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Modeling of Rheological Properties of Pectins by Side Branches

Hae-Hun Shin* and Jae-Kwan Hwang'
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The rheological properties of apple pectins and tomato pectins with different degrees of side branches (sample I
and sample II) were investigated with wide range of shear rate by rheological modeling. Among the Power law
model, Cross model and Carreau model, the Carreau model was the best fitted to the experimental data.
Increasing in branching of apple pectins resulted in higher zero-shear viscosity (n,). But, tomato pectins that
have a low degree of side branches were shown litte difference between sample I and sample IL It is concluded
that side branches of pectins can result in significant difference in rheological properties. And, this is predicted

by the Carreau model.
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ical Co.(St. Louis, MO, USA)ZHH FY3dte] ALE3IFL
H, EnEHEL Chou and Kokini®] BPH2S o]&3}le] hot
break EvlE ¥ ©] 2E(Campbell Soup Company, Camden,
NN &, Easte] AREET

EvlEHEL hot break EFLE HO|2E 1kgS ©ol2 &
T 2 LAl 94 2087 A& BXg £ 10,000 pm
A 2087 ARG S gt ¥ isopropanol
< 2 LE AUFs] 10,000 pmolA 2087 dAalEe]sle] o)
HE AAAAY, o] HAES 2 Lo 2ol FolZ, 10
L9 acetone : ethanol(1: 1, viv) EFUO 2 3H FE3lo] &
WA, o] F FHT FAT FAAZRS Al

A

“Ol' 1=
t
il

Helo 2 0E 2 FAYIHRE AASZ, AAlE st
2 Hes d7] 98t T 7B oE S5l AL
EEAth o] ZAkEe Axrt e HY F 7EAE sample 1
=} sample T2 2|5},

HEl sample = Michel 52 WHWoR Ccuyn A 1.0
%(viv) GENHeE AZsI e, H¥l sample Ii= Rombouts
and Thibaullt'”¢] Cu(l) 33 EDTA 2|2 A=Z3}ct.

o

Hzo| &4

Al E s} Entg sE 8o HEmE Rheometrics
Fluids Spectrometer (Rheometrics, Piscataway, NJ, USA)E
ARg-sle] &3t} 953 d=Al(cone and plate viscom-
eter)= cone?] ZF=7F 00196 radian, A &< 25mm, gap
sizex 50 micron®] TZRE 7EX Utk AL 25+ 1°CoA
A E AT}

APt 59 HEAIFEE 50 mM citrate phosphate 59}
(pH 4.5 505 F-2oll A 28 7HEt ksl ARSI,
HEA 59| FE7F 6.0%wh) ol &= FAZE A%
A Fatdek EHE FEAE 89E FAPIR 1 mL loading
st AFIHOH, loglog HE TEEEEY 5= A
TE x¥sAh

L=1=L
dutd o 2 o|Al7}AA] f-Al(shear thinning T pseudopla-
tic fluidollXe FEHESEY we} 7Y 12 F9&

VERATH®, 29 =9 FAAE v
Bl AR7)HEs} 0olM el H=my)
7t 2498, 0990 e FU8EEd uet Axrt ¥
A "ok B3 22 $UEEE F9dXE A A=TL
B&zoMe FEm, 7t 3390 w
5 H9lo] wehA, AMeE fEEHy
2y =7 GFS ¥ Hr) IR AR EHe 2de
AEA R FEH(yield stressy> AHEdRe WSk
€3} Herschel-Bulkey 2ol 7F3 dg] A€t 7|et 24
EL o|ES /|EoR o7te] WYL Fof AWty Ut
olzdt FUHSE WSl wWE ARAFHE Y]] #sty
AHe45H= EZYEE Cross, Reiner-Philioppoff, Van Wazer,
Powell-Erying 5do] ¢#A Urp®,

by, B dpdMEe He B9 ISR A
=5 53T F v 2d4e A7 93 7 B2ES H
A s =

SN, B2 /54 AES 22 NREY FAAN P
48 A4ses AFHIARDS ARSI

c = Ky" @

D

A71A o= 2L YA H(shear stress), v FLHEEE
(shear rate)e]T}.

Z
AEm.)S AHES He WYy SUdEs
Cross =098 AL&-3}4 ).
Mo~ Mo
1+K,(Y)

n="MN, + @

plR o 25 CrossBEHg 7k M E Carreau 22"S
A3
Mo~ Nwo

..2.m/2 @)
[1+ (K1)

+

n=n,

o714 nE AE(poise), Np= TLUHEE 0149 HE,
T3 2U9&eM ] I, yE FEISEEs)PIH K,
o)t}

I FUYU&TAM 2493 AR 7|H S (apparent viscosity)
2 7 2ol dgeke muze Podch 2d, Hdg
3 APk Abolo) FAEAFE FFE Q2 A (standard erron)E X
&t EFQAHE Chhinnan 5] A8 RMSE(Root
Mean Square Error)Z2 U3} 7o) & oJ33ith

mod ™ exp):l @
A7, Y, B3, Y, A8, N2 HolEroH.

s MY
AR BvhE AR gloid, R SUYLToMn



e 2rkee] 2l 585
Table 1. Comparisons of standard error of various models for apple and tomato pectin viscosity
Conc. Apple sample I Apple sample II Tomato sample I Tomato sample II
(%) Miv M2 M3 oMb M2 M3 oMY M2 M3 oMb M2 M3
2 0 498x107° 7.60x107 0.0104  0.0145 0.0058 00544 0.0705 00015 00924 00179  0.0068
3 0.0563  0.0041 00041 00871 00414 00414 04019 0.0188  0.0238 05046  0.2652  0.0544
4 03853  0.0197 00197 04486 0.1708  0.1708 1.1934  0.0657  0.0608 1.8952 02076  0.1594
5 1.2942 00360 00360 17741 05906 05906 11.7079 0.6153  0.6357 50224 04430 0.2950
6 42265 01605 0.1605 62400 12944  1.2944 - -
DPower law Model.
ICross Model.
ICarreau Model.
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Fig. 1. Concentration dependence of shear-viscosity of apple pectins sample I (A) and sample II (B).
Concentration of pectins : [J: 6%, O : 5%, A : 4%, W
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Line is the calculated data by using Carreau Model.
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Fig. 2. Concentration dependence of shear-viscosity of tomato pectins sample I (A) and sample II (B).
Concentration of pectins : [1: 6%, O : 5%, A : 4%, B : 3%.
Line is the calculated data by using Carreau Model.
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Table 2. Comparisons of zero-shear viscosity and infinite viscosity of apple and tomato pectin

Concentration Apple sample I Apple sample I Tomato sample I Tomato sample II
(%) n,"” N Mo Moo n, Nes Mo ..
2 0.59 0.50 0.61 044 1.36 0.91 1.41 0.63
3 2.06 143 25 1.10 5.55 0.94 5.68 0.72
4 6.43 2.76 8.03 2.24 16.82 1.94 17.79 1.02
5 195 6.02 257 6.01 46.64 2.68 47.76 1.54
6 50.8 16.56 63.3 13.76 - - - -

Vzero-shear viscosity.
Dinfinite viscosity.
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Fig, 3. Effect of pectin concentration on zero-shear viscosity of
apple and tomato pectins.

0] : Apple sample 1, B : Apple sample I1, A : Tomato sample I, O
: Tomato sample II.

Line is the calculated data by using equation (7).

Table 3. Comparisons of parameters of zero-shear viscosity
equation of apple and tomato pectin”

Apple Apple Tomato Tomato
sample I sample 11 sample I sample II
k 0.0293 0.0277 0.0900 0.0935
4.0447 42289 3.8265 3.8237
I 0.9866 0.9920 0.9964 0.9967

YEquation: 1, = kC*
Ar: regression coefficient.
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Fig. 4. Effect of pectin concentration on k, of Carreau model.
3 : Apple sample I, Il : Apple sample II, A : Tomato sample I, O
: Tomato sample IT .

Carreau RHIARE

Carreau 2dlof] A 83te] Aojzl HERl kol me
of ehlidich Al EElA b= HE w=r} 07@01] u}
& Z7lele A4S Holu o}, sample [ X7} 3%
ol A 5%=Z Z7gl wel 0.0023799014 0.006458%2 <F 2.7
Hj =718k whHo sample TE 0.032677914] 02332992 <F
74} 2715} sample 7} 5o 98 k2] WakZo] sample
P vs] o & Aoz yelsth v ErnEs dues
7F 39914 5%Z 57FePA sample I3 sample II= 22t 4.6
v, 530 Frlele] & ZpolE HolA ¢4l Ut o= Ak
Helo] BEnfEdE Br} ZilEso] o @o] EAjgthe A
ousls Aoz Yt ke FE &8 B ¢
A, w2IF F3) FHL 295 AYT Be JHZ eIt
o] AlAo g FEH ] Table 59 ERHSICE

ky=A CY (8)

UGl B0 A 42 kg HERe) k Ul 2
|

= Table 4

Hla sample 17} 9F 50% & 3 —g— _,H_olu:] EU}EJJJ
sample II7} sample I Rt} b 2 & 714 A ,4
sample 7} BAlE A=7F 714 Tl 93 J3&& o @

Table 4. Comparisons of parameters of Carreau model of apple and tomato pectin®

Apple sample I Apple sample I Tomato sample I Tomato sample II
Conc. (%)

) m k, k, m k, m
2 0.000001 1.144661 0.023328 0.980169 0.002609 1.376457 0.003351 1.131939
3 0.002379 1.55168 0.032677 0.685108 0.002221 0.887415 0.005029 0.736119
4 0.002905 1.202236 0.053429 0.620808 0.004826 0.791485 0.009602 0.714373
5 0.006458 1.024504 0.233299 0.643852 0.010169 0.564721 0.02643 0.603486
6 0.018165 1.049613 0.458269 0.736216 - -

Mo~ MNww

UCarreau model : n= 1 + 2 m/2
[1+(Kp7) ]
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Table 5. Comparisons of k, equation”

Pectin Equation Regression coefficient
Apple sample T k,=7.70x107° C23802 0.8685
Apple sample TI k,=3.19x107 C*o1214 0.9413
Tomato sample k, =8.35x1075 C214 0.9667
Tomato sample 1T k, = 1.37x10™* C32010% 0.9608

k’=A CN
2

2
1.5 1.5 1

) .\‘\p——f/. }
0.5 - 0.5 1

(A) (B)
0 " " ‘v 0 : s
0 2 4 6 0 2 4 6

Concentration of pectin solution(%)

Congcentration of pectin solution(%)

Fig. 5. Effect of pectin concentration on m of Carreau model at apple (A) and tomato (B) pectin

O : Sample I, I : Sample I

T Aoz AGHAh ATz LS #AE Fig 40l Y
ERgiT A RIS EviedE B AAle AE7F W2
sample 1 719 dX|ghs AL Ho|iL glom, ZAE 3
T7b & sample IIE sample 120} & g Holx Stk &
3], Al R sample e ErtEF S vlasis] £ o 7]
7|% A3 HF AR, 2AEd] FFE A=
2 7 Utk

HAE=HolMe mekg waste] H¥(Fig. 5) AbEEs B
ntEHE 25 sample oA €] Zkol sample IETH ¢F7 =2
o, AR Fd et & 9] fie WiRel ErE
e %5%7}01] E}E]‘ AdHez zAashke 4FE Hol
a2 Sirh

(=] (=13
bl =

Helo| A ZAREY] Axrt gEA Azd AR B
HEHES o] g3l @ FUPSEINAMTE 5L FEY
E57A Age] 7hed gk Rds Pl st
A HARY, Cross 24, Carrean 29-& AR viaest
of ¥ A3}, Carreau 20| 7P Agsdct. Rddolr &
o FEHASE 0949 A=mye 2Atked] A=t 2 At
gl ALol= Ar&o] B sample IV} A2 sample
2o} A U2 9] ZAkso] A2 EntE dAge & A
ol Holx Ftom, 1 & AFHERT IA e
of. 2de] AFE Adwzd i AsrE TH5A
HeloA AAKEe] 43S A BT &, AAlE] 2 A}
e E”}Ek‘ﬂ‘ﬂ"ﬂ vl fRsHy Ado] & Aolg B

olx glor mdz HYY 4 ik
Al 2

2 d3e #87ies F7EAH AFEAFE (2000-N-NL-01-
C-299)2] 4oz FPEon, 7 XL ZAI=HY .
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