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INFLUENCE OF MALTODEXTRIN DEXTROSE EQUIVALENT
VALUE ON RHEOLOGICAL AND DISPERSION PROPERTIES OF
SUNFLOWER OIL IN WATER EMULSIONS

Petar P. Doki¢, Ljubica P. Doki¢, Verica J. Sovilj and Jaroslav M. Katona

Effect of dextrose equivalent (DE) of maltodextrin present in continuous phase on
flow along with dispersion properties of sunflower oil in water emulsions has been
investigated. Both, rheological and disperse characteristics of the emulsions were greatly
influenced by continuous phase viscosity and thus by the DE value of maltodextrin.. The
smaller DE value, the greater high shear viscosity and the smaller the droplet size.
Irrespective of the amount and DE value of maltodextrin used was, all the emulsions
showed a pseudoplastic behaviour.
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INTRODUCTION

Maltodextrins are acid/enzymatic hydrolysis products of starches with a dextrose equi-
valent (DE) value lower than 20. They represent a mixture of saccharides with a broad mo-
lecular weight distribution, ranging from oligosaccharides to polysaccharides. The DE value
(a measure of total reducing power of all sugars present relative to glucose as 100, and
expressed on a dry-weight basis) is a principal factor affecting maltodextrin’s properties.
However, maltodextrins with the same DE value might have very different properties, de-
pending on hydrolysis procedure, botanical source of starch (maize, potato, rice), amy-
lose/amylopectin ratio, etc. (1).

Maltodextrins have been found highly suitable for obtaining desirable organoleptic
(texture, fat-like mouthfeel, etc.) as well so as physical properties (water holding, gelling,
crystallization prevention, freezing control, etc.) of various food products (2). On the other
hand, they have been widely used as fat replacers in calorie reduced foods ("light" mayo-
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nnaise, butter, margarine, salad dressing, etc.) (3). A vast majority of these products are either
oil in water or water in oil emulsions.

Nevertheless, the introduction of maltodextrin (4) as a hydrocolloid to an already com-
plex system such as food emulsion, causes different kinds of interactions among its com-
ponents (5-7), and consequently has a dominant influence on the final product’s properties.
Many of these attributes are directly related to the product’s texture properties (e.g.
creaminess, thickness, smoothness, spreadability, pourability, flowability, brittleness and
hardness).

In this paper, the investigations of influence of DE value of commercial corn starch
maltodextrin on rheological properties of sunflower oil in water emulsions stabilized with
non-ionic emulsifier have been presented. Correlation between DE value and dispersion
characteristics of the emulsions has been investigated, too.

EXPERIMENTAL

Sunflower oil (obtained from the factory "Sunce" Sombor) in water emulsions were
prepared using polyoxyethylene (20) sorbitan monooleat (Tween 80) as emulsifier. Com-
mercially available maltodextrins (Maltrin®, 1991, Grain Processing Corporation, lowa,
USA) M040, M100, M150, M200 with average DE value 5, 10, 15 and 20 respectively,
were used.

Emulsions were prepared using Ultraturax T- 25 (Janke- Kunkel, Germany) adjusted
at 6000 rpm. They were homogenized for 30 min at 25°C.

Each emulsion contained 30% (w/w) of the oil. The emulsifier concentration was 3%
(w/w), calculated on the oil mass. Control emulsion had no maltodextrin in continuous phase,
while the others contained 5% or 25% (w/w) of maltodextrins M040, M100, M150 and
M200, calculated on continuous phase mass.

Continuous phases (CPs) were composed of 5 or 25% (w/w) water solutions of dif-
ferent maltodextrins (M040, M100, M150 and M200) and 3% (w/w) of the emulsifier,
calculated on the oil mass.

Droplet sizes were determined by electronic counter TAII (Coulter Electronics, Eng-
land), using 50-pum orifice tube, and were expressed as volume surface droplet mean dia-
meter d, (um), along with the specific surface area S=6/d,, (m*cm?).

Rheological measurements were carried out on a Rotovisco RV20 (Haake, Germany)
apparatus at 20°C, immediately after the emulsion preparation. An NVST measuring sensor
was used.

RESULTS AND DISCUSSION

Continuous phases CPs as well as sunflower oil in water emulsions, both having dif-
ferent types and amounts of maltodextrins, were made and their rheological behaviour
was determined. The interdependence of the flow behaviour and dispersion characte-
ristics of the emulsions was also examined.

It has been already reported that continuous phases containing laboratory-made mal-
todextrin (Mdx-13/E, DE = 14) and Tween 80 showed a Newtonian- flow properties (8).
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However, rheological investigations presented in this paper showed both CPs con-
taining 25% (w/w) maltodextrins, as well as all the emulsions to be shear thinning fluids
(Figs. 1 and 2). The CPs having 5% of M040, M100, M150 and M200 were found to be
Newtonian, with the viscosities 2.07, 1.59, 1.45 and 1.42 mPas, respectively.
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Fig.1. Shear thinning behaviour of CPs containing 25% of maltodextrins
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Fig. 2. Shear thinning behaviour of 30% sunflower oil in water emulsions
containing 0%, 5% and 25% of maltodextrins
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Fig.2 depicts the influence of the amount and the type of maltodextrin (DE value)
present in the continuous phase on rheological behaviour of 30% emulsions. It can be
seen that the rheological behaviour of the emulsions having 25% of maltodextrin is fully
determined by the DE value of the maltodextrin present. On the other hand, when it was
present in 5%, the DE value of maltodextrin had no significant effect on the emulsions
flow behaviour, which was almost identical to the control emulsion.

Comparing Fig.1 with Fig.2, it is evident that the governing factor affecting flow
properties of the emulsions is continuous phase viscosity, which is not surprising when
bearing in mind that these are not concentrated emulsions. However, in view of the fact
that the control emulsion was also shear thinning, deformation of oil droplets caused by
shear rate was also found to contribute to pseudoplasticity of the emulsions.

Yet, it should be taken into account that the shear thinning flow properties of an emul-
sion could also be a result of oil droplets flocculation (6, 9). Whether the flocculation effect
was involved in these emulsions or not, has yet to be investigated.

In order to determine the degree of pseudoplasticity together with the high shear vis-
cosity (viscosity when the shear rate D— ), experimental data were fitted to the follow-
ing equitation:

Mo — Minf
:—ma + Ming [1]
(D+1)

Where 1 is the apparent viscosity; D is the shear rate; n is the viscosity when D = 0;
Nint 1S the high shear viscosity and « is the degree of pseudoplasticity.
The parameters obtained are presented in Table 1.

Table 1. The parameters a, Mg, Mo from the viscosity equitation [1]

System a Ninr [MPas] Mo [mPas]
30%-25% M040 0.57 64.7 1529.0
30%-25% M100 0.56 30.6 929.6
30%-25% M150 0.53 18.0 835
30%-25% M200 0.53 10.8 323.6
30%-5% M040 0.69 54 75.9
30%-5% M100 0.44 2.7 62.7
30%-5% M150 0.31 3.5 43.0

30%-0% Mdx 0.22 3.8 18.3
C.P. 25% M040 0.68 239 1505.8
C.P. 25% M100 0.69 10.8 240.5
C.P. 25% M150 0.63 5.7 207.5

The values of the high shear viscosity versus DE have been plotted in Fig. 3. The trend-
line agreement of the curves representing 30%-25% Mdx emulsions and CP 25% Mdx
continuous phases clearly indicates a dominant influence of DE of the maltodextrin pre-
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sent in the continuous phase. The oil in the emulsions in the concentration of 30% influen-
ced only the height of high shear viscosity.
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Fig. 3. Influence of DE value on viscosity n;,s of CPs containing 25% of maltodextrins (CP 25%
Mdx), emulsions containing 5% of maltodextrins (30%-5% Mdx), and emulsions containing
25% of maltodextrins (30%-25% Mdx)

A less steep decrease in high shear viscosity was observed when maltodextrin concen-
tration was lower (30%-5% Mdx), showing the concentration effect of maltodextrin.
Somewhat steeper decrease in the viscosity (for all of the systems in Fig. 3) can be noti-
ced for the DE values smaller than 10. This fact can be attributed to the maltodextrin’s po-
lydispersity. Namely, long-chain glucose units fractions, which have major effect on vis-
cosity, increase in content rapidly with decreasing DE value.

Investigation of emulsification dynamics showed that there were no significant chan-
ges in droplet size parameters during a homogenization period of 30 minutes. This is pre-
sented in Figure 4 by the specific surface area dependence on emulsification time. Only
5 minutes of emulsification (except for 30%-25% M040) were needed to attain the equi-
librium between dispersion and coalescence of the droplets (10).

As it can be seen from Fig. 4, the content of 5% of M040 in the continuous phase
was insufficient to bring about significant changes in specific surface area of the droplets.
However, specific surface area and the droplet diameter (d,s) were strongly influenced in
the emulsions having 25% of maltodextrin. The smaller the maltodextrin DE value, the
higher the effect on size parameters. This can be attributed to the viscosity effect, because
greater viscosities of continuous phases favoured formation of smaller droplets and higher
specific surface area. The relationship between the droplet size of different emulsions and nj,¢
values of corresponding continuous phases, plotted in Fig. 5, shows a trend-line agreement
to a great extent.
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Fig. 5. Relationship between DE value and droplet size (d,s) and nj,e in 30%-25% Mdx emulsions

CONCLUSION

The influence of dextrose equivalent of maltodextrin present in the continuous phases on
flow and dispersion properties of sunflower oil in water emulsions was investigated. Each
emulsion showed shear thinning (pseudoplastic) behaviour, while the flow properties of
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continuous phases were determined by the amount of maltodextrin present. Already after
5 minutes of emulsification, equilibrium between dispersion and coalescence of the drop-
lets has been reached. This time can be taken as optimal one. It has been shown that both
flow properties and dispersion characteristics of the emulsions have been largely deter-
mined by the continuous phase viscosity, and thus by the DE value of maltodextrin used.

10.
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YTHUIIAJ JIE BPEJJTHOCTH MAJITOJAEKCTPUHA HA PEOJIOIIKE 1
JUCHEP3MOHE OCOBUHE EMY.JI3UJE CYHIIOKPETOBOT
YJbA'Y BOJIM

Hemap I1. [loxuh, Jbyouya I1. /Jokuh, Bepuya J. Coeun u Japocras M. Kamona

ManTonekCTpuHY, IPOU3BOAN HUCKOT CTENeHa XUIPOJINTHYKE KOHBEP3Hje HATHBHOT
ckpo0a, yrnoTpe0sbaBajy ce Kao 3amMeHa 3a MacHy (a3zy y NpOU3BO/BHM HUCKOKAIOPUYHHX
npexpamOeHux mpon3Boza. 1o cBoM KOJIOMTHOM KapakTepy OBH IPOHM3BOAM Cy €MYJI3HOHH
cUCTeMHU. MaiTOIEKCTPUHI OBUM MPOU3BOINMA J1ajy IOTPEOHE TEKCTYPATHE OCOOUHE.

Y 0oBOM pajy MpHKa3aHU Cy pe3yJITaTh UCIHUTHBAKbA yTUIAja JIEKCTPO3HOT €KBHUBA-
nenTa (JIE BpenrHOCTH) ManTOAEKCTPHUHA IPUCYTHOT Y KOHTHHYAITHO] (ha3y Ha PEOJIOIIKE
U IUCTIEpP3HOHE OCOOHMHE eMyJI3ija CyHIIOKPETOBOT yJba Y BOAH. YTBphEHO je 1a cy Kako
peoJIonIKe, TaKO U JUCIICp3nOHe OCOOMHE eMyi3ija Ipe cBera JnedruHucaHe BHCKO3UTE-
THMa oAroBapajyhnx KOHTHHyamHHX ¢a3a, omHocHO /IE BpemHomhy ynmoTpebiseHOr Mai-
tonekcTpuHa. [loBehame /IE BpeqHOCTH ManTOAEKCTPHHA OTOAYje CTBapamy KarlbHIla
ca BehuM cpelmbHM NPEYHHUKOM, YCIel] CMambeHha BPEIHOCTH TPaHUYHOT BHCKO3UTETA
JIaTHX KOHTHHyaltHuX (aza. be3 063upa Ha JIE BpeAHOCT M KONMUKMHY yHOTPeOSbeHOT Majl-
TOZIEKCTPHHA, CBE eMyJI3Hje Cy IOKa3MBaje IceyI0IIacTHYaH TUI MpoTHLaka. McnuTu-
Bama AMHAMHKE €MyJroBama MoKa3aja ¢y Ja ce Beh HaKOH 5 MHHyTa XOMOT€HH30Baba
MOCTIIKE TMHAMHUYKA PaBHOTEXa Mpolieca KoAJIECIEHIIMje ca jeHe U pa3apama Kali ca
JIpyTe CTpaHe, T€ j& 0BO BpeMe y3eTO Kao ONTHMAIIHO 32 J]aTe YCIOBE eMYJIroBama.
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