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Expanded snack was prepared from whole oleaster powder (WOP) and navy bean powder (NBP). Design expert was used to investigate the effects of
extrusion conditions including feed moisture content (15- 25%), screw rate (150-250 rpm), and different levels of WOP: NBP (20:50, 50:50, and 65:35
%)on water activity (aw), water absorption index (WAI), water solubility index (WSI), oil absorption index (OAI) of expanded product. Results
showed that increasing oleaster content caused an increase in the WAI, WSI, awand soluble dietary fiber and a decrease in insoluble dietary fiber
andOAlof the snacks. Optimum condition was found to be the blends of WOP/ NBP (20:80), screw rate of 200 rpm, and feed moisture content of 20%
with 85.1% desirability. The extrusion process led to flours with high water and oil absorption, low water solubility and with potential for application in

bakery, gluten free products.
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INTRODUCTION

leaster (Elaeagnus angustifolial.) belongs to

ElaeagnusL. genus and Elaeagnaceaefamily. This
species shows a broad geographical range, existing widely in Asia
and Europe, particularly in Turkey, Caucasia and Central Asia. It
is widely cultivated for its edible fruits in Middle and East
Anatolia[1].

Oleaster powder may be obtained from dried fruits and its
powder may be used as a functional ingredient in the production of
bakery products, yoghurt, ice cream, infant food, chocolate,
confectionery etc. thanks to its floury structure, specific taste and
functional properties like dietary fiber, mineral content and
phenolic compounds[2].Whole Oleaster powder as a functional
ingredient gives interesting health benefits with very low
allergenic property and a good fiber source which is divided into
two fractions, soluble and insoluble in water [3].

Pulses are the edible seeds of plants belonging to the
Leguminosae family which has 16,00019,000 species in
approximately 750 genera[4]. Navy beans have low sodium
content and saturated fatty acids but are rich in unsaturated fatty
acids (linoleic acid). They are also a good source of soluble and
insoluble dietary fiber and display health benefits which include
reduced risk of heart disease and colon cancer[5].Among the
various technologies, short time high- temperature extrusion
cooking is a well-known cost - effective industrial process.
Extrusion combines high pressure with a moderately high
temperature and usually high shear for a short period of time.
Extrusion processing completely gelatinizes the starch and
partially or completely destroys antinutritional factors present in
many legumes [5]. Extrusioncooking technology is a versatile and
efficient method of converting raw materials into finished food
products. It can replace many conventional processes in food and
feed industries. It has been used to develop various types of snack
foods, mainly from corn meal, rice, wheat flour, or potato flour in
many shapes and variety of textures. Several reports show that
bean starches have very good expansive and functional properties
under extrusion conditions[6].

Extrusion is a high temperature/short time technology
(HTST) that offers numerous advantages including versatility,
high productivity, low operating costs, energy efficiency, high
quality of resulting products, and an improvement in digestibility
and biological value of proteins[7]. Advantages of extrusion are
adaptability, product shapes, high product quality, energy
competence, production of new foods, and no effluent or waste
material[8]. Extrusion gives the snack-food producer a flexibility
and variety of processing technologies[9].

Therefore, the goal of our research was to examine puffed
snack from extruded oleaster fruit and Navy bean to investigate
its functional and physical properties (a,, water absorption index
(WAI), water solubility index (WSI) and oil absorption index
(OAI))and choosing optimized product supplemented with
various levels and compositions of whole oleaster powder and
Navy bean powder.

MATERIALSAND METHODS
Sample Preparation

Oleaster (Elaeagnus angustifolia L.) and whole navy bean
were provided from local market in Sabzevar. Whole oleaster
powder(WOP) and navy bean powder (NBP) were ground by
hammer miller (Polymix, model PX-MFC 90 D, Switzerland)
into a fine particle size powder to pass through a 50-mesh screen,
separately.

The composite powder of extruded snacks was prepared as
incorporating WOP at different levels to NBP (20:80, 50:50and
65:35).

The individual moisture contents of the WOP and NBP were
determined and the total moisture of the blends was adjusted to
the desired level of water as described by Zasypkin and Tung-
Ching (1998):

cWOP=((rWOPxMx (100-w)))/(100 x (100-wWOP))

cNBP= ((rWBPxMx (100-w)))/(100 x (100-wNBP))
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Table 1: The proximate compositions of WOP and NBP

Fiber Ash Fat Humidity | Carbohydrates Sugar Protein
WOP (%) 21.3 18.4 1.8 17.8 62.5 46.5 5.6
NBP (%) 24.2 12 1.3 7.2 60.7 4.2 223

wX=M-cWOP-cNBP

Where cWOP and cNBP are the mass of WOP(g) and of NBP
(g) respectively, rWOP and rWBP are percentages of WOP and
NBP respectively, M is the total mass of the blend (g), M, the total
mass of the blend(g), w is the moisture content of final
blend(%),w is the moisture content of final blend(%); Wx is the
weight of water added (g) and wWOP and wNBP are the moisture
contents of WOP and NBP, respectively. The samples were
packed in polyethylene bags which were kept at room
temperature to equilibrate overnight before extrusion.

Chemical composition

Ash, protein, fiber and fat analysis of raw materials were
measured according to standard procedures of AOAC(11). All
analyses are expressed as the mean (£SD) of triplicate analysis.
Moisture content of prepared blends was determined by infrared
moisture analyzer (Sartorius, Germany) at 105°C. The
compositions of Whole Oleaster Powder(WOP) and Navy
BeanPowder (NBP) are shown in Table 1.

Extrusion processing

The extrusion experiments were carried out on a pilot-scale,
co-rotating, twin-screw food extruder typed DS56 (Jinan Saxin.,
China) with the following parameters: length 80 cm, diameter 16
mm, the maximum rotation speed 320 rpm, and die diameter (D) 3
mm. Steady-state conditions were reached after 20 min. Based on
preliminary experiments, barrel temperature zones profile and
feed rate was kept constant at 140°C and 40kg/h respectively, the
following conditions were set according to Table 2. After
extrusion, extruded products were dried in oven model FD 115
(Binder, Germany) with forced convection at105°C for 30 min,
then cooled immediately and placed in appropriate laminated
bags in room temperature for further analysis[12].

Determination of product properties
Water activity

Water activity was measured using an AqualLab 4TE series
apparatus by Decagon Devices Inc. (Pullman, USA).

Water absorption (WAI) and solubility indices (WSI)

The water absorption index (WAI) was measured according to
the method of Anderson, Conway, and Peplinski (1970): 5 mL of
distilled water was added to 0.2 g of sample in a weighed 15 mL
glass centrifuge tube. The tube was agitated on a Vortex mixer for
2 min and then centrifuged for 20 min at 700g. The supernatant
liquid was poured into an evaporating dish as a percentage of the
original weight of sample; The WSI was the weight of dry solids
in the supernant expressed as a percentage of the original weight
of sample. The water solubility index (WSI) was determined from
the amount of dry solids recovered by evaporating the supernatant
from the water absorption test as:

WSI= (Weight of dissolved solids in supernatant)/ (weigh of
sample)

The WAI was the weight of gel obtained after removal of the
supernant per unit weight of original dry solids. The remaining
gel was weighed and the WAI was calculated as:

WAI=(Weight of hydrate gel)/ (weight of sample)
QOil absorption index (OAI)

Oil absorption index (OAI) as well as water solubility index
(WSI) was determined according to methodology described by
Slamoniet al (2004), with modifications for OAlin which
distilled water was replaced by oil.

OAI(%)=(W, W,)/W,x100

Where W, is the weight of wet precipitate, W, is the weight of
dried precipitate; W, is the weight of sample.

Dietary fiber determination

Total dietary fiber (TDF), insoluble dietary fiber (IDF) and
soluble dietary fiber (SDF) were determined according to the
enzymatic-gravimetric (Phosphate buffer) AOAC methods.
Briefly, sample (1 g of each duplicate powdered sample) was
homogenized in phosphate buffer (pH 6.0) and incubated at
100°C with a heat-stable a-amylase under constant agitation and
then at 60°C treated with a protease and amyloglucosidase to
remove protein and starch, respectively. To determine the TDF
content, the enzyme-digested samples were treated with 95%
(v/v) ethanol (ethanol/sample ratio, 4:1, v/v) at room temperature
for 1 h to precipitate soluble fiber. The residues were filtered on
fritted crucible and washed sequentially with 78% (v/v) ethanol,
95% (v/v) ethanol and absolute acetone and dried overnight at
105°C. To determine IDF and SDF content, the enzyme-digested
sample was filtered and the insoluble material washed twice with
preheated water at 60°C and then treated as above to give IDF. 4
volume of 95% (v/v) ethanol were then added to the filtrate and
placed at room temperature for 1 h. After filtration, the recovered
precipitate, SDF, was dried at 105°C. TDF, IDF and SDF were
corrected for residual protein (Kjeldhal method) and ash (525°C,
Sh)[11].

Experimental design and statistical analysis

TheResponse Surface Methodology (RSM) was chosen to
investigate the relationships between the process conditions
(screw rate, feed moisture content) and formulation (ratio of
WOP: NBP). A D-optimal design was chosen of experiment with
two independent process variables including screw rate (150-250
rpm), feed moisture content (15-25%), and ratio of WOP and
NBP(20:80, 35:65 and 50:50), design experiments were selected
based on preliminary tests. Table 2 illustrated coded levels and
actual values of the independent variables. Totally 20 different
combination were used to investigate the effect of component and
process condition variables on the response variables (Table 2).
The data obtained from the experiment was processed in trial
Design Expert version 7.0.1. The best model that fitted the
response was selected during analysis of measurements. Analysis
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Table 2: The results of regression analysis in terms of coded variables

Std | Run | Block | Oleaster (%) | Screw rate (rpm) | Feed Moisture (%)
6 1 Block 1 50 150 25
15 2 | Block 1 35 200 20
1 3 | Block 20 150 15
13 4 | Block 1 35 200 15
17 5 | Block 1 35 200 20
3 6 | Block 1 20 250 15
7 7 | Block 1 20 250 25
14 8 | Block 1 35 200 25
12 9 | Block 1 35 250 20
20 | 10 | Blockl 35 200 20
8 11 | Block 1 50 250 25
2 12 | Block 1 50 150 15
11 13 | Block 1 35 150 20
10 | 14 | Blockl 50 200 20
5 15 | Block 1 20 150 25
16 | 16 | Block 35 200 20
18 | 17 | Block 35 200 20
9 18 | Block 1 20 200 20
19 | 19 | Blockl 35 200 20
4 20 | Block 1 50 250 15

of variance (ANOVA) was carried out on each response model to
identify the coefficient (R,), lack of fit, and significant difference
(p<0.05).Second-order models were established for the
dependent variables to fit experimental data for each response.

Where Yi is the predicted response, xi (i = 1, 2, 3) is
independent variables (screw rate, feed moisture and ratio of
WOP and NBP), respectively, b0, bi, bii and bij are coefficient for
the intercept, linear, quadratic and interactive effects, respectively
and ¢ is the error term of the model. Canonical analysis of the
predicted model was performed to locate extrusion conditions
where the extruded snack would have a maximum WAI, aw, OAI,
and minimum WSI.

RESULTS

Effects of extrusion conditions on the structural and
functional properties of extrudates were investigated; the results
of regression analysis in terms of coded variables are shown in
Table 2. The regression models for product responses had high
coefficient of determination (R?> > 0.9) and none showed
significant lack of fit (P>0.05), indicating that all the second-
order polynomial models correlated well with the measured data.
These can be used to estimate the relationship between the

operating conditions and product properties and can then be
applied to optimize the preparation process of flat Bread
enhanced with WOP[15, 16, 17]

Effect of extrusion parametersona,

Elimination of the water phase from the product during
extrusion did provide the product with different mechanical and
biochemical characteristics, but also with marked changes in
stability [18, 19, 20].Based on the conducted analyses it was
stated that water activity (aw) of extrudates increased with an
addition of WOP ranged from 20 to 50. It was shown that with an
increase in the feed moisture in the extruded mixture, irrespective
of the proportions of oleaster and navy bean powder preparation,
the value of aw in the extrudates was more than 0.25 (Fig. 1).The
wetting rate (20 and 50%) of a mixture of WOP and NBP
preparation does have a statistically significant effect on a, in
extrudates. The low and constant water activity of extruded
products contributes to a limitation in the rate of chemical
changes, mainly fat oxidation and non-enzymatic browning [20].
It is assumed that the optimal range of water activity for products
based on oleaster powder contant is 0.25-0.53. This range results
from the state of carbohydrate contained in the oleaster
powder.Analysis of variance (ANOVA) was demonstrated in
Table 3. The value of R, and adj-R, were 0.97 and 0.94,
respectively, which showed higher coefficient of determination
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Table 3: Analysis of variance of aw, WAI, WSI, and OAI of extruded snack.

Para“r'ete Term aw WAI wsI OAI
X Oleaster 0.0251 0.0001%¥* | 0.0001%** 0.0466
X2 Screw Rate 0.0001 0.0035 0.0836 0.0001%**
X3 Feed 0.361 0.1577 0.0028 0.0419
Moisture
OleasterxScr
X1X 2 0.582 0.0347 0.1657 0.0001%**
ew Rate
X1 3 Oleaster~Fee | ) 0.05933 0.4568 0.0029
d Moisture
Screw
X2X 3 RatexFeed 0.113 0.9796 0.4056 0.1149
Moisture
model
F Value 0.0001** | 0.0001*** | 0.0001%** | 0.0001%**
R 0.97 0.97 0.95 0.96
Adjust R? 0.94 0.95 0.91 0.93
Lack of fit 0.1177 0.347 0.4475 0.1265

*Significant at P <0.05; ** significant at P <0.01; *** significant at P <0.001; ns, non-significant

(Table 3). The F-value for WAI was significant (P<0.001),
whereas lack-of-fit was not significant (P > 0.05). It was shown
that the metastable amorphous sugar (fructose) crystallizes as a
consequence of the action of the driving force, resulting from an
increase in particle mobility in the visco-elastic state[21]. This
phenomenon causes the release of water, dissolving newly
formed crystals and leading to powder caking. This process is
intensified at an elevated relative humidity during further storage
[20].Thus, not only technological procedures, but also further
storage conditions and oleaster content may significantly alter
quality attributes of the extruded product [22].

Effect of extrusion parameters on WAI and WSI

WAL is an index of starch gelatinization that depends on the
availability of hydrophilic groups of the biopolymers [23, 24]. It
was the volume occupied by the starch granule after swelling in
excess of water [23]. The WAI determines the absorption and
retention of water and its effect on various processing conditions
[6, 25]. It measures the volume occupied by the starch after
swelling in excess water, which maintains the integrity of starch

B: Feed Moistrure (%) A Olester (%)

Fig 1 : Effect of feed moisture and oleaster on a,,

in aqueous dispersion [26, 27, 28, 29].The effect of extrusion
parameters on the WAI and WSI of the extrudates are presented in
3-D surface plot(Fig.2 and 3). Statistical analysis showed that the
WAL of extrudates was affected by oleaster content (P<0.001) and
screw rate speed (P<0.05) (table 3).The value of R, and adj-R,
were 0.97 and 0.95, respectively, which showed higher
coefficient of determination (Table 3). The F-value for WAI was
significant (P < 0.001), whereas lack-of-fit was not significant (P
>0.05). As a result, response surface graphs (Fig. 2) showed that
WALl increased rapidly with increasing oleaster and screw rate.

WSI is often used as an indicator of degradation of molecular
components and measures the degree of starch conversion during
extrusion which is the amount of soluble polysaccharide released
from starch component after extrusion[30]. During the extrusion
of the oleaster/navy bean powder, water is absorbed and bound to
the starch molecule with a resulting change in the starch granule
structure. Decrease in WAI could probably be due to
dextrinization which also could have led to increase in WSI[12,
31, 32]. In this research it was observed that WOP and feed
moisture content had a strong effect on WSI. Anincrease in WOP

WAl

A Olester (%) C: Screw Rate (rpm)

Fig 2 : Effect of screw rate and oleaster on WAI
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‘Water Solubility Index

B: Feed Moistrure (%)

A Olester (%)

Fig 3 : Effect of feed moisture and oleaster on WSI

Qil Absorbtion

Fig 4a : Effect of screw rate and feed moisture on OAI

il Absaorbtion

C: Screw Rate {rpm)

B: Feed Moistrure (%)

B: Fead Moistrure (%)

A Qlester (%)

Fig 4b : Effect of feed moisture and oleaster on OAI

content resulted in an extrudate with higher water solubility as
shown in Fig.3, due to its higher carbohydrate and fiber. The WSI
varied from 20/7 to 36/36 within the combinationof variables
studied. Analysis of variance showed WSI was dependent
significantly on linear quadratic terms of WOP (X,) at P<0.001,
and feed moisture (X;) at P<0.05. The value of R, and adj-R, were
0.95 and 0.91, respectively, which showed higher coefficient of
determination (Table 3).Extrusion has also been shown to
decrease protein-protein cross-linking such as the inhibitory
effects of trypsin and chymotrypsin resulting in an increase in
protein digestibility by increasing protein denaturation [33, 34,
35,36,37].

Effect of extrusion parameters on OAI

The OAI is associated with the hydrophobic groups of
extruded products and with the ability to maintain a certain
amount of oil in its structure. In the extrusion process, starch
granules undergo gelatinization and the hydrophilic/ hydrophobic
balance is changed, thus changing the oil absorption [13].The
model equation predicting OAI is given in Table 3. Analysis of
variance showed OAI was dependent significantly on linear
quadratic terms of WOP (X,) at P<0.05, and screw speed (X,) at
P<0.001. The interaction term (X,X,) between WOP and screw
speed were significant (P<0.001). The value of R, and adj-R, were
0.96 and 0.93, respectively, which showed higher coefficient of
determination (Table 3).

Increasing in oleaster content had significant effect (P<0.05)
on the OAI of powders; with increasing in the amount of it OAI
was decreased (Fif 4a,4b). On other hand, when the amount of
moisture was increased the OAI was increased too, but after 25%
of moisture it decreased again. The best amount of OAI was
shown in 25% of moisture. The extrusion process had little effect
on the oil absorption of oleaster/navy beenpowder, as the Fig.4
shown. Bryant et al. (2001) studied the functional and digestive
characteristics of extruded rice flour and found OAI values
ranging from 0.8 to 1.2 gprecipitate gdry matter-1 for ERF, which
are lower than those found in this study. A higher content of
gelatinized starch in the extruded flour would possibly increase
the OAl value [38,39,40].

Optimization

Numerical optimization was used to determine the optimum
combination of WOP, NBP. The goal was to obtain maximum aw,

Table 4: Constraints, criteria for optimization, solution along with predicted and actual response values

Actual
Lower Upper | Predicted cud
Name Goal .. .. response
limit limit values "
values
Whole oleaster powder .
I 20 50 20 -
(/100 g blend) S i range
Neavy bean powder .
I 80 50 80 -
(/100 g blend) A
Feed moisture (%) Is in range 15 25 20 -
Screw rate (rpm) Is in range 150 250 200 -
a, maximize 0.34 0.58 0.51 0.5+ 0.01
WAI maximize 1.01 2.56 2.1 2.1+£0.36
OAI maximize 4.37 6.15 5.2 5.2+0.03
WSI minimize 20.7 36.36 21.6 25.18+0.18
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Table 5: The proximate compositions of raw WOP/NBP flour and extruded WOP/NBP flour

Optimized raw WOP/NBP flour(%) | Optimized extruded WOP/NBP flour(%)
TDF 20.62 20.81
IDF 1331 11.2
SDF 7.32 9.61
Ash 4.38 4.61
Fat 1.58 1.39
Humidity 16.38 52
Carbohydrates 61.82 68.7
Sugar 25.36 28.61
Protein 18.95 20.32

WAI, minimum WSI, maximum OIA. Among the solutions
obtained, the solution with the maximum desirability was
selected.

The predicted responses are presented in Table 3. The
optimized values (per 100 g blend) were 20.0 g:80 g WOP and
NBP, respectively, 20% feed moisture and 200 rpm screw rate
with 85.1% desirability. The obtained formulation was used to
develop the extrudates and the actual response values (obtained as
an average of three replications) are given in Table 4. The main
criteria for constraint optimization were desirable dominant
characteristics of WOP/NBP flour good physical properties such
as high WAI, OAI, and low WSIwith better functional properties
such as higher dietary fiber. WAI and OAI are important
parameters for defining the application of extrudate as ingredients
and in predicting how the material might behave if further
processed especially in bakery product [15]. The developed
extrudates had 61.82+ 0.05% carbohydrates, 28.61 + 0.03%
sugar, 20.32+ 0.1% protein, 1.39+ 0.6% fat, 5.2 + 0.4% humidity
and 4.61+ 0.05% total ash contentper 100 g (db). The extrudates
also had 20.81+0.05%total fiber (TDF), 9.61+ 0.03%soluble
dietary fiber (SDF) and11.2+ 0.01%insoluble dietary fiber per
100 g (db) which are 20.62 + 0.05%, 7.32 + 0.02% and 13.31 +
0.3% respectively in raw material without any process (Table 5).

Discussion

The results obtained in this study indicated that it is possible to
enrich extruded snacks with WOP which is source of fiber and
protein. The functional and physical properties of extrudates
produced from WOP/ NBP using a twin-screw extruder were
influenced by the raw material, screw rate, and feed moisture
content. The good characteristics of extruded snack (high WAI,
high aw, low WSI and highOAI) were produced at loweroleaster
content, and high feed moisture content. It was observed that feed
moisture content was the most important parameter with
significant effect on the responses studied such as WAI, WSI
andOAI[41, 42, 43, 44]. The highest preference levels for
characteristics of physical and functional is obtained with
inclusion of20% WOP in our extrudate formulation (screw rate of
200 rpm and feed moisture content of 20%).Thissample shows

satisfied color too. The earlier report found that the properties of
dietary fiber are affected by food processing. Some of previous
research found a decrease in the content of insoluble dietary fiber
during extrusion cooking and an increase in the content of soluble
fiber which resulted from shear stress caused by the high screw
speed[3, 45, 46]. The effect of oleaster contact, feed moisture
ranges and process in this research were significant on dietary
fiber. The observation was significant on soluble dietary fiber
content as shown in table 4 that extrude process resulted in lower
insoluble and total dietary fiber and higher soluble dictary fiber of
extrudates.

CONCLUSION

The findings of our research demonstrate the feasibility of
developing value added products from WOP and NBP by
extrusion processing, but further studies are necessary to assess
the sensory attributes of the property of product. The best sample
was made from WOP/NBP (20%/80%), 20% humidity and 200
rpm screw rate, and have more soluble fiber, and high WAIL, OAI,
aw, and low WSI. Additionally these products can be suitable for
diabetic and celiac diseases. Although this finding can lead to
investigate acceptable flour to prepare gluten free bread, bakery
product, or other functional food.
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