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Rheological Properties of Citrus Pectin Solutions in the Presence of NaCl
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Abstract

A study was conducted on the addition effect of NaCl on the shear viscosity and dynamic viscoelasticity of
citrus pectin solutions in the concentrated viscosity domain. It was clearly observed that the shear viscosity of
pectin solutions progressively increased with NaCl concentration. The addition of 1.5 M NaCl resulted in
increasing the solution viscosity approximately three times compared to a pectin solution without NaCl. The
generalized /M, vs Y/7,, curve exhibited poor superposition for the viscosity changes brought about by the
NaCl addition. Zero-shear viscosity (1,) was related to NaCl concentration (C) as follows: n, o 10°*¢ (R’=
0.995). Both storage (G') and loss (G") moduli were significantly increased by the addition of NaCl to pectin

solutions.
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Fig. 1. Effect of NaCl concentration on the steady shear
viscosity of 3.5% citrus pectin solutions. NaCl con-
centration: A O M, & 025 M,JOSM, B 075M,0 10
M @®15M
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Fig. 2. The addition effects of NaCl on 1/, vs ¥ /%Yos
of citrus pectin solutions. y,, represents a shear rate at
which n corresponds to 0.8 1,. NaCl concentration: 2 0
M AO02SMO05M,B075M,010M @ 15 M.
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Fig, 3. Relations between zero-shear viscosity (n,) and
NaCl concentration for citrus pectin solutions.
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Fig. 4. Changes in storage modulus (G') and loss modulus
(G") of citrus pectin solutions due to NaCl addition. A G'
(0 M), A G"(0 M), O G'(1.5 M), ® G"(1.5 M).

Table 1. Dependence of storge modulus (G') and loss
modulus (G") on NaCl concentration

NaCl (M) p' q
0 1.18 (0.999) 0.90 (0.999)
0.15 1.18 (0.999) 0.89 (0.995)
0.50 1.13 (0.999) 0.88 (0.998)
0.75 1.00 (0.999) 0.83 (0.999)
1.00 1.00 (0.999) 0.83 (0.999)
1.50 0.97 (0.999) 0.81 (0.999)

1 G o« of; 2 G" o @Y *Correlation coefficient

vl A e E i,

w3}, Fig. 494 1.5 M NaCle] 228 o) 23713+
75-2e} G Gt 25 FUksle o, NaCls 37}
stds W G G gAtelr} FAVIRE M 3t
48R AL & F gtk ol NaCle] el 9fs)
dR Rzpzke] EelA w]FHA %A (non-covalent
entanglements)o] $7}E|A] &4 2%l0] F71Ehr]
o2 siMgct A™e] AYAHFHLE M B
AEErA el 7lsAleld, HEiAe] A, kA o #
Aol el e 83 IS 9. Fig 49)
A] NaCl2] 7)ol ofs) Hgle] vhido] & Jgkg
=S 28E o A9 FFe Ariedol o8 H-
Ao B v ¢ 8% 72 A=

NaCle] =l tigt G'3} G"9] &AL o 4]
o5t Ak o2 A g 4 glch.

G < of 3)

G" o o “

o7)4 e AF5(frequency), A pe} q& 722t
d4 Z22 28 G 3 02 G 02 7]-g7]eh
Table 12 p2} q3t-2 NaCl %ol thsle] ehd 7o)
t}. NaCl 57} 713l 2t pe} qzkel A} 7
e AL & S ek dubA e Az Eare] PA el
HAX A & Aishs ol G o G A
T FA ] ®ot pot qgto] FA viehin, A
el g AYEPE 71g7Igke] tebA A Ad Al
A% 718717} Ool€c}. b Table 10]4] NaCl ¥
=98] Frhell wie} po} qgle] Fadhe AL FARY
ozle] FrksRA B RQle] Ha Frlshes o)
7 gele g A=)

2 %

TFE =9 FEF d-8gq] NaCle
A7blde o = 2 A H3E d7siad



874 YA ERGA) 2319 A 335 (1999)

NaCl®| F=7} Z7Fel met dedgoe] Jer 3
2} F7pslg o, 1.5 M2 NaClg 371 4% A
7} oF 3u} Z7}3lsich. NaCle] Hrjol) wE H =54
o] odulsl T2 nm. o 7/ BAE AHA L
2 3o =2H e E Belch Zero-shear viscosity (n.)e+
NaCl FE(C)2h= mo o« 107%8] FAIE By oH, o]
o AFEASR2R= 09958} 9, NaCl 557t &
haell met AR F(G) ARAEG)P] L5
Z7 st

ZAle 2

o] =& 19974 Al gt gd-FEAdulel
o3 A= 0o, o]l A=Yyt

£ #

1. Dey, P.M. and Brinson, K.: Plant cell walls. Adv.
Carbohydr. Chem. Biochem., 42, 265-382 (1986)

2. Hwang, J K. and Jeon, H.S.: Structure and function of
pectic polysaccharides (in Korean). AgroBiotech, 3, 85-
96 (1996)

3. Jackman, R.L. and Stanley, D.W.: Perspectives in the
textural evaluation of plant foods. Trends Food Sci.
Technol., 6, 187-194 (1995)

4. Smithr d, D. and Haug, A.: Estimation of the relative
stiffness of the molecular chain in polyelectrolytes from
measurements of viscosity at different ionic strengths.
Biopolymers, 12, 1213-1227 (1971)

10.

11.

12.

13.

14.

15.

. Hwang, J.K. and Kokini, J.L.: Structure and rheological

function of side branches of carbohydrate polymers. J.
Texture Studies, 22, 123-167 (1991)

. Hwang, J. and Kokini, J.L.: Contribution of the side

branches to rheological properties of pectins. Carbohydr.
Polym., 19, 41-50 (1992)

. Doublier, J.L.. and Cuvelier, G.: Gums and hydrocolloids.

In Carbohydrates in Food. Eliasson, A.C. (Ed.), Marcel
Dekker, Inc., New York, p. 291 (1996)

. Hwang, J.K.: Purification and analysis of pectins (in

Korean). J. Korean Soc. Food Nutr., 22, 500-509 (1993)

. Whorlow, R.W.: Rheological Techniques, John Wiley &

Sons, New York, p. 243-251 (1980)

Hwang, IK.. Rheological properties of citrus pectin
solutions (in Korean). Korean J. Food Sci. Technol., 27,
799-806 (1995)

Graessley, W.W.: The entanglement concept in polymer
rheology. Adv. Polym. Sci., 16, 1-174 (1974)

Hwang, J.K. and Kokini, J.L.: The branching effects of
pectic polysaccharides on viscoelastic properties. Korean J.
Rheology, 7, 120-127 (1995)

Tam, K.C. and Tiu, C.. Steady and dynamic shear
properties of aqueous polymer solutions. J. Rheology,
33, 257-265 (1989)

Morris, E.R.: Polysaccharide solution properties: Origin,
rheological characterization and implications for food
systems. In Frontier in Carbohydrate Research-1: Food
Applications, Millane, R.P., BeMiller, I.N. and Chan-
drasekaran, R. (Ed.), Elsevier Applied Science, New
York, p. 145-148 (1989)

May, C.D.: Industrial pectins: Sources, production and
applications. Carbohydr. Polym., 12, 79-99 (1990)

(19993 349 99 AHF)



