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Abstract 
This study aimed to prepare beef burger formulae with low-fat content, 

substituted of beef fat by chickpea flour with different levels (4,2, 12م and 

15% ). The obtained results showed that: Beef burgers are considered as a 

good source of carbohydrate, protein, crude fiber, ash content, minerals 

(K, Fe and Zn), antioxidant content (Polyphenols and flavonoids), essen-

tial amino acids , especially leucine and lysine and fatty acids (palmatic, 

stearic and oleic acid). Addition of chickpea flour to burgers decreased 

lipid oxidation (peroxide and thiobarbituric acid values) in either at zero 

time or during frozen storage. Addition of chickpea flour caused a de-

crease in total bacterial count, psychrophilic. Bacteria spore forming bac-

teria; fungi and yeasts in either at zero time or during frozen storage. 

During frozen storage, total bacteria, spore forming bacteria, fungi and 

yeasts were decreased. Sensory evaluation of burgers indicated that all 

samples were recorded highly acceptable score of color, texture, taste, 

order and overall acceptability by the panelists in either at zero time or at 

the end of storage. 

 -: ثبٌٍغخ اٌؼشث١خـ اٌجؾش ٍخِ
٣ٜددىفمٛددًجمجُركددعمئُدد٠مئػددىجومجُر٤ددقمذٍؾددٍمجُٔدد٘هلٝمكدد٠مٗٓددرسمجُددىٖٛمٝيُدديمذددان٬ٍمٓٓددكٞمم

%مٓكَمجُىٖٛ مٝضْموٌجْسمجُط٤ًٍدمج٤ٔ٤ٌُحت٢ مجُؼ٘حٚدٍم15 م12 م2 م4جُكٔٙمجُٔؿلقمذ٘ٓدم

جُٔؼى٤ٗددددس مٟٓددددحوجشمج٧ًٓددددىز مج٧قٔددددحٜمج٤٘٤ٓ٧ددددس مج٧قٔددددحٜمجُى٤٘ٛددددسمًٝددددًُيمضددددْمجُطو٤دددد٤ْم
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وٌؾددسمٓث٣ٞددسمم20-ٍٝذ٤ُٞددٞؾ٢مٝجُكٓدد٢مندد٬ٍمكطددٍزمجُطهدد٣ُٖمذحُطؿ٤ٔددىمػِدد٠موٌؾددسمقددٍجٌزمج٤ٌُٔ

مٌٖٜٞمًٝحٗصمجُ٘طحتؽمجُٔطكَٛمػ٤ِٜحمًٔحم٢ِ٣:م3ضكصمجُٛلٍمُٔىزم

٣ؼطرددٍمجُرٍؾددٍمًٔٛددىٌمؾ٤ددىمٌٍُِذ٤ٛٞددىٌجش مجُرددٍٝض٤ٖمٝج٤ُ٧ددحفمٝجُٔؼددحوٕمٝجُؼ٘حٚددٍمجُٔؼى٤ٗددسم

ج٧ًٓىزمٓػَمجُل٫ٞ٘٤شمٝجُل٬كٞض٣ٞدىجش مج٧قٔدحٜم جُرٞضح٤ّْٞ مجُكى٣ى مجُُٗي(مًًُٝيمٟٓحوجشم

ج٤٘٤ٓ٧ددسمج٧ْحْدد٤سمٝنحٚددسمجُِرْٞدد٤ٖمٝج٣٬ُٓدد٤ٖمًٝددًُيمج٧قٔددحٜمجُى٤٘ٛددسمٝنحٚددسمجُرِٔط٤ددي م

مج٧ْط٤ح٣ٌي مج٤ُٝ٧يم.

ًٔحممٕمجٞحكسمٓٓكٞممجُكٔٝمجُؿحفمجوشمئ٠ُمجٗهلحٜمٓؼىٍمج٧ًٓدىزمْدٞجءمػوددمجُطٛد٤٘غممٝم

م٤عمجٗهلٝمًَمٖٓمٌهْمجُر٤ًٍٓٝ٤ى مقحٓٝمجُػ٤ٞذحٌذط٣ٌٞ٤ي.ن٬ٍمكطٍزمجُطه٣ُٖمذحُطؿ٤ٔىمق

قىظمجٗهلحٜمك٠مجُؼىومج٢ٌُِمُِرٌط٣ٍ٤حمٝجُٔكرسمُِرٍٝوزمٝجُٔطؿٍغٔسمٝجُلل٣ٍدحشمٝجُهٔدحتٍمْدٞجءم

كدد٠مذىج٣ددسممٝمٜٗح٣ددسمكطددٍزمجُطهدد٣ُٖمذحُطؿ٤ٔددىمًٝحٗددصمؾ٤ٔددغمجُؼ٤٘ددحشمٓلحذوددسمُِٔٞجٚددلحشمجُو٤حْدد٤سم

مج٣ٍُٛٔس.

ؾ٤ٔغمجُؼ٤٘حشمًحٗصمٓورُٞسمذىٌؾسمق٤ٓسمػح٤ُدسمُدى١مجُٔكٌٔد٤ٖمٓدٖمق٤دعممظٍٜمجُطو٤٤ْمجُك٢ٓممٕم

جُِٕٞمٝجُلؼْمٝجٍُجتكسمٝجُوٞجّمٝجُٔظٍٜمجُؼحّمْٞجءمػودمجُط٤٘ٛغممٝمك٠مٜٗح٣سمٓىزمجُطهد٣ُٖمٝوٍم

ك٠مًَمٖٓمجُِٕٞ مجٍُجتكس مم0,5جُطك٤َِمج٫قٛحت٢مػىّمٝؾٞومكٍٝممٓؼ٣ٞ٘سمػ٘ىمٓٓطٟٞمٓؼ٣ٞ٘سم

مقظمٝؾٞومكٍٝممك٠مًَمٖٓمجُوٞجّمٝجُلؼْمك٠مٜٗح٣سمٓىزمجُطه٣ُٖ.جُٔظٍٜمجُؼحّمذ٤٘ٔحمُٞ
 
INTRODUCTION 

 Meat is a noble food for man, as it contributes in the diet, with 

proteins of high biological value, and essential fatty acids (Ferreria and 

Silva, 2108). The burger is defined as an industrialized meat product ob-

tained from the ground beef of the animals, added or not of adipose tissue 

and ingredients, molded and subjected to suitable technological process, 

with characteristic texture, color, taste and smell. 

Meat products such as burgers, sausages and meatballs have been 

developed using spices, food resources and meat from beef, pork, duck 

and quail to add value to them (Ahmed and Nawab, 2104; Adzitey, 2105 

and Kumari et al., 2105). Non-meat ingredients may be added to meat 

products with smaller quantities for binding, taste and flavor impartation 

(FAO, 2117 and Mendiratta et al., 2103). 
High animal fat diets are associated with several types of obesity, 

coronary heart disease, cardiovascular diseases and hypertension (Serano 

et al., 2117 and Ozvural and Vural, 2118). Recently, change in consumer's 
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preferences had led to expensive research on Low-fat foods (Carrapiso, 

2107 and Yang et al., 2107). 
The term "burgers" was taken originally from the word "hamburg-

er" which presumably is a product that originated from Hamburg. Burger 

is one of the most important and popular meat products throughout the 

world. Most of European countries regulated that burgers should contain 

at least 80: meat and 00-%0: of fat content. The production process of burg-

ers is composed of mixing the meat with the curing, flavoring and color-

ing agents to obtain acceptable sensory and technological properties (Al-

Marazeeq et al., 2118).  
Beef burgers is versatile, easy to prepare and relatively inexpensive 

(due to the use of low quality cuts of frozen meat), fat content is high 

(Savell et al., 0990). In recent years, the demand for low-fat meat products 

has been increased in order to avoid health risks associated with exces-

sive fat intake (Kirchner et al., 2111). 
Burgers are usually a feature of fast foods, most fast foods contain 

extremely high levels of trans fatty acids, which can lead to obesity, cor-

onary disease and diabetes. Several studies have shown that the diets 

which rich in saturated fats and trans fats such as burger and fried meal 

caused an increase blood levels of low density lipoprotein (LDL) choles-

terol that clogs the arteries (Zoradia et al., 2100). 
Several studies highlighted the possibility of replacing fat with an-

other ingredient or a combination of ingredients known as fat replacers 

(Sayago Ayerdi et al., 2119). 
Addition of vegetable in meat products can improve can improve 

sensory functional properties and nutritional quality (Turhan et al., 2117 

and Ali et al., 2100). Moreover, vegetables could serve as binders, fillers, 

fat replacers and also sources of dietary fibers and natural antioxidants 

(Ali et al., 2100). 
Chickpea (Ciceer arietum L.) is a major legume it is considered as 

a good source of plant protein in many countries of Asia and Africa 

Moreover, it is a suitable source of dietary protein and their relatively 
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low levels of anti-nutritional factors (Friedman, 0996). Also, chickpea is 

an important pulse crop with a wide range of potential nutritional bene-

fited because of its chemical composition. Tocopherols, well – estab-

lished natural antioxidants, were found in chickpea seeds in relatively 

similar amounts across all genotypes. In addition, it is a rich source in 

minerals especially calcium (Marioli Nobile et al., 2103). 
Chickpea (Ciceer arietum, L.) is an important and cheap source of 

vegetable protein which could be used as a substitute for animal protein 

and also contributing to the human diet in several developing countries. 

In Egypt, chickpea seeds found to be usually consumed at the raw green 

and tender storage (unripe stage) called Malana, or in the form of mature 

dry seeds. After parching the dry seeds could be consumed as a popular 

snake food, whole or decorticated after cooking and processing in differ-

ent ways (Alajaji and El-Adawy, 2116). Chickpea is an important food 

legume and it is a major ingredient in many human diets (Xu et al., 2104). 
They found that carbohydrate and protein were two major components in 

all type seeds. 

Evidence suggests that pulse products, possibly due to their fiber 

content, play a role in the reduced risk of cardiovascular diseases (CVDs) 

(Finley et al., 2117), obesity (Marinangeli and Jones, 2102), diabetes 

(Sievenpiper et al., 2119), and breast cancer (Velie et al., 2115). In addition 

to incorporating cooked whole pulses into the diet, pulses made into 

flours are another nutritionally beneficially dietary option (USDA, 2105). 
This study aimed to prepare beef burger formulae with low-fat con-

tent, substituted of beef fat by chickpea flour with different percentages 

(4, 8, 20 and 25:). Also, it could be obtained meat products with highly 

nutritional value, rich source of carbohydrate, fibers, and mineral con-

tents, as well as it is the cheapest price and suitable for obesity and cardi-

ovascular patient. In addition, chemical, physical, microbiological and 

sensory evaluations were studied during frozen storage period at -00o
C 

for % months.   
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MATERIALS AND METHODS 
Materials 

Fresh Local beef meat from round cut was purchased from Cairo 

local market just after slaughtering, then transported covered with 

crushed ice to the laboratory of Specific Education, Benha University. 

Beef fat was also obtained from the same beef carcass. Grains of chick-

pea were cleaned from impurities, washed several time with clean tap 

water, soaked in water for about three days until swelling the grains and 

changed water to remove alkaloids. The grains of chickpea were 

blanched in amount of suitable water for 00 min., then dried in an electric 

oven at 50o
C. The grains were blended in an electrical grinder to give a 

flour with suitable granules. The flour was packed in polyethylene bags 

and kept in refrigerator at 4o
C ± 2o

C until used.  

Other materials such as starch, fresh minced onion and garlic, sodi-

um chloride white pepper and spices were obtained from Cairo local 

market. 

Preparation of burgers  

Beef meat and fat were cut into small slices, and minced with 

crushed ice by using an electric minter. The other materials, chickpea 

flour, minced onion and garlic, potato starch, white pepper, sodium chlo-

ride and spices mixture were added (Fernández-López, et al., 2116) 

and mixed together then homogenized well. The preparing burgers were 

carried out as the described by Aleson-Carbonell et al., (2115) as illus-

trated in table (2). Chickpea flour was replaced by beef fat with different 

ratio (4.0, 8.0, 20.0 and 25.0:). These ingredients were homogenized 

well and formulation was pressed into burgers (80.0 g weight, 8.0 cm 

diameter and 2.0 cm thickness) by using Molinex-burger machine. Sam-

ples were packed in polyethylene bags and stored at -00o
C for three 
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months. Before using, samples were thawed over night at 4o
C. Chemical 

analysis were done immediately just after defrosting and the rest of tests 

were made on samples after cooking burgers in sunflower oil for 0 min. 

for each side. 

Table (0): The percentage of raw food ingredient used in 

prepared beef burger formulae.  
Formulae  

 

 

Food ingredients  
(0)   (2)  (3)   (4)   (5)   

Minced beef meat  60.0 60.0 60.0 60.0 60.0 

Minced beef fat 28.0 24.0 20.0 6.0 %.0 

Chickpea flour  0.0 4.0 8.0 20.0 25.0 

Potato starch  20.0 20.0 20.0 20.0 20.0 

Sodium chloride 0.5 0.5 0.5 0.5 0.5 

White pepper   0.5 0.5 0.5 0.5 0.5 

Spices mixture  2.0 2.0 2.0 2.0 2.0 

Crushed ice  20.0 20.0 20.0 20.0 20.0 

Chemical analysis  

Moisture content, protein, crude fiber and ash content of samples 

were determined according to the method described by AOAC, (2115). 

Results expressed as g/200 g on dry weight basis. Carbohydrates and to-

tal energy were calculated according to FAO/WHO/UNU, (0985). Re-

sults of total energy were calculated as k.cal./200g on dry weight. Total 

lipids were determined as described by Bligh and Dyer, (0995). Miner-

als of prepared beef burgers (Ca, K, Na, Fe and Zn) were determined ac-

cording to the method described by American Association of Cereal 
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Chemists, (0983) and Kirleis et al., (0984) by using Atomic Absorp-

tion. Results expressed as mg/200 g on dry weight basis.  

Total phenols of beef burgers was determined as described by 

Velioglu et al., (0998). Results were expressed as mg gallic acid equiva-

lents /200g. Total flavonoids was carried out as the method of Ordon et 

al., (2116). Results expressed as quercein mg/g dry matter.  

Amino acids were determined according to the methods described 

by Winder and Egyum, (0966) and AOAC, (2102) by using High Per-

formance Amino Acids Analyzer Biochron %0 Pharmacia Biotech. Food 

Technology Institute, Giza, Egypt. Results expressed as g/200 g on dry 

matter  

Fatty acids of prepared beef burgers were determined according to 

the method described by AOAC, (2111) by using Gas chromatograph 

with FID detector in Agricultural Research Center, Food Technology In-

stitute, Giza, Egypt. 

Peroxide values of burgers were determined according to the meth-

od described by AOAC, (2115). Results expressed as mill.equivalent/kg 

lipids. Meanwhile, thiobarbituric acid values (TBA) were carried out as 

the method described by AOCS, (0998). Results as expressed as mg ma-

lonaldehyde/kg sample. Total bacterial count; psychrophilic bacteria, 

spore forming bacteria; fungi and yeasts were determined according to 

ICMSF, (0978). Sensory evaluation of prepared beef burgers were car-

ried out as described by Watts et al., (0989). Statistical analysis of the 

obtained data for three replicates was carried out by SPSS, (0998). Val-

ues of p<0.05 were considered as significantly difference.  
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RESULTS AND DISCUSSION  
Chemical composition  

Chemical composition of both fresh local beef meat and chickpeas 

flour was shown in table (0). The obtained results showed that beef meat 

was consisted of 7%.50: moisture content, 27.92: crude protein, 7.05: 

fat, 0.59: crude fiber, 0.52: ash content and 0.40: carbohydrate (g/200 

g on fresh weight basis). 

On the other hand, chickpea flour was composed of 04.%0: plant 

protein, 4.76: fat, 0.47: crude fiber, 0.60 ash content and 65.8%: car-

bohydrate (g/200 g on dry weight basis. These results are confirmed by 

Atul et al., (2100) and Al-Shemary, Fatma, (2109). Generally, chick-

pea is considered as a good source of protein, carbohydrate, crude fiber 

and ash content. Total energy of local fresh meat was 2%6.8 k.cal/200g 

on fresh weight basis. Meanwhile, total energy of chickpea flour was 

40%.4 k.cal/200g on dry weight basis.  

 
 
Table (2): Chemical composition of both beef meat and chickpea flour. 

Ingredients  

Constituents  

Local fresh beef 

meat 

(g/011 fresh weight) 

Chickpea flour  

(g/011 dry weight) 

Moisture % 7%.50 7.90 

Crude protein % 27.92 04.%0 

Fat% 7.05 4.76 

Crude fiber % 0.59 0.47 

Ash% 0.52 0.60 

Carbohydrates% 0.40 65.8% 
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Total energy (k.cal/200g) dry weight 2%6.8 40%.4 

Table (0) illustrates chemical composition of prepared beef burgers 

replaced of beef fat by chickpea flour during frozen storage period  mois-

ture percentage of prepared beef burger formulae replaced of beef fat by 

chickpea flour with different ratio (4.0 , 8.0 , 20.0 and 25.0:) during 

frozen storage at -00o
C for % months. The results showed that the mois-

ture content was ranged from 47.2: to 56.%:, the highest percentage of 

moisture was found in control samples and the lowest was in formula (5) 

which contained 25.0: chickpea flour. The higher addition of chickpea 

flour, the lower percentage of moisture content was observed. During 

frozen storage period, the moisture content was gradually decreased as 

the prolonged storage time proceeded until reached between 4%.7: and 

50.2:. Also, moisture content was decreased as the level of chickpea 

flour increased. The same conclusion was found by Mehram, Eman, 

(2107) and Morcy, Hayam, (2107). The decrease of moisture content 

during frozen storage may be due to the escape of a moisture in the drip 

loss during thawing (Emam, 0987). 

The obtained results indicated that crude protein was ranged from 

46.0 to 50.6: g/200 g on dry weight basis, control sample was recorded 

the lowest percentage of protein, meanwhile, formula (5) was the highest 

percentage. The protein content was increased as the level of chickpea 

increased, this increase of crude protein could be due to that chickpea is 

rich source of plant protein as shown in the previously results in table (%). 

Chickpea is considered as a good source of plant protein (Atul et al., 

2100). 
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It is evident from the results that fat percentage of prepared beef 

burgers was ranged from 24.95 to 08.00:, the highest percentage of fat 

was found in control sample (without chickpea flour) and the lowest per-

centage was in formula (5) i.e fat content was decreased as the level of 

chickpea flour increased. This decrease of fat could be due to that chick-

pea flour contained low fat percentage as shown in the previously results 

in table (0).  

The results also indicated that carbohydrate of prepared beef burg-

ers was ranged from 27.69 to 04.04: g/200 g on dry weight basis. For-

mula (5) was the highest percentage of carbohydrate. Also, chickpea is a 

rich source of carbohydrate (Al-Shemary, Fatma, 2109). 

It is obvious from the results that crude fiber of prepared beef burg-

ers was ranged between %.0 and 4.72: (g/200g on dry weight basis). The 

highest value of crude fiber was found in formula (5) and control sample 

recorded the lowest value. This could be that chickpea is considered as a 

good source of crude and dietary fibers (Al-Shemary, Fatma, 2109). 

The results also showed that ash content of prepared burgers was 

ranged from %.20 to 5.7: g/200 g on dry weight basis. Ash content was 

increased as the level of chickpea flour increased. This increase could be 

due to that chickpea is a rich source of ash content as illustrated in the 

previously results n table (0). In addition, chickpea is a good source of 

minerals (Marioli Nobile et al., 2103). 

It was found that both protein and fat percentage of all prepared 

burgers were decreased during frozen storage until reached from 40.0 to 

47.%: in crude protein and from 22.7 to 06.%: in fat content. This de-

crease of protein may be due to the part of total nitrogen which escape in 
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the drip loss through thawing process. The same trend of results was no-

ticed by (Mehram, Eman 2107).   

Both fat and protein content were decreased in contrast, carbohy-

drate, fibers and ash content were increased during frozen storage period. 

These results are in agreement with those obtained by Morcy, Hayam, 

(2107), and Ayed, Najlh, (2108). Finally, it could be concluded that 

prepared burgers by replaced chickpea flour were considered as a good 

source of carbohydrate, protein, crude fibers and ash content. Meanwhile, 

it contained low-fat content and formula (5) showed that best results. 

Table (3): Chemical composition of prepared beef burgers replaced of beef 

fat by chickpea flour (CF) during frozen storage. 

Formulae  

Constituents   (0) Control 
(2) 4: 

(CF) 

(3) 8: 

(CF) 

(4) 02: 

(CF) 

(5) 

05:(CF) 

Moisture content  

Zero time  56.% 5%.4 52.7 48.5 47.2 

3 months  50.2 48.% 46.0 44.5 4%.7 

Crud Protein (%) 

Fat (%) 

Zero time  08.00 07.%7 05.56 28.46 24.95 

3 months  06.% 05.8 04.2 26.% 22.7 

Ash  (%) 

Zero time  %.20 4.90 5.%0 5.50 5.70 

3 months  %.0 5.6 6.2 6.4 7.0 

Crude fiber (%)  

Zero time  %.05 %.%0 %.55 %.9% 4.72 

3 months  %.0 4.8 6.5 6.2 6.4 

Carbohydrates (%) 

Zero time  29.8% 27.7% 27.69 0%.82 04.04 

3 months  00.0 00.0 00.7 05.5 08.6 
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Results expressed as g/011 g on dry weight  

  
Antioxidant content  

Table (4) shows antioxidant contents of prepared beef burgers sub-

stituted of beef fat by chickpea flour with different ratio (4, 8, 20 and 

25:). The results revealed that phenols of beef burgers was ranged be-

tween 208.92 to 259.44 mg/200 g gallic acid equivalent. The highest 

value of total phenolics was found in formula (0) contained 4: chickpea 

flour. On the other hand total flavonoids was ranged from 25.05 to 4%.8 

mg/200 g querctin equivalent, the highest value was found in formula (5) 

and the lowest one was in control samples (without addition of chickpea 

flour). It is evident from the results that the higher addition of chickpea 

flour, the higher value of total flavonoids was noticed. This results could 

be due to the chickpeas is a good source of antioxidant contents (Al-

Shemary, Fatma, 2109). 

Chickpeas is a rich source of tochopherols (Boschin and Arnolds, 

2100). In addition, El-Nahas, (2112) found that both green and dry 

chickpeas is a good source of antioxidant contents, especially chlorogen-

ic acid which is considered the most important of the cinamics group. 

Generally, beef burgers by the addition of chickpea flour is considered as 

a good source of antioxidant contents and formula (5) was the best results 

in both polyphenols and flavonoids.  

Table (4): Antioxidant content of prepared beef burgers, replaced of beef fat by 

chickpea flour.  

        Treatments  
 

Antioxidants  
(0) Control 

(2)  

4: (CF) 

(3)  

8: (CF) 

(4)  

02: (CF) 

(5)  

05: (CF) 

Total phenols  204.9% 259.44 229.80 208.92 2%8.62 
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Total flavonoids  25.05 %0.59 %9.98 %4.28 4%.80 

* Results expressed as mg/200 g (galic acid equivalent) on dry weight basis. 

* Results expressed as mg/200 g (Querectin equivalent) on dry weight basis 

Minerals  

 Table (5) illustrate mineral contents of prepared beef burger for-

mulae substituted of beef fat by chickpea flour with different levels (4.0, 

8.0, 20.0 and 25.0:). Macroelements of Ca of burger samples was 

ranged from 29.20 to 08.25 mg/200g on dry weight basis, while P was 

ranged between %9.0 and 47.0 mg/200g dry matter. It is obvious from 

the results that Mg was ranged from 60.28 to 7%.79 mg/200g dry weight, 

the highest value was in formula (5) which contained 25.0: and the low-

est value was found in control sample (without addition of chickpea 

flour). Also, K of burger samples was ranged between 29.46 and 226.% 

mg/200g on dry weight, the highest value was also found in formula (5) 

and the lowest one was in control samples. It is worthy to mention that 

both Mg and K were increased as the level addition of chickpea in-

creased. This results could be due to that chickpea is considered as a 

good source of studied minerals (Marioli Nobile et al., 2103).  

 On the other hand, microelements of Fe of prepared burger sam-

ples was ranged from 7.2 to 22.07, while Zn was ranged between 7.58 

and 22.90 mg/200g dry matter. Formula (5) was the highest value of Fe. 

This results could be due to that chickpea is a good source of microele-

ments (Mariol Nobile et al., 2103). It is worthy to mention that consum-

ing 200g from all prepared beef burgers could cover the daily require-

ments of Fe and Zn human consumption. Prepared beef burgers by using 
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chickpea flour is considered as a good source of Fe, K and Mg and for-

mulae (5) was the best formula of these minerals.  

Table (5): Mineral contents of prepared beef burgers, replaced of beef fat by 

chickpea flour (CF). 

Formulae  

 

Minerals  

(0) Con-

trol 

(9)  

4:(CF) 

(0)  

8:(CF) 

(4)  

09:(CF) 

(5)  

05:(CF) 

Macroelements (mg/033g dry weight) 

Ca  25.22 19.12 20.22 26.91 22.15 

P 39.0 41.0 42.0 47.0 39.0 

Mg 60.12 65.91 62.37 69.13 73.79 

K 19.46 23.06 116.2 106.3 116.3 

Microelements (ppm /033g dry weight)  

Fe 2.27 7.1 10.37 11.09 11.27 

Zn 11.92 7.52 2.14 9.32 2.01 

Results calculated as mg/011 g on dry weight basis.  

Amino acids  

Table (6) illustrates amino acid composition of prepared beef burg-

er formulae substituted of beef meat by chickpea flour during frozen 

storage period at -20
o
C for 3 months. The results showed that there are 

17 amino acids could be separated and identified by Amino Acid Ana-

lyzer. These amino acids are 10 essential and 7 non-essential amino ac-

ids. The major essential amino acids are leucine which ranged from 3.41 

to 4.07 mg/100 gram on dry weight basis, followed by lysine (3.22 – 

4.17) mg/100 g on dry weight basis. On the other hand, total essential 

amino acids was ranged between 19.95 and 22.22 mg/100 g on dry 

weight gain, the highest percentage was found in control sample and the 

lowest one was in formulae (4). This results could be due to that beef 

meat is a rich source in essential amino acids. It is evident from the 

abovementioned results that total non-essential amino acids was ranged 

from 23.19 to 26.41 mg/100g on dry weight basis. The predominant 
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non-essential amino acids of prepared beef burgers was glutamic acid 

(7.19-2.59), followed by aspartic acid (4.15-4.79) mg/100 g on dry 

weight basis.  

In addition, total amino acids of prepared beef burgers ranged be-

tween 43.14 and 49.23 mg/100g on dry weight. The highest value was 

found in control samples and the lowest one was in formula (4) which 

contained 12٪ chickpea powder. This results may be due to that beef 

meat is considered as a good source of animal protein and essential ami-

no acids (Emam, 0993, and Ferreria and Silva, 9308). It is worthy to 

mention that, total essential amino acids and total amino acids were 

slightly decreased as the percentage addition of chickpea flour increased. 

All prepared beef burger formulae are considered as a good source of es-

sential amino acids especially, leucine and lysine, as well as control sam-

ple was recorded the best results of EAA. 
  



 0ٔٛفّجش ئٌٝ 03عبِؼخ ثٕٙب  فٝ اٌفزشح ِٓ  –إٌٛػ١خ اٌّإرّش اٌغٕٜٛ اٌذٌٚٝ األٚي ٌى١ٍخ اٌزشث١خ 
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Table (6): Amino acids of prepared burgers substituted of beef fat by chickpea 

flour. 

Formulae 

  

Amino acids  

(0) 

Control 

(2) 

4: (CF) 

(3) 

8: 

(CF) 

(4) 

02: 

(CF) 

(5) 

05: (CF) 

Essential amino acids (EAA) 

Therionine (THR) 0.%4 0.06 0.00 2.48 2.86 

Valine (VAL) 0.55 0.06 0.%0 0.20 0.%0 

Isoleucine (ILE) 0.06 0.20 0.26 2.95 0.02 

Leucine (LEU) 4.07 %.62 %.85 %.42 %.50 

Tyrosine (TYR) 2.47 2.69 2.76 0.89 2.54 

Phenyl alanine (PHE) 2.88 0.00 0.04 2.85 2.87 

Histidine (HIS)  2.84 2.7% 2.78 2.65 2.66 

Lysine (LYS) 4.27 %.5% %.72 %.08 %.%% 

Cystine (CYS) 0.78 0.56 0.55 0.29 2.02 

Methionine (MET) 2.46 2.06 2.42 2.2% 2.09 

Total EAA 00.80 00.0 02.78 29.95 00.02 

Non-essential amino acids (NEAA) 

Aspartic (ASP) 4.79 4.%0 4.62 4.%9 4.25 

Serine (SER) 2.99 2.75 0.00 2.06 2.59 

Glutamic acid (GLU) 8.59 7.70 8.00 7.29 7.85 

Glycine (GLY) 0.80 0.46 %.07 0.52 0.55 

Alanine (ALA) %.02 %.44 %.8% %.%6 %.%0 

Arginine (ARG) %.02 %.22 %.40 %.24 0.95 
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Proline (PRO) 2.8 0.20 0.25 2.54 0.0% 

Total NEAA 06.42 04.0 07.5 0%.29 04.44 

Total AA 49.0% 44.0 49.08 4%.24 44.65 

Results expressed as g/033 g on dry weight  

 

 

Fatty acids  

Data in table (7) illustrates the fatty acid composition of lipids ex-

tracted from prepared beef burger formulae substituted of beef fat by 

chickpea flour with different ratio (4, 2, 12 and 15٪) during frozen stor-

age at -20
o
C for 3 months. The obtained results showed that there are 

nineteen fatty acids could be separated and identified by Gas liquid 

Chromatography (GLC). These fatty acids are, five saturated fatty acids 

(SFA), twelve unsaturated fatty acids (USFA) and two odd carbon num-

ber fatty acids.  

It is obvious from the results that three fatty acids are (C16:0,  C12:0 

and C12:1) only are predominant and constituents 22.22٪ of the total fatty 

acids, while others are in minor quantities i.e  the remaining sixteen fatty 

acids constituents only 17.12٪ of the total fatty acids. The three major 

fatty acids are palmatic C16:0, (22.26٪), stearic, C12:0 (19.35٪) and oleic, 

C12:1 (34.67٪). There are two odd carbon number fatty acids, pentaenoic, 

C15:0  (1.36٪) and heptadecanoic, C17:0 (2.55٪) of the total fatty acids. 

Total saturated fatty acids was ranged from 32.2 to 54.53٪ of the total 

fatty acids, while unsaturated fatty acids was ranged between 41.1 and 

52.52٪ of the total fatty acids.  

It is worthy to mentioned that total saturated fatty acids of beef 

burger was decreased as the level addition of chickpea flour increased. In 

contrast, unsaturated fatty acids increased with the increasing of chickpea 

flour. However, linoleic acid C12:2  was ranged between 2.22 and 11.55٪ 

of the total fatty acids. The highest percentage was found in formula (5) 

and the lowest was found in control samples.  
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 َ رؾذ ػٕٛاْ اإلثذػبد اٌزشث٠ٛخ إٌٛػ١خ ِٓ ٚعٙــــخ ٔظـــش ِقش٠ـــخ ئفش٠م١ــــــخ9309د٠غّجش 
 

 اٌغضء اٌضبٔٝ 9393اٌّغٍخ اٌؼ١ٍّخ ٌٍذساعبد ٚاٌجؾٛس اٌزشث٠ٛخ ٚإٌٛػ١خ اٌؼذد اٌؾبدٜ ػؾش فجشا٠ش 
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KS ratio of lipid extracted from prepared beef burgers was in-

creased as the level chickpea flour increased. This increase could be due 

to that chickpea contained unsaturated fatty acids (Gul et al., 9338 and 

Marioli Nobil, 9300). Prepared beef burgers replaced of beef fat by 

chickpea flour is considered as a good source of fatty acids, especially 

palmatic, stearic and oleic acid.  
 

 

 

 

Table (7): Fatty acid composition of prepared beef burgers substituted of beef fat 

by chickpea flour.  

Formulae 

Fatty acids  (0) Con-

trol 

(2)  

4: (CF) 

(3)  

8: 

(CF) 

(4)  

02: 

(CF) 

(5)  

05: (CF) 

Essential amino acids (EAA) 

Caprylic   (C02:1) 0.0 0.0 0.0 0.26 0.29 

Myristic (C04:1) %.96 4.20 %.88 %.%8 0.74 

Palmatic  (C06:1) 08.86 09.%4 07.60 05.89 04.%8 

Stearic (C08:1) 29.%5 00.87 28.%5 26.64 20.7% 

Arachidonic (C21:1) 0.02 0.00 0.02 0.0% 0.27 

Total SFA 50.%8 54.5% 50.06 46.%0 %8.02 

Tetradecenoic (C04:0) 0.50 0.55 0.60 0.59 0.85 

Palmitioleic  (C06:0) 0.55 0.52 0.8% 0.89 %.42 

Decatrienoic (C06:3) 0.5% 0.50 0.55 0.54 0.57 

Oleic (C08:0) %4.67 %%.%0 %6.%4 %7.50 %9.%0 

Vaccinic (C08:0) 0.4% 0.42 0.46 0.42 0.%4 

Linoleic (C08:2) 0.80 0.59 4.25 5.00 22.55 

Gamma linlenic (C08:3) 0.26 0.26 0.27 0.26 0.22 

Linolenic (C08:3) 0.%0 0.06 0.%6 0.%4 0.87 
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Octadecatetraenoic(C08:4) 0.00 0.0% 0.06 0.%2 0.%5 

Eiosaenoic (C21:4) 0.40 0.%2 0.%0 0.59 0.54 

Gadoleic (C21:0ω9) 0.28 0.25 0.00 0.%7 0.08 

Arachidonic (C21:4 ω6) 0.2% 0.2% 0.00 0.28 0.%5 

Odd carbon number  

Pentaenoic  (C05:1) 2.%6 2.%6 2.28 2.27 0.69 

Heptadecanoic (C07:1) 0.55 0.5% 0.%0 0.00 2.54 

Non identified FA 0.0% 0.0% 0.2% 0.92 2.09 

Total un SFA 40.9% 42.2 46.46 49.08 58.50 

KS 0.800 0.754 0.908 2.06 2.5% 

Lipid oxidation  

Table (2) illustrates the peroxide values of prepared beef burgers 

substituted of beef fat by chickpea flour with different ratio during frozen 

storage at -20
o
C for three months. Peroxide value (PV) is a parameter of 

lipid oxidation and could be used for the evaluation of oils and fat quali-

ty.  

The obtained results showed that peroxide values of prepared beef 

burgers was ranged from 1.2 to 1.57 mill.equiv./Kg lipids. The highest 

value was found in control sample and the lowest value was in formula 

(5). It is worthy to mention that peroxide value was reduced parallel with 

increasing the replacement rate of chickpea flour. This decreasing of per-

oxide value is mainly due to the low fat content of prepared beef burgers 

as shown in the previously results in table (2). In addition, chickpeas has 

an antioxidant contents such as polyphenols and flavonoids as illustrated 

in the previously results in table (3). Antioxidant could protect against 

free radical such as reactive oxygen species (Atoui et al., 9335). This 

decrease of peroxide value may be due to that chickpea contained poly-

phenols which has antioxidant activity (El-Nahas, 9339). 

It is evident from the abovementioned results that peroxide values 

of all prepared burger samples were sharply increased until reached be-
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tween 10.1 and 10.9 mill.equiv./Kg lipids. at the end of storage period. 

The same conclusion was found by (Mehram, Eman, 9307 and Ayed, 

Najlh, 9308). Peroxide value was proportionally increases with the same 

trend, before storing. The highest peroxide value was found in control 

sample (without addition of chickpea), meanwhile the lowest value of PV 

was in formula (3).  

The increasing of PV during storage period may be due to the ef-

fect of free radical react with oxygen and produced hydroperoxides 

which are referred to as peroxides (El-Safie, 9333). In addition, frozen 

storage of meat was affected on the proportions of unsaturated fatty acids 

and phospholipids. However, the changes of lipids depend on storage 

time and the type of meat (El-Magoli et al, 0989). Also, El-Nahas, 

(9339) found that chickpeas is a good source of phenolic acids, especial-

ly, chlorogenic acid. It is obvious from the results that TBA values of 

prepared beef burgers were ranged from 0.194 to 0.239 malonalde-

hyde/Kg sample. Control sample (without addition of chickpea) was rec-

orded that highest value of TBA, while formulae (5) was the lowest val-

ue, the higher addition of chickpea flour, the lower value of TBA was 

noticed. This results may be due to that chickpea is considered as a good 

source of antioxidant contents as shown in the previously results in table 

(3). 

The abovementioned results also showed that during frozen storage 

period, TBA values of beef burgers were gradually increased as the pro-

longed time proceeded until reached between 0.503 and 0.542. Control 

sample was recorded the highest value of TBA, meanwhile the lowest 

value was found in formula (5) i.e. the higher addition of chickpea, the 

lower value of TBA was observed. This trend of results was obtained by 

many authors (Morcy, Hayam, 9307 and Al-Ajmi, Najlaa, 9308), they 

found that TBA values were increased during frozen storage of meat 

products. Oxidation of lipids caused an increase in TBA value during 

storage period. This increase could be due to instability of the malo-

naldehyde produced from lipid oxidation, beside microorganisms play an 
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important role in decomposition of malonaldehyde (Munoz et al., 0998 

and Rhee et al, 0998). 

It is interesting to note that TBA values of all burger samples did 

not reach to the permissible limits according to the Egyptian Standard 

Specifications, (0990) which recommended that frozen meat products 

should not exceed than 0.9 mg malonaldehyde/Kg sample. TBA values 

of prepared beef burgers were decreased as the addition level of chickpea 

flour increased. Moreover, chickpea has an antioxidative effect. 
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Table (8): Peroxide and thiobobarbituric acid values of prepared beef burgers re-

placed of beef fat by chickpea flour during frozen storage replaced of 

beef fat by chickpea flour (CF).  

Formulae  
 

Storage  
(0) Con-

trol 

(2) 4: 

(CF) 

(3) 8: 

(CF) 

(4) 02: 

(CF) 
(5) 05: (CF) 

* Peroxide values  

Zero time  2.57 2.40 2.%0 2.00 2.00 

0- month  5.7 5.5 5.4 5.0 5.2 

2- months 7.8 7.7 7.5 7.% 7.0 

3- months 20.9 20.7 20.6 20.% 20.2 

** Thiobarbituric acid values  

Zero time  0.0%9 0.007 0.020 0.002 0.294 

0- month  0.%80 0.%70 0.%54 0.%%7 0.%%2 

2- months 0.442 0.4%% 0.405 0.422 0.400 

3- months 0.540 0.5%% 0.505 0.524 0.50% 

   * Results expressed as mg malonaldehyde/kg sample.   ** mg malonaldehyde/kg sample 
Microbiological changes  

 Total bacterial count, psychrophilic bacteria, spore forming bacte-

ria and fungi; yeasts of prepared beef burgers replaced of beef fat by 

chickpea flour with different percentage during frozen storage at -20
o
C 

for 3 months. The obtained results showed that total bacterial count was 

ranged from 2.0 x10
5
 to 2.97 x10

5
 cfu/g, control sample was recorded 

the highest number of bacteria and the lowest number was in formula (5). 

It is evident from the results that total bacterial counts of all prepared 

beef burgers were decreased as the prolonged time proceeded until 

reached between 5.5 x10
4
 and 7.2 x10

4
 cfu/g at the end of storage. The 

higher level of chickpea, the lower number of total bacteria was ob-

served. The same trend of results are in agreement with those noticed by 

(Emam, 9330, Mehram, Eman, 9307 and Al-Ajmi, Najlaa, 9308). 

Freezing process reduced the growth of spoilage and pathogenic bacteria 

which present on meat surfaces (Sebranek et al, 9335 and Gammarielo 

et al., 9304). However, the growth of microorganisms leading to meat 



 0ٔٛفّجش ئٌٝ 03عبِؼخ ثٕٙب  فٝ اٌفزشح ِٓ  –إٌٛػ١خ اٌّإرّش اٌغٕٜٛ اٌذٌٚٝ األٚي ٌى١ٍخ اٌزشث١خ 
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spoilage and reduced shelf-life (Sharon, 9306). The obtained results in-

dicated that total psychrophilic bacteria of prepared beef burgers was 

ranged from 3.7 x10
4
 to 4.3 x10

4
 cfu/g. The higher number was found in 

control sample and the lower was in formula (5). However, the high level 

of chickpea flour caused a decrease of total psychrophilic bacteria in both 

at zero time and during frozen storage period. This decrease of total psy-

chrophilic bacteria as the addition of chickpea flour may be due to the 

reduction of moisture content of prepared burgers as shown in the previ-

ously results in table(4). During frozen storage period, total psychrophilic 

bacterial counts of all samples was slightly increased upon storage period 

until reached between 5.3 x10
4
 and 6.5 x10

4
 cfu/g. The higher addition 

of chickpea flour, the lower number of psychrophilic bacteria was ob-

served. The same conclusion was found by Emam, 9330; Mehram, 

Eman, 9307 and Al-Ajmi , Najlaa, (9308). 

The obtained results illustrated that spore forming bacteria of pre-

pared beef burgers was ranged from %.0 x 10
1
 to 4.2 x 10

1
 cfu/g. The 

highest number was found in control sample  and the lowest one was in 

formulae (5). This decrease of total spore forming bacteria due to the ad-

dition of chickpea flour may be due to the reduction of moisture content 

during processing as shown in the previously results in table (%). Most of 

enterobacteria which present in meat come from fecal contamination (Du 

et al., 2110). The obtained results also revealed that spore forming bac-

teria of all prepared beef burgers were deceased during frozen storage 

period until reached between 0.4 x 10
1
 and %.2 x 10

1
 cfu/g. control sam-

ple was recorded the highest number of spore forming bacteria, mean-

while formula (5) was the lowest number. The same trend of results are 

in agreement with those obtained by Emam, (2113), Morcy, Hayam, 

(2107) and Mehram, Eman, (2107). 
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The results revealed that total fungi and yeasts was ranged from 

0.06 x 10
2
 to %.42 x 10

2
 cfu/g. Control sample was recorded the highest 

number of total fungi and yeasts, while formula (5) was the lowest num-

ber. The decrease of total fungi and yeasts as a result of addition chick-

pea flour could be attributed that the reduced of moisture content as 

shown in the previously results in table (%).  

During frozen storage, total fungi and yeasts was slightly decreased 

as the prolonged time proceeded until reached between 7.% x 10
1
 and 

2.20 x 10
2
 cfu/g. The higher levels of chickpeas, the lower number of 

total fungi and yeasts was observed. The decrease of total fungi and 

yeasts during frozen storage was confirmed by Emam, (2113); and 

Ayed, Najlh, (2108). 

Fungi and yeasts are resistant to freezing, frozen storage and also 

more tolerant to reduced water activity (Jay, 0996). 

Table (9): Microbiological changes of prepared beef burgers replaced of beef fat 

by chickpea flour (CF) during frozen storage (cfu/g) 

Formulae  

Storage  
(0) Control (9) 4: (F) 

(0) 8: 

(CF) 

(4) 09: 

(CF) 

(5) 05: 

(CF) 

Total bacterial count  

Zero time  2.97 x10
5
 2.72 x10

5
 2.51 x10

5
 2.30 x10

5
 2.0 x10

5
 

0- month  1.65 x10
5
 1.42 x10

5
 1.3 x10

5
 1.12 x10

5
 1.0 x10

5
 

9- months 9.1 x10
4
 7.3 x10

4
 6.5 x10

4
 6.0 x10

4
 5.2 x10

4
 

0- months 7.2 x10
4
 7.0 x10

4
 6.3 x10

4
 6.1 x10

4
 5.5 x10

4
 

Psychrophilic bacteria  

Zero time  4.3 x10
4
 4.1 x10

4
 4.0 x10

4
 4.0 x10

4
 3.7 x10

4
 

0- month  5.2 x10
4
 5.0 x10

4
 4.5 x10

4
 4.1 x10

4
 4.0 x10

4
 

9- months 5.6 x10
4
 5.3 x10

4
 4.9 x10

4
 4.6 x10

4
 4.5 x10

4
 

0- months 6.5 x10
4
 6.1 x10

4
 5.7 x10

4
 5.2 x10

4
 5.3 x10

4
 

Fungi and Yeasts  

Zero time  4.1 x10
1
 3.5 x10

1
 3.2 x10

1
 3.0 x10

1
 3.0 x10

1
 

0- month  4.0 x10
1
 3.6 x10

1
 3.1 x10

1
 3.1 x10

1
 2.2 x10

1
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9- months 3.3 x10
1
  3.2 x10

1
 3.0 x10

1
 2.7 x10

1
 2.5 x10

1
 

0- months 3.1 x10
1
 3.0 x10

1
 2.7 x10

1
 2.4 x10

1
 2.4 x10

1
 

Spore forming bacteria  

Zero time  3.41 x10
2
 3.12 x10

2
 2.93 x10

2
 2.65 x10

2
 2.26 x10

2
 

0- month  3.21 x10
2
 2.27 x10

2
 2.45 x10

2
 2.11 x10

2
 2.01 x10

2
 

9- months 2.56 x10
2
 2.01 x10

2
 9.7 x10

1
 2.50 x10

1
 2.01 x10

1
 

0- months 1.12 x10
2
 1.0 x10

2
 7.9 x10

1
 7.6 x10

1
 7.3 x10

1
 

Sensory evaluation  

Generally, all prepared burger formulae were recorded highly ac-

ceptable score for color, texture, taste, odor and overall acceptability by 

the panelists in either at zero time or at the end of storage peri-

od.Statistical analysis of the obtained data showed that there were no sig-

nificant (P<0.05) difference among all prepared beef burgers in the score 

of color, odor and overall acceptability in either after processing or dur-

ing subsequent frozen storage period. Meanwhile, there were significant 

difference in both texture and taste. 

Table (01): Organoleptic evaluation score of burgers substituted of beef fat by 

chickpea flour (CF) during frozen storage.   

Formulae  

Storage  (0) Control 
(2)  

4: (CF) 

(3)  

8:  (CF) 

(4)  

02:(CF) 

(5)  

05: (CF) 

Color score  

Zero time  8.8 8.7 8.6 8.4 *8.0 

0- month  8.6 8.5 8.6 8.% *8.0 

2- months 8.4 8.% 8.0 8.0 *7.5 

3- months 8.0 8.0 8.2 *7.7 *7.% 

Odor score  

Zero time  9.0 9.2 9.0 9.0 9.0 

0- month  8.9 8.8 8.9 8.8 8.7 

2- months 8.7 8.5 8.5 8.6 8.6 

3- months 8.2 8.2 8.0 8.2 8.% 

Texture score  
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Zero time  9.0 8.7 8.4 *8.2 *7.7 

0- month  8.5 8.2 8.1 *7.9 *7.4 

2- months 8.3 8.1 7.9 *7.4 *7.2 

3- months *7.3 *7.0 *7.0 *7.1 *6.8 

Overall acceptability score  

Zero time  8.2 8.4 8.5 8.8 *9.0 

0- month 8.4 8.4 8.5 8.7 8.8 

2- months 7.8 8.% 8.4 8.5 *8.7 

3- months 7.6 *7.5 *7.5 *7.4 *7.5 
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