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ABSTRACT

Snacks was made from yellow corn and its
blends had contained corn, barley, chickpea, cum-
in, black cumin, black pepper and lettuce seeds at
different levels considerable as lettuce seeds of
ingredient and products were defined as physical,
chemical and sensory evaluation. The results
showed that the chickpea had contained the high-
est in protein and total lipids 40.60 and 15.50%.
The black pepper, chickpea and cumin seeds had
contained higher in crude fiber (14.20, 10.71 and
10.50%, respectively). The snacks with lettuce
seeds showed that the protein was the highest in
group (2) it was 15.04, 16.44 and 17.82 %. Total
lipids, crude fiber and ash content were decreased
gradually in the snacks from group (1) 4.02, 4.87
and 5.72% and the highest in total lipids in group
(2) which contained 4.23, 5.08 and 5.93%, respec-
tively. Hunter color values of snacks control and its
different blends from lettuce seeds the group (6)
prepared with 60% corn grits and 15, 10 and 5%
barley and also 6% lettuce seeds showed that
higher in lightness and yellowness till 15% chick-
pea and nearly control snacks. The highest (WAI)
and (WSI) were in groups (1 and 2) respectively
made from 40% corn grits and 40, 35, 30 and 25%
barley. The sensory properties showed that the
extrusion blend (18) made from 20% chickpea and
5% barley the highest acceptability (95%) and
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nearly control (96%) followed were by 10 and 15%
chickpea plus 15 and 10% barley were gave 93.0
and 88.0% during overall acceptability.

INTRODUCTION

Food extruders provide thermo-mechanical and
mechanical energy (shear) necessary to cause
physicochemical changes of raw materials with an
intense mixing for dispersion and homogenization
of ingredients including conveying, mixing, shear-
ing, heating or cooling, shaping, venting volatiles
and moisture, flavor generation, encapsulation,
and sterilization (Wiedman and Strobel, 1987).
Advantages of this process is that one extruder
can operate at relatively low temperatures and
produce pasta and baking goods, or at very high
temperatures, and then manufacture products with
low bulk density, such as snacks and ready to eat
cereals (Harper, 1981). In order to make products
that will be acceptable in a very competitive mar-
ket, extrusion of snack foods demands the control
of many parameters that will directly or indirectly
influence the consumer acceptability. Finished
product characteristics are partly resulted from
specific critical parameters induced in raw materi-
als. The critical parameters that will partly affect
the moisture, expansion, solubility, absorption,
color, flavor and texture of the final product are
(Huber, 2001): The chemistry of natural products
interacts with different areas of expertise, and its
relevance is linked to this interdisciplinary. Chemi-
cal studies of different plant species seed to detect
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information inherent to secondary metabolites and
to contribute to the development of several areas
of science. The use of plants by humans dates
back thousands of years and relies on chance dis-
coveries that are frequently proven by science.
They were used to cure diseases, for food preser-
vation and insect control. Many natural compounds
present in plants, herbs and spices have shown
biological activity and serve as a source of antimi-
crobial agents against various pathogens Simdes
et al (2007). The taste of a spice such as sweet,
spicy, sour, or salty, is due to many different chem-
ical components such as esters, phenols, acids,
alcohols, chlorides, alkaloids, or sugars. Sweet-
ness is due to esters and sugars; sourness to or-
ganic acids (citric, malic, acetic, or lactic); saltiness
to cations, chlorides, and citrates; astringency to
phenols and tannins; bitterness to alkaloids (caf-
feine and glycosides); and pungency to the acid-
amides, carbonyls, thiocyanates, and isothiocya-
nates (Raghavan, 2007). Theoretically, product
darkening (developing a brown color) occurs due
to the reducing sugars (e.g. liquid honey or glu-
cose syrup) or an increase in the amount of reduc-
ing sugars available to participate in the Maillard
reaction (Yilmaz and Toledo, 2005). The shelf life
of intermediate moisture foods is often limited by
Maillard reactions between the carbonyl groups of
reducing carbohydrates and the exterior amine
groups of proteins. Maillard reactions can lead to
an unappealing texture, flavor, nutritional value
and color of food products (Loveday et al 2010).
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 polysaccharide released from
the starch component after extrusion (Yang, 2008).
Cumin seeds are used as a spice for their special
aromatic effect, commonly in cuisines of India,
Pakistan, North Africa, Middle East, Sri Lanka,
Cuba, Northern Mexico and the Western China.
Cumin seeds have been reportedly used for tradi-
tional treatment of toothache, dyspepsia, diarrhea,
epilepsy and jaundice (Nostro et al 2005). Snacks
made from corn containing corn as the only in gra-
dient are poor in nutritional value. So the present
study aims to evaluate of new blends from seed,
grain and herbs to produce healthy snacks in

Egypt.

MATERIALS AND METHODS
Materials

Hull less barley seeds (Hordeum vulgare) culti-
var Giza 130, chickpea seeds (Glycine max) and
yellow corn (Zea mays) were obtained from Field
Crops Res. Inst., Agric. Res. Center, Giza-Egypt.
Whereas, commercial cumin (Cuminum cyminum),
black cumin (Nigella sativa), black pepper (Peper
nigrum) and lettuce seeds (Lactuca sativa) were
obtained from Horticulture Res. Inst., Agric. Res.
Center, Giza-Egypt. Yellow corn, barley, chickpea,
cumin, black cumin, black pepper and lettuce
seeds were milled in a Laboratory Mill Junior to a
fine powder were packaged in polyethylene bags
and stored in refrigerator at (4-7) °C, then submit-
ted to the production and analysis.

Methods

Protein, total lipids, crude fiber and ash content
and While total carbohydrates were estimated by
subtracting the difference from initial weight of the
samples as follow: % carbohydrates = 100-
(%omoisture + % protein + % fat + %ash + %fiber)
AOAC. (2005). Total dietary fiber was determined
by the methods described by Prosky (1988). Sol-
uble and non-soluble dietary fiber was determined
according to Lee and Prosky (1995).

Preparation of the snack blends

Control extruded puff snack was made from
yellow corn grits only and the other blends had
contained corn grits, barley, chickpea, cumin, black
cumin, black pepper and lettuce seeds at different
levels to give control and six groups (3 blends for
each) to give nineteen blends.

Extrusion of different snack blends

The flour blend was separately adjusted to 18%
moisture content (MC) by water addition through
material balance (Nwabueze and Ilwe, 2010). The
prepared samples were extruded at selected con-
stant extrusion condition: screw speed of 140rpm
and barrel temperature of 140°C in a Brabender
laboratory single-screw extruder (Duisburg DCE
330, New Jersey USA) fitted with 2mm die nozzle.
The extruder had grooved barrel length to diameter
(L/D) ratio of 20:1 fitted with 2mm die nozzle diam-
eter operated at a constant screw speed of 140rpm
and 140°C barrel temperature. Compression ratio
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Table 1. Formulae of snack blends
Group No Corn Barley | Chickpea | Lettuce Cumin pBelsgle(r fljl?ncll:]
% % % % % o o
0 0
Control 100 - - - - - -
1 40 40 10 4 2 2 2
1 2 40 35 15 4 2 2 2
3 40 30 20 4 2 2 2
4 40 35 10 6 3 3 3
2 5 40 30 15 6 3 3 3
6 40 25 20 6 3 3 3
7 50 30 10 4 2 2 2
3 8 50 25 15 4 2 2 2
9 50 20 20 4 2 2 2
10 50 25 10 6 3 3 3
4 11 50 20 15 6 3 3 3
12 50 15 20 6 3 3 3
13 60 20 10 4 2 2 2
5 14 60 15 15 4 2 2 2
15 60 10 20 4 2 2 2
16 60 15 10 6 3 3 3
6 17 60 10 15 6 3 3 3
18 60 5 20 6 3 3 3
screw was A 4:1 (Nwabueze, 2007). Temperature elist of stuff member Ahmed, (1999). Statistical

settings were adjusted using thermostat at 120,
150, 170 and 220°C. The extruder was allowed to
run to stabilization at a screw speed of 140rpm
using corn flour before the experimental runs
commenced. The feed was introduced gradually
but continuously to feed hopper equipped with an
auxiliary anger screw at 300g/min and received at
the die end as strands of pellets. The samples
were stored at room temperature (25 £ 5°C). till
analysis.

Physical properties of different snack blends

Color of dried snack blends were evaluated us-
ing a Hunter Lab. model D 25 according to Francis
(1998). Water absorption index (WAI) and water
solubility index (WSI) were determined according
to the method of Anderson et al (1969).The tex-
ture profile analysis (TPA) index of different snacks
blends were determined using a texture analyzer
(Cometech, B type, Taiwan) according to Bourne
(2003). Organoleptic properties such as appear-
ances, crispiness, mouth-fell, flavor and Overall
acceptability were evaluated in different snack
blends with lettuce seeds by (10) will trained pan-

analyses were carried out using F-test for signifi-
cance at P<0.05 and computing of "Least Signifi-
cant Difference (L.S.D.)" test, values to separate
means in different statistical groups according to
described method by Gomez and Gomez (1984).

RESULTS AND DISCUSSION
Chemical composition of raw materials

Data presented in Table (2) show the protein,
total lipids, crude fiber, ash content and total car-
bohydrates were determined in corn grits, barley,
chickpea, lettuce seeds, cumin, black pepper and
black cumin From the results in Table (2), it could
be noticed that the chickpea had the highest con-
tent in protein content 40.60% followed by lettuce
seeds, black cumin were 22.50, 21.34 respectively.
Meanwhile cumin had contained the medium con-
tent in protein 17.81 % followed by black pepper,
barley and corn grits 12.50, 12.01 and 9.50% re-
spectively. Data in Table (2) showed that the
chickpea and lettuce seeds were higher value in
total lipid (19.50 and 7.50 %) than black cumin,
black pepper, barley, cumin and corn grits were
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Table 2. Chemical composition of raw materials
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Chemical Corn . Lettuce | Cum Black Black
I, . Barley | Chickpea . ;
composition grits seeds in pepper | cumin
Protein % 9.50 12.01 40.60 22.50 17.81 12.50 21.34
Lipids % 0.94 2.75 19.50 7.50 2.27 3.30 3.55
Crude fiber % 0.71 8.40 10.71 6.60 10.50 14.20 8.47
Ash % 0.65 4.68 6.93 4.12 8.40 9.00 6.34
Total carbohydrates% 88.20 72.16 22.26 59.28 61.02 61.00 60.30

3.55, 3.30, 2.75, 2.27 and 0.94%, respectively.
Crude fiber and ash were determined in raw mate-
rials and the results are reported in Table (2). The
result showed that the black pepper, chickpea and
cumin seeds had contained higher in crude fiber
(14.20, 10.71 and 10.50 and respectively) followed
by black cumin, barley and lettuce seeds were
8.47, 7.40 and 6.60 %, respectively. The crude
fiber in corn grits was the lowest 0.71% compared
with the other raw materials. The ash content in
the raw materials was paralleled with crude fiber in
raw materials. Total carbohydrates in the corn grits
and barley were the highest (88.20 and 72.16%)
Cumin, black pepper, black cumin, lettuce seeds
and chickpea were 61.02, 61.00, 60.30, 59.28 and
22.26%, respectively. These results are agree-
ment with those obtained with Kushi et al (1999)
and Mothers (2002) Many researchers have stud-
ied the relationship between legume consumption
and health benefits, such as, protection from car-
diovascular disease, breast cancer, colon cancer,
other cancers and diabetes. They found that Leg-
umes are rich in complex carbohydrates and oligo-
saccharides, important components to human diet
for keeping a healthy intestine flora (Wood and
Grusak (2007) and Shad et al (2009) )

Chemical composition of snacks prepared with
different blends

The results from chemical constituencies of the
extrusion snack blends with lettuce seeds are re-
ported in Table (3). From the results in Table (3) it
could be notice that the extrusion snack blends.
With lettuce seeds showed that the protein content
in group (2) (blend 4, 5 and 6) were 15.04, 16.44
and 17.82 % respectively main while the protein
content in blends 1, 2, 3. Were (1) had contained
14.51, 16.09 and 17.49% respectively while control
snack made from corn grits (9.24%). Moreover, the
groups (3and 4) were decreased slightly in protein

content than groups 2 and 1) and it was ranged
from 14.49, 14.84 to 17.29, 17.64%, respectively
and also the groups (5 and 6) were the lowest (see
Table 3) in protein content compared with other
groups these may be attributed to increasing the
content of chickpea .Generally these was no signif-
icant difference were noticed between all blends in
these protein content.

Total lipids, crude fiber and ash content were
gradually decreased in the snack blends from
group (1) 4.02, 4.87 and 5.72% and the highest
value of total lipids were noticed in group 2 which
contained 4.23, 5.08 and 5.93%, respectively. The
groups’ 5 and 6 were slightly lower and ranged
from 3.62 and 3.83 to 5.32 and 5.53%, respectively
than other groups and control snack had contained
1.15 %. Whereas, the groups 3 and 4 were medi-
um results in total lipids for the extrusion snack
blends.

From Table (3). These in no significant differ-
ent in total carbohydrate content in blends
No.,1,4,7,8,10,11,13,14,16 and 17.

As gradually, increasing in total carbohydrates
caused by the gradually decreased in protein con-
tent and total lipid and increased in crude fiber and
ash content, respectively, in the snack blends as
well as the control snack was the highest in total
carbohydrates may be the lowest in protein con-
tent, total lipid, crude fiber and ash content than
other groups.

Most snack foods produced today consist of
starch from cereals, tubers or roots. However, in
different countries, popular snacks are already
enriched with protein from animal or vegetable
origin (Suknark, 1998). However, vegetable pro-
teins are less expensive and can be produced eve-
rywhere on earth provided there is some availabil-
ity of water. Chickpea (Liu, 1997) is excellent
sources of proteins that can be used to fortify
starch-based snacks.
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Table 3. Chemical composition of product from the extrusion snack blends with lettuce seeds at zero time

Groups Different Protein Lipids Crude fiber Ash carbc-)rk?)tlzlrates
blends % % % % %
Control 9.24 +1.04b |1.15 +0.54d | 1.38 #0.37c |0.95 +0.04c | 87.28 +5.47 a
1 14.40+1.38a | 3.80+0.68c | 5.66+0.91a | 3.71+0.54a 7243 +4.12 b
1 2 1598 +1.72a | 4.65+0.62b | 5.81+0.95a | 3.83+0.49a 69.73 +5.27 ¢
3 17.38 +1.56 a | 5.50 +0.57 a | 5.96 +0.83a | 3.94 +0.29 a 67.22 +6.58 ¢
4 1493 +1.584a | 4.01+0.43 b | 5.84+0.76 a | 3.80+0.25a 7142 #4.38 b
2 5 16.33 #1.39a| 4.86+0.38b | 5.99+0.84a | 3.91+0.27 a 68.91 +6.82 c
6 17.73+¥1.94a | 5.71+0.46a | 6.14+0.58a | 4.03+0.31a 66.39 +7.16 c
7 14.38 +1.27 a | 3.60 +0.28 ¢ 4.93 +0.73 3.31+0.39a 73.78 £7.28 b
3 8 15.78 +1.68a | 4.45+0.39b | 5.08 +0.45a | 3.43+0.37 a 71.26 £+6.28 b
9 17.18+2.04a | 530+0.484a | 5.23+0.52a | 3.54+0.34a 68.75+7.81c
10 14.73+1.68a | 3.81+0.34c | 512+0.59a | 3.40+0.40a 72.94 £+8.23 b
4 11 16.13+2.014a | 4.66 +0.48b | 5.26 +0.73a | 3.51+0.38 a 70.44 £+6.58 b
12 17.53+2.12a | 551 +0.54a | 541+0.83a | 3.63+0.29a 67.92 +8.27 c
13 14.18 +1.68 a | 3.40 +0.28 4.20+0.46 b 2.91 #0.21 75.31+£9.01 b
5 14 1558 +1.89a | 4.25+0.29b | 4.35+0.58b | 3.03+0.18 a 72.79+#8.13 b
15 16.98 +1.57 a | 5.10+0.38a | 4.80+0.53b | 3.14+0.22 a 69.98 +7.11 c
16 1453 +1.48 a | 3.61 +0.34c | 4.38+0.48b | 3.00+0.19 a 74.48 £+6.88 b
6 17 1593 +1.63a | 4.46+0.43b | 4.43+0.73b | 3.12+0.34a 72.06 £9.17 b
18 17.33+2.18a | 5.31+0.58a | 4.68+0.29b | 3.23 +0.28 a 69.45 £8.35 ¢
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The same letters in the Colum had no significant difference (mean + SE)

Physical characteristics of extruded snacks
blend

The physical characteristics such as color, wa-
ter absorption index (WAI) and water soluble index
(WSI) in control and their extruded blends with
lettuce seeds and the results are presented in
Table (4). Color is a prime factor in judging snacks
products quality. The consumers select snacks
products for appearance, with the judgment based
on the brightness of the color. The results in Table
(4) showed Hunter color values of snacks control
and its extruded different blends with lettuce
seeds. Group (6) (blend 16, 17 and 18) prepared
with 60% corn grits and 15, 10 and 5% barley and
also 6% lettuce seeds showed that higher in light-
ness (L value) and yellowness (b value) till 15%
chickpea and nearly control snacks followed by
group (5) (blend No., 13, 14 and 15) made from

60% corn grits and 20, 15 and 10% barley and
also till 15% chickpea plus 4% lettuce seeds gave
the best results for lightness (L value) and yellow-
ness (b value). The gradually decreased color in
groups 3 and 4 followed by group (1) and group
(2), respectively. From the obtained results, it could
be noticed that the lightness (L value) and yellow-
ness (b value) were decreased after increasing of
chickpea and barley concentrations may be
caused the barley and chickpea had contained the
highest amount from total dietary fiber and crude
fiber. These results are an agree ment with Ismail
et al (2008) Color is an important characteristic of
extruded foods. Color changes can provide infor-
mation about the extent of browning reactions such
as caramelization, Millard reaction, degree of cook-
ing and pigment degradation that take place during
the extrusion process (Altan et al 2008). Water
absorption index (WAI) was used to assess this
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Table 4. Physical characteristics of extrusion snack blends with lettuce seeds.

Groups Dtl):feenrg;lt - Co;or - WAJ* WSI*

Control 88.14+2.18 a 8.97+0.15a 35.71+0.91 a 3.30+0.08d 3.00 +0.07 b

1 1 77.29+1.99b 7.95+0.17b 25.35+0.93 b 6.12 +0.14 a 5.11+0.11a
2 78.26 £1.78 b 8.14+0.19 a 27.76 £0.85 b 5.99+0.16 b 4.95 +0.14ab

3 7851+1.77b 8.21+0.21a 27.26 +0.87 b 5.97 +0.11b 4.92 +0.09 ab

2 4 79.43£1.75b 8.26 +0.16 a 28.32+0.86 b 5.82+0.14 b 4.730.12 ab
5 79.64 £1.74b 8.32+0.24 a 28.54 £0.92 b 5.80+0.17 b 4.45 +0.15 ab

6 80.42+2.04 a 8.43+0.28 a 29.76 £0.94 b 5.73+0.16 b 4.42 +0.13 ab

3 7 82.41+224 a 8.59+0.25a 29.38£0.79 b 5.65 +0.09 b 4.21 +0.07 ab
8 83.32+2.65a 8.65+0.29 a 30.28 +0.98 a 5.59+0.17 b 4.12 +0.14 ab

9 83.44+2.86 a 7.70+0.17b 31.87 +0.86 a 542 +0.12b 4.00 +0.08 ab

4 10 83.78 £2.37 a 8.75+0.31a 31.29+0.90 a 5.27+0.11b 3.98£0.09 b
11 83.78 +2.37 a 8.75+0.30 a 31.29+0.82 a 5.02 +0.07 b 3.95+0.04 b

12 84.55+3.01a 8.81 +0.29 a 31.55+0.92 a 4.84 +0.08c 3.82+0.06 b

5 13 84.71 £3.08 a 8.84 +0.34 a 31.53+0.76 a 4.72 +0.06 ¢ 3.71+#0.05b
14 85.48 £3.07 a 8.90+0.35a 32..47+0.79 a 4.68 +0.14 c 3.64+0.11 b

15 85.34 £3.18 a 8.90+0.34 a 32.91+0.75a 4.61 +0.08 ¢ 3.48£0.07 b

6 16 85.32+354 a 8.88 £0.38 a 32.37 £+0.69 a 4.45+0.13 c 3.31+0.11b
17 85.32£3.82 a 8.88 £0.37 a 3237101 a 4.45+0.14 c 3.31+0.12b

18 86.75 +4.00a 8.94 +0.39 a 33.56 £1.12 a 4.25+0.16 c 3.26 +0.13 b

WAI: water absorption index, results expressed as weight of gel/gram of dry samples

WSI: water solubility index, result expressed as percent of dry solids in the supernatant.

Huntr color values: L: lightness, b: yellowness,

a: redness

The same letters in the Colum has no significant difference (mean + SE)

quality factor and water solubility index (WSI) result
expressed as percent of dry solids in the superna-
tant. Water absorption index and water solubility
index were determined in the extrusion blends with
lettuce seeds and the results are presented in Ta-
ble (4). The obtained results from Table (4) show
that the extrusion different snack blends with let-
tuce seeds were higher in water absorption index
(WAI) than extrusion control. The highest water
absorption index was in groups (1 and 2) (blends
from No., 1 to 6, respectively) made by increasing
chickpea and barley followed by groups (3 and 4)
whereas the groups (5 and 6) the extrusion differ-
ent snack blends were nearly to extrusion of con-
trol. This may be attributed to the high proportion
of gelatinized starch found in the extrusion blends.
The results were in agreement with Debbouz
(1992) Water soluble index (WSI) expresses the
percentage of dry matter recovered after the su-

pernatant is evaporated from the water absorption
determination. The results in the Tables (5 and 6)
showed that slightly difference in water soluble
index (WSI) was found between the extrusion dif-
ferent blends prepared with lettuce seeds and also
control snacks. Water soluble index (WAI) reflects
the ability of starch to absorb water and is an indi-
rect measure of the amount of intact and fully ge-
latinized starch granules. The increase in extru-
dates (WAI) with increasing in screw speed was
attributed to an increase in starch gelatinization,
(Colonna et al 1989 and Osman et al 2000).

Texture profile parameter snack blends at zero
time

Data illustrated in Table (5), revealed that tex-
ture indices of extrusion snack blends (at zero
time) prepared with corn grits, barley, chickpea,
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cumin, black pepper, black cumin and lettuce
seeds. From the results, it could be noticed that
Hardness of extrusion snack blends with lettuce
seeds were no significant deference in all blends.
The lowest hardness value (5.31) was recorded for
blend No., 18 in group 6 prepared with 5% barley
at 60% corn grits and nearly the control 4.29 from
these results, it could be notice that when corn
grits increased and barley decreased the hardness
was decreased and also equal control made from
corn grits. Cohesiveness values ranged from
0.65% to 2.15% showed differences between dif-
ferent extrusion snack blends. The highest cohe-
siveness value was recorded for snack blend No.,
1 in group 1 was prepared with 40% corn grits at
40% barley and 10% chickpea. On the contrary, no
significant value were recorded for control made
from corn grits and extrusion blends 15,17 and 18
in group 6 The slightly differences and gradually
decrease were observed in cohesiveness between
the groups 2, 3, 4, and 5, respectively but no sig-
nificant value. Gumminess of different extrusion
snack blends ranged from 2.21 to 20.50 g showed
differences. Gumminess of extrusion snack blends
was increased by reducing barley level. Extrusion
shack blend prepared by 40% corn grits at 40%
barley and 10% chickpea had higher (20.50 g) in
Gumminess values than that prepared with 5%
barley and 60% corn grits 2.21% and nearly or
equal control (2.19 g) made from corn grits. The
highest value was recorded in groups 1 and 2 for
extrusion snack blends prepared with 40% corn
grits and 40, 35, 30 and 25% barley ranged from
11.82 to 20.50 g followed by extrusion snack
blends was recorded in groups 3 and 4 prepared
with 50% corn grits and 30, 25, 20 and 15% barley
ranged from 6.15 to 14.71 g with differences be-
tween them. On the other hand, no differences
were recorded between extrusion snack blends in
groups’ No., 5 and 6 prepared with 60% corn grits
and 50, 15, 10 and 5% barley ranged from 5.31 to
8.14 g, respectively. Chewiness value was record-
ed 1.31 g/mm in control sample prepared with corn
grits and the different extrusion snack blends were
ranged from 1.56 to 17.13 g/mm made from corn
grits, barley, chickpea, lettuce seeds, black pep-
per, cumin and black cumin, respectively. Chewi-
ness values were increased by barley replacers’
percentages increment. Also different extrusion
snack blends prepared with 40% corn grits, 40, 35,
30 and 25% barley and 10, 15 and 20% chickpea
had higher chewiness values than that prepared
with 60% corn grits and 20, 15, 10 and 5% barley
and 10, 15 and 20% chickpea. Meanwhile, differ-

ent extrusion snack blends prepared with 50%
corn grits, 30, 25, 20 and 15% barley and 10, 15
and 20% chickpea had medium chewiness values.

Springiness value was recorded 0.60 mm in
control sample prepared with corn grits and the
different extrusion snack blends were ranged from
0.60 to 0.84 mm showed slightly differences be-
tween all different extrusion snack blends.

From the obviously results, it could be noticed
the texture profile analyses in different extrusion
snack blends with lettuce seeds showed that the
groups 5 and 6 made from 60% corn grits and 20,
15, 10 and 5% barley and 10, 15 had contained
the lowest total dietary fiber and crude fiber there-
fore these extrusion blends give the best results in
the texture profile analyses. Moreover the groups 1
and 2 had contained the highest total dietary fiber
and crude fiber and extrusion blends give the low-
est results in the texture profile analyses followed
by groups 3 and 4 give the medium results in the
texture profile analyses.

Texture, defined as the sensory manifestation
of food structure and the way in which this struc-
ture reacts to the forces applied, represents the
junction of all the mechanical, geometric and su-
perficial attributes of a product, sensed through
mechanical, tactile, visual and hearing receptors
(Szczesniak, 1963a). Moreover, texture can be
related to the deformation, disintegration and flow
of the food when a force is applied (Bourne,
2002).

Sensory properties of snack blends

Appearance, crispiness, mouth feel, flavor and
overall acceptability of the extruded blends with
lettuce seeds the control snack made from corn
grits only were evaluated by ten sensory judge
and the results are reported in Table (6). The re-
sults from sensory properties of extrusion snacks
with lettuce seeds are reported in Table (6). From
the resultant, it could be notice that the group (6)
(blends No., 16, 17 and 18) consists of 60%corn
grits plus 15, 10 and 5% barley were added sepa-
rately to 10, 15 and 20% chickpea and it was
mixed with 3% for each cumin, black pepper and
black cumin, respectively were mixed with 6% let-
tuce seeds gave the best overall acceptability. The
extrusion blend no., 18 made from 20% chickpea
and 5% barley the highest acceptability (95%) and
nearly or equal control (96%) followed by 10
and 15% chickpea plus 15 and 10% barley were
gave 93.0 and 88.0% during overall acceptability.
Black pepper as a spices had to play in enhancing
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Table 5. Texture profile analysis (TPA) in snack blends at zero time:

Different Cohesiveness | Gumminess Chewiness Springiness
Group Hardness (N)
blends (%) (9) (g/mm) (mm)
Control 429+1.11c 0.51 +0.08 ¢ 2.19+1.28c 1.31+0.94c 0.60 +0.07 c
1 11.86 +2.15a 2.15+1.03a 20.50£3.25a 17.13 +3.58 a 0.84 +0.08a
1 2 11.01+2.38 a 1.94+0.95b 18.60£3.11 b 14.90 +3.21 a 0.81+0.05a
3 10.06 +1.98 a 1.73+#0.35b 14.71 ¥3.69b | 12.67 +2.48 a 0.78 +0.06 b
4 11.00 +2.57 a 1.95+0.28 b 18.61+4.21 Db 14.91 +3.27 a 0.81+0.02 a
2 5 10.00 +1.99 a 1.75+0.22 b 14.72#2.35b 12.77 +2.14 a 0.78 +0.07 b
6 9.13 £1.87 152+0.35b 11.82 +3.26 b 10.45 +1.98 a 0.75+0.05b
7 10.04 +2.54 a 1.74+0.65b 1471 +3.56b | 12.76 +2.68a | 0.78+0.09b
3 8 9.11 +2.15 ab 151+052b 11.81£3.17 b 10.44 +2.49 a 0.75+0.08 b
9 8.16 +2.11 ab 1.31+0.43b 8.92+2.58ab | 8.23 +2.64 ab 0.72 +0.07 b
10 9.13 +2.38 ab 152+0.48b 11.81+2.67 b 12.44 +2.86 a 0.75+0.02 b
4 11 8.17 +2.04 ab 1.32+0.61b 8.91+2.61lab | 8.22+2.61ab 0.72+0.04 b
12 7.24 +1.57 ab 1.10+0.83 b 6.15 +2.14 ab 6.01 +2.28 ab 0.69 +0.06 ¢
13 8.14 +2.57 ab 1.31+0.64 b 8.92 +2.65 ab 8.23 +2.27 ab 0.72 +0.04b
5 14 7.20 £2.16ab 1.10£0.28 b 6.16 +2.18 ab 6.00 +2.10 ab 0.69 +0.06 c
15 6.26 +2.38 b 0.89+0.11c 4.12+1.98 b 4.79+2.13 b 0.66 +0.04 c
16 7.21 +2.97 ab 1.11+0.35b 6.15 +2.18ab 6.00 +2.08ab 0.69 +0.06 c
6 17 6.27 +2.86b 0.90+0.27 c 411 £2.17b 4.79 £1.95b 0.66 +0.03 c
18 5.31 +1.54c 0.65 +0.09 ¢ 3.21 +1.68c 2.56 +0.98c 0.63 +0.05c
The same letters in the colum had no significant difference (mean + SE)
Table 6. Sensory properties of snack blends at evaluation zero time
. _ Overall
Groups Different | Appearance | Crispiness Mouth-fell Flavor acceptability
blends (25) (25) (25) (25)
(100)
Control 24.0 £2.13a 24.0+2.45a 24.0+2.14 a 24.0+3.15a 96.0 £10.24 a
1 19.0+x1.92¢c 17.0+£1.09c 19.0+£1.86¢c 19.0+£1.86¢c 74.0 £6.52 b
1 2 19.0+1.67c 17.0+£1.17c 20.0 £2.16b 19.0+1.67c 75.0£5.84 b
3 19.0+1.83 ¢ 17.0+1.34c 20.0 £2.62b 20.0 £1.73b 76.0 #6.73 b
4 19.0+1.59 ¢ 18.0 £1.57b 20.0 £2.58b 20.0 £2.54b 77.0+8.21b
2 5 20.0 +2.34b 18.0 £1.82b 20.0 £2.43b 20.0 £2.19b 78.0£8.37 b
6 20.0 +2.71b 18.0 £1.11b 21.0+2.76 ab 20.0 +2.68b 79.0+7.69b
7 20.0 £2.95b 19.0+2.38ab | 21.0+2.74 ab 20.0 +2.23b 80.0 £7.98 ab
3 8 20.0 £2.37b 19.0+2.19ab | 21.0+2.96ab | 21.0+2.94ab | 81.0+9.12 ab
9 21.0+2.48ab | 19.0+2.21ab | 21.0+2.39ab | 21.0+2.38ab | 82.0 +9.38 ab
10 21.0+2.29ab | 19.0+2.38ab | 21.0+2.16ab | 21.0+2.86ab | 82.0+9.77 ab
4 11 21.0+£2.67 ab | 20.0 £2.47 ab | 22.0 £2.24 ab 22.0+2.41 ab | 85.0£10.16 ab
12 22.0+3.01ab | 19.0 +2.68 ab | 22.0 +2.35 ab 23.0+3.01a | 86.0+10.28 ab
13 22.0+2.38ab | 19.0 +2.66 ab | 22. 0 £2.87 ab 23.0+3.16 a | 86.0+10.67 ab
5 14 22.0+2.82ab | 21.0+2.53a 22.0 £2.59 ab 22.0+2.86 ab | 87.0 £10.38 ab
15 22.0+3.12 ab | 20.0 +2.77 ab | 22.0 £2.79 ab 23.0+2,84a 87.0 £9.97 ab
16 22.0 £291ab | 21.0+2.52 a 23.0+245a 23.0+2,98 a | 89.0+10.57 ab
6 17 23.0+2.83 a 21.0+295a 23.0+2.46 a 24.0+3.12 a 91.0+1111a
18 23.0+3.11a 22.0+246a | 24.0+02.61a 24.0+3.24 a 93.0+1.24a

The same letters in the column had no significant difference (mean + SE)
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the taste and flavor of the snack blends and cumin
seeds were used as a spice for their special aro-
matic effect of the snack blends. Moreover, the
group (5) (blend No., 13, 14 and 15) prepared with
60% corn grits and 20, 15 and 10% barley were
added separately to 10, 15 and 20% chickpea and
it was mixed with 2% for each cumin, black pepper
and black cumin, respectively were mixed with 4%
lettuce seeds and the results observed that 91, 89
and 89% on overall acceptability. These results
caused when the increased corn grits and de-
creasing fiber derived from barley and chickpea in
the snacks blends, the overall acceptability was
the best. The group (4) (blends No., 10, 11 and 12)
consists of 50% corn grits plus 25, 20 and 15%
barley were added separately to 10, 15 and 20%
chickpea and it was mixed with 3% for each cumin,
black pepper and black cumin, respectively were
mixed with 6% lettuce seeds. The results from the
same table illustrated that the group 4 at different
levels from chickpea were 88.0, 87.0 and 85.0%
on overall acceptability. As well as the group 3
(blends No., 7, 8 and 9) at different levels 10, 15
and 30% from chickpea plus 30, 25 and 20% bar-
ley and it was mixed with 2% for each cumin, black
pepper and black cumin, respectively were mixed
with 4% lettuce seeds were 85.0, 83.0 and 81.0%
during overall acceptability. These results showed
that medium acceptability may be corn grits and
barley were medium weigh than groups’ No. 5 and
6 and also chickpea was the same weigh in the
groups. The group 2 (blends No., 4, 5 and 6) had
contained 40% from corn grits was added sepa-
rately to 10, 15 and 20% chickpea plus 3% other
ingredients and 6% lettuce seeds were mixed with
35, 30 and 25% barley. Moreover, the group 1
(blends No., 1, 2 and 3) had contained 40% from
corn grits was added separately to 10, 15 and 20%
chickpea plus 2% other ingredients and 4% lettuce
seeds were mixed with 40, 35 and 30% barley.
From the result, it could be noticed that the groups
1 and 2 were the overall acceptability of blends
No., 7 to 18 had the no significance difference
compared to control sample. These results are
agreement with Singh et al (2003).

From the results it could be recommended that
the different extrusion snack blends with lettuce
seeds showed that the group’s No., 5 and 6 incor-
oded from 60% corn grits and 20, 15, 10 and 5%
barley and 10, 15% chickpea gave the best results.
The conclusion from different obtained data
showed that different samples of snack made from
corn grits using other materials have high nutritive

value, Sensory test and Statistical evaluations
compared with those made from corn grits (100%).
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