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Effects of processing on physical properties of extruded snacks with

blends of sour cassava starch and flaxseed flour
Camila de Barros MESQUITA', Magali LEONEL"™, Martha Maria MISCHAN?

Abstract

The opportunity to supplement common cassava biscuits with a product of higher nutritional value meets consumer expectations.
In this work it was studied the effects of process parameters and flaxseed addition on physical properties of expanded snacks.
Extrusion process was carried out using a single screw extruder in a factorial central composite rotatable design with four
factors: flaxseed flour percentage (0-20%), moisture (12-20%), extrusion temperature (90-130 °C) and screw speed (190-270).
The effect of extrusion variables was investigated in terms of expansion index, specific volume, water absorption index, water
solubility index, color parameters (L*, a* ,b*) and hardness. The data analysis showed that variable parameters of the extrusion
process and flaxseed flour affected physical properties of puffed snacks. Among the experimental conditions used in the present
study, expanded snack products with good physical properties can be obtained under the conditions of 10% flaxseed flour, 230

rpm screw speed, temperature of 90 °C and moisture of 12%.
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1 Introduction

Extrusion cooking is an important processing technique
in the food industry as it is considered to be an efficient
manufacturing process. Extrusion combines a number of unit
operations i.e. mixing, cooking, shearing, puffing, final shaping
and drying in one energy eflicient rapid continuous process
and can be used to produce a wide variety of starchy foods
including snacks, ready to eat (RTE) cereals, confectioneries and
extruded crisp breads (HARPER, 1989; SUKNARK; PHILLIPS;
CHINNAN, 1997). This process of high temperature short time
extrusion bring gelatinization of starch, denaturation of protein,
modification of lipid and inactivation of enzymes, microbes and
many antinutritional factors (BHATTACHARYA; PRAKASH,
1994).

The extrusion of starchy foods results in gelatinization,
partial or complete destruction of the crystalline structure
and molecular fragmentation of starch polymers. During
extrusion, protein structures are disrupted and altered under
high shear, pressure, and temperature. Protein solubility
decreases and cross-linking reactions occur possibly due to some
covalent bonds formed at high temperature, as well as protein
denaturation and formation of complexes between starch and
lipids and between protein and lipids (COLONNA; MERCIER,
1983; PEREZ et al., 2008).

Consumer acceptance of extruded foods is mainly due to
the convenience, value, attractive appearance and texture found
to be particular for these foods, especially when it concerns
snack products (ANTON et al., 2008). Extruded foods have
been proven to provide nutritious products and combine
quality ingredients and nutrients to produce processed foods

that contain precise levels of each required nutrient (CHEFTEL,
1986; YAGCL GOGUS, 2008).

Brazil is the third largest producer of cassava (233.795.973
tons), which is grown in all regions and represents the second
most important source of starch in Brazil, constituting an
industrial input into strategic sectors of the economy. In 2010,
the country produced 26.6 million tons of cassava roots within
an area of 1.77 million ha, and the main producers were the
states of Pard, Parand, Bahia, Maranhdo and Rio Grande do Sul.
In the same year, the production of cassava starch yielded 542.2
thousand tons, and the Parana State was the greatest producer
(LEONEL; FREITAS; MISCHAN, 2009; INSTITUTO..., 2011).

The sour starch is a modified product of cassava produced
by natural fermentation of starch and drying in the sun. This
modified starch is widely used in food products due to the
property of natural expansion.

The opportunity to supplement common cassava sour
biscuits with a product of higher nutritional value is inherently
beneficial to the public interests.

Seeds are the major form of dispersal of plants in
the environment and are nowadays the subject of intense
studies because of their use as major food sources. Among
the various seeds of interest, flaxseed presents a nutritional
and pharmacological value as a source of biologically active
phytochemicals such as linolenic acid and lignans and is thus
widely used as a dietary supplement (ATTOUMBRE et al., 2011).
The flaxseed (Linum usitatissimum L.) contains approximately
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40% oil, 30% dietary fiber, 20% protein, 6% moisture and 4%
ash (OOMAH; MAZZA, 1998).

Several reports have attempted to relate extrusion
parameters to chemical and physical properties of extrudates
such as raw material composition, feed moisture, screw speed,
extrusion temperature and feed rate (HAGENIMANA; DING;
FANG, 2006; YULIANTI et al., 2006). In this study it was
investigated the effects of screw speed, extrusion temperature,
moisture and percentage of flaxseed flour in the mixture with
sour cassava starch on physical properties of puffed snacks.

2 Materials and methods

The employed raw materials were industrial sour cassava
starch (Ourominas, Sao Pedro do Turvo, Sao Paulo, Brazil) and
flaxseed flour acquired in local market (Jasmine, Brazil).

The chemical composition of flaxseed flour was: 6.8%
moisture, 22.06% protein, 40.79% lipids, 3.11% ash, 12.04%
fiber and 15.2% total carbohydrate.

Mixtures of sour cassava starch and flaxseed flour were
prepared and after homogenization in a homogenizer in “Y”
TE201/5 (Tecnal, Brazil) for 5 minutes, 28 samples of 1kg were
separated for moisture conditioning.

Extrusion was carried out using a complete line of INBRA
RX (Inbramag, Brazil), which has a motor coupled with a speed
reducer (extrusion by mechanical friction), besides a single
extrusion screw, with 130 mm of barrel diameter, 440 mm of
extruder length, a hydraulic cooling system for temperature
control, variable speed, and 50 kg h™* capacity.

The Response Surface Methodology (RSM) is a widely
adopted tool for the quality of optimization process. The RSM,
originally described by Box and Wilson (1951), is effective for
responses that affect many factors and their interactions. The
central composite rotatable composite design (CCRD) was
adopted to predict responses based on few sets of experimental
data in which all factors were varied within a chosen range. A
four factors and five level experimental design was adopted for
this work (BOX; HUNTER, 1957) (Table 1).

The extrusion process parameters were:

o Constant parameters: extrusion temperature in the 1%
(20to 25 °C) and 2™ zones (40 to 45 °C); screw compression
ratio (3:1); screw diameter (19 mm), die diameter (4 mm);
feed rate (150 g min™'); and cutting speed (90 rpm).

o Variable parameters: flaxseed flour percentage, feed
moisture; barrel temperature in the 3™ zone; and screw

speed (Table 1). The variation ranges between the
upper and the lower limit of variables were set based on
preliminary tests.

During the extrusion process a portion of the next test
material was used to purge the extruder. It was collected 500 g
of extruded sample after achieving steady-state flow in the
extruder. The extruded samples were dried (40 °C) to the desired
moisture (6-7%) in an air circulation oven MA037 (Marconi,
Brazil). Each dried sample was divided into two portions and
kept in plastics bags hermetically sealed until evaluation.

The expansion index (EI) was evaluated after extrusion
and before drying. It was determined with a digital caliper.
Expansion indexes are derived from the division of radial
expansion by the die orifice diameter (4.0 mm) (FAUBION;
HOSENEY, 1982). The considered value was obtained by the
arithmetic mean of measurements of 20 different expanded
products in each treatment.

Specific volume (SV) was determined according to the
mass displacement method (millet seed) using a graded pipette
(FAUBION; HOSENEY, 1982).

Water absorption index (WAI) and water solubility
index (WSI) were assessed before and after extrusion process
(ANDERSON et al., 1969). The extrudates were ground to a
mean particle size of approximately 150 um. A 2.5 g sample was
dispersed in 25 g distilled water, using a glass rod to break up any
lumps. After stirring for 30 minutes, the dispersions were rinsed
into tared centrifuge tubes, made up to 32.5 g and centrifuged
at 5000 rpm for 10 minutes. The water absorption index (WAI)
is the weight of gel obtained per gram of dry ground sample.
The water solubility index (WSI) is the percentage of dry matter
recovered after the supernatant is evaporated from the water
absorption determination. WAI and WSI were calculated as:

WAL = We.lght of Sedlme.nt
Weight of Dry Solids
WSI = Weight of Dissolved Solids in Supernatant x 100

Weight of Dry Solids

Color measurements (CIE L*, a*, b* color space) were
performed on raw materials before extrusion and on ground
extruded samples using a Minolta CR-400 model colorimeter
(Konica Minolta, Ramsey, NJ, USA). The color of extrudates
was expressed as the average of three L*, a*, and b* readings,
where L* stands for brightness, +a* redness, —a* greenness, +b*
yellowness, and -b* blueness. A white calibration plate was used
to standardize the equipment prior to color measurements.

Table 1. Levels of variation and variable parameters of the extrusion process.

Independent variables

Levels of variation

—<alpha> -1 0 +1 +<alpha>
Flaxseed flour 0 5 10 15 20
Screw speed (rpm) 190 210 230 250 270
Extrusion temperature (°C) 50 70 90 110 130
Moisture content (%) 12 14 16 18 20
<alpha>= 2.
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The hardness of samples was determined using a texture
analyzer TA-XT2 (Stable Micro Systems, Surrey, England) with a
50 kg load cell and a probe HDP/WBV (Warner Bratzler set with
“V” slot blade for USDA Standard). The test speed was 1 mm/s.
For each treatment ten extrudates were assayed.

Response Surface Methodology describes the behavior
of a system in which the independent variables (X,) and the
dependent variable or response (Y,) are combined. The response
is a function of the levels at which those factors were combined
and defined.

The model was fitted by the option “step-wise” of SAS
program; the obtained model was evaluated through F-test using
as denominator the pure error mean square.

The stepwise method is a modification of the forward-
selection technique and differs in that variables already in the
model do not necessarily stay there. As in the forward-selection
method, variables are added one by one to the model, and
the F statistic for a variable to be added must be significant at
the SLENTRY= level. After a variable is added, however, the
stepwise method looks at all the variables already included in
the model and deletes any variable that does not produce an F
statistic significant at the SLSTAY= level. Only after this check
is made and the necessary deletions are accomplished another
variable can be added to the model. The stepwise process ends
when none of the variables outside the model has an F statistic
significant at the SLENTRY= level and every variable in the
model is significant at the SLSTAY= level, or when the variable
to be added to the model is the one just deleted from it.

Table 2. Regression equation coefficients of fitted models.

3 Results and discussion

The degree of expansion of extruded product is closely
related to the size, number and distribution of air cells
surrounded by the cooked material. The expansion occurring in
afood material depends on the pressure differential between the
die and atmosphere. The high pressure close to the discharge of
the die is reduced when the products leaves the extruder, causing
flash evaporation of water and expansion of the product. As the
conditions used in the processing of sour cassava starch and
flaxseed flour mixtures, the expansion index ranged from 2.23
to 5.36. It was not observed effect of independent variables on
this expansion parameter (Table 2).

The specific volume (SV) of extruded products ranged from
1.43mL.g"" to 17.24 mL.g™' with the higher value observed under
low moisture (12% and 24%), 10% flaxseed flour, temperature
of 130 °C and 230 rpm of the screw speed. Specific volume is
a main performance index for extrusion puffed food. It is a
measure of volumetric expansion, which is the sum of radial
and axial expansions.

In Brazil, sour cassava starch biscuits, produced by mixing
of sour cassava starch with hot water (100 °C), oil and salt and
then molded and baked, are classified to the specific volume as:
low SV (<5.0 ml. g™'), medium (5.0 to 10.0 ml.g™'), and large
(>10.0 ml. g') (CAMARGO; LEONEL; MISCHAN, 2008).
Based on this classification, the extruded products fit into all
levels of specific volume.

Temperature showed a highly significant linear effect on the
specific volume of extrudates. Moisture showed positive squared

EI SV WSI WAI L* a* b* H

Intercept 3.64 5.77 52.32 13.76 66.4 5.87 16.37 1.31
FF ns ns ns -1.12* —4.0%%* 0.62** ns ns
SS ns ns ns ns ns ns 0.66** ns
T ns 3,18 23.5%%* ns 1.74* ns 1.12%%* ns
M ns ns ns ns ns ns -0.73%* ns
FF*FF ns ns -7.58* ns ns ns —0.74%* 1.274%*
SS*SS 0.3* ns ns ns ns ns 0.67*** ns
™T ns ns ns ns ns ns -0.52%* ns
M*M ns 1.28* ns ns ns ns ns ns
FF*SS ns ns ns ns ns ns ns ns
FF*T ns ns ns ns ns ns ns ns
FS*M ns ns ns ns ns ns 0.43* ns
SS*T ns ns ns ns ns ns 0.85** ns
SS*M ns ns ns ns ns ns ns ns
™M ns ns ns ns ns ns -0.55** ns
R? 0.38 0.57 0.73 0.17 0.58 0.33 0.90 0.67
F value 4.12 17.24 34.51 5.65 17.99 13.15 19.20 54.43
F tab. 421 3.37 3.37 4,21 3.37 421 2.37 4.21
Pr>F 0.52 <0.0001 <0.0001 0.0248 <0.0001 0.0012 <0.0001 <0.0001
Lack of fit 0.02 0.05 0.09 0.02 0.17 0.01 0.20 0.04

FF= flaxseed flour; SS= screw speed; T= temperature; M=moisture; ns=non-significant; *=P<0.05, **=P<0.01, **=P<0.001; EI=expansion index; SV=specific volume; WSI=water
solubility index; WAI= water absorption index; L*= brightness a*= redness or greenness; b*= yellowness or blueness; H=Hardness.
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effect on SV (Table 2). The model proposed was significant but
it was not a predictor model.

An increase in specific volume is observed at high extrusion
temperature and opposite extremes conditions of moisture in
mixtures (Figure 1). In conditions of low moisture content of
mixtures it was possible to obtain high specific volume and
expansion index.

Higher values of specific volume (SV) under high moisture
condition can be associated with the levels of non-starch
components of flaxseed flour.

The fiber component has the capacity to hydrate itself and,
consequently, to compete for water and restrict availability of
this plasticizer thereby impairing the gelatinization process
(YANNIOTIS; PETRAKI; SOUMPASSI, 2007).

Camargo, Leonel and Mischan (2008), evaluating the
physical properties of extruded biscuits of sour cassava starch
with fibers, observed that the values of specific volume ranged
from 1.5 mL.g" to 5.6 mL.g"' with a significant effect of moisture
and fiber percentage. In conditions of 7.5% fiber and 20%
moisture was obtained the higher SV.

Foods with lower moisture tend to be more viscous than
those with higher moisture, therefore, the pressure differential
would be smaller for higher moisture foods, leading to a less
expanded product (SINGH; SEKHON; SING, 2007).

Trevisan and Aréas (2012), developed corn and flaxseed
snacks with high fiber content using response surface
methodology, concluded that the characteristic composition of
the raw material used may explain the higher moisture content
(19%) observed for the maximum expansion of corn-flaxseed
snack versus values for corn starch alone.

The changes in extrudates properties by moisture and
temperature variations may be attributed to variation in starch
degradation. At very high temperature and lower moisture the
vaporization occurs in a violent way and may cause breakage of
the structure, hampering expansion. Low moisture content in

(L OI) SWNER 24

the material may restrain its flow inside the extruder, increasing
shear and residence time (HASHIMOTO; GROSSMANN,
2003).

Color is an important characteristic of extruded foods.
Color changes can provide information about the extent of
browning reactions such as caramelization, Maillard reaction,
degree of cooking and pigment degradation that take place
during the extrusion process (ALTAN; McCATHY; MASKAN,
2008).

The color analysis of the raw materials before extrusion
showed brightness of 94.71, a* of 1.09 and b* of 5.87 for the
sour cassava starch. The flaxseed flour had L* of 44.11, 8.74 of
a*and b* of 15.17.

The results obtained for the brightness (L*) of extrudates
ranged from 55.13 to 80.54. The statistical analysis showed
negative linear effect of the percentage of flaxseed flour and
positive linear effect of extrusion temperature on the brightness
(Table 2). The fitted model can be considerably predictive (Lack
of fit p = 0.1781). Yagci and Gogis (2008) reported that with
significant probability values (p< 0.001) and non-significant lack
of fit, the models could be adequately used as predictor models,
regardless of low coefficient of determinations.

Under conditions of low percentage of flaxseed flour and
high extrusion temperature the L* of products was higher
(Figure 2).

Similar results for the effect of temperature were cited by
Leonel, Freitas and Mischan (2009) who observed that under
high moisture and high barrel temperature conditions, there
was less darkening of the extruded cassava starch, i.e. greater L*.

The results obtained for the a* value of the extruded
products ranged from 2.8 to 6.87. Analysis of the regression
coeflicients showed a positive linear effect of temperature on
this component of chromaticity (Table 2).

Responses of the b* color parameter, which represents
variation from blue to yellow, varied according to the treatment

[ 57.020
[ 59.116
[ 61.211
[ 63.307
[ 65.402
[ 67.498
I 69.593
I 71.689
Il 73.784
Il 75.880
Il above

Figure 1. Effects of extrusion parameters on specific volume of
extruded products with the screw speed and percentage of flaxseed
flour in central point (230 rpm and 10% respectively).

Figure 2. Effect of extrusion temperature and percentage of flaxseed
flour on L* of extruded products with moisture and screw speed in
central point (18% and 230 rpm respectively).
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(from 13.26 t0 20.93). Regression analysis indicated effects of all
variable parameters on this chromaticity component (Table 2).
The model can be used as a predictor model. It was significant,
well-fitted (R*= 0.90), and the lack of fit was not significant
(p =0.2034).

Under conditions of high temperature and low moisture or
high temperature and high screw speed, b* values were higher.
Under high moisture and low flaxseed flour percentage b* values
were lower (Figure 3).

Processing conditions of high temperature and low
moisture are recognized to favor the reaction between reducing
sugars and amino acids that results in the formation of colored
compounds and in the reduction of the lysine amino acid. If
browning is too intense, colors and undesirable tastes may arise.

The water absorption index (WAI) measures the volume
occupied by the starch after swelling in excess water, and
indicates the integrity of starch in aqueous dispersion. Water
solubility index (WSI), often used as an indicator of degradation
of molecular components, measures the degree of starch
conversion during extrusion which is the amount of soluble

[111.185
[ 12.086
[ 12.987
[ 13.888
[ 14.790
I 15.691
Il 16.592
Il 17.493
Il 18.394
Il 19.296
Il above

112945
[ 14.251
[ 15.556
[ 16.862
I 18.167
B 19473
I 20.778
Bl 22.084
Il 23.389
Il 24.695
Il above

Figure 3. Effects of moisture, temperature and screw speed on b* of
extruded products with percentage of flaxseed flour in central point
(10%).

408

polysaccharide released from the starch component after
extrusion (YANG et al., 2008).

The extruded products presented improvement in the
solubility and water absorption. Before extrusion blends showed
WESI ranging from 1.25 to 1.88% and WAI ranging from 2.22
to 2.28 g gel.g™".

The WSI obtained in the different extrusion treatments
ranged from 11.06 to 73.08%. Under condition of high extrusion
temperature and intermediate percentage of flaxseed flour WSI
was higher (Figure 4).

Besides the starch gelatinization, which results in the release
of amylose and amylopectin, can also occur dextrinization
and other reactions that lead to the formation of low
molecular weight compounds, influencing the WSI (CAMIRE;
KRUMHAR, 1990).

Taverna, Leonel and Mischan (2012) evaluated the changes
in physical properties of extruded sour cassava starch and
quinoa flour blends snacks and observed higher levels of water
solubility index in conditions of high amount of quinoa flour in
the mixture and low screw speed, as well as, under conditions
of high temperature and high amount of quinoa flour.

The WAI ranged from 8.37 to 19.44 g gel.g™! in the different
extrusion conditions. It was observed a negative linear effect
of flaxseed flour percentage on WAL, but it was not possible to
obtain a predictive model for this parameter (R?=0.17, lack of
fit p=0.0186).

Protein denaturation, starch gelatinization and swelling of
the crude fiber, which occurred during extrusion, could all be
responsible for the variation of WAI of extrudates.

Increase in the value of WAI may probably be caused by
uncovering of hydrophilic groups in extruded starch-protein
material, by unfolding and loosening of biopolymer chains,
greater availability and easier penetration of structures by water
molecules (MARZEC; LEWICKI, 2006).

1 0.249
[ 9.502
[ 19.253
29.005
[ 38.756
I 48.507
I 58.258
I 68.009
Il 77.760
Il 387.511
Il above

o \SN

Figure 4. Effects of extrusion parameters on water solubility index of
extruded products.
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Figure 5. Effect of flaxseed flour percentage in the mixture on hardness
of extruded products.

The textural property of samples was determined by
measuring the strength required to break the extrudate.
The hardness of the extruded products ranged from 0.83
to 6.86 kgf. There was a positive quadratic effect of flaxseed
flour on hardness (Figure 5). The model was significant but it
cannot be used as a predictor model due the low coefficient of
determination (R?=0.67) and significant lack of fit.

The texture of extruded product depends mainly on
the processing parameters, but chemical composition of the
ingredients is also important (STANLEY, 1986). The high
content of protein and lipids in flaxseed might have affected
characteristics of the starch matrix (i.e., the viscoelastic
properties of molten extrudate) so that it no longer holds water
vapor, resulting in higher break strength.

Leonel, Martins and Mischan (2010) observed the influence
of soya flour mixed with sour cassava starch and extrusion
temperature on hardness of snacks. In conditions of low soya
flour and high temperature the snacks hardness decreased.

Lipid complexation with starch is a very important reaction
in extrusion cooking that affects structure formation and texture
of the extruded products (DE PILLI et al., 2011).

Addition of fatty acids alters the physical and chemical
properties of starchy foods (SINGH et al., 1998). The changes
produced in starchy foods have been attributed to the formation
of complexes between amylose and lipids. Lipids have been
reported to form inclusion compounds with amylose, with the
hydrocarbon portion of the lipid located within the helical cavity
of amylose (KAUR; SINGH, 2000).

4 Conclusion

This study evidenced the effects of the extrusion process
variables and flaxseed flour on the characteristics of a flaxseed-
sour cassava starch-based snack. Temperature affected specific
volume, water solubility index and color parameters (L* and b*).
Percentage of flaxseed flour in the mixture had effect on L*.
Moisture influenced specific volume and b* and screw speed
had effect on b* value. In puffed snacks is desirable high SV,
high L*, low WSI and low hardness. Under conditions of low

Food Sci. Technol, Campinas, 33(3): 404-410, July-Sept. 2013

amount of flaxseed flour (10%), low moisture (12%), 90 °C of
the extrusion temperature and 230 rpm of the screw speed can
be obtained products with desirable physical characteristics for
puffed snacks.
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