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ABSTRACT

INTRODUCTION

There is a great need for natural and
safe products that can reduce the risk of
chronic diseases such as diabetes and cardio
vascular diseases in at risk subjects. Whole
grains which are rich sources of fiber are
important part of healthy and their products
provide about 30% of total energy intake. It is
recommended that we consume 6-1] servings
of grains food daily, three of them coming
from whole grains (Marlett ef al., 2002).

The therapeutic value of barley whole
flour in the management of diabetes was
linked to its content of soluble fiber B-glucan
(Li et al., 2003 and Yang, ef al., 2003) and its

high content of Cr (Mahdi and Naismith,
1991; Mahdi ef al., 1994 and Hanan Ahmed er
al., 2005). Barley is an excellent source of B-
glucan soluble fiber as compared to wheat
bran, which contains mostly inscluble fiber.
Clinical studies have confirmed that the
consumption of barley improved blood glu-
cose insulin respons and lowered blood cho-
lesterol in diabetics (Baurdon et al., 1999;
Kalra and jood, 2000; Hallfrish and Behall,
2000; Li et al., 2003, Yang, et al., 2003). Food
sorghum flour is an ideal substitute for wheat
in baked good formulas especially that are
targeted at consumers who gluten sensitive or
diabetic (Lovis, 2003). Sorghum has a level of
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phenolic acid which have good antioxidant
activity in vitro and may contribute signifi-
cantly to the health benefits associated with
whole grain consumption also contain phytos-
terol and policosanols that reduce blood
cholesterol levels, and most of the fiber in
sorghum is present in the pricarp, sorghum
contain 6.5-7.9% insoluble fiber and 1.1%
soluble fiber, composed primarily of B- glu-
can and pentosans (Rooney and Awika, 2005).
Cereal germs are ideally suited to be used as
nutrient fortifiers for cereal foods, corn germ
is an almost complete food, Its oil is particu-
larly rich in fat essential acids (50-60%) and in
natural vitamins (E in particular), it is an
excellent source of protein, a good balance of
amino acids and essential nutrients (Barbieri
and Cariraghi, 1983; Tsen, 1984; Fatma
Shahine, 1995 and Goffiman and Boehme,
2001).

On the other hand medicinal plants
(especially aromatic herbs) are very useful so,
they are used in many purposes. They have
therapeutic properties. At present, they be-
come very important because they are
considered as natural food additives. They
possess flavoring properties as well as they
have antioxidant, anticancer, antimicrobial
effects. Herbs are being incorporated into a
variety of different food products such as
biscuits and pastries. There are few herbs
available that provide some help for person
with either hyperlipidemia, an abnormal ten-
dency to form blood clots, impaired blood
flow or other cardiovascular problems (Burke
et al., 1997, Winston, 1999 and Tahraoui ef
al., 2007).

The black cumin seed (Nigella sativa
L)) and its oilseed have to possess cardiovas-
cular and hypoglycemic activities (El -Tahir
and Ashour, 1993 and El-Dakhakhny et al,
2002). Also its had been shown to be anti-
cancer, antidiabetic, antiradical and inumu-
nomodulator, analgesic, antimicrobial, anti-
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inflammatory, spasmolytic, bronchodilator,
hepatoprotective, antihypertensive and renal
protective Al-Naggar er al, 2003; Fararh ef
al,, 2004 and Fawzy,2007).

Thyme (Thymus vulgaris, L) in its
crude herb form is carminative, antibiotic,
anathematic and antitussive. It is indicated for
Low immunity, anemia, it improved growth
traits, blood picture, enzymatic activity, meta-
bolic process (Ibrahim ef al., 2000). It had
lower values of blood total lipids, total choles-
terol content and liver function enzymes (EI-
Mallah, 2003 and Tollba, 2003).

Cumin (Cuminum cyminum, L.) exhi-
bited anticarcinogenic properties against carci-
nomats in the stomach (Aruna and
Sivaramakrishan, 1992; Nalini ef a/., 1998 and
Gagandeep er al, 2003). And it has a
protecting effect to colon by decreasing the
activity of bacterial B-glucuronidase and
mucinase (Nalini ef al/, 1998). Also it was
useful in reducing blood glucose and plasma
and tissue cholesterol, Phospholipids, free
fatty acid and triglycerides on diabetic rats
(Dhandapani et ai., 2002).

Anise (Anethum graveolens L.) was
used in the orient as condiments or flavoring
and also in traditional medicine applications.
Anise liad the highest amount of selenium
(0.687 ppm) which had a cytotoxic activity
against brain tumor, human hepato cellular
and lung carcinoma (Badaweya Hamza and
Falimy, 2004).It acts as a strong antimycotic
agent (Elgayyar ef al., 2001). The activity of
raw material used, qualifies them as chemo
protective food.

The aim of this study is to formulate
novel crackers by using flour mixes of diffe-
rent types of cereal and aromatic herbs to
euriched products, besides having good nutria-
tive value, show new dimensions of health

benefits,

MATERIALS AND METHODS

Materials:-

Wheat flour 72 % extraction rate
(Triticum aestivum, L.) was obtained from the
North Cairo Flour Mills Company, Egypt.

Com germ (Zea mays, L.) was obtai-
ned from the Egyptian Starch and Glucose
Manufacturing Company. It was milled using
Hummer mill to obtain Corn germ flour.
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Hull-less (naked) barley grains (Hor-
deum vulgare, L) and Sorghum grains
(Sorghum biocolor L.) were obtained from
crops research Institute, Agric. Research,
Center, Giza, Egypt. They were milled using
Hummer mill to obtain whole meal flour.

Cumin (Cuminum cyminum, L),
Anise (Anethum graveolens L), Black cumin
(Nigell sativa, L) and Thyme (Thymus
vulgaris, L) were obtained from Medicine
plant and Agricultural Seeds Haraz Company.
They were milled using Hummer mill to
obtain whole meal flour.

able (1): The formula used to preparing

crackers.

Other materials: Salt, corn oil, dry
yeast, dry milk and improver were purchased
from local market.

Methods:-
Preparation of Crackers:

The cracker was prepared according
to the method described in Sathe ef al., (1981)
with some modification in the formula. The
ingredients used for production of crackers
were tabulated in Table (1).

materials for this study.

5832 A AKX 529 5%

Suggested name | & 3§ .?:’_g ;E‘Eb;“ﬁﬁ;@ﬁ @E%ggo
"Ingredient () [Con| (1) (@[ @) @ | & | © [ D] 8 | )] a0 | 1]
é‘_ Wheatfour | 100 | 90 3030 30 | 30 | 30 30|30 | 30 | 30 | 30
"f Corn germ - 10 | 10| 10 LIO 10 10 {10} 10 10 10 10
% | Barley flour - - |60[60] 60 | 60 | 60 | - - - - -
é Sorghum flour | - - -] - - - - | 60] 60 | 60 60

Corn oil 10 | *6.5 |65 /65| 65| 65|65 65| 651 65 6.5
B | Cumin - - T3 ¢ RN _ - ;
o]
B Anise - - -] - 3 - - - - 3 - -
£ | Black cumin - - -] - - 1 - - - 1
T Thyme A R R S S BT R B N R

Water As required o

Note: - Pretest experiment has been carried out to determine the best mixes ratio of suggested

*To every prepared cracker:- lg. dry yeast, lg. dry milk, 2g. salt and 1g. improver, were added.
* Corn oil was reduced in the formula according to content of fat in com germ (35%).

For making cracker the following
procedure was followed: - All ingredients
were mixed with warm water using a labo-
ratory mixer for 4 min. and the resulted dough
was let to rest for 15 min., then the dough was
removed from the bowel and shaped to the
final form and given 40 min fermentation time
at 37°C and 85% relative humidity. The
fermented cracker was drilled and painted by
reconstituted milk (20 gm dry milk for 100 ml
water) for cracker face, then baked at 200°C
for 6 min. After baking, crac-ker was allowed
to cool at room temperature for 1 hr. before
organoleptic evaluation.

Storage of cracker:

The crackers were cooled at room
temperature and then stored at room tempera-
ture in sealed poly propylene bags for 1, 2, 3,
and 4 months to study the sensory evaluation,
antimicrobial and antioxidant activities of
formula used.

Chemical analysis:
Moisture, protein, ash, crude fiber

content, ether extract, Peroxide value was
determined according to the method described
in A.O.A.C. (2000). Total carbohydrates were
calculated by difference. The approximate
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energy of crackers was calculated according to
the (FAO/WHO, 1974) as follows:-

Toral energy (Kcal) = 4 (Carbohydrate +
Frotein) + (9xfa1)

Minerals content i.e., Fe, Mn, Ca, Zn
and Mg were determined in the diluted
solution of ash samples by using the atomic
absorption spectrophotometer (3300 Perkin-
Elmer) as described in A.0.A.C. (2000).

Sensory evaluation of cracker:

Crackers produced using suggested
blends were evaluated for their sensory char-
acteristics by ten panelists from the staff of
bread and pastry, rescarch Dep., Agr. Res.
-Center, Giza. The scoring scheme was estab-
lished as mentioned by Bates et al,, (1991)) as

Annals Of Agric. Sci,, Moshtohor, Vol. 47(2), 2009

follows; color of crust (20), taste (20), Crispy
(20), general appearance (20) and odor (20).
The overall score 100 degrees.

Microbial analysis:

Microbial analysis was determined
for each sample of cracker four times (after 1,
2, 3 and 4 month after baking). Total bacterial,
Yeast, and molds count were determined
according to the procedure described by (A.
0.A.C,, 2000).

Statistical analysis:

The data obtained from Sensory eval-
uations were statistically analyzed by the least
significant differences value (L.S.D) at 0.05
levels probability procedure to Snedecor and
Cochran (1967).

RESULTS AND DISCUSSION

Chemical composition of raw materials:
Data presented in Table (2), show the
Chemical composition of raw materials used
for the preparation of crackers It could be
demonstrated that corn germ contained the
highest values in protein, fat, ash and fiber
(23.20, 35.0, 5.34 and 3.94%, respectively.)
whereas it was the lowest values in total
carbohydrate (32.52%) than the other cereals
flour samples under this study (i.e. Wheat
flour 72% ex., Hull-less barley and Sorghum
flour). On the other hand wheat flour 72% ex.
contained the highest value in total carbo-
hydrate (86.29%) followed by sorghum
(80.86%) then hull-less barley (80.30%).
These results are confirmed by those obtained
by Delgado and Serna- Saldivar (2000);
Goffiman and Bboehme (2001); Lovis, (2003)
and Hatcher et al., (2005). From the same
table, it could be noticed that the crude fiber
content of all the studied herbs powders were
relatively high and it ranged between 10.35 to
19.30%. The Anise had the highest crude fiber
content (19.30%) followed by Thyme
(17.97%).While the Black cumin contained
the highest value in fat (36.50%). Also from
Table (2), it could be noticed that the minerals
contents of aromatic herbs (i.e. Cumin, Anise,
Black cumin and Thyme) had the highest
content in Fe, Mn, Ca, Zn and Mg (ranged
from 15.29-123.97, 1.65-7.11, 276-1850,

4.88-9.80 and 230-377 mg/100g for these
respectively) compared with cereals flour
(ranged from 2.13-5.41, 0.53-1.14, 21.40-208,
0.86-4.97 and 45.85-224.11 mg/100g for the
same previous parameters respectively). These
results are in agreement with those reported by
Al-Bataina et al. (2003) and Mekhael, (2004).

Chemical composition of produced
crackers:

The results presented in Table (3),
showed that all samples of cracker containing
different sources of cereals (Corn germ and
whole meal barley or sorghum flour) and
aromatic herbs (i.e., cumin or anise or black
cumin or thyme) had the highest value of
protein, fat, ash and crude fiber and lowest
value of total carbohydrate compared with
wheat crackers (control). In all crackers except
control had protein content ranged from
12.26-12.78%, fat 9.78-11.09%, ash 3.67-
4.79%, crude fiber 0.66-2.32%, total
carbohydrate 69.28-73.49 % and total energy
425.33- 431.58 K.cal, while control crackers
had protein 11.01%, fat 9.57%, ash 3.14%,
crude fiber 0.32%, total carbohydrate 75.96%
and total energy 434.01 K.cal.

Also the results presented in Table
(3), showed that all samples of crackers
contenting different sources of cereals flour
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and aromatic herbs had the highest values in
minerals content (i.e., Iron, manganese, cal-
cium, zinc and magnesium) compared with
control crackers. Hence, crackers containing
different sources of cereals flour and aromatic
herbs are favorable than control crackers
because of their high content of important
minerals.

Sensory evaluation of produced crackers:

The data in Table (4) indicated that
odor was increased in samples containing
herbs (i.e. cumin, anise, black cumin and
thyme) compared to control and samples
without herb. This increase in odor may be
attributed to the volatile oil in herb used.
Generally aromatic plants and spices may
improve enhance or attribute a certain flavor
to bakery products. The roasted aroma is one
of the attractive flavors. It is the characteristics
of all high temperature processed foods
including bakery products. Pyrazine compou-
nds are resposnsible for this roasted aroma
(Bassiouny et al., 1990). On the other hand
general appearance and color showed decrease
compared to contro} sample, this miglit be due
to the high content of fiber and ash in herbal
used, also due to the color of used raw mater-
ial. In general, it could be observed that all
samples of crackers were highly accepted
(very good), except samples which made from
barley or sorghum with black cumin or thyme
had less acceptance (good).

Physical properties of different types of
crackers:

Table (5), Shows that moisture con-
tent of crackers samples (as indicated by
crispy) ranged from 5.11 to 5.81% which
about (.86 and 0.98 times as that of control,
and this may be due to the difference in water
holding capacity and also to the composition
of different formulas of these samples. There
was slight decrement observed for weight,
height, volume and specific volume m most
samples of crackers compared with control.

Changes occurred in sensory evaluation
(Taste and odor) of crackers during storage
time:

Odor and taste are considered the
most important characters that affect the

quality of cracker during storage, it was
evident from the data in Table (6) showed that
the characteristics of odor and taste decreased
with the increase of storage period up to 4
months for all types of produced crackers.
Wheat crackers then wheat crackers with com
germ gave the highest percentage of losses on
odor (28.57and 26.78%, respectively) and
taste (26.77 and 25.13 %, respectively) after
the 4 months of storage time. All types of
produced crackers were acceptant for odor and
taste except wheat crackers and wheat
crackers with com germ for odor after the 4
months of storage time.

Changes occurred in peroxide value (P.V)
of crackers lipids during storage:

Peroxide value (P.V) is an indicator
for measuring oxidative deterioration of lipids
and it’s a good index for the quality of fat.
Refined fats should have P.V of less than 1
milliequivalent/Kg fats and fat that has been
stored for some period of time after refining
may have P.V of up to 10 milli equivalent/Kg
fats (Allen and Hamilton, 1983). The results in
Table (7), show the changes in P.V of crackers
lipids during storage period of crackers at
room temperature. It could be seen that the
P.V of all samples of produced crackers
increased with the increase of storage period
up to 4 months. Wheat crackers and wheat
crackers with corn germ gave the higher
values of P.V (10.92 and 10.88 milliequiva-
lent peroxides/Kgfats, respectively), after sto-
rage for 4 months and there were non-accep-
tance, while P.V of all other treatments of
produced crackers (ranged from 5.49 to 9.0
mill equivalent peroxides/Kg fats) conceded
accepted (Allen and Hamilton, 1983). The
Lowest P.V of some treatments of produced
crackers especially that contain aromatic herbs
due to its content of volatile oil. Herbs and
spices possessing high antioxidant activity,
(Lee and Shibamoto, 2002). Nigella seeds
contain five antioxidative components as
follows; - Thymol, thymogquinone, hydroquin-
one, tert-butyl, carvcol and menthol (Owon,
1998). Thymol and carvcol are major aroma
components of essential oil of thyme, and both
show high antioxidant and antimicrobial
activity (Nakatani, 1997and Damien Dorman,
2000).
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Table (2): Chemical composition of raw materials used for the preparation of crackers

(%oon dry weight basis).

Cereals Aromatic herbs
i Wheat | Hull- 1 , -
Constituent Jour l;larle;ss 50;;ghum Corn Cumin Anise Black Thyme
12% flour our germ cumin
Moisture 11.66 8.53 025 8.55 7.68 6.90 5.76 7.3
Protein 11.80 | 12.05 11.65 2320 | 18.96 22.06 21.11 9.34
Fat 1.01 2.65 2.88 350 ¢ 2199 20.54 3650 | 734
Ash 0.53 2.39 216 5.34 7.90 5.33 491 11.69
Crude fiber 0.37 261 2.45 3.94 10.35 19.30 12.70 | 17.96
Total 86.29 | 80.30 80.86 | 3252 ¢ 4080 3277 2478 | 53.67
carbohydrate \
Minerals content mg/100
Fe 2.13 3.31 290 540 | 21.13 15.29 2243 | 12397
Mn 0.53 1.09 0.67 1.14 1.65 1.96 6.53 7.11
Ca 2140 275 208 2378 | 372.0 276.0 | 883.91 | 1850
0.86 234 3.43 4,97 5.10 4,88 9.8 7.91
67.0 66.5 377.0

Table (3): Chemical composition of produced crackers (% on dry weight basis).

Types of cracker
Wheat B ‘ ) ) i
crackers arley crackers with Sorghuin crackers with
Constit- = e @
uent -'E ] g R E 2 E E - é -g -;‘:? 'E E
& -:; & g | % i & S 23| &
Protein | 11.01 | 1240 | 12.53 | 12,70 | 1278 | 12.60 | 1247 | 12.32 | 1249 12.57 | 1239 | 12.26°
Fat 9.57 | 9.78 11067 ] 1097 | 1093 | 10.90 10.61 | 10.79 | 11.09 | 11.05 | 11.03 | 10,73
Ash 314 | 3.67 | 4.67 4.75 4.69 4.67 4.79 454 | 463 | 457 | 455 4.67
Fiber 032 | 066 | 186 | 208 | 232 | 195 2.14 177 1 199 | 223 | 1.87 | 2.06
Total
Carbohy- | 75.96 | 73.49 | 70.27 | 69.50 | 69.28 | 69.88 | 69.99 | 70.58 | 69.81 | 69.58 | 70.16 | 70.28
drate
Total
energy | 434.01|431.58 |427.23 | 427.53 |426.61| 428.02 | 42533 428.71(429.01 428,05 (42947 | 426.73
(K.cal)
Minerals content mg/100g
Fe 19 | 222 | 285 | 333 | 317 [ 3.03 499 | 263 ] 312|297 | 281 | 477
Mn 047 | 054 | 085 | 087 | 087 | 0.90 096 | 062 | 065! 0.67 | 0.68 | 0.75
Ca 303 | 31.10 1167.56] 173.23 | 17048 174.02 | 197.43 | 131.51]138.13| 135.38 | 138.28 | 162.0
Zn 079 | 118 | 198 | 205 | 206 | 205 211 | 297 | 2.65 | 2.64 | 2.63 | 2.66
Mg 41.27 | 585 | 69.9 | 7583 | 74.68 | 72.63 | 7279 | 69.62 | 75.57 | 74.42 | 7236 | 72.52

Microbiological evaluation for different
types of crackers:

The total microbial counts of different
types of cracker were investigated to assess
the most important factors in evaluation of
cracker safety and quality. Data in Table (8),
indicated that no detectable of any microbial
count for all crackers samples taken after |
month from storage. This may be due to the

packaging plays a vital role in the main-
tenance of the shelf life of foods. The Basic
function for packaging is to keep the product
free from contamination (Orville, 1981). By
increase the storage period from 1 to 4 months
the total bacterial count increased. Lower
bacterial count values were obtained with
samples which contain aromatic herbs espe-
cially that contain thyme and black cumin,
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also these samples remained without any
mould and yeast detected at each period of
storage period. These results are confirmed by
those obtained by Elgyyar er al., 2001, and
Guynot et al,, 2003 they shown that volatile
oil of black cumin and thyme have strong
antimicrobial activity. Sagdic and Ozcan,
2003 found that the hydrosols of (distilled
Spice water) anise, cumin and thyme had
antibacterial activity. From data in Table (8),
indicated that using the aromatic herbs clearly
reduced the microbial growth and prolongs the
shelf life of crackers.

Economic evaluation:

Cost production of the tested crackers
was found in Table (9), it could be noticed that
the lowest cost of sorghum crackers, followed
by sorghum crackers with black cumin
followed by wheat crackers with corn germ
followed by barley crackers followed by

Table (4); Sensory evaluation of produced crackers.

barley crackers with black cumin followed by
sorghum crackers with thyme compared with
wheat crackers (control). The highest cost was
found in barley crackers with cumin. The cost
increased in some products could be justified
to consumer by the increase of their potential
health benefits.

Percentages of the recommended dietary
allowances (% RDA) are provided from
produced cracker:

From the data in Table (10), it could
be observed that 100gm of crackers containing
different sources of cereals flour and aromatic
herbs cover (44.29-45.36%) of daily protein
requirement for children, and (21.38-22.03%)
for adults. And all values of %RDA for
studied nutrient were high in all samples of
crackers compared with control crackers as
shown in Table (10).

Odor Taste General Crispy Color Over all
Type of cracker appearance score Acceptance
(20) (20) (20) 0 20) (100)
Control | 18.9° | 198 20.0° 18.6° 20.0° 97.3° VG
Wheat ith corn
1 ¢
crackers | W 1834 | 19.5° 19.8° 190° | 200° | 96.6° VG
germ
- 18.0° | 19.0° 19.6 192 | 19.5° 953" VG
Cumin { 19.7° | 20.0° 19.2° 19.5° 19.1° 97.5% VG
Barley ™\ ise | 10.8° | 20.0° 19.1° 200° | 190° | 979° VG
crackers
: Bl
with g | 160t | 1708 195° | 18.0° | 89.7° G
cumin
Thyme | 19.0° | 15.08 16.0¢ 19.5" 18.5¢ 88.0¢ G
- 18.2° | 19.0° 19,3 192% | 19.3%* | 950° VG
Cumin | 19.5% | 19.2% 19.0° 20.0° 18.9°¢ 96.0° VG
Sorghum [\ e [ 194% | 19.5° 19.0° 200° | 19.0¢ | 96.9° VG
crackers
with | Pk g g | jese | 17 L 192 | 17.5° | 89.4% G
cumin
Thyme | 187° | 155 | 165° | 19.0° | 1708 | 868" G
LSD 04341 04311 | 05211 | 0.3988 | 04112 | 1.5744 |

h value in the sallumn followed by the same letters is not significantly different at level of 0.05.
90-100 Very Good (VG). 80-89 Good (G). 70-79 Satisfactory (S). Less Than 70 Questionable (Q).
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volume
(Cm*/

Moisture | Weight | Height

Type of cracker (%) (gm) (mm)

Wheat crackers (Control) 5.95 4.10 13.0
Wheat crackers with corn

5.81 3.90 12.0

Barley crackers 5.75 347 10.0
Barley crackers with Cumin 5.29 3.70 9.8
Barley crackers with Anise 5.16 3.89 9.0
Barley crackers with Black
cumin

5.45 3.52 98

Barley crackers with Thyme 3.72 3.59
Sorghum crackers 5.29 3.92
Sorghum  crackers  with
Cumin

Sorghum crackers with Anise
Sorghum crackers with Black
cumin

Sorghum  crackers  with
Thyme

3.89

Table (6): Mean values of odor and taste for produced crackers during storage at room
temperature.

Odor (20)

Storage period (month)
0 1 2 | 3 4 3
Control | 18.9" | 18.5° | 16.9° | 154° | 13.5° [1.20 ] 2.
with
corn | 183
aerm ;

- 1807 | 178" 17.5° | 167 | 15.6° | 1.01]| 13.33, 190 | 189" 18.5° [ 17.9" | 16.5° [1.14] 13.16
Camin | 197 | 19.6° | 1927 | 18.9° | 174" | 132 | 11.68 | 200" | 198" | 196" | 18.5 | 17.8° |1.32| 11.0
Anbse | 19.8° | 19.7 |183° | 17.9° | 17.3° |1.35] 12.63 | 20.0° | 200" | 19.6' [1907[ 185" [1.28] 1.5

Black | 1050 | 190" | 18.5™| 180" | 17.3° L0.69 | 9.90 | 160" | 160" | 15.8° [152% ! 14.9" |0.88] 6.88

cumin _ §
17.5° [0.88 ! 7.80 | 15.0° [ 14.8° [ 155" [144" | 14.0° [0.93 | 6.67

Thyme | 19.0° | 188" |18.5" | 180 ’ i

- 1827 181 |17.9%| 173" | 160°0.78 | 12.09| 19.0° | 18.7° | 182 175 160" |0.98[1£.79
Cumin | 195" | 193" | 19.0%| 18.5° | 18.0° [0.93] 10.99 | 192" | 19.0" | 185" 13.0:b 17.6: 1.04| 833
Anise | 194" | 19.2° 119.0°| 18.5° | 18.0° [0.88] 7.22 | 19.5" | 19.2° | 189" [18.5° | 18.0° 1.01) 7.69

f'"" 190° | 188" | 184" | 180
Thyme | 18.7 | 18.6' | 18.5° | 180° | 17.7 | 0.78| 5.65 | 155 | 153" | 15.0" [15.97 14.6° |0.85| 5.81

Values with the same row followed by the same letters is not significant different at level of 0.05.
Score <14 non acceptant. . * After 4 months.

Taste (20) a g "‘%

Storage period (month) 213 2

0 1 2 3 4 S
198° | 19.0°| 18° | 17.0° | 14.5° [1.12]|26.77

Type of
crackers

lISD
e Losses

eat
crackers

: *117.0° | 15.5° ¢ *117.9°

18.2 134" |1.11] 26.78] 19.5° | 183 16.5° | 14.6° | 1.05| 25.13

arley

crackers with

rghum cr

ackers with

175 [1.051 7.89 | 165" | 162" | 16.0° | 157" 15.5° | 0.81] 6.06
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Table (7): Changes in peroxide value of produced crackers during storage at room
temeratule

Peroxide value (mllllequlvalent peroxndes/Kg llplds)
Storage period after

) Baking | 1 month | 2 months | 3 months | 4 months
Wheat crackers (Control) 0.95 1.65 4.85 7.95
Wheat crackers with corn germ 0.93 1.59 4.77 7.85
Barley crackers 0.89 1,98 4,66 6.87
Barley crackers with Cumin 0.86 1.13 3.61 4.60
Barley crackers with Anise 0.83 1.20 3.53 4,58
Barley crackers with Black

Type of cracker

. 0.85 I.16 3.75 4.30
cumin

Barley crackers with Thyme 0.82 . 2.23 3.95
Sorghum crackers 0.84 . 451 6.80
Sorghum crackers with Cumin 0.83 ) 350 4.55
Sorghum crackers with Anise 0.82 345

Sorghum crack ith Black
g rackers wi ac 0.81 . 370

cumin

Sorghum crackers with Thyme | 0380 | 1 202

Table (8): The total microbial count cel/gm in different types of crackers treatments
during storage period at room temperature.

Storage period (month) i
| After 1 month After 2 months After 3 months After 4 months

Type of crackers Fotal Tota) Fotal Fotal
ota , ota ota 0
bacteria M& Y bacteria M&Y bacteria M &Y bacteria M&Y
Caontrol N.D N.D 20 ! 45 10 90 15
Wheat with
crackers corn ND N.D 10 N.D 30 5 70 10
germ
- N.D N.D 5 ND 26 3 40 5
Cumin N.D N.D 1 N.D 5 N.D 10 ND
Barley
Anise N.D ND 4 N.D 9 ND 15 ND
crackers
Black i
with . ND ND ND ND 3 ND 12 ND
cunmun
Thyme N.D N.D ND ND 2 N.D 11 ND
- ND ND 8 N.ID 25 2 50 4
Cumin N.D ND 2 I__ND 4 ND 20 ND
Sorghum | Anmise | ND | ND 3 L ND 6 ND 25 | ND
crackers Black f
. N.D N.D N.D i ND 3 N.ID 15 ND
with cumin | L »
Thyme| ND | ND | ND | ND 1 ND 12 ND

M &Y = Mould and yeast. ND = Not detected.
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Table (9): Production cost of different types of crackers for (1 K gm flour).

tEl £ & 2 e 4 s
5] K" @ ‘E Y L ‘: Y] o .
. Egigi‘s“é“ag‘géffﬁésvs
. R b A g 89 8 | g
Raw materials g8 55 55| 2 |zgls8x88 538 g R =:§
Z El T | TE|EFTE g E ?
SE 5 EFETET|ET RIBFET|RepR
At e |Con W@ @ @ ®6e 0 e|olaw|a
1000 [ 330 350
“(’.,hf,?} ‘e"“;' 900 | 315 315
o eX. 300 | 105 105 | 105 | 105| 105 | 105 |105[105] 105| 105 | 105
Corn germ 100 [ 30 30 [ 30 | 30 | 30| 30 | 30 | 30 | 30 [ 30 | 30 | 30
Barley flour 600 | 210 210 210 [210] 210 | 210
Sorghum flour | 600 | 180 180 [ 180 | 180 | 180 | 180
Cumin 30 96 96 96
§ Anlse 30 78 78 78
Biack
Thyme 20 64 | 64
*(A+B) 385 246 | 246 | 246 | 746G | 246 | 246 | 246 | 246 | 246 | 246 | 246
Net cost for 1 S o
Kem flour 635 | 590 | 591 | 688 | 670 | 599 | 655 | 561 | 657|639 | 569 | 625
**Net cost for
1K gm S08 | 472 | 473 | 551 | 536 | 479 | 524 | 449 | 526 | 511 | 455 | 500
erackers

Other ingredients: - Yeast (10 g) +dry milk (10g)+ Com oil (65g)4-Salt (20g)i+-mprovers (10g)

Cost of other ingredients (A) = 16 + 50 +71.5 + 2 + 6.5= 146. I.T Cust of producticn (B) =100 P.T * (A+B) =246 P.T
The amount of ingredients gave (1250 g) crackers. ” 246+39 (price of 35 g. com oil extra in control)

Net cost (P.T) for 1 K gm crackers = 1000x Net cost for 1 Kgm flour/1250

Table (10): Percentage of the RDA (1989)* for some nutrient provided from 100g crackers
for children and adults.

© Type of crackers
Wheat Barley crackers with Sorghum crackers with
crackers Y ]
— -] @
RDA** g . @ |x.E 1 R 2 -
ggg-gaﬁgg" 5555
S E so O < |25 I O Q3 =
Protein !
- (GBgm) | 3032 |M29 4475|4536 4564|450 | 4454 440 | 4461|4489 | 4424 | 4379
5 Energy
g 2 2 1. 47 .
2| oo icea 2170 | 21.58 | 21.36 | 21.38 | 3133 | 21.40 | 2127 | 21.44 | 2145 | 2140 | 2147 | 21.34
o| Fe(l0mg) | 190 [2220(2850] 333 '31.70(3030 | 499 | 263 | 312 | 297 | 281 | 477
5| Zn(Wmg | 792 111.80[1980] 205 [20.60[20.50 [ 211 | 297 | 265 | 264 | 263 | 266
£ Ca0mg) | 3.79 [ 3.89 [20.95[21.65|21.31| 7175 | 24.68 | 1644 | 17.27 | 1692 | 1729 | 20.25
Mg (170 2428 | 3441 | 4121 | 44.61 |43.93 | 42.72 | 42.82 | 40.95 | 44.45 | 43.78 | 42.56 | 42.66
Proteln | 1208|2138 | 21.60 | 2170 22,03 | 21.72 | 215 | 2124 | 21.53 | 2167 | 2136 | 21.14
e (58 gm)
;% Energy | 14907) 1488|1473 | 14.74] 147 | 1476 | 14.67) 1478 | 1479 | 1476 | 1481 | 1471
S | (2900 K. cal)
| Fe(l0mg | 190 [22202850] 333 | 317 3030 49.9 | 263 | 312 | 297 | 281 | 477
2| Zn(15mg) | 528 | 7.87 [13.20]13.67]13.73 | 13.67| 14.07| 198 [ 17.67] 17.6 | 17.53 | 17.73
20
b Caﬂg“” 253 | 2.59 | 13.96 | 14.44 | 1421 | 14.5 | 1645|1096 | 11.51 | 11.28 | 11.52 | 13.5
Mg (350 mg) | 11.79 | 16.71 | 19.97 | 21.67 | 2134 |20.75 | 20.80 | 19.89 | 21.59 | 21.26 | 20.67 | 20.72

* According to Food and Nutrition Board (1989).
** % RDA=Value of nutrient in sample of cracker x 100/RDA for the same nutrient.
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CONCLUSION

From this study it could be concluded
that incorporated of wheat flour with different
sources of cereals (Comn germ and whole meal
naked barley or sorghum flour) and aromatic
herbs (i.e., cumin or anise or black cumin or

thyme) caused rising in nutrition value,
minerals content and shelf life of produced
crackers. And it is recommended to incur-
poration the mentioned cereals and aromatic
herbs in bakery products.
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