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Modified broken rice starch as fat substitute in sausages

Amido modificado de quirera de arroz como substituto de gordura em salsichas

Valéria Maria LIMBERGER™, Fabricio Barros BRUM!, Luciana Dalpieve PATIAS,
Ana Paula DANIEL!, Carine Glducia COMARELA? Tatiana EMANUELLI'?, Leila Picolli da SILVA3

Abstract

The demand for low-fat beef products has led the food industry to use fat substitutes such as modified starch. About 14% of broken rice is
generated during processing. Nevertheless, this by-product contains high levels of starch; being therefore, great raw material for fat substitution.
This study evaluated the applicability of chemically and physically modified broken rice starch as fat substitute in sausages. Extruded and
phosphorylated broken rice was used in low-fat sausage formulation. All low-fat sausages presented about 55% reduction in the fat content
and around 28% reduction in the total caloric value. Fat replacement with phosphorylated and extruded broken rice starch increased the
texture acceptability of low-fat sausages, when compared to low-fat sausages with no modified broken rice. Results suggest that modified
broken rice can be used as fat substitute in sausage formulations, yielding lower caloric value products with acceptable sensory characteristics.
Keywords: extrusion; phosphorylation; low-fat sausage; fat replacement; broken rice.

Resumo

A demanda por produtos carneos de baixo teor de gordura tem conduzido a industria a utilizar substitutos de gordura, entre estes estd o
amido modificado. Durante o beneficiamento do arroz, cerca de 14% de graos quebrados sao gerados. Porém, este subproduto tem altos niveis
de amido, portanto, é uma excelente matéria-prima para a substitui¢do de gordura. O estudo avaliou a aplicabilidade do amido de quirera
de arroz modificado quimica e fisicamente como substitutos de gordura em salsicha. Quirera de arroz extrusada e fosforilada foi utilizada
na formulagdo de salsicha de baixo teor de gordura. Todas as salsichas de gordura substituida apresentaram uma redugao de 55% no teor de
gordura e de cerca de 28% do valor caldrico total. A substituigdo por quirera de arroz extrusada e fosforilada aumentou a aceitabilidade da
textura da salsicha quando comparada a salsicha sem quirera modificada. Os resultados sugerem que a quirera de arroz modificada pode
ser utilizada como substituto de gordura em formulagdes de salsicha, desenvolvendo produtos de menor valor calérico com caracteristicas
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sensoriais aceitaveis.

Palavras-chave: extrusdo; fosforilagdo; salsicha light; substituto de gordura; quirera de arroz.

1 Introduction

Recently, the demand for low-fat beef products has increased
due to consumers’ concern about high fat diets, leading the food
industry to develop light versions of their traditional products.
Making low-fat products similar to the full fat ones is a difficult
task (SIPAHIOGLU; ALVAREZ; SOLANO-LOPEZ, 1999).
Several studies have shown significantly lower sensory scores
for tenderness, juiciness, hardness and flavor in low-fat beef
products (BREWER; MCKEITH; BRITT, 1992; BERRY, 1994;
FREDERICK et al,, 1994; MANSOUR; KHALIL, 1997). The
use of a fat substitute improves the properties of reduced-fat
foods (DRAKE; SWANSON, 1995). Among these substitutes
we find modified starch, which is being used to replace fat
in processed foods because of its water-binding properties
(CHIN et al., 1998), imitating the softness conferred by fat.
Modified starches have been proposed as fat substitutes in
several foods, such as cheese (SIPAHIOGLU; ALVAREZ;
SOLANO-LOPEZ, 1999), beef patties (KHALIL, 2000)

and ice-cream (JIMENEZ-FLORES; KLIPFEL; TOBIAS,
1993; AIME et al., 2001). The rheological properties of
starch may be improved or adapted to technological needs
through physical (extrusion) or chemical (phosphorylation)
modification (BRANEN; DAVIDSON; SALMINEN, 1990;
KIM; HERMANSON; ERIKSSON, 1992; ELIASSON;
GUDMUNDSSON, 1996; SIVAK; PREISS, 1998; ALVES;
GROSSMANN; SILVA, 1999; STAHL et al., 2007). Starch
phosphates prepared through chemical methods produce
clear pastes of high consistency, good freeze/thaw stability,
lower gelatinization temperatures and high swelling power
and solubility (SIVAK; PREISS, 1998; SITOHY et al., 2000a;
STAHL et al., 2007).

Extrusion is regarded as a sophisticated food process since
it enables mixing, kneading, cooking and forming to take place
continually by using a single machine and it is completed within
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a short period of time (MILLER, 1988). Extrusion promotes a
high physical modification in granular structure, increasing
water absorption and retention (LIMBERGER et al., 2008).

Rice has, on average, 88% of starch (VARAVINIT et al,,
2003) and Brazil is the most important producer of this cereal
outside the Asiatic continent, occupying the 7 worldwide
position (COMPANHIA..., 2009). About 14% of broken rice is
generated during processing - reaching 60% in the case of dry
grain. This represents a great economic loss for the rice industry,
because the commercial value of broken rice is only one-fifth
of the that obtained in the commercialization of whole grain.

Limberger et al. (2008) evaluated the efficiency of chemical
(phosphorylation) and physical (extrusion) modifications
of broken rice starch. Both phosphorylation and extrusion
increased cold water binding capacity, swelling power, and
solubility. Extruded and phosphorylated pastes were stable
under refrigeration, but only extruded paste was stable when
submitted to freezing. Phosphorylated paste presented the
lowest viscosity and the highest stability during heating - while
the extruded gelatinized without heating - but showed higher
losses during heating.

In order to take advantage of broken rice, it was evaluated
as a source of starch for chemical (phosphorylation) or physical
(extrusion) modification, and the modified starches obtained
were assessed as fat substitutes in sausages.

2 Materials and methods

Broken rice with no dirt or black points was donated by
two local mills. The chemical composition of broken rice in dry
basis was 8.13% protein, 1.15% fat, 0.45% ash, 2.13% fiber and
76.35% starch (with 22.5% amylose content).

2.1 Extrusion

A single-screw extruder was employed for this study. It was
of rising compression, with short rolls and without-end-screw,
operating at 112 + 1 °C temperature and 480 rpm rotation. Broken
rice was conditioned to 14% moisture before being introduced in
an extrusion chamber. The temperature of dough in the extrusion
chamber was 112 + 1 °C immediately after the orifice passage. The
extruded sample was pulverized and stored in hermetically closed
containers, under refrigeration, at the moment of being used.

2.2 Phosphorylation

The broken rice starch phosphate was obtained using
sodium tripolyphosphate (0.126 g.g™* of starch) as described by
Paschall (1964), with a minor change in the phosphorylation
time. The samples were heated at 150-155 °C for 40 minutes.
The amount of phosphorus bound after phosphorylation was
determined before and after dialysis of 5% starch slurry (w/v
in water) as described by Sitohy et al. (2000a). The phosphorus
content was determined as described by Tedesco, Gianello and
Bohnen (1996) at 805 nm, after digestion in sulfuric acid. Milled
broken rice was used in the phosphorylation process.
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2.3 Sausage formulations

The sausage formulation consisted of (w/w) 57% meat, 2.7%
common salt, 0.3% phosphate, 0.6% white pepper, 0.045% garlic,
0.06% glutamate, 16.4% water, and 0.54% sausage condiment.
20% fat (T20C, control) or 5% fat + 2% cassava starch (T5C)
or 5% fat + 2% extruded broken rice (T5E) or 5% fat + 2%
cassava starch + 2% extruded broken rice (T5EC) or 5% fat +
2% phosphorylated broken rice (T5P) or 5% fat + 2% cassava
starch + 2% phosphorylated broken rice (T5PC) were added to
this mixture. Cassava starch, an element common in sausage
formulations in Brazil, was used in the control groups. Extruded
and phosphorylated broken rice were added as water paste (10%,
w/w). The meat used in the sausage formulation was half beef
and half pork, both without fat.

The formulations were stored at 6 °C for 24 hours until
sensory analysis. For fat, protein and ash analysis, sausages
were finely ground employing ultra Turrax equipment (model
T18 basic, IKA).

2.4 Chemical composition

Moisture (method 950.46), ash (method 923.03), and
protein (method 960.52, conversion factor: 6.25) contents were
determined according to AOAC (ASSOCIATION..., 1995).
Fat was measured as described by Bligh and Dyer (1959),
with chloroform addition, which separates the fat in the lower
layer. An aliquot of the lower layer was held at 105 + 2 °C for
two hours until the solvent evaporated and the fat was measured
by residual weight. The caloric value was calculated using: fat=9
calories, carbohydrates = 4 calories and protein = 4 calories
(ASSOCIATION..,, 1995).

2.5 Sensory analysis

Sausages were evaluated through Hedonic scale test,
according to the Brazilian Technical Standards Association
(ASSOCIAGAO..., 1993, 1998). An untrained panel made up
of 35 panelists was selected from students and staff members
of the Department of Food Science and Technology, Federal
University of Santa Maria. They evaluated texture using a
seven-point hedonic scale: disliked extremely (1), disliked very
much (2), dislike (3), indifferent (4), liked (5), like very much
(6), liked extremely (7). Before the sensory analysis, the samples
were heated to 80 °C and served immediately.

2.6 Statistical analysis

The experiment was conducted in a completely
randomized design, in three lots and in triplicate. The data
was analyzed by one-way analysis of variance (ANOVA) and
compared through the F-test. In significant models, the means
were compared using the post-hoc test of Tukey’s multiple
range. The data were analyzed using the SPSS® 8.0 software
package (STATISTICAL..., 1997). Differences were considered
to be significant when p < 0.05.
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3 Results and discussion

3.1 Phosphorus content

Phosphorus content significantly increased after
phosphorylation (Table 1). Dialysis reduced the phosphorus
content, indicating the need of this procedure to remove the
unbound phosphorus after phosphorylation. For this reason,
the substitution degree of rice starch phosphate was calculated
based on the content of phosphorus after dialysis. This value
was similar to those previously reported for corn starch after
phosphorylation under similar conditions (PASCHALL, 1964;
SITOHY etal.,2000b; STAHL et al., 2007). Codex Alimentarius
(2009) establishes a limit of 0.4% residual phosphate for
phosphorylated rice starches. Thus, the broken rice starch
phosphate obtained in the present study is suitable for food use.

3.2 Chemical composition

Alllow-fat sausages (T5C, T5E, T5P, TS5EC, T5PC) presented
reduction of about 55% in the fat content when compared to
control (T20C) full-fat sausages. This reduction is similar to that
reported by Candogan and Kolsarici (2003) for low-fat sausages
(Table 2). All low-fat sausages had significantly higher protein
content when compared to control full-fat sausages (Table 2).
Similar results were reported by Cofrades, Hughes and Troy
(2000). The increased protein content seemed to play a major role
in the increased firmness of low-fat sausages (PIETRASIK, 1999).
When the fat content is reduced by increasing the water content
and keeping the amount of protein constant, low-fat products
with lower hardness level are obtained (GREGG et al., 1993).

Moisture was higher in all the samples of low-fat sausages
than in the control full-fat sausages (Table 2). Pietrasik (1999)
evaluated potato modified starch as a fat substitute in sausages

Table 1. Phosphorus (P) content (%) and substitution degree of native
and phosphorylated broken rice before and after dialysis process.

Broken Before After Substitution degree
rice dialysis dialysis (after dialysis process)
Native 0.104 + 0.006* 0.063 + 0.003" 0.003 + 0.0003"
Phosphorylated 0.915 +0.015* 0.310 + 0.004° 0.024 + 0.0020*

Values followed by distinct letters within the column are different by T test (p < 0.05)
(n=3).

and also observed the behavior of increased moisture along
with lower fat levels. Khalil (2000) also observed an increase
in the moisture of beef patties as the replacement degree of
modified corn starch increased. The increase in moisture in
sausage containing modified starch may be attributed to the high
water absorption capacity of starch (SIPAHIOGLU; ALVAREZ;
SOLANO-LOPEZ, 1999). The reduction in the total caloric
value was around 28% in the low fat sausages formulated with
modified broken rice starch as fat substitute when compared to
the control full-fat sausage.

3.3 Sensory analysis

Fat replacement with phosphorylated and/or extruded
broken rice starch increased the texture acceptability of low-fat
sausages when compared to low-fat sausages without modified
broken rice (Figure 1).

There was no significant difference in texture acceptability
between sausages formulated with broken rice modified by
extrusion or phosphorylation, which proves the efficacy of both
fat substitutes (Figure 1). Likewise, the cassava starch addition
did not significantly modify the samples acceptability.

Khalil (2000) observed that modified corn starch improved
sensory properties of low-fat beef patties; with the exception of
flavor intensity, which was slightly different.

6 -
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b
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T5C T5E T5EC T5P T5PC
Sausages

Figure 1. Texture scores of sausages formulated with physically and
chemically modified broken rice. Columns with distinct letters are
different by Tukey’s test (p < 0.05) (n = 35).

Table 2. Fat, moisture, protein, ash (%) and caloric value (kcal.100 g™') of sausages elaborated with extruded and phosphorylated broken rice.

Samples Fat Moisture Protein Ash Caloric value
T20C 13.88 £ 0.04* 67.72+0.21° 16.33 £ 0.09° 1.52 +0.05¢ 198.24
T5C 6.45 + 0.35" 70.03 £ 0.27° 19.05 £ 0.24* 1.74 £ 0.03" 142.29
T5E 6.01 +0.77> 70.08 + 0.81° 18.46 + 0.32* 1.70 + 0.03% 135.93
T5P 5.64 £ 0.43¢ 70.37 £ 0.30° 18.74 + 0.39° 1.92 +0.10° 133.72
T5EC 7.12 £ 0.36" 70.01 = 0.20° 19.22 £ 0.74* 1.63 £ 0.01°%4 156.96
T5PC 6.19 +0.37> 71.81 £0.21° 19.05 + 0.61* 1.55 + 0.08< 147.91

Values that have no common superscript letter within the column are different by Tukey’s test (p < 0.05) (n = 3).

Ciénc. Tecnol. Aliment., Campinas, 31(3): 789-792, jul.-set. 2011

791



Modified broken rice starch as fat substitute in sausages

4 Conclusions

Broken rice modified by extrusion or phosphorylation can
be used as fat substitutes in sausage formulations, yielding lower
caloric value products with acceptable sensory characteristics.
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