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Rheological Characterization of a New Oat Hydrocolloid  
and Its Application in Cake Baking 
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A new oat hydrocolloid containing 20% β-glucan, called C-trim20, 
was obtained from oat bran concentrate through steam jet-cooking and 
fractionations. The rheological characterization of the C-trim20 was 
conducted using steady and dynamic shear measurements. The C-trim20 
suspension exhibited a shear-thinning behavior that was more pronounced 
at high shear rates and high concentrations. Its dynamic viscoelastic 
moduli increased with increasing concentration while the frequency at 
which G’ and G” crossover decreased. The C-trim20 suspension at vari-

ous concentrations followed the Cox-Merz rule. C-trim20 was also eval-
uated for potential use in baked products, specifically cakes. The baking 
performance of C-trim20 was tested by incorporating it into cake formu-
lations. The inclusion of this hydrocolloid gave increased elastic prop-
erties to cake batters and produced cakes containing 1 g of β-glucan per 
serving with volume and textural properties similar to those of the control 
cake. 

 
Public health concerns related to the role of diet in development 

of heart disease and other chronic diseases have created oppor-
tunities for functional ingredients that beneficially modify risk 
factors. The known nutritional benefits of oat β-glucan make oats 
an excellent source for developing ingredients for health benefits 
(Wood 1984; Wood et al 1989). Although the milled oat products, 
oatmeal, flakes, and flour are widely used and are the primary 
commercial materials, other functional compositions have been 
produced. An early ingredient from oats was Oatrim, which became 
a manufactured functional ingredient in 1991 (Inglett and Grisamore 
1991). Oatrim was a fat replacer prepared by α-amylase conver-
sion of oat flour starch to a specific level of maltodextrin without 
destroying its β-glucan content (Inglett 1993). It appeared at a 
time when lowering intake of dietary fat was a popular marketing 
concept. FDA approval of Oatrim for a heart healthy label claim 
was allowed recently (FDA 2003). During this period, another 
product, Nutrim, was developed as a functional oat ingredient for 
heart-healthy foods. This was a hydrocolloid that was prepared 
from oat bran without amylolytic action and was suitable for the 
FDA health claim on food labels (FDA 1997). Many other fat 
replacers found their way into foods. One such functional ingre-
dient, called Z-Trim, was successfully developed using oat hulls. 
This was useful in expanding the market into reducing both fat 
and calories in foods (Warner and Inglett 1997). All three patented 
technologies (Oatrim, Nutrim, and Z-Trim) were licensed to indus-
trial users who are now selling these functional oat ingredients 
(Inglett 1991, 1998, 2000). A new oat hydrocolloidal ingredient, 
called C-Trim, has recently been developed from oat bran concen-
trate for applications in foods. The physical and rheological charac-
terization of this new hydrocolloid and its application in cakes are 
described in this study. 

MATERIALS AND METHODS 

Preparation of C-trim20 Oat β-Glucan Hydrocolloid 
Oat bran concentrate (10.5% β-glucan, 18.6% protein, 7.4% 

total lipid, and 3.9% ash, db) was obtained from Quaker Oats 
Company (Chicago, IL, Lot No. 18608408, Item No. 26629). Oat 
bran (100 g) was mixed with 1,900 mL of water in a 3L plastic 
container. The slurry was adjusted to pH 6.55 after it was mixed 
with a spatula to suspend and then vigorously mixed at 4,000 rpm 
for 60 min using a colloid mill (Polythron PT6000 with Aggregat 
PT-DA-6060/2WEC, Brinkmann Instruments, Westbury, NY). By 
passing the slurry through a 400-mesh sieve, the wet solids were 
separated and saved. The sieve liquid was centrifuged at 1,590 × g 
for 15 min to separate out the dense starch particles, and the 
supernatant was mixed with the saved wet solids. The recon-
stituted slurry was subjected to jet cooking (65 psi, 285°F, 1.2 
L/min flow rate), followed by filtering the jet-cooked slurry using a 
200-mesh sieve. The separated liquid was drum-dried and its com-
position (20.9% β-glucan, 27.0% protein, 7.2% total lipid, 4.0% 
ash, and 39.0% starch, db) was analyzed (AACC International 
2000; AOAC International 2003). 

Cake Preparations 
Ingredients for making cakes were purchased from commercial 

sources and the formulation for the control cake was 270 g of all-
purpose flour (General Mills, Minneapolis, MN); 200 g of gran-
ulated sugar (Domino Foods, Yonkers, NY); 125 g of skim milk 
(Kroger Co., Cincinnati, OH); 125 g of water; 85 g of vegetable 
oil (Hunt-Wesson, Fullerton, CA); 68 g of dry cocoa (Hershey Foods 
Co., Hershey, PA); 52 g of whole egg (Kroger Co., Cincinnati, 
OH); 11 g of vanilla extract (Virginia Dare, Brooklyn, NY); 6.5 g 
of baking powder (Kraft Foods, Rye Brook, NY); 6.5 g of baking 
soda (Arm & Hammer, Princeton, NJ); and 6.5 g of salt (Morton 
Salt, Chicago, IL). 

Milk, egg, vanilla, and oil were mixed in a mixer (KitchenAid, 
St. Joseph, MI) on speed 4 setting for 5 min to stir well together. 
On speed 2, the sifted dry ingredients were slowly added and 
mixed well on speed 4 for 2 min. The water, heated to 100°C was 
slowly added on speed 2 and continued to mix for an additional 2 
min. The batter was poured into a round cake pan 20 cm in 
diameter and baked at 170°C for 32 min. For C-trim20 cakes, C-
trim20 was added at 60 g for 1 g of β-glucan per serving and 120 
g for 2 g of β-glucan per serving in the formulation by replacing 
equal amounts of the flour. 
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Rheological Measurements 
C-trim20 was suspended in distilled water, heated at 80°C for 

20 min, and then cooled down to room temperature. Rheological 
properties were evaluated in a stress-controlled rheometer (AR2000, 
TA Instruments, New Castle, DE) operated at 25°C using a 60-mm 
parallel plate. The shear viscosity was investigated as a function 
of shear rates at 0.01–10/sec or 0.01–100/sec, depending on the 
sample concentrations. The dynamic viscoelastic properties of the 
C-trim20 suspensions were measured at a frequency range of 
0.01–10 Hz and a strain of 0.1%. For the rheological measure-
ments of cake batters, the frequency sweep (0.01–10 Hz) was con-
ducted at a strain of 0.5%. The selected strains were within the 
linear viscoelastic limits of each sample. A thin layer of mineral 
oil was applied to the exposed sample surface to avoid dehydration 
problems during measurement. The reported curves are the average 
values of at least two measurements. 

Volume, Color, and Texture Profile Analysis of Cakes 
The volume of baked cakes was measured using a layer cake 

measuring template according to Approved Method 10-91 (AACC 
International 2000). A spectrocolorimeter (Labscan XE, Hunter 
Associates Laboratory, Reston, VA) was used to measure the color 
of cake crumb, which was expressed in terms of L* (lightness/ 
darkness), a* (redness/greenness), and b* (yellowness/blueness). 
Instrumental texture evaluation of cakes was conducted using a tex-
ture analyzer (Texture Technologies Co., Scarsdale, NY). A cylin-
drical probe with 2.5 cm diameter was used at a speed of 5 mm/sec 
to compress cylindrical cake crumb (2.5 cm height × 4 cm diameter) 
twice to 50% of the original height. From the deformation curve 
obtained, the hardness, cohesiveness, adhesiveness, springiness, 
and chewiness were calculated. All measurements were made in 
triplicate and significance of difference among samples was exam-
ined from analysis of variance (ANOVA) for a randomized block 
design. Duncan’s multiple range test was then applied for mean 
comparisons. 

RESULTS AND DISCUSSION 

Steady shear viscosities of C-trim20 suspensions at three differ-
ent concentrations (5, 8, 11%) were investigated over shear rates 
(0.01–100/sec) (Fig. 1). The apparent viscosity increased with 
increasing concentrations. Also, the C-trim20 suspension exhibited 
relatively constant viscosity at low shear rates and then a rapid 
fall in viscosity at high shear rates, showing a typical shear-
thinning behavior. The effect was more pronounced at higher 
concentrations. This type of shear thinning behavior is related to 
the disruption of entangled network structure in a system by the 

applied shear deformation (Morris 1990; Vaikousi et al 2004). 
Sufficient time at low shear rates allows the formation of new 
entanglements to supply the disruption of existent entanglements 
by shear deformation. It leads to no net changes in the extent of 
entanglements, resulting in constant values of viscosity because 
molecular entanglement is responsible for the increased resistance 
to the solvent flow. At higher shear rates, the progressive decrease 
in viscosity with increasing shear rates takes place because the 
formation rate of new entanglements is slower than the disruption 
rate of entanglements. 

The effect of C-trim20 concentration on the viscoelastic prop-
erties was presented in Fig. 2. Both parameters (G’ and G”) in-
creased with an increase in concentration. At low frequencies, the 
G” of the C-trim20 suspension dominated over G’ (more viscous 
properties). As frequency increased, G’ crossed G” due to more 
dependence of the G’ on frequency. At a concentration of 5%, the 
crossover of G’ and G” did not occur within the experimental fre-
quency ranges because it probably takes place at higher frequen-
cies. G’ was greater than G” (more elastic properties) beyond this 
crossover frequency, which shifted to lower frequencies as C-
trim20 concentration increased. In agreement with the results of 
the steady shear viscosity, Fig. 2 shows the typical behavior of 
entanglement network systems that are formed by the simple top-
ological interaction of polymer chains rather than by cross-linking 
(Doublier et al 1993; Lazaridou et al 2003). At low frequencies, 
viscous or liquid-like behavior predominates because there is 
sufficient time for entangled chains to relax. On the contrary, 
deformation at high frequencies does not allow the entanglements 
to unravel within the short period of oscillation. Hence, the en-
tanglement sites behave like temporary cross-linking junction zone 
(Lazaridou et al 2003), contributing to G’ more than G”. 

The relationship between the steady shear and dynamic 
properties of C-trim20 suspensions was experimentally investigated 
to evaluate the applicability of the Cox-Merz rule. 

 
 

According to the Cox-Merz rule (Cox and Merz 1958), the com-
plex viscosity (η*) is closely superimposed on the steady shear 
viscosity (η) at equal values of angular frequency (ω) and shear 
rate (γ·  ) and this empirical correlation has been confirmed for 
various random coil polymers such as galactomannans and oat β-
glucans (Morris et al 1981; Andrade et al 1999; Lazaridou et al 
2003, 2004). In contrast, ordered polymers with a weak gel struc-
ture deviate from the Cox-Merz rule with dynamic viscosity higher 
than steady shear viscosity (Bot et al 2001; Skendi et al 2003). 

 

Fig. 1. Apparent viscosity as a function of shear rates of C-trim20 hydro-
colloidal suspensions at a concentration of 5, 8, and 11%. 

 

Fig. 2. Plot of dynamic viscoelastic properties of 5, 8, and 11% C-trim20 
suspensions. 
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In Fig. 3, the complex and apparent viscosities of the C-trim20 
suspensions were plotted against frequency and shear rate. The 
Cox-Merz correlation was favorably applied with the complex 
and steady shear viscosities superimposed. However, it is 
interesting to note that the steady shear viscosity of 8% C-trim20 
suspension decreased more rapidly than the complex viscosity at 
high shear rates. That is, it showed the departure from the Cox-
Merz rule, which is caused by the decay of structure due to the 
degree of the applied strain deformation (Chamberlain and Rao 
1999). The large and nonlinear deformation (destructive) in the 
steady shear flow can break entanglements or molecular associ-
ations in a system, compared to the deformation in oscillatory 
shear flow (nondestructive). 

Figure 4 shows the dynamic rheological properties of the cake 
batters containing 1 g and 2 g of β-glucan per serving, which 
were compared with those of the control cake batter. In Fig. 4A, 
G’ and G” of the cake batters increased with increasing fre-
quencies, showing frequency dependence. However, they became 
less frequency dependent when more C-trim20 hydrocolloids 
were included. G’ was higher than G” throughout the tested 
frequency range, implying an elastic weak gel-like network. Also, 
both moduli increased with increasing levels of C-trim20 with a 
greater increase in G’ being observed. Hence, the results show 
that the cake batters with more C-trim20 had greater elastic charac-
teristics, which was also observed from the changes in tanδ in Fig. 
4B, which represents the relative elastic and viscous properties of a 
material. The cake batter containing 2 g of β-glucan had the 
lowest value of tanδ while the control had the highest. Thus, more 
inclusion of the hydrocolloid caused the decrease in tanδ, 
indicating greater elastic properties. 

The volume of the cakes containing C-trim20 was compared with 
that of the control (Fig. 5). The cake containing 1 g of β-glucan 
per serving had a slightly higher volume than the control but 
increased level of C-trim20 caused a decrease in the volume of 
cakes. As shown in Fig. 4, the cake batter became more solid-like 
(more elastic properties) as the level of the hydrocolloid within 
the flour increased. Hence, the decreased expansion of the 2 g of 
β-glucan cake may be related to the increased elastic properties, 
giving rise to a tight and dense cell structure. 

The effect of C-trim20 addition on the crumb colors of baked 
cakes was investigated also (Table I). The values of L* increased 
significantly (P < 0.01) with increasing levels of the hydrocolloids, 
indicating a lighter color, while there was no change in the values 
of a* among the samples. The addition of C-trim20 which has an 
intrinsic yellowish color, gave higher yellowness values (b*). 

The parameters of texture profile analysis of the cakes 
containing C-trim20 were examined and compared with those of 

the control cake (Table II). Hardness represents the maximum force 
required to accomplish a given deformation during the first com-
pression. No significant difference (P < 0.01) in the hardness was 
observed between the control and the cake containing 1 g of β-
glucan per serving. Also, there were no significant changes in other 
texture parameters between two cakes except cohesiveness (P < 
0.01). However, in the cake with 2 g of β-glucan per serving, the 
hardness of its crumb increased by more than two times (relative 
to control) and more energy for mastication would be required 
during chewing (increased chewiness) (Szczesniak 1963). The 
distinct changes in the rheological characteristics of the cake con-
taining 2 g of β-glucan per serving presumably relate to the lower 
volume and dense crumb structure. The incorporation of C-trim20 
was thus shown to make cakes containing 1 g of β-glucan per 
serving without textural quality loss. These cakes could carry the 
FDA-recognized health claim on food labels (FDA 1997). 

CONCLUSIONS 

A new oat β-glucan-rich hydrocolloid, C-trim20 was produced 
from oat bran concentrate. The rheological properties of this hydro-
colloid suspension exhibited a shear-thinning behavior which was 
more pronounced at high strain rates and high concentrations. It 
demonstrated also a typical viscoelastic response of macro-
molecular solutions with topological entanglement. The Cox-Merz 
rule was also applicable to the results of its steady and dynamic 
shear viscosities at a concentration <8%. 

In addition, the application of C-trim20 in baking produced 
cakes containing 1 g of β-glucan per serving with comparable 

 

Fig. 3. Cox-Merz plots of C-trim20 suspensions with different concen-
trations. 

Fig. 4. Effect of C-trim20 on viscoelastic moduli of cake batters: G’ and 
G” (A) and tanδ (B). 
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quality attributes to the control. This new oat hydrocolloid can be 
formulated into various foods to control their rheology and tex-
ture and also to add health benefits by increasing the levels of β-
glucan soluble fiber. 

LITERATURE CITED 

AACC International. 2000. Approved Methods of the American Asso-
ciation of Cereal Chemists, 10th Ed. Methods 10-91 and 76-13.The 
Association: St. Paul, MN. 

Andrade, C. T., Azero, E. G., Luciano, L., and Goncalves, M. P. 1999. 
Solution properties of the galactomannans extracted from the seeds of 
Caesalpinia pulcherrima and Cassia javanica: Comparison with locust 
bean gum. Int. J. Biol. Macromol. 26:181-185. 

AOAC International 2003. Official Methods of Analysis, 17th Ed. Methods 
995.16, 979.09, 920.39, 942.05. The Association: Gaithersburg, MD. 

Bot, A., Smorenburg, H. E., Vreeker, R., Paques, M., and Clark, A. H. 
2001. Melting behaviour of schizophyllan extracellular polysaccharide 
gels in the temperature range between 5 and 20°C. Carbohydr. Polym. 
45:363-372. 

Chamberlain, E. K., and Rao, M. A. 1999. Rheological properties of acid 
converted waxy maize starches in water and 90% DMSO/10% water. 
Carbohydr. Polym. 40:251-260. 

Cox, W. P., and Merz, E. H. 1958. Correlation of dynamic and steady 
shear flow viscosities. J. Polym. Sci. 28:619-622. 

Doublier, J. L., Castelain, C., and Lefebvre, J. 1993. Viscoelastic prop-
erties of mixed polysaccharides systems. Pages 76-85 in: Plant Polymeric 
Carbohydrates. F. Meuser, D. J. Manners, and W. Seibel, eds. R. Soc. 
Chem.: Cambridge, UK. 

FDA 1997. Food labeling: Health claims; oats and coronary heart disease. 
Federal Register 62:3584-3601. 

FDA 2003. Food labeling: Health claims; Soluble dietary fiber from certain 
foods and coronary heart disease. Federal Register 68:44207-44209. 

Inglett, G. E. 1991. Method for making a soluble dietary fiber compo-
sition from oats. US patent 4,996,063. 

Inglett, G. E. 1993. Amylodextrins containing β-glucan from oat flours 
and bran. Food Chem. 47:133-136. 

Inglett, G. E. 1998. Dietary fiber gels for calorie-reduced foods and 
method for preparing the same. US patent 5,766,662. 

Inglett, G. E. 2000. Soluble hydrocolloid food additives and method of 
making. US patent 6,060,519. 

Inglett, G. E., and Grisamore, S. B. 1991. Maltodextrin fat substitute 
lowers cholesterol. Food Technol. 45:104. 

Lazaridou, A., Biliaderis, C. G., and Izydorczyk, M. S. 2003. Molecular 
size effects on rheological properties of oat β-glucans in solution and 
gels. Food Hydrocolloids 17:693-712. 

Lazaridou, A., Biliaderis, C. G., Micha-Screttas, M., and Steele, B. R. 2004. 
A comparative study on structure-function relations of mixed-linkage 
(1-3),(1-4) linear β-D-glucans. Food Hydrocolloids 18:837-855. 

Morris, E. R. 1990. Shear-thinning of ‘ramdom coil’ polysaccharides: 
Characterisation by two parameters from a simple linear plot. Carbohydr. 
Polym. 13:85-96. 

Morris, E. R., Cutler, A. N., Ross-Murphy, S. B., and Rees, D. A. 1981. 
Concentration and shear rate dependence of viscosity in random coil 
polysaccharide solutions. Carbohydr. Polym. 1:5-21. 

Skendi, A., Biliaderis, C. G., Lazaridou, A., and Izydorczyk, M. S. 2003. 
Structure and rheological properties of water soluble β-glucans from oat 
cultivars of Avena sativa and Avena bysantina. J. Cereal Sci. 38:15-31. 

Szczesniak, A. S. 1963. Classification of textural characteristics. J. Food 
Sci. 28:385-389. 

Vaikousi, H., Biliaderis, C. G., and Izydorczyk, M. S. 2004. Solution flow 
behavior and gelling properties of water-soluble barley (1-3,1-4)-β-
glucans varying in molecular size. J. Cereal Sci. 39:119-137. 

Warner, K., and Inglett, G. E. 1997. Flavor and texture characteristics of 
foods containing Z-trim corn and oat fibers as fat and flour replacers. 
Cereal Foods World 42:821-825. 

Wood, P. J. 1984. Physiochemical properties and technological and nutri-
tional significance of cereal β-glucans. Pages 52-57 in: Cereal Polysac-
charides in Technology and Nutrition. V. F. Rasper, ed. AACC Interna-
tional: St. Paul, MN. 

Wood, P. J., Anderson, J. W., Braaten, J. T., Cave, N. A., Scott, R. W., and 
Vachon, C. 1989. Physiological effects of β-D-glucan rich fractions 
from oats. Cereal Foods World 34:878-882. 

 

[Received April 13, 2005. Accepted July 22, 2005.] 
 

 

Fig. 5. Volume comparisons between the control and C-trim20 cakes. 

TABLE I  
Effect of C-trim20 on Color of Cake Crumba  

  
Control 

1 g β-Glucan  
(per serving) 

2 g β-Glucan  
(per serving) 

L* 14.6c 17.7b 18.8a 
a* 6.8a 6.8a 6.5a 
b* 5.9c 8.2b 9.6a 

a Means with the same letter in the same row are not significantly different at
the 1% level. 

TABLE II  
Textural Comparisons Between Cakes Containing  

C-trim20 and the Controla  

  
Control 

1 g β-Glucan 
(per serving) 

2 g β-Glucan 
(per serving) 

Hardness (N) 11.6b 12.0b 25.9a 
Cohesiveness 0.59b 0.65a 0.67a 
Adhesiveness 0.02a 0.03a 0.02a 
Springiness 0.89a 0.85a 0.89a 
Chewiness 6.08b 6.50b 15.27a 

a Means with the same letter in the same row are not significantly different at
the 1% level. 


