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-

control samples. Finally, the results showed that the 
sensory characteristics liking results pointed out that 

cake is satisfactory..

INTRODUCTION

roccoli, (Brassica oleracea .
italic -
sicaceae or Cruciferae (commonly 
known as the mustard family), genus 

(Dix-
on, 2007; Higdon et al., 2007; Perera et al., 2007; 
Podsedek, 2007; Jahangir et al., 2009). -

(such as glucosinolates) and health-promoting phy-
tochemicals (Yuan et al., 2010).

(Gour-

Hamauzu, 2004).

-
chemicals (phenolic Compounds and glucosino-

-
(Podsedek, 2007). 

Staphylococcus
aureus, Listeria monocytogenes, Escherichia coli,
and Salmonella Typhimurium (Caillet et al., 2012),

(Gi-
ombelli et al., 2015; Maffei et al., 2016).

-
-

ally discarded or not used for human consumption. 

-
-

-

These materials are often regarded as crop remains 
and a small percentage is used without treatment in 

(Mahro and Timm, 
2007). USDA (2011) 

-

-

niacin, pantothenic acid, calcium, iron, and selenium 
-
-

rus, potassium and magnese.

due to their high content of polyphenols, carot-

 et al., 2010; Galanakis et al., 2010; O’Shea
et al., 2012; Al-Sayed and Ahmed, 2013).

-

gamma irradiation (Variyar et al., 1998; Alothman
et al., 2009)

-
fati, where the amount of total phenolic and anti-

(Ghadi
et al., 2015). Also, (Sima et al., 2014) noticed that 

Curcuma alismatifolia

gamma irradiation.
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food market (Kotsianis et al., 2002). Cake is one 

-

limits shelf-life of this product. The onset rancidity 
-

ture, color and organoleptic parameters, also losses 
(Sabouri et al., 2012). These 

-
(Khaki et al., 2012).

in processed food. There is a great interest nowadays 
-
-

(Nanditha and Prabhasankar, 2009).

-
-

cals. On the other hand, the demand for health-ori-
-

(Rodríguez et al.,
2006; Patsioura et al., 2011).

(Rodríguez et al., 2006).
-
-

-

some researches were mentioned that food residues 
-

rot leafs (Santos et al., 2014), watermelon rinds 
and sharlyn melon peels powders (Al-Sayed and 
Ahmed, 2013), potato peels (Kaack and Pedersen, 
2005; Dhingra et al., 2012) (Moraes et 
al., 2010)and apple pomace (Masoodi et al., 2002; 

Sudha et al., 2007) -
coli head and leaf powders could increase its added-

human diets.

-

powder in cake making to produce low caloric cake, 
and study the effect of this replacement on chemi-

-
-

oleptic characteristics of cake during storage at room 
temperature.

MATERIALS AND METHODS

Materials:

Plant samples: 

(Brassica oleracea L.) was 
-

. -

Ingredients of cake:

Chemicals:

-
er used chemicals were analytical grade. All chemi-
cals, reagents and medium (nutrient agar, MacCon-

-
trose agar) of the analytical methods used in present 

Chemicals and Drugs Co. ).
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Methods:

Preparation and irradiation of broccoli heads and 
leaves samples

cut into small slices in order to facilitate the drying 

-
mogenous powder. The dried samples were packed 

using a 

Preparation of broccoli heads and leaves extracts:

Samples of non-irradiated and irradiated dry 

-

Total Phenolic Compounds and Antioxidant Ac-
tivity:

Total phenolic compounds:

Total phenolic compounds content was deter-

(Arabshahi-Delouee and Urooj, 2007)

 Na2CO3 -

-
-

2

-
-

Determination of antioxidant activity:

(Hanato et al., 1988)

-

(Gulcin et al., 2004).

[(Acontrol sample control

control -
tion and Asample

Preparation of cake samples:

Cakes were prepared according to the method 
(Lu et al., 2010) using the following 

-

-
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-

Approximate Chemical Composition:

(A.O.A.C., 2012).

-

-
cording to (FAO, 2003).

Physical analyses of cake:

-
ume for cake samples:

Cake mass was weighted after 3 hours at room 
3

(A.A.C.C.,
1983). -

Determination of cake color samples:

-
-

-

(Mai et al., 2007) as 
2 2 2]

-

-
ing. The Chroma (C) represents color saturation or 
purity was calculated from C = (a2 2) and total 
color intensity = (a2 2 2) .

Microbiological analyses of cake:

Total plate bacterial count: 

using the plate counts technique on a nutrient agar 

(APHA, 1992). oC

Coliform bacterial count: 

MacConkey agar medium according to the proce-
 (APHA, 1992). The plates were 

o

Detection of salmonella: 

(FAO, 1979). Salmonella Shigella agar plates were 
o

Molds and Yeasts methods:  

The procedures of (APHA, 1992) were followed 
for the determination of mold and yeast counts using 

-
o

Sensory properties of cake samples: 

-
-

ment, Nuclear Research Center. Panelists were asked 
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according to (A.A.C.C., 1996).

Statistical Analysis: 

-
-

age program, and differences among the means were 
compared using the 

Duncan’s Multiple Range test SPSS (1998). A 

RESULTS AND DISCUSSION

Effect of gamma irradiation on total phenolic con-
tent (TPC) and antioxidant activity (AOA) of broc-
coli heads and leaves extracts:

Data in Table (1) -

-
ple.

Table (1) : Total phenolic and DPPH radical scavenging activity of the non-irradiated and irradiated broc
    coli heads and leaves powder extracts.

(Means ± SE).

Doses

Samples

TPC
(mg GAE/ 100g ) DPPH% TPC

(mg GAE/ 100g ) DPPH%

0 kGY C±2.13
3 kGY C A

5 kGY A A A A

7 kGY ±2.12 A A

p <
-

Table (1)
the irradiation treatment had the same manner of act-

compared to non-irradiated sample. The ethano-

TPC content and 
mg

TPC

-

-
ated broccoli heads (IBHP) and irradiated broccoli 
leaves (IBLP) powder at dose level of 5 kGy:

Table (2).
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Table (2) : 

(Means ± SE).

*Total carbohydrate was calculated by difference.

From statistical analysis of these data it could 

were recorded in the gross chemical composition 

-

-
-

-
-

1,
1

1.These results 
(Ali and 

Halim, 2013;Sankhon et al., 2013;Madhu and Ko-
chhar, 2014). The difference in chemical composi-

-

Components WF 72%

Moisture (%) 13.22A C

Crude protein (%) A C

Ether extract (%) A

Ash (%) C A

C A

Carbohydrates* (%) A C

Energy value
(kcal 100 g )

A ±1.2 C

ditions, mainly temperature, soil fertility, agronomic 

and IBLP at dose level of 5 kGy: 

Table (3). From these 
-
-
-

trol cake sample. On the other hand, there were no 

Data in Table (3) showed that, protein and ether 
-

all samples treatment and control sample, Also ash 

-
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-

with (Menon et al., 2014;Prokopov et al., 2015).

-

-

-

Table (3) : 

(Means ± SE).

* Total carbohydrate was calculated by difference.

Characteristics Control

Treatments

1.5% 3% 1% 2% 3%

A ±0.38 A 26.82A±0.36 A A 26.68A A±1.01
A

±0.13
A±0.20 12.82A±0.20 A A A±0.13 A

A ±0.10 A A±0.11 A A±0.18 A A

D  ±0.08 CD ±0.12 ±0.12 2.12 ±0.13 2.36A

0.81C ±0.06 ±0.10 A ±0.08 1.32

Carbohydrate* A

±0.16
A±0.22 ±0.20 A ±0.28

)
A±1.8 330.23 328.36 ±2.1 ±2.6

Physical analyses of cake:

-
ume for fresh cake prepared by substitution of 

Data in Table (4) shows

in agreement with (Sankhon et al., 2013;Khalifa et 

al., 2015).

3 3 3 and 2.13cm3

(Hafez, 2012;Al-Sayed and Ahmed, 2013;Sank-
hon et al., 2013).
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Table (4) : 

(Means ± SE).

Substitution
(%) Weight (g) Volume (cm3) 3/g)

Control A C

1.5% A A

3% A±1.21 D

4.5% A

1% A A 2.13A

2% A±1.21
3% A 113CD 2

Hunter-lab color values of different cake treat-
ments as affected by substitution of WF with 

-
mediately after processing are presented in Table 
(5).

-
-

creased the Lightness(L*), redness(a*), yellowness 

for all cake treatments compared to control sample. 

compared to control sample. These results are in 
agreement with (Sankhon et al., 2013).

-

their interactions(Gomez et al., 2008).

-

Total phenolic compounds and antioxidant activ-

The total phenolic compounds content (TPC) 

-
ed in Table (6).

-

-

). Also, these results showed that, 
-

creased the TPC content. 
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-

-

the control sample had the lowest TPC content and 

Table (6) showed that, 
-
-

Table (5) : 

Table (6) : 

(L*): Lightness, (a*): redness, (b*): yellowness.

(Means ± SE)

% L* a* b* Chroma Total
intensity L* a* b* Chroma Total

intensity

Control 8.30 28.63

1.5% 63.16

3%

2.80 30.33

1% 28.16 30.86

2% 32.32 32.33

3% -2.16 32.21 62.32

Substitution
(%)

TPC
(mg GAE g ) DPPH (%)

Control C

1.5%
3% 1.32 A

4.5% 1.22 C

1% 1.31
2% A A

3% C
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-
-

dation especially in cake products using the sources 
-

(Lu
et al.  et 
al., 2015).

Microbiological quality attributes of cake con-

difference levels during storage at room tempera-
ture for 18 day:

Table 
(7)
and mold & yeasts counts as compared to other 

Table (7) : 

N.D: not detected.

decreased with increasing the percentage of replace-

 (Ibrahim et al., 2013) who found the 

and mold & yeasts counts of all cake treatments were 

Storage
period Control

Treatments

1.5% 3% 1% 2% 3%

0 8x101 6x101 1 1 1 8x101 6x101

6 22x102 18x102 2 16x102 2 18x102 18x102

12 63x102 2 2 2 2 2

18 3 3 32x103 3 3 3 18x103

0 N.D N.D N.D N.D N.D N.D N.D

6 N.D N.D N.D N.D N.D N.D N.D

12 N.D N.D N.D N.D N.D N.D N.D

18 N.D N.D N.D N.D N.D N.D N.D

0 N.D N.D N.D N.D N.D N.D N.D

6 N.D N.D N.D N.D N.D N.D N.D

12 N.D N.D N.D N.D N.D N.D N.D

18 N.D N.D N.D N.D N.D N.D N.D

0 6x101 1 1 1 6x101 1 1

6 12x102 11x102 2 2 10x102 10x102 8x102

12 2 2 2 2 2 2 2

18 3 3 3 3 3 3 3
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were increased in control sample and other treat-

of added plant portion and their percentages.

-

due to increasing simple nitrogen compound(such as 

of protein and fat during storage consequently lead 

with (Abdalla et al., 2007; Somaie et al., 2013).
On the other hand, Coliform group and Salmonel-
la weren’t detected in all cakes during the storage 

(Khalifa et al., 2015). They recorded that coliform 
group wasn’t detected in cake product and it also 

(Sahari and Asgari, 
2013), salmonella spp.

.

Sensory properties of cake prepared by substitu-

5 kGy: 

The effect of partial replacement with different 

of produced cake during storage at room temperature 
Table(8). From the sen-

-

-

sample.

-
-

From the same data in Table (8) -
ticed that the control cake sample recorded the high-

-
corded the lowest scores in all organoleptic charac-

reduced sugar during the making process (Dhingra
and Jood, 2004).

there was a gradual decrease in all sensory charac-
teristics for all different cake samples during storage 
periods.

The sensory characteristics liking results pointed 

-

agreement with (Lu et al., 2010).
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Treatment Control
1.5% 3% 1% 2% 3%

Storage Appearance

0 Aa±0.16 Aa±0.23 Abc Acd Aab±0.20 Acd Ad±0.28

6 8.8 ±0.33 Abc±0.18 Aab ±0.30 6.8Ad

12 8.1 6.8 ±0.28 ±0.30

18 Ca 6.8Cab 6.3Cab±0.20 Cbc±0.23 Cab 6.1Cb±0.28 ±0.28

0 Aa±0.21 Aab±0.31 Abc±0.26 Acd 8.1Ab±0.28 Abc 6.8Ad±0.23

6 8.6 ±0.22 Aab ±0.22 ±0.26 6.1

12 8 ±0.38 6.8 6.1 ±0.22 ±0.32 ±0.30

18 Ca 6.1Cab Cbc±0.21 6.1Cab Cbc Cc

0 8.8Aa±0.22 Ab±0.33 6.6Acd 6Ad±0.28 Ac±0.31 6.2Ad Ae±0.22

6 ±0.22 Ab 6.2Acd±0.26 ±0.23 6.6 ±0.23 Acd

12 ±0.16 ±0.28 ±0.22

18 6.8Ca±0.30 6.1 Cbc±0.22 Cb±0.23 ±0.22 3.8Cc

Taste

0 Aa±0.21 Aa Ab±0.18 Ac±0.28 Aa±0.23 Ab±0.26 Ac±0.32

6 Aa ±0.38 6.1 ±0.20 ±0.32 ±0.22

12 ±0.28 Cb±0.20 ±0.20 ±0.22 ±0.28 3.8
18 Ca±0.28 Cab Dc±0.18 Ccd Ca Cc 3.1Cd

Odor

0 8.3Aa±0.31 8Aa±0.36 Aa±0.22 Aa 8.2Aa 8.1Aa±0.22 Aa±0.33

6 ±0.23 Aa ±0.22 Aa±0.31

12 ±0.12 ±0.22 6.8 ±0.22 ±0.28 ±0.23 ±0.28

18 6.1Ca±0.33 Ca±0.16 Ca 6.8Ca±0.22 6.6

Overall acceptability

0 Aa±0.18 Aab±0.22 Abc Ad±0.30 8.2Aab±0.31 Ac Ad

6 8.3 8 ±0.22 ±0.22 6.1 ±0.31 Aa 6.8

12 ±0.28 ±0.22 Aa 6.1

18 Ca±0.38 Ca±0.22 Cb±0.16 Cbc Cbc±0.31 Cc

Table (8) : 

(Means ± SE)
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CONCLUSIONS

-
-

-

-

-
tory physical properties.
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