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ABSTRACT 
 
 Consumption of natural bioactive compounds such as polyphenols, carotenoids and dietary fiber offers 
health benefits including protection against cardiovascular diseases, cancer and other degenerative diseases. 
Mango (Mangifera indica) peel is a major by-product obtained during processing of mango products such as 
mango pulp. Currently, mango peel is discarded which contributes to environmental pollution. Thus, the present 
study aimed to prepare mango peel dietary fiber was investigated. Fresh mango peels, obtained as a byproduct 
of syrup production, were successively wet-milled, washed with water and dried. A peel particle size of 15 mm 
in wet milling and a washing time of 5 min were found to remove soluble sugars and to increase soluble dietary 
fiber and total polyphenols content and exhibited higher scavenging activity on DPPH radical activity. Samples 
of mango dietary fiber were gamma irradiated at dose levels 3, 5, and 7 kGy. The results showed that, mango 
peel dietary fiber samples contained high amounts of total extractable polyphenols and soluble dietary fiber, 
especially irradiated samples at dose level 3 kGy. Meanwhile, irradiated mango peel dietary fiber at dose level 
of 3 kGy was incorporated into beef burger at different levels (3, 6, 9 and 12%). The sensory evaluation 
illustrated that the beef burger samples contain 3% level of mango peel dietary fiber were found to have 
satisfactory quality grade for all characteristics. Then, these samples of beef burger (3% of mango peel dietary 
fiber) gamma irradiated at dose levels of 2, 4 and 6 kGy to extend its refrigeration shelf-life and improving its 
hygienic quality. Irradiation at dose levels of 2, 4 and 6 kGy prolonged the refrigeration shelf-life of beef burger 
(formulated with 3% of mango peel dietary fiber) to 11, 20 and 27 days, respectively, compared to 5 days for 
non-irradiated samples without any adverse effects on sensory properties. So, it could be concluded that, 
incorporation of mango peel powder increased the polyphenol, carotenoid and dietary fiber contents in beef 
burger and it also exhibited improved antioxidant activity. Moreover, mango peel enriched beef burger not only 
increased the nutritional quality of the product but also increased the nutraceutical property by increasing its 
antioxidant activity and can be recommended as a healthy product especially for those who need to low fat and 
cholesterol foods. 
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Introduction 
 
 There is increasing interest in the food industry in fruit fibres rich in soluble dietary fibre, and in fibres 
containing associated compounds (carotenes, tocopherols, flavonoids, polyphenols compounds etc.) with health 
promoting abilities. Therefore, it is an important to develop suitable technological processes to obtain fiber-rich 
products containing bioactive compounds.In Egypt, mangos (Mangifera indica) are the most popular fruits and 
are cultivated almost in the whole of the Nile valley and around the desert. There are several varieties grown in 
Egypt, the better known cultivars are alphonso, pairi, zebda, mabroka, balady, and succary (El-Soukkary, et al. 
2000). In Egypt, more than four million tons of mango fruits were produced in 2004/2005 (Ministry of 
Agriculture, 2005). After consumption or industrial processing of the fruits, considerable amounts of mango 
seeds are discarded as waste (Puravankara et al. 2000). According to mango varieties, the seed represents from 
10% to 25 % of the whole fruit weight (Hemavathy et al. 1988). The peel and stone proportions in mango fruit 
range from 20 to 30% and 10 to 30%, respectively (Larrauri and Cerezal, 1993). Mango peel, which is a by-
product obtained during processing of mango products such as mango pulp, is currently discarded and thus, 
causing environmental pollution. However, more than one million tones of mango peels are being annually 
produced as wastes.  
 The interest in food, rich in dietary fiber and antioxidants, increased in recent decades and the importance 
of these food constituents has led to the development of a large market for fiber and antioxidant rich products 
and ingredients. Intake of dietary fiber and phytochemicals such as polyphenols, carotenoids, tocopherols and 
ascorbic acid have been related to the maintenance of health and protection from diseases such as cancer, 
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cardiovascular diseases and many other degenerative diseases (Wang and Jiao, 2000). Recently, fruits and 
vegetables have received much attention as a source of biologically active substances because of their 
antioxidant, anticarcinogenic and antimutagenic properties (Dillard and German, 2000). Phytochemicals such as 
phenolics, carotenoids and dietary fibers are gaining increased attention because of their antioxidant, 
anticarcinogenic, antimutagenic, activity,alongside with other health promoting properties (Block & Langseth, 
1994). Diet rich in these phytochemicals impart health benefits. Synthetic antioxidants such as butylated 
hydroxytoluene (BHT) and butylated hydroxyanisole (BHA) are commonly used in processed foods (Byrd, 
2001). Nowadays use of these synthetic antioxidants in food has been restricted because of their carcinogenecity 
and other toxic properties (Sarafian et al. 2002). The development and utilization of more effective antioxidants 
of natural origin are more desired. Recently, growing interest in the substitution of synthetic antioxidants by 
natural one has led to tremendous development in the research on the screening of natural antioxidants from 
inexpensive and residual sources from agricultural industries. It has been reported that fruit and seed processing 
by-products such as peel and husks are found to be a rich source of bioactive compounds that can be used as 
antioxidant agents and nutraceuticals (Butsat et al. 2009 & Alasalvar et al. 2009). Mango is one of the important 
tropical fruits and during its processing, peel is the major by-product. Earlier, we reported that mango peel is 
found to be a good source of bioactive compounds such as polyphenols, carotenoids, vitamins, enzymes and 
dietary fibers (Ajila et al. 2007). 
 Therefore, the objective of the present work was to intuit mango peel dietary fiber, and its gamma irradiated 
at dose levels 3, 5 and 7 kGy, as well as evaluates its contain from polyphenols, carotenoids and antioxidant 
activity. In addition, replacement beef minced with the best treatment of mango dietary fiber at different levels 
(3, 6, 9 and 12%) to prepare beef burger. Then, select the best of formulation of beef burger blended with the 
best treatment of mango peel dietary fiber according to sensory evaluation, then its gamma irradiated at dose 
levels of 2, 4 and 6 kGy to extend its refrigeration shelf-life and improving its hygienic quality.  
 
Materials and Methods 
 
Obtaining Mango Peel Dietary Fiber: 
 
 Mango peel was collected from a mango processing industry (Kaha, Kalubyia Governorate, Egypt). The 
peel was spread in trays and dried in an air tunnel drier at 50±2°C and ground to a particle size of 150 μm. 
Drying at temperatures below 50°C avoids changes in the functional properties and in the content of 
polyphenols, tannins, anthocyanidins and proteins (Larrauri, 1999). 
 
Preparation Of Beef Burger Formulated With Different Levels Of Mango Peel Dietary Fiber: 
 
 Beef burgers were prepared from blends containing 0, 3, 6, 9 and 12% of mango peel dietary fiber. The 
formula included a mixture of 1.7% salt, 1.5% spices (consisting of white pepper 15 gm, black pepper 15 gm, 
nutmeg 10 gm, coriander 10 gm, garlic powder 10 gm, onion powder 10 gm, cumin 10 gm, fennel 10 gm, ginger 
5 gm and clove 5 gm) and 11.5 rusk flour was added to the minced beef meat blend and homogenized to obtain 
beef burger which shaped handily to pieces of 50±3 gm and packaging in polyethylene bags. Beef burger 
samples were subjected to sensory evaluation to select the best of formulation obtained by incorporating 3, 6, 9 
and 12% of mango peel dietary fiber. Then, samples of beef burger were gamma irradiated at dose levels of 2.4 
and 6 kGy.  
 
Irradiation Treatments: 
 
 For irradiation treatments, mango peel samples were exposed to gamma irradiation at dose levels of 3, 5 
and 7 kGy using 60Co from unit Gamma Chamber 4000, at the National Center for Radiation Research and 
Technology, Atomic Energy Authority, Egypt.  
 
Proximate Composition: 
 
 Moisture, lipid, protein, ash, caloric carbohydrates contents, vitamin C and total phenol as Gallic acid were 
determined according to A.O.A.C. (2000) official method.  
 
Total Dietary Fiber: 
 
 Total dietary fibers were estimated according to Ajila et al. (2007). 
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Determination of polyphenolic compound:  
 
 Polyphenlos were extracted according to procedure described by A.O.A.C. (2000). 
 
Antioxidant Activity Study DPPH Free Radical-Scavenging Assay: 
 
 The scavenging effect on 2,2-diphenyl-1- picrylhydrazyl (DPPH) radical was determined by modifying the 
methods of Brand-Williams et al. (1995) and Gamez et al. (1998). The ethanolic extract of non-irradiated and 
irradiated mango peel powder samples (3, 5 and 7 kGy) and ethanolic extracts of biscuits and cakes incorporated 
with mango peel dietary fiber were separately mixed with ethanol to prepare an ethanolic test solution of 1 
mg/ml sample. DPPH was dissolved in ethanol and mixed with the ethanolic test solution. The solution was 
adjusted to a final DPPH concentration of 100 μM. The mixture was shaken vigorously and left to stand for 50 - 
60 min in the darkness at room temperature. The amount of DPPH remaining in each period of stand was 
determined spectrophotometrically at 540 nm, using a microtiter plate reader (Biorad 680, USA). The ethanolic 
test solution was diluted to different concentrations (0.1- 1.0 mg/ml). After vigorous shake, the mixtures were 
left to stand for 30 min. Tert-Butylhydroquinone (TBHQ) was used to compare the scavenging activity. The 
radical scavenging activity was calculated as % inhibition from the following equation:  
 
% inhibition = {(ODblank – ODsample) / ODblank} x 100. 
 
Antioxidant Assay With Β-Carotene–Linoleic Acid System: 
 
 The antioxidant activity of samples assayed using the β-carotene–linoleic acid system was measured as in 
the method of a literature report with some modification (Jayaprakasha et al 2001). Briefly, 4 ml of a solution of 
β-carotene in chloroform (1 mg/ ml) were pipetted into a flask containing 40 mg of linoleic acid and 400 mg of 
Tween-40. The chloroform was removed by rotary evaporator under vacuum at 45°C for 4 min, and 100 ml 
distilled water were added slowly to the semi-solid residue with vigorous agitation to form an emulsion. A 96-
well microtitre plate (polystyrene) was charged with 50 μl of test sample and 200 μl of the emulsion, and the 
absorbance was measured at 450 nm, immediately, against a blank consisting of the emulsion without β-
carotene. The plate was stored at room temperature (20–23°C), and the absorbance measurements were 
conducted again at 30 min intervals up to 420 min. All determinations were carried out in triplicate. The 
antioxidant activity of the extracts was evaluated in terms of bleaching of β-carotene using the following 
formula: 
 
Antioxidant activity = [1- (A0 _ At)/ (À0 _ Àt)] x 100 
 
 Where A0 and À0 are the absorbance of values measured at zero time of the sample and the control, 
respectively, and Àt and Àt are the absorbance measured in the test sample and the control, respectively, after 
420 min.  
 
Microbiological Assay: 
 
 Colony forming units for total bacterial count were counted by plating on plate count agar medium and 
incubation at 30oC for 3-5 days (APHA, 1992). Lactic acid bacteria were counted by the pour plate over layer 
method on MRS medium Oxoid manual (1982). Enterobacteriaceae were counted on violet red bile glucose agar 
medium after incubation for 20–24 h at 37oC Roberts et al., (1995).Total molds and yeasts were counted on 
oxytetracycline glucose yeast extract agar medium according to Oxoid manual (1998),then the plates were 
incubated at 25oC for 3-5 days. Staphylococcus aureus was counted using Baird–Parker medium after incubated 
at 35oC for 24-48 h Oxoid manual (1998). Enterococcus faecalis was counted on kanamycin aesculine azide 
agar medium using surface plating technique and incubation at 35ºC for 16 - 24 h according to the Oxoid 
manual (1998). Colonies were considered as Enterococcus faecalis if they were porcelain white and surrounded 
by a black zone. Bacillus cereus was counted using Mannitol-egg Yolk-Polymyxin (MYP) agar and incubated at 
37ºC for 16-24 hours as described by Roberts et al., (1995). The detection of Salmonella was carried out using 
the most probable number technique. After enrichment at 37 oC for 24 h in selenite broth, the cultures were 
streaked on Brilliant green agar and incubated at 37 oC for 24 h, then colonies were biochemically examined in 
triple sugar iron agar (IOS, 1978).  
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Chemical Analysis: 
 
 The pH was assessed using a pH meter on a homogenate consisting of 5g of sample in 50 ml of distilled 
water as described by Carballo et al., (1995).  
 Total volatile nitrogen (TVN) was determined as described by Mwansyemela, (1992). 
Measurement of lipid peroxidation: 
 Thiobarbituric acid-reactive substances (TBARS) produced from lipid peroxidation were determined using 
the method of Alasnier et al., (2000). A 4 g portion of each sample was blended with 16 ml of trichloroacetic 
acid solution (TCA 5%) and BHT (10 ug BHT/g of lipid ratio). Then it was filtered through Whatman filter 
paper (No. 4). Equal amounts of the filtrate and 0.02 M thiobarbituric acid was heated in boiling water bath for 
20 min, cooled and the absorbance was measured at 532 nm. 
 
Sensory Evaluation: 
  
 Irradiated and non-irradiated prepared beef burger samples were periodically examined (every 3 days) for 
their appearance, texture and odor post treatments and during cold storage at 4±1ºC to determine the shelf-life of 
the samples. While, the taste of fried beef burger (formulated with different level of irradiated mango peel 
dietary fiber at dose level 3 kGy) samples were evaluated only to select the best of formulation obtained by 
incorporating 5, 10, 15, 20 and 25% of mango peel dietary fiber. To achieve the procedure taste test, some non-
irradiated and irradiated samples fried in cotton seed oil at 110ºC for one minute. The panel consisted of ten 
members from our laboratory and scores were obtained as described by Wierbicki, (1985) by rating the above 
quality characteristics using the following rating scale: 9= Excellent, 8= Very good, 7= Good, 6= Below Good-
above fair, 5= Fair, 4= below fair-above poor, 3= Poor, 2= Very poor and 1= Extremely poor.  
 
Statistical Analysis: 
 
 The obtained data were exposed to analysis of variance. Duncan's multiple range tests at 5% level was used 
to compare between means. The analysis was carried out using the PROC ANOVA procedure of Statistical 
Analysis System (SAS, 1996). 
 
Results and Discussion  
 
 Chemical composition (on dry weight basis) of non-irradiated and irradiated mango peel powder samples 
are tabulated in Table (1). The resulted revealed that no significantly different neither non-irradiated nor 
irradiated samples of mango peel powder. Otherwise, the results showed that the high percentages of dietary 
fiber in all samples of non-irradiated and irradiated mango peel powder under investigation. Ajila et al. (2007) 
reported that the total dietary fiber content in peels from different varieties of mango fruits at different stages of 
maturity varied from 45–78%.  
 
Table 1: Chemical composition (on dry weight basis) of non-irradiated and irradiated mango peel powder.  

Treatments 
(kGy) 

Chemical composition % 
Moisture Protein Fat Ash Total dietary fiber Carbohydrates 

Control 10.37A±0..08 3.61A ±0.18 2.28A ±0.09 3.35A±0.26 51.24A ±0.15 29.15A ±0.21 
3 10.23A±0.13 3.69A ±0.25 2.25A ±0.16 3.41A±0.12 51.36A ±0.23 29.06A ±0.35 
5 10.46A±0.16 3.54A ±0.21 2.27A ±0.29 3.46A±0.07 51.27A ±0.09 29.00A ±0.15 
7 10.28 ±0.05 3.66A ±0.07 2.24A ±0.31 3.38 A ±0.23 51.41A ±0.18 29.03A ±0.29 

Capital letters were used for comparing between means in the columns. 
Means with the same letters are not significantly different (p>0.05).  

 
Total Phenolic Compounds: 
 
 Total phenolic compounds (mg/100g as Gallic acid) in non-irradiated and irradiated mango peel powder 
samples are presented in Table (2). The data showed that the samples of non-irradiated and irradiated mango 
peel powder had 47.35mg/100g high amounts of total phenolic compounds. Meanwhile, the results illustrated 
that subjecting samples of mango peel powder to gamma irradiation at dose levels 3 and 7 kGy increased the 
amounts of total phenolic compounds compared with non-irradiated and irradiated samples at dose level 5 kGy. 
Also, data obvious that subjecting the samples of irradiated mango peel powder to gamma irradiation at dose 
level 3 kGy increased the amount of total phenolic compounds compared with non-irradiated and irradiated 
mango peel powder samples at dose levels 5 and 7 kGy. From these results, it is clear that samples of irradiated 
mango peel powder at dose level 3 kGy posses higher amount of total phenolic compounds. Ajila et al. (2007a) 
reported the polyphenol content in different Indian mango varieties at raw and ripe stages of fruit and they found 
that polyphenol content in the peels varied from55 to 109 mg/g peel. The carotenoid content was 3092 μg/g peel 
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powder which is comparable to the carotenoid content reported in peel from Raspuri mango variety (3337 μg/g) 
(Ajila et al., 2007a and Ajila et al., 2007b). 
 On the other hand, the data in Table (2) illustrated that non-irradiated and irradiated mango peel powder 
samples had satisfactory amounts of total carotenoids. Nevertheless, the results obvious that subjecting samples 
of mango peel to gamma irradiation at dose levels of 3 and 7 kGy increased significantly amounts of total 
carotenoids in both of irradiated mango peel samples. But, the results presented that irradiated mango peel 
samples at dose level 3 kGy had higher amounts of total carotenoids compared with non-irradiated and 
irradiated mango peel samples at dose levels of 5 and 7 kGy. Therefore, from these results it is clear that 
samples of irradiated mango peel dietary fiber at dose level 3 kGy were select to formulate with beef burger at 
different levels (0, 3, 6 9 and 12%).  
 
Table 2: Total phenolic compounds (mg/100g as Gallic acid) total carotenoids (mg/g) in non-irradiated and irradiated mango peel powder. 

Mango peel powder Control 
Gamma irradiation doses (kGy) 

3 5 7 

Total phenolic compounds 47.35A±0.26 59.87B±0.19 42.64C±0.34 51.73D±0.21 

Total carotenoids (mg/g) 0.026A ±0.08 0.050B ±0.15 0.031C ±0.17 0.043D ±0.06 

Capital letters were used for comparing between means in the rows and columns, respectively.  
Means with the same letters are not significantly different (p>0.05). 

 
Radical- Scavenging Activity: 
 
 Scavenging activity (%) on DPPH radical of ethanolic extracts from non-irradiated and irradiated mango 
peel powder are tabulated in Table (3). The results showed that samples of non-irradiated mango peel powder 
possess satisfactory of scavenging activity on DPPH radical at different concentrations of samples under 
investigation. Otherwise, the data presented that irradiated samples of mango peel powder at dose level of 3 kGy 
had higher scavenging activity on DPPH radical than non-irradiated samples at different concentrations of 
DPPH. Meanwhile, the results illustrated that no significant differences of scavenging activity on DPPH radical 
between samples of irradiated mango peel powder at dose level of 3 kGy and artificial antioxidant (TBHQ) at 
concentration of samples 100 µg/ml. Also, samples of irradiated mango peel at dose level of 7 kGy had marked 
scavenging activity on DPPH radical at concentration 100 µg/ml of DPPH radical compared with non-irradiated 
samples. So, the results in Table (3) obvious that the irradiated samples of mango peel powder at dose level of 3 
kGy had higher scavenging activity on DPPH radical in comparison with samples of non-irradiated and 
irradiated samples at dose levels of 5 and 7 KGy. Ajila (2007a) reported that mango peel extract of ripe Badami 
variety showed the half maximal inhibitory concentration (IC50) value of 67 μg mango peel powder.  
 
Table 3: Scavenging activity (%) on DPPH radical of ethanolic extracts from non-irradiated and irradiated mango peel powder.  

Concentration of 
samples (µg/ml) 

TBHQ 0 
Gamma irradiation doses (kGy) 

3 5 7 

25 81.23A ±0.16 28.41B±0.07 29.22C±0.24 22.01D±0.35 24.86E±0.18 

50 89.79A ±0.08 41.23B±0.25 56.55C±0.36 35.68D±0.29 40.03E±0.26 

100 96.85A ±0.23 65.26B±0.34 95.74A±0.19 58.95C±0.27 78.02D±0.38 

Capital letters were used for comparison between means in the rows.  
Means with the same letters are not significantly different (p>0.05). 
TBHQ= Tert-Butylhydroquinone. 

 
The Antioxidant Activity With Β-Carotene– Linoleic Acid Method: 
 
 Antioxidant activity of ethanolic extracts from non-irradiated and irradiated mango peel powder by β- 
carotene linoleic acid method are shown in Table (4). The data presented that irradiated samples at dose level of 
3 kGy of mango peel powder possess marked higher antioxidant activity than non-irradiated and irradiated 
mango peel powder samples at dose levels of 5 and 7 kGy at different concentration of samples. Therefore, it 
could be concluded that gamma irradiation increased the antioxidant activity of mango peel powder at dose level 
of 3 kGy compared with other samples under investigation. Meanwhile, it is obvious that gamma irradiation 
decreased the antioxidant activity of mango peel at dose level of 5 kGy in comparison with non-irradiated and 
irradiated mango peel samples at dose levels of 3 and 7 kGy. Also, results showed that no significant differences 
in antioxidant activity of non-irradiated and irradiated samples at dose level of 7 kGy at concentration of 
samples 25 and 50 µg/ml, but the antioxidant activity was increased of these irradiated samples at concentration 
of samples 100 µg/ml compared with non-irradiated samples.  
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Table 4: Antioxidant activity of ethanolic extracts from non-irradiated and irradiated mango peel powder by β- Carotene linoleic acid 
method.  

Concentration of 
samples (µg/ml) 

TBHQ 0 
Gamma irradiation doses (kGy) 

3 5 7 

25 81.23A ±0.16 28.02B±0.12 30.36C±0.35 27.83D±0.24 28.84B±0.27 

50 89.79A ±0.08 44.34B±0.25 58.87C±0.09 40.10D±0.27 45.00B±0.35 

100 96.85A ±0.25 68.65B±0.32 88.74C±0.17 60.26D±0.36 79.75E±0.41 

Capital letters were used for comparison between means in the rows.  
Means with the same letters are not significantly different (p>0.05). 

 
Sensory Evaluation Of Beef Burger Formulated With Different Levels Of Irradiated Mango Peel powder at 
Dose Level Of 3 Kgy: 
 
 Sensory evaluation is the most suitable tool for determining the acceptability of any food product and being 
the final guide to assure its acceptability. Thus, the sensory attributes of beef burger fortified by different levels 
of irradiated mango peel dietary fiber at dose level 3 kGy (0, 3, 6, 9 and 12% levels) were tabulated in Table (5). 
The results showed that control samples (beef burger without any replacement with mango peel dietary fiber) 
appeared significant difference and high scores for all sensory attributes. On the other hand, formulations of 
beef burger with mango peel dietary fiber at 3, 6, 9 and 12% levels obvious that induced significant decreases 
difference in scores sensory attributes with increasing levels of replacement of beef burger with mango peel 
dietary fiber. Nevertheless, samples of beef burger formulated with 3% mango peel dietary fiber found to have 
satisfactory quality grade for all evaluated characteristics, which had been reduced when the supplementation 
ratio was increased more than 3%.  
 Therefore, based on sensory evaluation, it is clear that the beef burger formulated or enrichment with 
irradiated mango peel dietary fiber (at dose level of 3 kGy) at 3% level were select or suitable to prepare beef 
burger enrich not only increased the nutritional quality of the product but also increased the nutraceutical 
property by increasing its antioxidant activity and gamma irradiated at dose levels 2, 4 and 6 kGy to extend its 
refrigeration shelf-life and improving its hygienic quality.  
 
Table 5: The sensory attributes of beef burger formulated with different levels of irradiated mango peel peel powder at dose level of 3 kGy. 

Quality attributes 
 

Control 

Substitution levels (%) 

3 6 9 12 

Appearance 9.7A±0.04 9.2B±0.17 8.5C±0.21 7.9D±0.05 7.3E±0.06 

Texture 9.5A ±0.08 9.3B ±0.02 8.9C ±0.09 8.3D ±0.07 7.5E±0.17 

Taste 9.8A ±0.15 9.5B±0.09 8.7C±0.12 8.1D±0.09 7.1E±0.22 

Aroma 9.9A ±0.11 9.5B±0.19 8.9C±0.014 8.5D±0.03 7.3E±0.07 

Capital letters were used for comparing between means in the rows.  
Means with the same letters are not significantly different (p>0.05). 

  
Microbiological Aspects: 
 
Public Health Significance Bacteria: 
 
 Data in Table (6) show the effects of gamma irradiation and cold storage (4±1oC) on food-borne pathogens 
and food poisoning bacteria. From these results, it is obvious that, Staph. aureus, B. cereus and Salmonella spp. 
were found in the non-irradiated samples and the initial counts of Staph. aureus, B. cereus reached 5.9×102 and 
3.2×103 cfu/g, respectively. Treatment of samples by gamma irradiation at dose level of 2 kGy reduced the 
counts of B. cereus by 66.54% and inhibited Staph. aureus and Salmonella spp. while, irradiation at dose levels 
of 4 and 6 kGy completely inhibited Staph. aureus, B. cereus and Salmonella spp. indicating that sensitivity of 
those pathogenic bacteria to gamma irradiation. The sensitivity of those food-borne pathogens to gamma 
irradiation was demonstrated by many investigators (Hammad et al., 2000 & Chawla and Chander, 2004). Upon 
cold storage, Salmonella spp. was detected in non-irradiated samples, while counts of Staph. aureus and B. 
cereus gradually increased in both of non-irradiated and irradiated samples at dose level of 2 kGy. On the other 
hand, irradiated samples at dose levels 4 and 6 kGy showed no viable counts of those food-borne pathogens. 
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Table 6: Effects of gamma irradiation and cold storage (4±1oC) on food-borne pathogens in beef burger (formulated with 3% level of 
irradiated mango peel powder at dose level of 3 kGy). 

Microbial determinations (cfu/g) Storage (days) 
Irradiation dose (kGy) 

control 2 4 6 

Staphylococcus aureus 

0 5.9×102 Nil Nil Nil 
3 1.4×103 Nil Nil Nil 
6 R Nil Nil Nil 
9  Nil Nil Nil 
12  R Nil Nil 
15   Nil Nil 
18   Nil Nil 
21   R Nil 
24    Nil 
27    Nil 
30    R 

Bacillus cereus 

0 2.6×103 8.7×102 Nil Nil 
3 5.3×103 7.6×102 Nil Nil 
6 R 2.3×103 Nil Nil 
9  7.1×103 Nil Nil 
12  R Nil Nil 
15   Nil Nil 
18   Nil Nil 
21   R Nil 
24    Nil 
27    Nil 
30    R 

Presence of Salmonella 

0 +ve -ve -ve -ve 
3 +ve -ve -ve -ve 
6 R -ve -ve -ve 
9  -ve -ve -ve 
12  R -ve -ve 
15   -ve -ve 
18   -ve -ve 
21   R -ve 
24    -ve 
27    -ve 
30    R 

R = Rejected +ve = Positive -ve = Negative  

 
Microbial Flora: 
 
 The effects of gamma irradiation and cold storage (4±1oC) on microbial load of beef burger (formulated 
with 3% level of mango peel dietary fiber) are illustrated in Table (7). The initial counts of total bacterial, lactic 
acid bacteria, enterobacteriaceae and molds & yeasts were 7.2×106, 6.1×105, 6.9×103 and 2.1×104 cfu/g, 
respectively. Subjecting of beef burger (20% incorporated with mango peel dietary fiber) to gamma irradiation 
at dose levels of 2, 4 and 6 kGy reduced the counts of total bacterial count by 94.86, 99.92 and 99.99% being 
3.7×105, 5.8×103 and 2.6×102 cfu/g, while lactic acid bacteria were reduced by 86.56, 99.91 and 99.99% being 
6.1×104, 8.2×102 and 3.2×101 cfu/g, respectively, while, the counts of molds & yeasts reduced by 83.33 and 
99.74% being 3.5×103 and 5.6×101 cfu/g in irradiated samples at dose levels of 2 and 4 kGy, respectively, while 
no viable counts of molds & yeasts were detected in irradiated samples at dose level of 6 kGy post irradiation. 
On the other hand, no viable counts of enterobacteriaceae were detected in all irradiated samples post irradiation 
and during cold storage. From these results, it is obvious that the lactic acid bacteria were radioresistant and the 
relative radiation resistance of lactic acid bacteria reported by Hammad et al., 2000 & Byun et al., 2002. 
Furthermore, cold storage induced gradual increase in counts of total bacteria, lactic acid bacteria and molds & 
yeasts but the rate of increase was lower in irradiated samples compared to non-irradiated ones.  
 
Chemical Properties: 
 
Ph-Values: 
 
 Effects of gamma irradiation and cold storage (4±1oC) on pH-values of beef burger (formulated with 3% 
level of mango peel dietary fiber) were tabulated in Table (8). From these results, it is obvious that gamma 
irradiation had no real effects on pH-values of samples. This is agreement with the results of Rady et al., (2005). 
Cold storage (4±1oC) induced gradual slight decrease in the pH-values for both irradiated and non-irradiated 
samples. The observed decreases in the pH of samples during their storage may be due to the formation of acid 
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compound that attributed to the activity of lactic acid bacteria (Hammad et al., 2000). The radio-resistance of 
some strains of lactic acid bacteria was documented ICMSF (1980).  
 
Table 7: Effects of gamma irradiation and cold storage (4±1oC) on the microbial load in beef burger (formulated with 3% level of irradiated 

mango peel powder at dose level of 3 kGy). 
Microbial determinations 

(cfu/g) 
Storage (days) 

Irradiation dose (kGy) 
control 2 4 6 

Total bacterial count 

0 7.2×106 3.7×105 5.8×103 2.6×102 
3 9.5×106 6.9×105 7.8×103 5.2×102 
6 R 9.1×105 9.8×103 7.6×102 
9  4.6×106 4.2×104 2.7×103 
12  R 8.7×104 6.1×103 
15   5.1×105 9.6×103 
18   1.2×106 3.7×104 
21   R 8.5×104 
24    4.9×105 
27    7.6×105 
30    R 

Lactic acid bacteria 

0 6.1×105 8.2×104 5.2×102 3.4×101 
3 9.2×105 9.8×104 8.9×102 4.1×101 
6 R 2.3×105 2.4×103 7.9×101 
9  7.4×105 7.5×103 1.7×102 
12  R 1.9×104 4.7×102 
15   6.8×104 8.7×102 
18   2.6×105 3.4×103 
21   R 7.5×103 
24    2.3×104 
27    5.7×104 
30    R 

Enterobacteriaceae 

0 6.9×103 Nil Nil Nil 
3 1.3×104 Nil Nil Nil 
6 R Nil Nil Nil 
9  Nil Nil Nil 
12  R Nil Nil 
15   Nil Nil 
18   Nil Nil 
21   R  Nil 
24    Nil 
27    Nil 
30    R 

Total molds & yeasts 

0 2.1×104 3.5×103 5.4×101 <10 
3 5.9×104 6.3×103 8.3×101 <10 
6 R 9.1×103 9.8×101 <10 
9  2.8×104 1.6×102 <10 
12  R 3.2×102 6.0×101 
15   5.4×102 1.5×102 
18   8.7×102 2.9×102 
21   R 4.7×102 
24    6.5×102 
27    8.3×102 
30    R 

R = Rejected. 

 
Thiobarbituric Acid - Reactive Substances (As Optical Density At 532 Nm): 
  
 Lipid oxidation has been considered the primary cause of flavor deterioration and the development of 
oxidized flavors in many foods. However, Table (8) illustrated the effects of gamma irradiation and cold storage 
(4±1oC) on the TBARs (as O.D at 532 nm) in samples of beef burger (formulated with 3% level of mango peel 
dietary fiber). Subjecting samples of beef burger (3% incorporated with mango peel dietary fiber) to gamma 
irradiation to the ascending doses of gamma irradiation markedly increased their TBARs when compared to 
non-irradiated samples. Moreover, TBARs values of non-irradiated and irradiated samples at 3, 5 and 7 kGy 
showed gradual increases during their cold storage. The increases in TBARs values for irradiated samples may 
be due to the indirect effect of irradiation through the liberation of free radicals upon radiolysis of water which 
enhances the oxidation of lipids (Byun et al., 2002). 
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Table 8: Effects of gamma irradiation and cold storage (4±1oC) on some chemical properties in beef burger (formulated with 3% level of 
irradiated mango peel powder at dose level of 3 kGy). 

Chemical characteristics Storage (days) 
Irradiation dose (kGy) 

control 2 4 6 

pH- values 

0 6.07 6.05 6.06 6.05 
3 5.87 5.97 6.05 6.05 
6 R 5.89 6.03 6.05 
9  5.82 5.98 6.04 
12  R 5.91 6.01 
15   5.86 5.96 
18   5.79 5.92 
21   R 5.90 
24    5.88 
27    5.87 
30    R 

Thiobarbituric acid-reactive substances 
(TBARs as optical density) 

0 0.027 0.033 0.041 0.048 
3 0.043 0.037 0.049 0.052 
6 R 0.049 0.056 0.064 
9  0.061 0.061 0.071 
12  R 0.069 0.088 
15   0.077 0.096 
18   0.089 0.082 
21   R 0.074 
24    0.112 
27    0.165 
30    R 

The total volatile basic nitrogen (TVBN 
mg N/100g dry matter) 

0 36.34 37.28 38.43 42.25 
3 59.68 45.47 44.59 43.96 
6 R 52.26 52.99 47.07 
9  65.79 59.64 49.78 
12  R 61.19 55.33 
15   66.42 59.18 
18   75.07 63.37 
21   R 68.08 
24    72.54 
27    76.21 
30    R 

 R = Rejected 

 
Total Volatile Bases Nitrogen (TVBN): 
 
 The results in Table (8) show that the contents of TVBN in samples of beef burger (formulated with 3% 
level of mango peel dietary fiber) as affected by gamma irradiation and cold storage (4±1oC). The results 
showed no remarkable changes due to irradiation of samples at different applied doses in this study except of 6 
kGy dose caused slight in their content of TVBN. Similar results have been shown by Hammad et al., (2000) in 
irradiated beef burger (3% incorporated with mango peel dietary fiber) at 6 kGy dose, these increases in TVBN 
may be due to formation of small amount of amines result of direct effect of gamma irradiation (Desrosier, 
1970). During cold storage, TVBN contents gradually increased was in non-irradiated and irradiated beef burger 
(formulated with 3% level of mango peel dietary fiber) samples but the rate of increase was higher in non-
irradiated beef burger (formulated with 3% level of mango peel dietary fiber). This increase may be attributed to 
formation of ammonia or other basic compounds due to microbial activity (Banwart, 1981). 
 
Sensory Evaluation: 
 
 Table (9) represents the changes in sensory properties of beef burger (formulated with 3% level of mango 
peel dietary fiber) as affected by gamma irradiation and cold storage (4±1ºC). From these results, it is clearly 
that gamma irradiation had no remarkable effect on sensory properties (appearance, odor and texture) of sausage 
samples under investigation. Moreover, the results indicating that gamma irradiation doses of 2, 4 and 6 kGy 
had no effects on sensory quality of taste test for samples under investigation. Non-irradiated and irradiated 
samples at dose of 2 kGy were scored as poor and rejected on day 6 and 12 of storage due to slime formation 
and off-odors. Meanwhile, small spots of mold growth were appeared on the surface of irradiated samples at 
doses of 4 and 6 kGy and completely rejected on day 21 and 30 of storage, respectively. Thus, based on sensory 
evaluation, the dose levels of 2, 4 and 6 kGy could extension shelf-life of beef burger (formulated with 3% level 
of mango peel dietary fiber) to 11, 20 and 27 days, respectively, compared to 5 days for non-irradiated samples 
under investigation. 
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Table 9: Changes in the sensory attributes of beef burger (formulated with 3% level of irradiated mango peel powder at dose level of 3 kGy) 
as affected by gamma irradiation and cold storage (4±1ºC). Capital and small letters were used for comparing between means in 
the columns and rows, respectively. 

Storage 
period 
(days) 

Irradiation dose (kGy) / Determination 

Appearance Odor Texture 

0 2 4 6 0 2 4 6 0 2 4 6 

0 
9.7Aa±0.

05 
9.7Aa±0.0

9 
9.6Aa±0.0

8 
9.7Aa±0.

18 
9.8Aa±0.1

5 
9.7Aa±0.0

8 
9.6Ab±0.2

4 
9.6Ab±0.1

2 
9.6Aa±0.0

3 
9.6Aa±0.

12 
9.6Aa±0.0

9 
9.6Aa±0.18 

3 
9.2Ba±0.

09 
9.5Bb±0.0

5 
9.5Ab±0.0

5 
9.7Ac±0.

22 
9.7Aa±0.1

2 
9.7Aa±0.0

4 
9.6Aa±0.2

7 
9.6Aa±0.0

3 
8.9Ba±0.0

5 
9.6Ab±0.

04 
9.6Ab±0.0

7 
9.5Ab±0.15 

6 
4.2CaR±

0.07 
9.1Cb±0.1

1 
9.5Ac±0.0

6 
9.6Ac±0.

25 
3.2BaR±0.

13 
9.6Ab±0.1

5 
9.5Ab±0.2

8 
9.6Ab±0.0

5 
3.5CaR±0

.04 
9.5Ab±0.

07 
9.5Ab±0.0

7 
9.5Ab±0.16 

9  
8.7Da±0.1

4 
9.3Bb±0.1

7 
9.6Ac±0.

09 
 

8.8Ba±0.2
3 

9.5Ab±0.1
8 

9.6Ab±0.0
8 

 
9.1Ba±0.

12 
9.5Ab±0.0

6 
9.5Ab±0.09 

12  
4.3EaR±0.

09 
9.1Cb±0.1

5 
9.4Bc±0.0

7 
 

3.4CaR±0.
28 

9.2Bb±0.1
5 

9.5Ac±0.1
5 

 
4.2CaR±

0.26 
8.9Bb±0.0

5 
9.5Ac±0.09 

15   
8.7Da±0.2

2 
9.4Bb±0.

14 
  

8.6Ba±0.0
7 

9.5Ab±0.
21 

  
8.6Ca±0.1

2 
9.1Bb±0.08 

18   
8.2Ea±0.2

3 
9.4Bb±0.

18 
  

8.2Ca±0.0
5 

9.1Bb±0.2
3 

  
8.6Ca±0.0

8 
8.8Cb±0.03 

21   
4.2FaR±0.

18 
9.1Cb±0.

29 
  

3.5DaR±0.
23 

9.1Bb±0.0
28 

  
4.2DaR±0.

17 
8.8Cb±0.16 

24    
9.1C±0.3

2 
   8.5C±0.07    8.5D±0.07 

27    
8.6D±0.1

9 
   8.5C±0.08    8.4D±0.25 

30    
4.3ER±0.

26 
   

4.3DR±0.
17 

   4.3ER±0.09 

Means with the same letters are not significantly different (p>0.05). 
R = Rejected. 
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