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Time-dependent Flow Properties of Mustard Paste

Jeong-Jin Lee, Ji-Soo Lee and Byoungseung Yoo*
Deptartment of Food Science and Technology, Dongguk University

Time-dependent flow properties of mustard pastes were measured at various total solid contents (TS, 18~30%)
and shear rates (15~25 s™) using a Haake concentric cylinderical viscometer. Experimental data of the stress
decay with time of shearing were fitted to three mathematical models proposed by Weltman, Figoni and
Shoemaker, and Hahn. Time-dependent flow behviour of mustard paste increased with increase in TS, but was
found to vary in the range of shear rate investigated. Time-dependent model of Weltman was found to be most
applicable (average R?=0.96) for mustard paste. Shear stresses for structure breakdown increased with increase

in TS, while the structure breakdown rate decreased.
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Table 1. Figoni and Shoemiaker model parameters for mustard paste
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Fig. 1. Time-dependent curves for mustard paste with different
total solids at constant shear rate of 25 s™ and 25°C:
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Shear rate (s™) Total solid (%) k(x103sh C,..-C (Pa) R?
18 0.798 £ 0.010 3.48+0.19 0.960
21 0.761 = 0.000 8.24 £ 0.96 0.923
15 24 0.658 + 0.020 2299+ 042 0.951
27 0.621 £ 0.001 3970+ 4.72 0.902
30 0.606 + 0.002 82.75+792 0.919
18 0.852 £ 0.000 3.99+0.52 0.952
21 0.836 + 0.007 9.11 £0.02 0.948
20 24 0.823 £ 0.001 23.94+£2.55 0.939
27 0.828 £ 0.011 50.47 + 8.68 0.943
30 0.809 £ 0.001 95.90+ 3.80 0.938
18 0.972 £ 0.010 3.61 £0.00 0.972
21 0.949 + 0.035 948+ 0.04 = 0.956
25 24 0.922 + 0.008 29.85+0.37 0.956
27 0.852 £ 0.027 58.57+3.01 0.937
30 0.685 + 0.005 89.00+£6.90 0.950
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Table 2. Weltman model parameters for mustard paste
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Shear rate (s™) Total solid (%) a (X107 s p (Pa) R?
18 8.871£0.38 0.81+£0.05 0.964
21 23.71+0.86 1.57+£0.14 0.948
15 24 70.13+1.62 491+0.34 0.941
27 152.7+6.38 8.62+0.94 0911
30 2747+£28 14.22+0.96 0.937
18 8.06 £0.01 0.77 £ 0.04 0.964
21 30.38 £ 1.40 2.05+0.16 0.959
20 24 75.79+2.59 497+ 049 0.945
27 1643+59 8.67+0.37 0.964
30 3079+7.38 19.72+£0.76 0.964
18 7.13+0.12 0.71+£0.01 0.979
21 27.54 £ 0.63 1.86£0.03 0.975
25 24 85.66+5.82 6.40+0.62 0.975
27 188.8 + 4.87 10.53+£0.82 0.971
30 2924+4.19 16.16 £ 0.08 0.975
Table 3. Hahn model parameters for mustard paste
Shear rate (s™) Total solid (%) a (X107 s™ p (Pa) R?
18 ©0.368 £ 0.000 0.46 1 0.00 0.956
21 0.336 £ 0.005 0.74+ 0.03 0.927
15 24 0.287 £ 0.006 1.21+£0.03 0.928
27 0.269 £ 0.001 1.47 £ 0.05 0.904
30 0.265 £ 0.006 1.68 £ 0.02 0.920
18 0.385 £ 0.005 0.45+0.03 0.957
21 0.371 £ 0.005 1.86+0.01 0.950
20 24 0.360 £ 0.003 1.27£0.08 0.934
27 0.359 + 0.005 0.54 £ 0.06 0.943
30 0.351 £0.000 0.85+0.03 0.938
18 0.426 £ 0.008 0.42+0.00 0.974
21 0.426 + 0.008 0.84+0.01 0.968
25 24 0.422 £0.004 1.38 £ 0.08 0.959
27 0.375£0.008 1.55+0.06 0.940
30 0.297 + 0.002 1.71+0.03 0.949

Y
)
k-
ol
ﬂ?
-
-
=
o
it
-4
eh
Bul
2
¥,
£
e
o]
jer}
=
=
¥

charya®, Ramoss} Tbarz7h AHQ%o] AHE] 72 5
3 BYe % M WAUReR FE A9E & du 5
27) FRolE AR AelAEs] BRUAY 1R YAl
Faave dvel s Tx7k hdsle) o An EH #
YAER WYHAY) BEelw ol Fo wrshl 1
She e Awargel ol QA WA B Ao

oz] ]

[e]

N .

AA
Table 1~3 ¥A AP&EZ o)A Axt Heo|2E] A7k
&2 dlo]E)7} Figoni ¥ Shoemaker &4, Weltman ®4,
Hahn 599 H&-5o] dojd 7452 £AF HoF
2 Qo) 2 i HSES IR ko] 2718RE UF
3 S Moy Ut dgFEo] AgEH Eobd] Axf

O

Ho|xEe] F27} e ¥ ovske o, ~oat (Figoni
2 Shoemaker 24)S 18% Fx=oA= 3.48~3.99 PaE LE}
W oA 30% FEolAE 8275959 PaE YERY T Qlof
AR} o) A~EL] thixotropy A o] FEAbol o3l A F3F
& whg-S & & ATk BT thixotropy AT EA] AT
| s e 7329 Fe Eshs wi/iHS B(Weltman
2= 18%2} 30% T4 0.71~0.81 Pa®} 14.21~9.72
PaE Z}zF UER I 9lo] =7t AR HolAEL] Al7ke]E
FrEEA) a3 JFL vHS & F Ao EE U
Tz Aggol| oFetn FRIY HFEE onEeY v
7|¥<4 kgk(Figoni 2 Shoemaker F9)$t agh(Hahn 2 &)
FErt BE4E B £AE BHAFT o Tt SUH
of wE} A} Ho|2ES FTxuy] HEE s & F
ATt olElet A QAAFL FHEF quince FEE
Figoni ¥ Shoemaker 2o 283t Ramos®} Ibarz"2] #¥
Az} LR3}. Thixotropy 727 =7 AlZsh=dl 2

2



158 A EAskE A Al 35 @ A 1 3 (2003)

23 242 UehllE AZ(Weltman 249)3} p7t(Hahn 29)
< FEI 5EE & FAE vER o9 e A
AA Ho| 2B FUPRE ol HSFE Yt A
| dcke] =85t SFof gk A 3ol
AA #E FEAY o] Y] v Yehdth

Hekszof| o8t ‘?:i%?

RdldeA dojF uHﬂJtE?%% %I%H ﬂ%* 24%9} 27%
=

Astars TS AFS YeERlA okch(Table 1-3).
olZigl AL HurEnE gty QAXAFE FEEH
quince 89 AlZH)EAE 223 Ramose} IbarzPe] AE
Axsl dAgth, FuEE T 4% 27% AR FS-

A

A& w7t F715e] et 37KA] AlkelE frgRddA A
0173 TE mHsEES %7}—3]{— A%< Uebith Figoni

2 Shoemaker Edolx o] Ho de-g&s} HAkel 2o, ~
)L A& wet E‘r"ﬁ}ﬂl vebhgton Agdert &
FF g Zol7t A WERETH(Table 1), YVHSE 6,0,
o 2HE] 7VaAElA A7k wE Fzuly) Ayl 24"
Il RuEy Qo B AddMi= Avdsd u}
OO M= A9 RUMTH ol & AN A&
ABEE WA(15-2557F o ~c 3k FFL Floe

max

zpol7h A7) whiEQl Ao Akt wEhA AdEne]
3}7}t F23}3] F(quantity of breakdown structure)oll F3HS
the o]&2 nlud H2 W AdHeEg 73S o
Hede Zog ALEFTE Table 1~3904 Ve Bls}
AR} Ho]2Ee] AIZME fEEAS R dds
dejste] o] 2do| A8 A3, Figoni ¥ Shoe-
maker =27 Hahn 2] H]3] Weltman= 9] 7174 =2
BAAAAFR = 0965 HAFT o] ARt Ho|AEL] A
IS YeE 7P £ 294 Weltman RE2¢]
& AT ol ohE EAAFECH A7kelEA
4=

5730l a3 A7} A SHAT

-

éErEELIrd' i v B 4

1o
S = o

H
i

Kol
=2
O =
Sinc
o ok
[ |

AR} Fo|2EL] A|7ke)EA % #zal7) Sl }—5’-5035‘ ?:}
K18, 21, 24, 27, 30%) AEEE(15, 20, 255 S
o AZ-HE-8- Wit %’QQM—C’—‘I], °l& Eﬂol‘ﬂa-"—
Figoni % Shoemaker T4, Weltman 5%, Hahn Edo| &
g3l AFHog HrHIUTH A dDLzoA AR
Ho|AES] Frt Frighl wet By} &2 AWgE S
ERom, 33FRe] Rdoxe] 7} wiEPES TR0

ol
-

E«L

N of i

3},

ook oX
1ot 2
fl

Uelfo] Axl so|2Ee] AZHE {5

AANZER nFRR B o8 =ZA
& = 9k 2y d4F vEE Ve
= ,\]734{&4 AN E 2509 %5 EE

e
o
Ot
099

H
3
£ oo

2 ARE Addskre 7 uEs gEel Aol AY ¢
Aoz veksgeh A 4% $554 widd H8H 4

Weltman®2 @ o] oh& 2d2jd] H)&) 714 =& ZFAT

RHYS BAFT Q0] Weltman E@ o] Az} Ho]2ES] A
&S UYeERlle 7P Ass mddde o4 = dATh

1.

2.

10.

11.

12.

13.

14.

A
o

Weltman, R. N. Breakdown of thixotropic structure as function of
time. J. Appl. Phys. 14: 343-350 (1943)

Bhattacharya, S., Vasudha, N., and Murthy, K. S. K. Rheology of
mustard paste: a controlled stress measurement. J. Food Eng. 41:
187-191 (1999)

. Figoni, P. I. and Shoemaker, C. F. Review paper characterization

of structure breakdown of foods from their flow properties. J.
Texture Studies 12: 287-305 (1981)

.Figoni, P. 1. and Shoemaker, C. E Time-dependent rheological

behavior of food. Food Technol. 38(3): 110-112 (1984)

. Bhattacharya, S. Yield stress and time-dependent rheological

properties of mango pulp. J. Food Sci. 64: 1029-1033 (1999)
ODonnell, H. J. and Butler, F. Time-dependent viscosity of
stirred yogurt. Part I: couette flow. J. Food Eng. 51: 249-254
(2002)

Ramos, A. M. and Ibarz, A. Thixotrophy of orange concentrate
and quince puree. J. Texture Studies 29: 313-324 (1998)

. Yoo, B. and Noh, W. S. Effect of fermentation temperature on

rheological of traditional kochujang. J. Korean Soc. Food Sci
Nutr. 29: 860-864 (2000)

Figoni, P. 1. and Shoemaker, C. F. Characterization of time depen-
dent flow properties of mayonnaise under steady shear. J. Texture
Studies 14: 431-442 (1983)

Jinescus, V. V. The rtheology of suspensions. Int. Chem. Eng. 14:
397-420 (1973)

Ha, S. K. and Choi, Y. H. Rheological characteristics and viscos-
ity prediction models of tomato ketchup suspensions. Korean J.
Food Sci. Technol. 20: 812-819 (1988)

Yoo, B., Choi, W. S. and Ryu, Y. K. Flow properties of tradi-
tional kochujang: effect of fermentation time. J. Korean Soc.
Food Sci. Nutr. 28: 554-558 (1999)

Yoo, B. Rheological properties of traditional kochujang. Korean J.
Food Sci. Technol. 35: 70-76 (2002)

Alonso, M. L. and Zapico, J. Effect of storage on the rheological
behaviour of baby foods. J. Texture Studies 27: 361-369 (1996)

. Alonso, M. L., Larrode, O., and Zapico, J. Rheological behaviour

of infant foods. J. Texture Studies 26: 193-202 (1995)

(2002 9% 279 A< 20039 149 209 A=)



