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Rheological Characteristics and Molecular Weight of
Ammonium-Sulfate Fractions of Tara Gum

Kyeong-Yee Kim*

Department of Food Science and Biotechnology, Seoil University

Abstract This study aimed at characterizing the rheological properties and molecular weight of tara gum fractionated
with ammonium sulfate. Tara gum was separated into six fractions (F1-F6) at different concentrations of ammonium
sulfate, ranging from 12.21 to 28.67% (w/w). The yield of the tara gum fractions ranged between 4.98 and 17.47%, and
their intrinsic viscosity ranged from 9.38 to 12.44 dL/g. The highest values of Huggins coefficient (k') and viscosity-
molecular mass were observed in fraction F3. The shear viscosity of the tara gum fractions was measured by a cone-plate
viscometer, clearly showing shear thinning behavior. Size-exclusion chromatography results showed that the molecular
weight ranged between 635.42 and 776.71 kg/mol, and the F3 fraction exhibited higher values of molecular weight.

Keywords: tara gum, fractionation, intrinsic viscosity, shear thinning flow behavior, molecular weight
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B (1,500 kg/mol, ZEEZ:wl=2=1:3)2 Unipektin Ingre-
dients AG (Eschenz, Switzerland)ollA] 7435l AEAEZ AR
stom 2 9] ARESE Ak SRR F(ammonium sulfate), 9
~¥(hydrochloric acid), 339} (barium chloride), 34t4~F (sodium
sulfate), ©FAFO| =3}4F (sodium azide), 25 mM-EDTA®C|SIY Z&
A1eke- Sigma-Aldrich (St. Louis, MO, USA)lA F4&ke] AR
S Y. E3F molecular weight cut-off (MWCO) 12,000-14,000,
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3= A (Cary 400, Varian, Walnut Creek, CA, USA)Z A%
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ko] ARgE ¥497]7]% Viscotek TDA 302 (Viscotek, Huston,
TX, USA)°]|™ VE 1121 pump, VE 7510 degasser, VE 5200
autosampler®} refractive index detector, single-angle light scatter-
ing detectors®} viscosity detector7} g2+ HoJdc). &3l WA
= #ES] st SAARA 2 2= 85°ColA 8384
713 =A] ek YAt Hold AYel 358 e AL WAs
7] $18+¢d 0.46 um PVDF syringe filter2 AT} 5E-2
9017 FF E4% FO® ¢ =0.5 mg/mL, dn/de=0.145¢] RI ¥
o] 7|2 ¥ OmniSEC ZZ13(Omnisec AG, Daellikon,
Switzerland) 2. 2 AAFEJ oM 111.4-123.63% Akl F718k=
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polyethylene oxide®} Pulluan P100 (Showa Denko, Tokyo,
Japan)& Al-&-315tt.
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Table 1. Yield of ammonium-sulfate fractions of tara gum

Tara gum

B F1 F2 F3 F4 F5 F6
fractions

Table 2. Intrinsic viscosity ([n]), Huggins coefficient (K') and
viscosity molecular mass (Mv) of tara gum fractions

Tara gum fractions ~ F1 F2 F3 F4 FS F6

Ammonium-sulfate 1, 1394 1700 2055 2546 2867
concentration (%)

Yield (%) 11.16 653 1747 1456 16.00 4.98

25

Reduced viscosity (dL/g)

0 0.01 0.02 0.03 0.04 0.05 0.06

Conc. (g/dL)

Fig. 1. Plot of reduced viscosity versus concentration of tara gum
fractions for the determination of intrinsic viscosity. Linear
regression of F1 fraction is y=9.9169x+12.237 R?=0.9961, F2
fraction is y=4.5744x+9.3805 R?=0.9944, F3 fraction is y=13.383x
+12.435 R?=0.9947, F4 fraction is y=8.0997x+11.14 R*=0.9970, F5
fraction is y=7.1815x+10.513 R*=0.9971, F6 fraction is y=5.084x
+10.168 R*=0.9970.

= A E YERH= Huggins (KRS T8t Table 201 YEd
Ytk Ax 3ol 45 kwtel AR A4S Bion o
AS T3 Fl, F29] A9E S7kelke vlgol £ o S ¢
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[e}
B 2 o] YUk AYE ¥ APoME B va
T

A go] PR3t Aol wA Fdso] o2 A B 119

M

Intrinsic viscosity 15 54 938 1244 1114 1051 10.17

[n] dL/g)
H“gg‘“slg?emc‘em 0.6623 0.5198 0.8655 0.6527 0.6498 0.4918
Viscosity molecular
mass 1.875 1430 1906 1.704 1.606 1.552

Mvx107 (g/mol)

Table 3. Inherent viscosity (1,,,) of tara gum fractions obtained
by Kramers equation

Tara gum Concentration Flow time HC" Mo

fractions (g/dL) (s) coefficient (s)  (dL/g)
0.040 155.46 0412 12.468
0.032 141.168 0.499 12.567
F1 0.027 131.892 0.572 12.514
0.023 125.924 0.628 12.562
0.020 121.304 0.676 12.479

0.040 136.772 0.532 9.243

0.032 127.456 0.613 9.342

F2 0.027 121.234 0.677 9.325
0.023 117.100 0.726 9.346

0.020 114.060 0.765 9.356

0.050 183.602 0.295 13.403
0.040 161.502 0.382 13.529
F3 0.033 146.614 0.463 13.310
0.025 131.256 0.578 13.269
0.020 122.910 0.659 13.254

0.051 167.888 0.353 11.309

0.041 150.442 0.440 11.314

F4 0.034 139.900 0.507 11.374
0.026 127.344 0.600 11.433

0.022 121.326 0.676 11.346

0.049 159.708 0.390 10.651
0.039 144.392 0477 10.759

F5 0.033 134.524 0.550 10.751
0.027 126.726 0.620 10.713
0.023 120.862 0.681 10.717

0.046 147.964 0.455 9.899

0.036 135.478 0.542 9.939
F6 0.030 127.876 0.609 10.009
0.025 121.810 0.671 10.068
0.021 116.986 0.727 10.094

YHC (Hagenbach Coutte): The correction time is related to the
respective theoretical constant in the manual of the instrument.
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35°C
——F1-TG
—=F2-TG
—+F3-TG
F4-TG
—-F5-TG
——F6-TG

50

10 15
Shear rate (s™)

Fig. 2. Flow behaviors of tara gum fractions at 25 and 35°C.

O Huggins' viscosity
B Kramers' viscosity

o

Intrinsic viscosity (dL/g)

1 2 3 4 5 6
Fractions

Fig. 3. Intrinsic viscosity of tara gum fractions obtained by
Huggins and Kramer equations.
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Fapagel 27 Ve & & Atk 394 Suzs g=

HIEE0

AR FA4% 7t BIEE Jé th W HES A, e
F3 #8522 1244dl/g, F4 £8E2 11.14dL/g, F5 #EEL2
10.51dL/g 22|13 F6 #3&2 1017dL/g°]ML SEC =4
V)Y ZFzF 1093, 10.10, 9.33, 9.35 dL/gelAth F 7kx A9
oz dojzxl BI3lE £33 SAYE A AE e "
3t Az} AAME T T2 ge] J3Fo 7 Sxjo= <k7re] xjo|7}

2l rl

k

2l Wzl Jgow ke Ao dEHOE adhs AP BeEEE MR OE
& 2 A%e SAs AAse] Piguy Pl wee o
=X 53 2 237 F2E olFoHEE & 5 Ul ofgk 3ol
UMAE AT RAE P 2 A RS YAE Al B ASE Bl e RASINeRA 2
size-exclusion chromatography (SEC)l «] EA SlA Al AR 2 AT A4S geotd ¢ dldth
Table 4. Molecular weight determination of tara gum fractions by size-exclusion chromatography
Tara eum Mw" Mn? Mz? vY Concentration Rh Rj;?grsrllzn dn/dc Recovery
& (kg/mol) (kg/mol) (kg/mol) (dL/g) (g/mol) (nm) (mL) (mL/mg) (%)
F3 776.71 495.78 1126.00 10.93 0.5 49.42 7.024 0.145 111.40
F4 698.63 468.39 984.73 10.10 0.5 46.58 7.088 0.145 120.21
F5 635.42 369.90 939.88 9.33 0.5 43.69 7.112 0.145 119.42
F6 658.52 318.04 952.74 9.34 0.5 44.17 7.079 0.145 123.63

YMw: molecular weight, ?Mn: molecular number, ?Mz: z-average molecular weight, “Intrinsic viscosity
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