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An extruded product was made based on oats and dried green pea using central composite rotatable design. Effects
of incorporation level of oat flour (OF, 15.86 to 44.14%) and dried green pea flour (DGPF, 7.93 to 22.07%) on the
physical and functional characteristics of extruded products based on composite flour were studied using response
surface methodology. Second order polynomial equation was used to describe the effect of OF and DGPF on lateral
expansion (LE), bulk density (BD), water solubility index (WSI), water absorption index (WAI), and hardness (HD).
Results indicated that OF had negative effect on LE, while positive effect on BD, WSI, WAI, and HD. On increasing
DGPF, LE and WSI increased, but it had negative effect on BD, WAI, and HD. Numerical optimization resulted in
41.91% OF and 7.93% DGPF to produce acceptable extrudates. The results suggest that oats and dried green pea
flour can be extruded with rice flour and corn flour into an acceptable snack food.
Keywords: oat, pea, extrusion, functional properties, optimization

Cereals are generally used as major sources of raw materials in extruded snack products
because of their good expansion characteristics. Characteristics like expansion, hardness, and
density are important parameters in terms of the consumer acceptability of an extruded snack
product as well as its functional properties (JaMora et al., 2002).

Oat (Avena sativa) has attracted a great deal of commercial attention and is a subject of
considerable research efforts due to its nutritional value (PETERSON, 2001). Oat has been
recognised as a healthful and nutritious cereal containing high concentration of soluble fibre
and dense nutrients. B-glucan has been shown to have effects on glycaemic, cholesterol, and
insulin responses to foods and also to the insulin (Wani et al., 2014). CHanG and co-workers
(2002) found that extrudates prepared from mixtures of cassava starch and Novelose or oat
fibre have hypocholesterolaemic properties.

Peas (Pisum sativum) are widely cultivated worldwide and easily available as dry
products (RAvINDRAN et al., 2011). Peas are rich sources of lysine and can complement cereals
complying with the FAO reference guide for protein and amino acid intake (FAO, 2007).
Frias and co-workers (2011) have reported negligible trypsin inhibitor activity in pea during
extrusion process at 129 °C, 135 °C, and 142 °C, which indicated that these temperature
conditions could be considered adequate for the manufacturing of novel pea-derived products
with high nutritive value. Supna and LeeLavathr (2012) investigated that dehydrated green
pea flour (DGPF) could be an alternative ingredient for the production of pasta, which is
highly nutritious with natural green colour.
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By considering the facts that oats are highly nutritious and rich sources of dietary fibre
and peas are rich in protein, an extruded product can be developed that is nutritionally dense.
Therefore, the aim of this research was to investigate the effect of different proportions of OF
and DGPF on the physical and functional properties of extruded products. The target was also
to optimize the proportion of OF and DGPF for the production of a quality extruded product.

1. Materials and methods

Dried green pea, oats, rice, and corn flours were bought from local market Longowal, Sangrur,
Punjab. Extrusion of samples was done using a co-rotating twin-screw extruder (BTPL,
India). The die diameter, barrel temperature, and feed moisture used in this study was 4 mm,
110 °C, and 12% wet basis, respectively. The extrudates were cooled at room temperature for
30 min, packaged in LDPE bags and stored at ambient condition until analysed.

Response surface methodology was adopted in the design of experimental combinations.
The levels of each variable were established according to literature data (HoLGUIN-AcCUNA et
al., 2008; BALASUBRAMANIAN et al., 2012) and preliminary trials. Composite flour (rice flour
and corn flour of the ratio 80:20) as a base material was used according to the preliminary
trials and literature data for extrusion cooking. In the present study composite flour was
partly replaced by OF (15.86 to 44.14%) and DGPF (7.93 to 22.07%). A total of 13
experiments were carried out as shown in Table 1 for production of extruded products.

The determination of moisture content, ash, protein (Kjeldahl method, protein factor:
6.25), fat, and total dietary fibre were performed as per AOAC (2005). The carbohydrate
content was calculated by difference.

1.1. Lateral expansion

The lateral expansion of 15 random samples for each extruded products was calculated as
described by MEnG and co-workers (2010).

(diameter of extrudate-diameter of die opening) 100

diameter of die opening

1.2. Bulk density (BD)

Bulk density was calculated according to the method of ALVAREZ-MARTINEZ and co-workers
(1988). About 10 pieces of extrudates were used to determine the bulk density.

4dm

BD (g cm?®)= e

where m is mass (g) of an extrudate with L (cm) length and d (cm) diameter.

1.3. Water absorption index (WAI) and water solubility index (WSI)

WAI and WSI were estimated by the method described by ANDERsON (1982). About 2.5 g
sample was dispersed in 25 g distilled water and it was stirred for 30 min using a glass rod.
This dispersion was then rinsed and tarred into centrifuge tubes, then centrifuged at 3000 g
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for 15 min. The supernatant was decanted for determination of its solid content and the
sediment was weighed.
WAI(%)= (Weight of sediment)/ (weight of dry solids) x 100

Weight of dissolved solids in supernatant
WSL(%)= %100
weight of dry solids

Table 1. Effect of independent variables on physical and functional properties of extruded product

Runs Coded levels Actual levels Product responses
X, X, OF DGPF LE BD WSI WAI  Hardness
(%) (%) %) (gem®) (%) (%) )
1 +1 +1 40 20 156.7 0.173 18.12 4.5 134
2 +1 -1 40 10 161 0.149 12.01 5.12 13.21
3 -1 +1 20 20 163.9 0.135 13.02 5.1 13.12
4 -1 -1 20 10 176.3 0.18 15 6.4 11.39
5 +1.414 0 44.14 15 172 0.169 2221 434 14.33
6 -1.414 0 15.86 15 162.9 0.139 11.99 5.09 13.02
7 0 +1.414 30 22.07 174.5 0.2 20 6.4 13.99
8 0 -1.414 30 7.93 154 0.19 17.04 6.02 15.6
9 0 0 30 15 164.4 0.142 12.8 5.29 13.35
10 0 0 30 15 185 0.125 18.9 5.5 14.5
11 0 0 30 15 163.8 0.14 12.67 4.99 13.19
12 0 0 30 15 160 0.13 9.89 5.4 11.4
13 0 0 30 15 167.02 0.13 14.69 5.35 15.89

1.4. Hardness

Texture profile analysis (TPA) of all the extruded puffs was performed in triplicate using
Texture analyzer (TA-X2Ti, Stable Microsoft System, UK). Hardness (N) of the samples was
recorded by analysing the TPA graph using the Texture Exponent 32 software (Stable
Microsoft system, UK). Hardness was determined by using an extrudate of about 10 cm long,
which was compressed with a probe three point bend ring with a target mode distance of 3
mm and trigger force of 5 g.

1.5. Statistical analysis

Statistical analysis was conducted using a commercial statistical package, Design-Expert
version 6.0.10 (Stat-Ease Inc., Minneapolis, USA). The analyses of extruded samples were
conducted in triplicates. Duncan test was used to determine the difference between the means.

2. Results and discussion
Table 2 shows the proximate composition of flour samples. A significant difference (P<0.05)

was observed in moisture, ash, crude fibre, protein, and total carbohydrate contents of oats
and dried green pea flour.
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Table 2. Proximate composition of rice, corn, oat, and dried green pea flour

Composition (%) Rice Corn OF DGPF

Moisture 11.67+0.1% 11.57+0.7% 8.59+0.3° 9.44+0.3
Ash 0.88+1.1° 1.43+0.6° 1.77£0.1° 2.74+0.1%
Crude protein 7.38+0.9¢ 8.86+0.4° 13.91+0.9° 22.96+1.4%
Crude fat 1.99+0.5° 4.32+0.3° 6.35+0.5° 1.13+0.4°
Crude fibre 0.91+0.7° 2.00+1.0° 2.61+1.04° 4.96+0.3°
Total carbohydrate 88.82+1.8° 83.38+1.1° 75.34+0.7° 68.19+0.9¢

ab.cd, Figures in a row followed by different superscripts indicate that they are significantly (P<0.05) different from
each other determined by Duncan’s tests.

2.1. Lateral expansion (LE)

Expansion characteristics of extruded products have an important role in the acceptability of
the final product. The range of LE was between 154 and 185% (Table 1). The regression
analysis showed that DGPF had positive linear effect on LE of extruded products, while OF
had negative effect on the extruded products. It was observed from the response plot (Fig. 1A)
that with the increase in the content of DGPF there was an increase in LE at lower level of
OF. When considering the interactive effect of both the OF and DGPEF, it resulted a decrease
in LE of the extruded product. This may be attributed to the high protein content in pea and
high dietary fibre contents in oats. Proteins affect the LE through their ability to influence
water distribution in the matrix and through their macromolecular structure that affects the
extensional properties of the extruded melts (MorarU & Kokini, 2003). OnwuLATA and co-
workers (2001) investigated the effects of whey protein concentrate and isolate on the
extrusion of corn and rice starch and reported a reduction in expansion at higher concentrations
of protein. This may be due to the modification in the viscoelastic properties of the dough as
a result of competition between the starch and protein fractions for the available water,
leading to a delay in starch gelatinization and a lower expansion in the products.
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Fig. 1. Response surface plot for (A) lateral expansion (%) and (B) bulk density (g em ™) as a function
of OF and DGPF
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2.2. Bulk density (BD)

The density of extrudate varied between 0.13—-0.20 g cm™ (Table 1), which is similar to
chickpea flour snack product (0.130 and 0.275 g cm™) (MENG et al., 2010) and maize grits
extrudates (0.09-0.32 g cm™) (ILo et al., 1996). The results of regression analysis showed
that DGPF had significant positive (P<0.001) quadratic effect and OF and DGPF had a
significant (P<0.05) positive interactive effect on BD of extruded products (Table 3). From
the response surface plot (Fig. 1B) it was observed that with increase in the content of OF in
the mixture, there is an increase in BD at lower levels of DGPF, while BD decreased with the
increase of the content of DGPF at certain levels, thereafter it increased.

Table 3. Results of regression analysis of responses of extruded product

Parameters LE BD WSI WAI Hardness
(%) (gem™) (%) (%) (N)
B, 168.04 0.133 13.79 5.30 13.66
OF (X)) -1.20 0.006 2.07 0.37* 0.49
DGPF (X,) 1.53 —-0.000 1.03 -0.17 -0.04
OF (X])Z -0.64 0.006** 0.83 -0.34 -0.35
DGPF (X,) 2 -2.24 0.026* 1.54 0.40* 0.20
OFxDGPF 2.02 0.017 2.02 0.17 -0.38

*: Significant at P<0.05; **: significant at P<0.001

2.3. Water solubility index (WSI)

It measures the amount of soluble polysaccharide released from starch granules after addition
of excess water (SrRIBURI & HiLL, 2000). In this experiment, the WSI ranged from 9.89 to
22.21% (Table 1). From the regression analysis report, it was found that OF had a positive
linear effect, while DGPF also had a positive linear effect on WSI of the extruded product
(Table 3). From the response surface plot of WSI (Fig. 2A), it was observed that with the
increase in the content of OF, the WSI value increased at lower values of DGPF, whereas
there was also an increase in WSI with the increase in DGPF, at lower values of OF. The
behaviour of oats could be attributed to the amount of lipid and dietary fibre present in oats.
Some studies have shown that oat starch differs from others by having lower solubility
(PatoN, 1979). The same results were found in a previous study (SHIRANI & GANESHARANEE,
2009), where WSI of the extrudates increased (P<0.05) when protein rich chickpea flour (like
green pea flour) incorporation was increased.

2.4. Water absorption index (WAI)

In this experiment, the WAI ranged from 4.34 to 6.40% (Table 1). Similar findings were
observed by SHIRaNI and GANESHARANEE (2009) as 4.09 to 7.79%. The regression analyses for
WALI showed that OF had significant (P<0.05) positive linear effect, whereas DGPF had
positive quadratic effect (Table 3). While observing the response surface plot (Fig. 2B), it
was found that with the addition of DGPF from 7.93 to 22.07%, a decrease in WAI of extruded
product was observed. Similar results were observed by SiNnGH and co-workers (2007), with
addition of pea grits they found a decrease in WAI in the extrusion of rice. They had explained

Acta Alimentaria 45, 2016



WANI & KUMAR: PROPERTIES OF OAT AND GREEN PEA BASED EXTRUDATE 33

that a decrease in WAI was due to the dilution of starch in rice pea blends. On the other hand,
the WAI increased with the increase of the content of OF to some level, after it decreased.
This increase may be due to B-glucan present in oat, as the absorption of water is the
characteristic feature of fibre supplemented flours (CuapLin, 2003). High dietary fibre in oats
may interact with water by means of various types of interactions, such as polar, hydrophobic
interactions, or hydrogen bonding.
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Fig. 2. Response surface plot for (A) WSI (%) and (B) WAI (%) as a function of OF and DGPF

2.5. Hardness (HD)

The hardness of an extruded product is a sensory perception and is associated with the
expansion and cell structure of the product. The range of HD was found to be 11.39 to 15.89
N (Table 1). For HD, the regression analysis report showed that increase in the content of OF
had significant positive linear effect on the extrudate (Table 3). As revealed from the response
surface plot (Fig. 3), increase in DGPF and OF increased HD of the extrudate. Low HD,
which is also a favourable property of extrudate, was observed at lower levels of DGPF and
OF. This could be attributed to the lower expansion of products leading to increased HD as
observed from expansion values, because of the high protein contents in DGPF and high
dietary fibre contents in OF. Because proteins affect the LE through their ability to influence
water distribution in the matrix and through their macromolecular structure and conformation
that affect the extensional properties of the extruded melts (MoraRU & Kok, 2003). ARORA
and CamirRe (1994) reported that cookies made by replacing 10 or 15% of the oat flour with
extruded potato rinds resulted in dark, hard products of smaller diameter.

2.6. Optimization

A numerical multi-response optimization technique of RSM was applied to determine the
optimum combination of OF and DGPF for the production of extrudates using composite
flour of rice and corn with a twin-screw extruder. The main criteria for constraints optimization
were LE, BD, and HD. The following limits were proposed: LE was kept maximum, while
BD and HD were kept minimum, and finally the desirability was 0.70. From the numerical
response analysis, it was found that optimum values were 41.91% OF and 7.93% DGPF. The
product response variables resulted in the identification of a combination that satisfied all
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constraints. Finally, the optimized solution provided the ranges of variables that could be
considered as the optimum range for best product quality in terms of LE, BD, and HD. These
optimum conditions can be used to produce a quality extrudate.

14.43
13.99
13.55
Hardness 519

12.66

20.00

B: Pea

Fig. 3. Response surface plot for hardness (N) as a function of OF and DGPF

3. Conclusions

The product responses including LE, BD, WSI, WAI, and hardness were affected by both OF
and DGPF. Blends of 41.91% OF and 7.93% DGPF had higher preference levels for
parameters of physical parameters and hardness. The findings of this study investigated the
feasibility of developing value added products from mixture of OF and DGPF in combination
with rice and corn flour by extrusion processing.
ES
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