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Abstract

Egg plays an important role as a liquid contributor and forms the volume, texture, flavor, and color of reduced fat rice
cake. The high price of eggs can make high production cost of reduced fat rice cake. The reduction of eggs in cake
making will reduce the cake production cost. Eggs reduction will affect on the characteristics of reduced fat rice cake,
so it’s needed another material to improve the characteristic of reduced fat rice cake. One material that can be used is
xanthan gum. Xanthan gum can make the distribution of trapped air to be uniform when batter mixing, increase
volume and sofiness of cake. This study used a factorial randomized block design with two factors, namely egg
reduction which consisted of four levels, 1.e. 20%, 30%, 40%, 50% and xant gum concentration which consisted
of two levels, i.e. 0.2% and 0.4%. This experiment was replicated four times. Data were analyzed using Analysis of
Variance at o = 5%. If the ANOV A showed a significant effect, data were analyzed by Duncan’s Multiple Range Test
at o = 5% to determine the level of treatments that gave a significant difference. The results showed that interaction
of egg reduction and xanthan gum concentration provided significant effect on moisture content, specific volume and
hardness of reduced fat rice cake. Xanthan gum concentration provided significant effect on springiness and egg
reduction showed significant effect on cohesiveness of reduced fat rice cake.

Kevwords: reduced fat rice cake;egg reduction; xanthan gum; physicochemical properties

Introduction

The development of cardiovascular disease is rapid and approximately 40% of deaths associated
with the disease. This leads to increase public awareness of health and need for low-fat foods because of
the association between high-fat diet with cardiovascular discase, hypertension and certain cancers,
especially colon cancer.

Cake is one of the food products made with materials such as flour, fat, sugar and eggs. Rice cake
is made by replacing wheat flour with rice flour. Saputra (2013) reported that rice cake contains high
amount of fat (margarine) which approximately 81.8% of the weight of flour and has a fat content of
16.84%. According to Pomeranz and Schellenbenger (1971), fat plays an important role in cake quality,
i.e. volume, taste, texture, aroma, colour, shelf life, reduce crumb cake, contribute to the softness and
moistness and make the cake easier to swallow.

Reduced fat rice cake is made by substituting whole margarine (fat) with a fat replacer. Fat
replacer is a material that can replace some or all of fat in food products that aimed to reduce the fat
content and calories in food products, but does not change the taste or texture of the food product (Hui,
2006 and Rudolph e al., 1994 in Swanson, 1996). One fat replacer that has been used in the reduced fat
rice cake making is steamed red kidney bean. Trisnawati and Sutedja (2014) showed that the replacement

91




Chatarina Yavuk Trisnawati et al. / International Food Conference 2016

of all margarine can be performed with steamed red kidney beans. The reduced fat rice cake had good
volume development, good sofiness and moistness score close to neutral with a fat content of 5.18%. The
use of steamed red kidney beans in fresh crushed form is not practical and will lead to a short shelf life so
it is developed into red kidney bean flour. Trisnawati and Sutedja (2014) mentioned that reduced fat rice
cake with red kidney bean flour as a fat replacer has a better score for pore uniformity, softness and
moistness.

The fat content in reduced fat rice cake can be reduced to less than 3% so that it can be classified
as low-fat product. Such efforts can be done by reducing the use of eggs. Eggs are tby weight, the largest
materials in the reduced fat rice cake, which is 472.7% of the weight of flour. Stadelman and Cotterill
(1990) stated that whole egg contains 10.5 to 11.8% of fat, while the yolk contains 31.8 to 35.5% of fat.
According to Arozarena ef al. (2001), the egg had a role in the formation of cake characteristics, namely
volume and texture. Hussain and Al-Oulabi (2009) stated that egg whites or whole eggs play a role in the
stable foam formation that is containing a lot of air when mixed with sugar. When stable foam is mixed
with flour, the foam will form a batter that contains air and has a function like leavening agent. Egg yolks
can contribute to flavour and colour while the lecithin can act as an emulsifier.

Moreover, the price of eggs is quite high, ranging from IDR 22,000.00 up to IDR 25,000.00 per kg
of eggs. These prices are determined by the shelf life and availability of egg in the market. Fresh eggs
from farms are generally sold at higher price than the old eggs. The availability of eggs and the higher
demand will also cause an increase in the price of eggs which leads to the high production cost of rice
cake. Reduction of the number of eggs can lower the production cost of rice cake.

The egg reduction in reduced fat rice cake will affect the quality of rice cake. In order to maintain
the quality, other ingredient is needed to replace the function of the eggs. The decrease in rice cake
quality can be solved with the use of hydrocolloid, one of which is xanthan gum. According to Phillips
and Williams (2000), xanthan gum is able to assist uniform distribution of trapping air when mixing cake
batter, increase the volume of development and the softness of texture. Gomez (2007) mentioned that the
xanthan gum is used at a concentration of 1% by weight of flour in cake making. Ashwini ef al. (2009)
stated, the use of xanthan gum at 0.5% in the eggless cake making can produce the highest batter
viscosity compared with other hydrocolloids and the eggless cake have a quality that equal to the control
cake.

This study aimed to determine the effect of egg reduction, xanthan gum concentration and their
interaction on the physicochemical characteristics of reduced fat rice cake. Physicochemical propertics
consisted of moisture content, specific volume, and texture which include hardness, springiness and
cohesiveness.

Materials and Methods
Materials

Reduced fat rice cake making materials consisted of rice flour, eggs, sugar, Na-CMC (Natrium
Carboxymethyl Cellulose), xanthan gum, skim milk powder, baking powder and red kidney beans. The
materials were obtained from the local market.

Preparation of red kidney bean flour

300 g of red kidney beans were soaked for 10 hours in 1 : 5 ratio of red kidney beans : water. The
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red kidney beans were peeled and steamed for 15 minutes at 85 — 90°C. Steamed red kidney beans were
crushed and dried in a oven at 70°C for 5 hours. Then dried red kidney beans were sieved to 80 mesh

size.
Reduced fat rice cake making

The basic formula of reduced fat rice cake was 180 g of white eggs, 65 g of egg volks, 65 g of
sugar, 55 g of rice flour, 2.75 g of baking powder, 2.2 g of Na-CMC, 5.5 g of skim milk powder, 15 g of
red kidney bean flour and 30 g of water. Reduction eggs were done by reducing the egg white and egg

yolk in accordance with the treatment. i. e. 20%, 30%, 40% and 50%. Xanthan gum is added by 0.2%
(0.11 g) and 0.4% (0.22 g).

Experimental design and statistical analysis

Experimental design was Completely Randomized Block Design with two factors. The first factor
was egg reduction that consisted of four levels, namely 20%, 30%, 40%, and 50%. The second factor was
gum xanthan concentration that consisted of two lcch namely 0.2% and 0.4% from rice flour weight.
The experiment was conducted with four replications. Data were analyzed using Analysis of Variance at

o = 0.05 and Duncan Multiple Range Test at oo = (.05 if there was significant difference between

treatments.
Result and discussion
Moisture content

The moisture content of reduced fat rice cake was determined by thermogravimetry method. The
moisture content of reduced fat rice cake ranged from 42.40% to 46.23%. ANOVA result at o = 0.05
showed that the interaction of egg reduction and the xanthan gum concentration significantly affect the
moisture content of reduced fat rice cake. The relationship between the egg reduction and xanthan gum
concentration with a moisture content of reduced fat rice cake and the result of DMRT at o = 0.05 are
shown in Figure 1.
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Means accompanied by the same letter on the same line do not present a statistically significant
difference (o=0.05) according to DMRT"s test.

Figure 1. Relationship of Egg Reduction and Xanthan Gum Concentration with Moisture Content of
Reduced Fat Rice Cake
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The moisture content decreased at any egg reduction and xanthan gum concentration because of
the high moisture content of eggs, especially egg whites. According to the USDA (2010), the moisture
content of eggs is 76.15%, so egg reduction leads to reduce water availability in reduced fat cake batter.
Eggs also contain proteins that can bind free water in the rice cake batter. The reduced of egg protein
caused the water-binding agent in rice cake batter is reduced so that it increased the amount of free water
in rice cake batter. Free water was evaporated when baking so that the moisture content of reduced rice
cake decreased.

The fat content of egg yolk is 26.54% (USDA, 2010) and lecithin is about 10% (Amendola and
Rees, 2003). Lecithin is an emulsifier which acts to form a stable emulsion system in a cake batter. The
decrease of fat and lecithin content caused the emulsion system of rice cake become unstable.

Xanthan gum is able to trap water and forms a gel matrix. According Arabshirazi er al. (2012),
xanthan gum has a structure containing hydrophilic group such as hydroxyl and carboxylate. Miller and
Hoseney (1993) also stated that the addition of xanthan gum can improve moisture retention. Increasing
concentrations of xanthan gum can help to trap free water and weakly bound water, so the moisture
content of reduced fat rice cake getting lower.

Specific volume

The specific volume of reduced fat rice cake was affected by batter volume that formed after
mixing. The greater the volume of batter would increase the specific volume of cake. ANOVA results at
= 0.05 indicated that the interaction of egg reduction and xanthan gum concentration significantly
affected on specific volume of reduced fat rice cake. The relationship between egg reduction and xanthan

gum concentration with specific volume of reduced fat rice cake and the results DMRT at @ = 0.05 in

Figure 2.
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Means accompanied by the same letter on the same line do not present a statistically significant
difference (o=0.05) according to DMRT’s test.

Figure 2. Relationship of Egg Reduction and Xanthan Gum Concentration with Specific Volume of
Reduced Fat Rice Cake

Figure 2 showed the greater egg reduction would decrease specific volume of reduced fat rice
cake. The increasing of xanthan gum concentration could increase the specific volume of reduced fat rice

cake. Egg reduction resulted in lower egg protein (albumin), fats and emulsifiers. These three components
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have a function in the formation of foam when mixing. Reduced albumin protein caused less of air
trapped in the batter. Egg yolks contain fat that acts to maintain the foam stability. According to
Chevallier er al. (2000), the fat can form a layer that will provide additional protection to the surface of
the foam layer, so that foam will not easily collapse when baking. Egg yolks also contain emulsifiers,
namely lecithin. The existence of lecithin is reduced due to egg reduction lead to decrease the foam
stability. The decreasing of foam stability caused the trapped air is difficult to be maintained so that the
foam collapses easily. All of these decreased the specific volume of reduced fat rice cake.

Xanthan gum is capable to trap free water and weakly bound water in the cake batter. The higher
xanthan gum concentration caused more trapped water thus increased the viscosity of rice cake batter.
Demirkesen er al. (2010) stated that the increasing of xanthan gum concentration affect on batter
viscosity. This can increase the stability of the cake batter so that the batter is able to maintain the trapped
air. Thus the specific volume of reduced fat rice cake is generally increase at a higher xanthan gum
concentration.

Figure 2 also showed that the 50% of egg reduction and 0.4% of xanthan gum concentration
resulted in a specific volume of the reduced fat rice cake that is lower than the 0.2% concentration. In this
treatment, the egg reduction is very high, so the foam that formed became less. The higher xanthan gum
concentration caused the cake batter is too viscous that it can not produce a bigger specific volume of
reduce fat rice cake.

Hardness

Hardness value is indicated by the peak value graph (force) after the product is pressed for the first
time (Roshental, 1999). The higher the hardness values, means the greater the force applied product
against the force exerted so that the product is harder. ANOVA results at @ = 0.05 indicated that the
interaction of egg reduction and the xanthan gum concentration significantly affected on the hardness of
reduced fat rice cake. The relationship between the egg reduction and the xanthan gum concentration with

hardness of reduced fat rice cake and the results DMRT at o = 0.05 in Figure 3.
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Means accompanied by the same letter on the same line do not present a statistically significant
difference (=0.05) according to DMRT’s test.

Figure 3. Relationship of Egg Reduction and Xanthan Gum Concentration with Hardness of Reduced Fat
Rice Cake

Egg whites contain proteins that able to trap air that incorporated when mixing to form a foam
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(Charley, 1982). The amount of egg white is sufficient to provide trapping a lot of air. According to
Charley (1982), the yolk contains lecithin which acts to form a stable emulsion system in a cake batter.
Egg yolks also contain fat components that can help trapping of air by forming a coating on the surface of
the foam so that the foam is not easily collapsed and unstable. The optimum condition caused the rice
cake batter is able to expand with the optimum so that the pore walls of rice cake are thin, so the reduced
fatrice cake has a low hardness.

The egg reduction causes a decrease in the protein components that contribute to air trapping. Fat
and emulsifier components contained in the yolk also reduced. The expansion was not optimum that lead
the cake’s pore wall become thick. This causes an increase in hardness of reduced fat rice cake with the
increasing of egg reduction.

The use of xanthan gum leads to reduce free water due to the ability of xanthan gum in water
entrapment. This causes the rice cake batter becomes too viscous at the higher xanthan gum
concentration. The batter is too viscous resulting in more dense batter and less expands when baking. The
pore walls of rice cake are also increasing massively so the cake becomes harder and has the higher
hardness values.

Springiness

Springiness is the ability of a food product to retumn to normal condition after a given pressure
(Roshental, 1999). Springiness higher value indicates that the product is more elastic. ANOVA results at
o« = 0.05 showed that the xanthan gum concentration significantly effect on reduced fat rice cake
springiness. The relationship between the xanthan gum concentration with springiness of reduced fat rice

cake and the results DMRT at o = 0.05 in Figure 4.
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Means accompanied by the same letter on the same line did not present a statistically significant
difference (=0.05) according to DMRT’s test.

Figure 4. Relationship of Xanthan Gum Concentration with Springiness of Reduced Fat Rice Cake

Figure 4 showed that increasing the xanthan gum concentration caused decreasing low-reduced fat
rice cake’s springiness. This is due to the rice cake batter is too viscous, so when baking the structure of
reduced fat rice less elastic and less expansion. According to Arabshirazi ef al (2012), the addition of
xanthan gum can cause the batter structure firmer and reduce the degree of its relaxation. This condition
caused the reduced fat rice cake with a higher xanthan gum concentration has a lower ability to return to

its original shape after pressured. This is indicated by the lower value of springiness.
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Cohesiveness

Moskowitz (1999) stated that cohesiveness is the compactness of each component in a product that
will form the texture of the product. ANOVA results at @ = 0.05 showed that egg reduction treatment
significantly effect on reduced fat rice cake cohesiveness. The relationships of egg reduction with

cohesiveness of reduced fat rice cake and results DMRT at o = 0.05 can be seen in Figure 5.
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Means accompanied by the same letter on the same line did not present a statistically significant
difference (x=0.05) according to DMRT’s test.

Figure 5. Relationship of Egg Reduction with Cohesiveness of Reduced Fat Rice Cake

Figure 5 showed that the lower cohesiveness of reduced fat rice cake along with the reduction of
eggs concentration. Egg whites have the ability to bind water because of its protein content. Egg
reduction caused the decrease of protein content so that rice cake batter become less viscous. Reduced
component of egg white proteins also cause a reduction in protein gel matrix that formed so that the
structure of reduced fat rice cake becomes less compact. Reduced number of egg yvolks also responsible
for the reduction in lecithin as an emulsifier and fat components that contribute to the formation of
emulsions. This leads to interactions between components in a cake is getting weaker, so cohesiveness

values were lower.

Conclusion

The interaction between egg reduction and xanthan gum concentration significantly affect the
moisture content, specific volume and hardness. The xanthan gum concentrations significantly affect the
springiness, while thgeegg reductions significantly affect the reduced fat rice cake cohesiveness. The egg
reduction as well as the xanthan gum concentration from 20%: 0.2% to 50%: 0.4% resulted in an increase
in the value of hardness, but caused a decrease in moisture content and specific volume. Xanthan gum
concentration caused a decrease in the value of springiness, while the egg reduction resulted in a decrease
of reduced fat rice cake cohesiveness.

The egg reguetion and xanthan gum concentration had a significant effect on the texture. Need
further study on the effect of the egg reduction and xanthan gum concentration on the sensory
characteristics of reduced fat rice cake in order to observe the maximum limit egg reduction and the

xanthan gum concentration that appropriate to consumer acceptance.
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