNGRTS o ] 2 W LA I R R
R EE (RN HE K, 538 1P L AR M K Bl I R 1
T3 R 45 R — 2. BEE SRR IR, S AR
DTHMEZ, 0T A R AR, TR Y
K, MERZES THRHAEZ, o7 REHEEKR, B
LA RZHE K

R H Iy 5 CHG LR IR 2. R EdE T
K, AR BN RN I L (K MO Y 9 KC-HA-Na >
KC-GG>KC-XG>KC-KGM >KC-HPMC>KC-CMC-
Na>KC, EACKIER NIRRT KC AR, i
W1 6 Fh S RCIEVA VT, PRRIAC FE T S TC I A 286 2 =
FAEH .

7. Shear stress; y: Shear rate; K: Consistency

coefficient; n: Non-newtonian index; R®: Correlation coefficient. n=3, X+s
Type of gel Equation K n R
KC-0.8% XG Int = 0.267 Iny + 4.198 15776.1 + 3.89 0.267 + 0.032 0.996 2
KC-0.8% GG Inz = 0.507 Iny + 3.360 2289.8+218 0.507 + 0.024 0.994 1
KC-0.8% HA-Na Inz = 0.691 Iny + 3.000 999.1+ 2.76 0.691 + 0.017 0.998 0
KC-0.8% HPMC Inz = 0.887 Iny + 0.942 8.75+1.28 0.887 + 0.009 0.999 8
KC-0.8% CMC-Na Inz = 0.889 Iny + 0.361 2.30+0.25 0.889 + 0.018 0.998 9
KC-0.6% KGM Int=0.741 Iny + 1.544 35.00 +2.21 0.741 + 0.010 0.999 5
KC-0.8% KGM Int=0.718 Iny + 2.184 152.8 + 3.02 0.718 + 0.025 0.998 2
KC-1.0% KGM Int = 0.664 Iny + 3.005 1010.6 £2.17 0.644 + 0.021 0.996 9
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800 - ﬁ“ :ig-“a Table 3 Correlation results of different compound gels (0.4%)
—— KC-GG by Iny—1/T equation (310.15-333.15 K). T: Temperature; E,:
. 600 IS Viscous flow activation energy. n=3, X+s
‘g - ﬁ'“‘m\a Type of gel Equation E,/kJ-mol * R
; 400+ KC-HPMC Inp=5191T-1969  4317+122  0.9999
é KC-KGM Inp=3231UT-1297  2684+087  0.9996
Z 200 KC-CMC-Na Iny=3.061T-1336  2524+322  0.9972
KC-HA-Na Inp=2891/T-1297  2399+230  0.9971
0 e P == ] KC-GG Inp =229 /T - 10.49 21.56 + 1.23 0.998 4
o e ci% v " KC-XG Iny=1.341/T-6.03 1112+ 025 09991
KC Iy =2.341T-12.37 1957423  0.9765

Figure 2 Effect of concentration (C) on the viscosity of different
compound gelssolutionat (37 £0.1) ‘C. n=3, X+s

Table2 Correation results of different compound gels by Iny—C

equationat (37+0.1) ‘C. k: Slope. n=3, X+s
Type of gel Equation k R
KC-HA-Na Inp =5.24 C+2.70 5.24 £ 0.96 0.968 9
KC-GG Inp =4.94 C +2.68 4.94 + 0.45 0.968 8
KC-XG Inp =441 C+3.19 441 +0.27 0.926 9
KC-KGM Iny =4.03 C + 2.62 4.03+0.37 0.9774
KC-HPMC Iny =2.81 C +3.02 2.81+0.20 0.9413
KC-CMC-Na Ing=2.63C+244 2.63+0.42 0.998 0
KC Iny =1.86 C + 0.57 1.86 + 0.32 0.997 8
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B Dk, R A s o TR AR AR AR, 80T 4
TR, o FREE 583, o7 A AR,
BT AU BT SRR R A O, MRIVR S R
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KC-HPMC>KC-CMC-Na.
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Figure 3 Effect of temperature on the viscosity of different
0.4% compound gels solution. n=3, X+s

B R T HAE T A, 0.4% 1 6 MERIKR E, EIRT A
KC-HPMC > KC-KGM > KC-CMC-Na> KC-HA-Na>
KC-GG>KC>KC-XG. 6 Ff 5 it i I F5 e 256 FE (1 5 i
FEREEZRIRK, E, M 17E 11~44 kJ-mol *, KC-HPMC,
KC-KGM. KC-CMC-Na. KC-HA-Na fl KC-GG 1]
E,fH KT KC, ¥l KC 5HE N5 75 EAE 5 & i
JET A Re v IR G W5y T Bh i 18 i e B R4S
FhE TR M RURE TR . AR, KC-XG 1 E, i/
T KC, ¥ KC-XG 5 KC It B4 S 7 i 2 vk £ 1
oy FEE, TTDAERCIR B S, R0 3 R 0 5
BN S5 B 3B EEINUT, KC-XG 1% FE i K %
MGG RE B/, UL B IR TR AL AR R ROR T R ) —
NBH, HSRARFELEERRN,
4 TS KC FhE RN

6 Mkl S KC S G R AL WK 4. HE
AR, GRS B AR IR R LG K, Ho AR
T O“1+1>27 BRN, A 6 R RS RE S KC AR
v I 6 28 1 PRSTS84 P 2 B S AN
HOREAS B (0 1% 5T S 52 4 1 1) R AR ELAR AT oK
ANFERELE KC P [R5 RERE AN, ARbxs 520
Fi2 14D 28 RS ke s PR Y, oE I B A [ A k) B A
WG| KC BRI R A W iR X KC 3
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Figure 4 Effect of different excipients on the viscosity of 0.8%
KCat (37+£0.1) C. n=3, X+s
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ZAEFE, TN KC-HPMC > KC-KGM > KC-GG >
KC-CMC-Na>KC-HA-Na>KC-XG.

6 PRI N m TG, TR EAVARUR
K, B TEPHEHRERKER, 88 5KEK
AR EAER, RS KC TR
AR B e L R A 4y F IR A AR . KC 54k 22
HAEHMLEI B2 KCAHBE TFRAY, AR
L, TTEEG T T A B 0UE E I R Rl A2
ST WAFTESE G I B, M8 iE 45 44 TT [ A2 Bk Bl 5 il )
AFAE B2 cMC-Na. HA-Na il XG Jy 1 555
G, 5 KC 7T 2 BB A7 AE ffaf A 5 AF L HPMC,
KGM 1 GG NAEE T EEY), # KC 5 HPMC.
KGM. GG 7+ ¥ B ZE T 5 CMC-Na. HA-Na. XG
KB A, RS, W AR T EER) B g
B AR A, AR T 53 5% 28 Gk AE AT B 108 0 T R
HEEgLE, ARG MRS, »T o4&, TR S
77 A R S B 5 1)t i PR % 5 g P 2 v e S TR
SimZ, TR TN ER IR, RIMNE
[LWEE -2 N-T Wik 1) NS RE 2NN - T
T 3 0 5 B s AP AT S ) R JEE T R A g ) i R A
F2 T 753 A7 L 43 (A0 AH ELAE FH B AR A

g

6 FhiiRlE KC SMACG I RETE Bt A IR e R,
HXF KC Ry A 2P 5= AL 5, wr DA o538 il ke
T R FEANI B2 R B3R KC IR AR AP 5T, 6 il
KLY 5 KCAEAE RIS R AR L, NN & HRL AT 2
FHIIN KC RIRGEE, RECRRC 77 sCR A A iR
B, Winmg e arae iy, Sm R i
FRELRE (38 o BEAR, BB VIR AL 04 i, HIk
FERK, REEOBOKR, BIUIRALAE AT, B Y
TR R AF, BAT A Ve AR 2 PR AE, 7T REAT:
DA BRI i 770+ LR AT S AR I 3 i B T 24
SR o AR SC IR 0 S IR AR A8 2 2 e 2R T P S
RIERBEAT TIPA, BRIEZAN, pHY B3R, 2T
B R LA BRI R A I e 5 ) 1) 52 T
TR AVEIT, SR R I 38 B 45 5 B P 5T B KU
A VE RN B A SE IR B AT W AT, SREHIE.
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