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ABSTRACT 
 

This study was designed to evaluate the efficiency of some organic solvents (methanol, ethanol and 
acetone) for extraction of polyphenolic  and flavonoid compounds from the grape pomace (GP), orange peel (OP) 
and peanut skin (PS) wastes. In addition, their effect on the antioxidant/radical scavenging capacity and reducing 
power ability of the produced extracts was investigated. Also, investigating the effect of adding GP, OP and PS 
extracts at 400 and 800 ppm on the fat stability and quality attributes of beef  burger during frozen storage periods 
and compare them with those containing synthetic antioxidant (BHT) was another target. The results revealed that 
all extracts exhibited variable antioxidant activity. Specially, the methanolic extract of GP that showed highest (p 
< 0.05) values for total phenols content (TPC), total flavonoids content (TFC) and antioxidant activities (% DPPH 
scavenging activity and reducing power ability). The incorporation of tested plant extracts into beef burger 
formulations caused improving or retention of physiochemical quality criteria (such as pH value, WHC, cooking 
loss, TVBN and TBA contents) during frozen storage at -18 ± 2°C for 3 months, as well as improvement of the 
microbiological quality was observed when compared to control burger sample. Moreover, the present results 
revealed that beef burger samples containing 400 ppm extracts exhibited good sensory properties (especially those 
containing GP extract) even after frozen storage for 3 months. While, the burger sample containing 800 ppm OP 
extract was significantly varied (P<0.05) and less acceptability as compared with the other samples. Therefore, it 
could be concluded that the addition of GP, OP and PS extracts into beef burger formulations as natural 
antioxidants improved the oxidative stability and nutritional value, as well as microbiological quality of produced 
beef burger.  
 
Key words:  Beef burger, plant wastes, oxidative stability, quality attributes. 

 
Introduction 
 

Burger is one of the most meat products consumption and acceptance by consumers. Quality attributes of 
this product deteriorate during storage due to lipid oxidation and microbial growth. Lipid oxidation is a main 
deteriorative reaction that occurs during processing, distribution, storage and final preparation of foods. These 
oxidative reactions result in destruction of fat soluble vitamins and essential fatty acids, as well as undesirable 
changes in color, flavor, aroma and consistency of the food, making them unfit for consumption (Gray et al., 1996 
and Moon et al., 2008). 

Lipid oxidation in foods generates end-products which may be harmful to human health. Compounds such 
as malondialdehyde and cholesterol oxidation products are reported to have cytotoxic and genotoxic potential and 
have been linked to the promotion of atherosclerosis, cardiovascular disease and cancers (Kanner, 2007; Moon et 
al., 2008; Soyer et al., 2010 and Akesowan, 2015). 

Martinez et al. (2006) and Estevez et al. (2007) reported that the flavor and color are two critical quality 
criteria of meat products that affect consumer acceptance and shelf life of the products. The changes of color (as 
the pigments oxidize), flavor and aroma occur as a result of the accumulation of secondary volatiles. Biologically 
active compounds can be destroyed and, in some cases toxic and carcinogenic substances accumulate (represented 
by hydroperoxides, radicals, epoxides, aldehydes, acids, etc.). 

The recent studies reveal that synthetic antioxidants such as butylated hydroxy anisole (BHA), butylated 
hydroxy toluene (BHT) and propyl gallate (PG) may be implicated in many health risks including cancers and 
carcinogenesis (Prior, 2004; Shyamala et al., 2005 and Yong, 2007). Due to these safety concerns, there is an 
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increasing trend among food scientists to replace these synthetic antioxidants with natural ones, which are 
supposed to be safer (Yanishlieva and Marinova, 2001; Shyamala et al., 2005 and Servili et al., 2009). 

Worldwide, several million tons of agro-food solid wastes are produced annually (Isci and Demirer, 2007). 
Although the wastes are mainly composed of biodegradable constituents, their disposal causes serious 
environmental problems such as water pollution, unpleasant odors, explosions, combustion, asphyxiation, 
vegetation damage and greenhouse gas emissions (Zamorano et al., 2007). Many investigations on the re-use of 
wastes have been aimed at converting the waste materials into food ingredients, bio-fuels and other value added 
applications (Makris et al., 2007 and Tsai et al., 2007). 

Many researchers have indicated that the some natural phenolic compounds can be extracted from agro-
industrial by-products such as phenolic acids (proanthocyanidins, caffeic acid, chlorogenic acid, ferulic acid and 
coumaric acid), flavonoids (catechins and procyanidins), tannins, stilbene (resveratrol) and lignans. Thus, these 
plant wastes may be utilized as a source of natural antioxidants that may have commercial application in a variety 
of food products and increasing the shelf life of foods by preventing lipid oxidation (Casazza et al., 2010; Taha et 
al., 2012 and Yadav et al., 2014). 

Grape pomace is an industrial waste from the wine processing. It is represents a problem for the industry 
concerned. Nevertheless, this sub product contains a considerable amount of bioactive polyphenolic compounds 
which provide to grape pomace a promising potential as a functional food or nutraceuticals (Kammerer et al., 
2004 and Casazza et al., 2010). In this context, Deng et al. (2011) reported that the grape pomace contain multiple 
types of polyphenols, including 39 types of anthocyanins, hydroxycinnamic acids, catechins and flavonols. These 
polyphenols have been claimed to have antioxidant activity. 

Orange peels are rich in nutrients and contain many phytochemicals, which can be efficiently used as food 
supplements (Tripoli et al., 2007) or as drugs against various ailments (such as colic, upset stomach and cancers) 
or diuretic, carminative, tonic to digestive system, immune system and skin. It is also used to treat and prevent 
vitamin deficiencies, colds, flu, and scurvy and helping to fight viral and bacterial infections (Lawal et al., 2013). 

Peanut skins were thought to be toxic to humans in the early 1940’s; however, the studies showed that 
peanut skins were in fact non-toxic. The studies also revealed that peanut skin extracts had the ability to protect 
and strengthen blood vessels (Louis et al., 1999 and Lewis et al., 2013). Where peanut skin contains considerable 
amounts of phenolics and health promoting compounds; and thus can be explored for functional food applications 
(Yu et al., 2005, 2010). Also, recent studies suggested that peanuts consumption might reduce the risk of heart 
diseases by lowering serum low-density lipoprotein (LDL)-cholesterol level and reduce the risk development of 
type II diabetes (Fraser et al., 1992 and Griel et al., 2004). 

Therefore, the current research aimed to evaluate the effect of some different organic solvents on the 
extraction of polyphenolic and flavonoid compounds from some plant wastes. Also, study the effect of adding 
these plant extracts as natural antioxidants on the chemical, physiochemical, microbiological and sensory 
characteristics of beef burger during frozen storage periods and compare them with those containing BHT. 

 

Material and Methods 
 
Materials: 

 Three different types of plant wastes were used in this study. Grape pomace (Vitis vinifera) and orange 
peels (Citrus sinensis L.) were obtained from El-Sakr for Food Industries and Ganaklis Factory for Beverages, 
respectively at Alexandria Governorate, meanwhile peanut skins (Arachishypogaea L.) were obtained from 
Chipsy for Food Industries, at Cairo Governorate, Egypt.  
 
Beef meat: 

Imported frozen beef meat and fat tissues (sheep tail) were purchased from the private sector shop in the 
local market, Nasr City, Cairo, Egypt. The meat and fat were immediately used after obtaining. 
 
Other ingredients: 

Texturized soy was obtained from Food Technology Research Institute, Agricultural Research Center, 
Giza, Egypt. Spices, fresh onion, bread crust, eggs and salt were obtained from the local market, Nasr City, Cairo, 
Egypt. While the chemicals and organic solvents used was produced by Sigma Chemical Co., Egypt. 
 
Methods: 
Experimental treatments: 
A- Preparation of plant waste extracts: 

The tested plant waste extracts was prepared according to Zia-ur-Rehman et al. (2006). Grape pomace, 
orange peels and peanut skins were washed and dried in a hot air oven at 50ºC for 8 hours. The dried waste samples 
were ground into a fine powder in a mill (crushed in a laboratory-size mill). The materials that passed through an 
80-mesh sieve were retained for use.three portions of 10 gm of dried ground samples were extracted with 100 ml 
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of organic solvent (ethanol 70%, methanol 80% or acetone 80%) individually overnight in a shaker at room 
temperature. The plant extracts were filtered through filter paper (Whatman No.1) and the residues were re-
extracted under the same conditions. The combined filtrate was evaporated in a rotary evaporation (EVF-530-
010K-GallenKamp) below 40ºC. The plant extracts obtained after evaporation of organic solvents was used in 
present work as natural antioxidants. 

 
B- Preparation of beef burgers: 

The control beef burger formula consisted of 60% meat, 7.10% fat, 6% water, 12% rehydrated texturized 
soy (1g soy: 2ml water), 5. 05 % fresh egg, 5.0 % fresh onion, 1.4% ground bread crust,1.5% salt and 1.5% spices 
according to the method described by Heinz and Hautzinger (2007). The other burger formulations were prepared 
by adding BHT at 200 ppm or extracts of GP, OP and PS at 400 and 800 ppm. All formulations were aerobically 
packaged in a foam plates, wrapped with polyethylene film and stored at -18°C for 3 months. The samples were 
successively evaluted every month.  
 
C- Cooking of beef burgers: 

The beef burgers containing BHT or different plant were cooked in a preheated electrical grill for 5 minutes 
at 110°C before being coded and evaluated by sensory tests (Ou and Mittal, 2006) then determination of cooking 
measurements. 

 
Analytical Methods: 
A- Determination of antioxidant components for plant waste extracts: 
Determination of total phenolic content (TPC): 

The total phenolic content was determined according to the method reported by Julkunen-Titto (1985) in 
all the plant extracts. Aliquots of 50 μl of each diluted extract were mixed with 1950 μl water in a 10 ml test tube. 
One ml of Folin-Ciocalteu reagent was added and the test tube was vigorously shaken. Immediately, 5 ml of 20% 
sodium carbonate solution was added, the volume of the mixture was brought up to 10 ml and shaken thoroughly 
again. After 20 min, the absorbance of the mixture was read at 735 nm by spectrophotometer. The results were 
expressed as mg gallic acid equivalents per 100 g of the dry weight of the plant material. 

 
Determination of total flavonoids content (TFC): 

Flavonoids content was measured asing according to the AlCl3 method of Huang et al. (2006). Each extract 
(0.5 ml) was mixed with 1.0 ml of 2 % methanolic AlCl3.6H2O, and the absorbance was measured 10 min later at 
430 nm. The content of flavonoids was calculated on the basis of the calibration curve of quercetin and expressed 
as mg quercetin per 100 g dry matter. 

 
B- Determination of antioxidant activity for plant waste extracts: 
DPPH Radical-Scavenging activity: 

The effect of different types of plant wastes ethanol extracts (GP, OP and PS) on the DPPH radical was 
estimated according to the method of Hatano et al. (1988). Each extract (500 µl) was added to a methanolic 
solution (1 ml) of DPPH radical (final concentration of DPPH was 0.2 m M). The mixture was shaken vigorously 
and left to stand at room temperature for 30 min. The absorbance of the resulting solution was measured 
spectrophotometrically at 517 nm. In this test, the percentages of DPPH reduction by each extract were compared 
to that of BHT. Scavenging activity was expressed as the percentage inhibition calculated using the following 
formula: % Anti-radical activity = (Control Absorbance - Sample Absorbance ) × 100 / Control Absorbance. 
 
Reducing power ability: 

The reducing power activity of different types of plant wastes ethanol extracts was determined essentially 
following the method of Oyaizu (1986). An equal volume (0.3 ml) of each ethanol extract, 1.0% potassium 
ferricyanide and 0.20 M sodium phosphate buffer were mixed thoroughly. The mixture was incubated at 50°C for 
20 min and then 0.3 ml of 10% trichloroacetic acid was added. The mixture was centrifuged (6000 rpm) at 4°C 
for 10 min. The upper layer (0.6 ml) was mixed with 0.12 ml of 0.1% ferric chloride and deionized water (0.6 
ml). After 10 min of mixing, the absorbance of this mixture was measured at 700 nm in a visible spectrophotometer 
against blank and compared with BHT. A higher absorbance of this mixture indicates a higher reducing activity. 
 
C- Chemical Analysis: 

Proximate composition of burger samples was estimated according to A.O.A.C (2000). Total volatile bases 
nitrogen (TVBN) content and thiobarbituric acid (TBA) value were estimated according to the methods described 
by Mwansyemela (1973) and Tarladgis et al. (1960), respectively.  
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D- Physical Analysis: 
The pH value for different beef burger samples was determined by using a digital pH meter (Jenway, 3510 

pH meter, UK) according to Vareltzis et al. (1997). Water holding capacity (WHC) was determined by filter press 
method of Soloviev (1966). Cooking loss (%) was calculated according to method described in A.M.S.A. (1995). 
 
E- Microbiological Tests: 

Total bacterial count, psychrophilic bacteria, coliform bacteria, yeast and mold count in beef burger 
samples were determined according to FAO (1979), A.P.H.A. (1976) and Difco Manual (1984).  
 
F- Sensory Evaluation: 

The cooked burgers containing BHT and tested plant extracts (at different concentrations) were sensory 
evaluated at zero time and during frozen storage periods up to 3 months by twenty panelists (from the staff 
members of Food Science and Technology Department, Faculty of Agriculture, AL-Azhar University, Cairo) for 
desirability in color, appearance, taste, odor, tenderness, juiciness and overall acceptability according to method 
described by Twig et al. (1976). During the panel test, rinse the panelist's mouth by water to remove any traces of 
residual food.  

 
Statistical Analysis: 

Data were subjected to analysis of variance (ANOVA). The Least Significant Difference (LSD) procedure 
was used to test for difference between means (significance was defined at (p<0.05) as reported by Snedecor and 
Cochran (1994). 

 
Results and Discussion 
 
Effect of some organic solvents on the content of total phenolic (TPC) and total flavonoid (TFC) compounds 
for tested plant wastes. 

The amount of total phenolics and total flavonoids in different solvent extracts of grape pomace, orange 
peels and peanut skins are shown in Table (1). 

From the Table (1), the contents of total phenolics and total flavonoids were significantly varied (P < 0.05) 
in the all tested plant wastes (from 163.93 to 324.75 mg gallic acid / 100 g and from 198.46 to 296.44 mg quercetin 
/ 100 g, respectively) depending on solvent type. The results revealed that methanol 80% was better (P < 0.05) 
than the ethanol 70% and acetone 80% at extracting more phenolic compounds owing to it higher polarity and 
hydrophobicity (Wieland et al., 2006 and Ishmael et al., 2012). These results are in agreement with data recently 
reported by Mohdaly et al. (2010); Hegazy and Ibrahium (2012) and Lewis et al., (2013). 

In the present study, the methanolic extract of GP had higher (P < 0.05) phenolic content (324.75 mg/100g) 
and flavonoids (296.44 mg/100g) than the contents of other samples extracted by other tested solvents. These 
findings are in harmony with those obtained by El-Abbassi et al. (2012) that reported the total phenolic and 
flavonoid contents for different Mediterranean varieties of grape pomace were 215.84 - 455.42 and 196.54 - 
264.15 mg QE/100g, respectively. 
 

Table 1: Effect of some organic solvents on the total phenolic (equivalent mg gallic acid/100gm) and total flavonoid contents 
(equivalent mg quercetin/100gm) for tested plant wastes (on dry weight). 

Sample 
Total phenols content (mg/100g) Total flavonoids content (mg/100g) 

Methanol Ethanol Acetone Methanol Ethanol Acetone 
80% 70% 80% 80% 70% 80% 

GP 324.75a 289.86b 257.34c 296.44a 285.17b 263.45c 
OP 272.85a 261.23b 163.93c 276.36a 269.49b 198.46c 
PS 233.47a 203.14b 218.75c 263.46a 252.47b 259.12c 

a,band c means in the same row with different superscripts are different significantly (p< 0.05) 
 

Antioxidant activities and reducing power of tested plant extracts. 
1-DPPH scavenging activity. 

The scavenging activities of tested plant extracts against DPPH• are shown in Table (2).it could be observed 
that A significant differences (P < 0.05)  were observed among the all tested plant wastes ethanolic extracts. 
The highest (P < 0.05) values of the DPPH• scavenging activity were noticed in ethanolic extract of GP (96.86%) 
followed by OP (95.46%) and BHT (92.35%), which is consistent with the DPPH• scavenging activity of some 
polyphenols reported elsewhere (Kumar et al., 2006; and Hegazy and Ibrahium, 2012). While PS showed the 
lowest value (80.21%) of DPPH• scavenging activity.Both of GP and OP exhibited better antioxidant activity than 
BHT and PS because of their higher contents of total polyphenolic and flavonoids than PS. These findings are in 
close agreement with previous findings of Singh et al., (2002); Lafka et al. (2007); Jayaprakasha et al. (2008) and 
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Radovanovic et al., (2009), they found a strong correlation between the contents of TPC and DPPH• scavenging 
activity of methanolic extracts from many wastes. 
 
Table 2: DPPH  scavenging activity (%) and reducing power of tested plant wastes ethanolic extracts and BHT. 

Sample Antioxidant activity (%) Reducing power 
GP 96.86a 0.937b 
OP 95.46a 0.938b 
PS 80.21c 0.880c 

BHT 92.35b 1.047a 
a,band c means in the same column with different superscripts are different significantly (p< 0.05) 
 

2-Reducing power ability of tested plant wastes ethanolic extracts: 
The reducing power of the tested plant wastes thanolic extracts was compared with a known reducing agent 

BHT as shown in Table (2). The reducing power values of the tested ethanolic extracts were markedly lower (p < 
0.05) than reducing power value of BHT. However, among these extracts, the etanolic extract of OP had the 
highest reducing power value (0.938) followed by GP extract (0.937). Meanwhile, the lowest reducing power 
value (0.880) was recorded for PS extract. These findings are agreement with those of Radovanovic et al., (2009); 
Hegazy and Ibrahium (2012); Arora and Kaur (2013) and Hamadou et al. (2014). 
 
Frozen storage stability for quality criteria of beef burgers containing plant wastes ethanolic extracts. 
A- Effect of tested plant extracts on gross chemical composition of beef burgers: 

Gross chemical composition of beef burgers as affected by type and concentration of plant extract during 
frozen storage at -18 ± 2°C for 3 months is presented in Table (3). From the Table, it could be noticed that no 
significant differences were recorded in contents of the moisture, protein, fat and carbohydrate between all beef 
burger samples either at zero time or throughout of frozen storage periods. While, ash and crude fiber contents 
obviously increased (P< 0.05) in all tested samples (from 8.41 to 8.94% and 1.49 to 2.20%, respectively) with 
increasing of extracts level when compared to control sample (8.30 and 1.38%, respectively). 

 
Table 3: Effect of addition of different plant extracts on gross chemical composition of beef burger during frozen storage at-

18 ± 2°C for 3 months. 
        Treatments 

(ppm) 
Storage (M) 

BHT (200) 
GP OP PS 

400 800 400 800 400 800 

% Moisture content 
0 67.94a 67.53a 67.13a 67.59a 67.47a 67.84a 67.67a 
1 67.73a 67.38a 66.99a 67.55a 67.28a 67.59a 67.45a 
2 67.61a 67.23a 66.86a 67.44a 67.17a 67.37a 67.32a 
3 67.42a 67.17a 66.74a 67.30a 67.10a 67.26a 67.19a 

% Protein* 
0 54.49a 54.32a 54.47a 54.16a 54.19a 54.31a 54.49a 
1 54.38a 54.15a 54.32a 54.06a 54.22a 54.21a 54.36a 
2 54.13a 54.09a 54.27a 53.85a 53.94a 54.12a 54.24a 
3 54.04a 53.99a 54.13a 53.74a 53.79a 53.99a 54.17a 

% Fat* 
0 27.31a 27.26a 27.20a 27.29a 27.21a 27.27a 27.18a 
1 27.27a 27.19a 27.13a 27.23a 27.17a 27.18a 27.15a 
2 27.19a 27.11a 27.00a 27.14a 27.12a 27.05a 27.02a 
3 27.10a 27.07a 26.88a 27.10a 27.08a 27.08a 27.06a 

% Ash* 
0 8.30d 8.75a 8.94a 8.48c 8.69b 8.41c 8.65b 

1 8.38d 8.84a 9.00a 8.56c 8.74b 8.50c 8.69b 

2 8.45e 9.02a 9.11a 8.70c 8.84b 8.57d 8.75b 

3 8.59e 9.18a 9.28a 8.87c 9.00b 8.69d 8.91b 

% Crude fiber* 
0 1.38d 1.49c 1.75b 1.54c 1.86b 1.68c 2.20a 

1 1.56d 1.68c 1.86b 1.73c 1.98b 1.81b 2.27a 

2 1.81e 1.92d 2.07b 1.98c 2.16b 2.12b 2.38a 

3 1.93d 2.06c 2.21b 2.13c 2.30b 2.42a 2.71a 

% Carbohydrates* 
0 8.52a 8.18a 7.64a 8.53a 8.05a 8.33a 7.48a 

1 8.41a 8.14a 7.69a 8.42a 7.89a 8.30a 7.53a 

2 8.42a 7.86a 7.55a 8.33a 7.98a 8.14a 7.61a 

3 7.98a 7.70a 7.50a 8.16a 7.71a 7.82a 7.15a 

a;b and c means in the same row with different superscripts are different significantly (P< 0.05) 
* On dry weight basis 

Also from the same Table, it could be observed that the all contents of chemical composition for all beef 
burger samples were slight gradually decreased during frozen storage periods, except ash and fiber contents were 
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increased. The control sample showed the highest losses of those contents after 3th months of frozen storage 
compared with other samples. Whereas the decrement rate in these contents was decreased with increasing of 
extracts level (from 400 to 800 ppm) in burger samples. The decrease of these contents during storage may be due 
to the drip loss or slight loss of nitrogen as a result of protein breakdown by some microorganisms (Lin and Chao, 
2001 and Osheba, 2003) or decrease of protein solubility and subsequently the reduction of water holding capacity 
(El-Kholy, 1994 and Rehab, 2002). Also, in this context, Osheba (2003) mentioned that moisture loss was 
associated with progressive increase in other components. 

Generally, these results are in agreement with those obtained by O’Keefe and Wang (2006) and Al hakeem 
(2012), they reported that losses of moisture, fat and carbohydrate contents during frozen storage were lower for 
beef burger sample with mixture of grape and peanut extracts compared with untreated sample and thus increased 
the contents of protein, ash and fiber. 
 
B- Effect of tested plant extracts on physicochemical quality criteria of Beef brgers: 

The physicochemical quality criteria of beef burgers as affected by type and concentration of plant extract 
during frozen storage at -18 ± 2°C for 3 months are presented in Table (4). From the Table, it could be noticed 
that no significant differences were recorded in values of the pH, WHC, TVBN, TBA and cooking loss among 
beef burger samples either at zero time or throughout of frozen storage periods for some parameters. 
 

Table 4: Effect of addition of different plant extracts on physiochemical properties of beef burgers during frozen storage at-
18 ±2°C for 3 months. 

        Treatments 
(ppm) 

Storage (M) 
BHT (200) 

GP OP PS 

400 800 400 800 400 800 

PH value 
0 7.11a 6.98a 6.75a 6.97a 6.77a 7.06a 6.82a 
1 7.16a 7.01a 6.77a 6.99a 6.79a 7.11a 6.91a 
2 7.19a 7.10a 6.80a 7.11a 6.84a 7.15a 6.96a 
3 7.22a 7.17a 6.92a 7.20a 6.93a 7.20a 7.10a 

Water Holding Capacity (% bound water) 
0 83.29a 80.22a 80.34a 81.27a 81.42a 80.18a 80.31a 
1 82.41a 79.42a 79.66a 80.63a 80.86a 79.76a 79.97a 
2 81.19a 79.13a 79.38a 79.72a 79.98a 78.98a 79.26a 
3 80.78a 78.27a 78.59a 79.41a 79.60a 78.55a 78.82a 

Total Volatile Basis Nitrogen (mg/100g sample) 
0 6.65a 6.75a 6.22a 6.78a 6.29a 6.83a 6.42a 
1 7.56a 7.60a 7.28a 7.69a 7.36a 7.77a 7.45a 
2 8.61a 8.72a 8.19a 8.81a 8.34a 9.00a 8.50a 
3 10.31a 10.44a 9.89a 10.53a 10.03a 10.67a 10.21a 

Thiobarbituric acid (mg/kg sample) 
0 0.276a 0.279a 0.252a 0.285a 0.259a 0.288a 0.263a 

1 0.387a 0.394a 0.361a 0.398a 0.367a 0.403a 0.375a 

2 0.569a 0.570a 0.551a 0.580a 0.556a 0.588a 0.560a 

3 0.724a 0.72 a 0.711a 0.736a 0.718a 0.738a 0.722a 

% Cooking loss 
0 28.6a 28.6a 28.2a 28.8a 28.3a 29.1a 28.4a 

1 29.4a 30.1a 29.1a 30.4a 29.3a 30.5a 29.2a 

2 30.2a 30.8a 29.9a 31.0a 30.1a 30.2a 30.2a 

3 31.6a 31.9a 31.1a 32.1a 31.2a 32.3a 31.4a 

a;band c means in the same column with different superscripts are different significantly (P< 0.05) 
 

As shown in Table (4), the addition of GP, OP and PS extracts into burger formulations resulted in a slight 
decrease in pH values of burger samples when compared with pH value of control sample. This may be due to the 
acidic effect of extracts as reported by Ballard et al. (2010). On the other hand, pH value continuously increased 
in all beef burger during frozen storage at -18 ± 2°C for 3 months. Degradation of burger protein during frozen 
storage resulted in formation of some basic compounds (such as volatile nitrogen compounds, amines and 
hydrogen sulfide) leading to increase pH value (Oroszvári et al., 2006). 

Also, it could be observed that water holding capacity (WHC) of beef burger samples increased (from 80.18 
to 81.42%) by increasing of extracts level, but less than value of control sample (83.29%). During frozen storage, 
WHC values continuously reduced in all beef burger samples with extending of the frozen storage periods as the 
result of breakdown hydrogen bonding between the water molecules and gross chemical components of beef 
sausages (Oroszvári et al., 2006). 

Also, the same Table showed that TVBN values of burger samples containing 400 ppm GP, OP and PS 
extracts were higher (6.75 to 6.83 mg/100g sample) than control sample (6.65 mg/100g sample), while the values 
of samples containing 800 ppm were the lowest (6.22 to 6.42 mg/100g sample) at zero time. 
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On contrast, the increasing of plant wastes extracts level into burger formulations resulted in high reduction 
of TBA contents than control sample. Also, Table (4) shown that TVBN and TBA contents of all beef burger 
samples gradually increased during frozen storage up to 3 months. This increase could be mainly attributed to the 
oxidation of beef sausage lipids and formation of some TBA-reactive compounds during the storage period as 
reported by Stahnke (1995). TVBN and TBA values of all beef burger samples were within permissible levels 
reported by E.O.S. (2005), which recommend that the TVBN and TBA contents in frozen beef burger not exceed 
20 mg N2/100g and 0.900 mg malonaldehyde/kg sample, respectively. 

With regard to % cooking loss, Table (4) showed that cooking loss percent of beef burger samples 
containing GP, OP and PS extracts at level of 800 ppm was lower (28.2 - 28.4%) than the control (28.6%), but 
cooking loss percent of the samples containing 400 ppm extracts was slightly high or equal with the control. The 
cooking loss progressively increased with increasing frozen storage time in all burger samples. Generally, these 
results are in accordance with those found by O’Keefe and Wang (2006); Hassan (2010) and Al hakeem (2012). 
 
C- Effect of tested plant extracts on microbiological quality criteria of beef burgers: 

Table (5) indicated that the microbiological quality criteria of different beef burger samples were affected 
by addition of GP, OP and PS extracts either at initial time or at any time of frozen storage period. Also, it is clear 
that the counts of total bacterial, psychrophilic bacteria, coliform bacteria group, mold and yeast for beef burger 
samples significantly decreased (P < 0.05) with increasing the extracts level in burger formulations. These results 
provide evidence for the presence of antimicrobial phenolic compounds in GP, OP and PS extracts. These 
compounds can degrade the cell wall, disrupt the cytoplasmic membrane, damage membrane proteins and interfere 
with membrane-integrated enzymes, which may eventually lead to cell death (Shan et al., 2007). 
 

Table 5: Effect of addition of different plant extracts on microbiological counts (log cfu /g) of beef burgers during frozen 
storage at-18 ± 2°C for 3 months. 

        Treatments 
(ppm) 

Storage (M) 
BHT (200) 

GP OP PS 

400 800 400 800 400 800 

Total bacterial count (TBC) 
0 4.19a 3.42c 3.08e 3.86b 3.20d 4.10a 3.33c 
1 4.32a 3.59b 3.16d 4.00a 3.32c 4.16a 3.40c 
2 4.50a 3.78c 3.27e 4.10b 3.41e 4.28a 3.52d 
3 4.64a 3.93c 3.40e 4.22b 3.52e 4.40b 3.70d 

Psychrophilic bacteria 
0 2.99a 2.66c 2.28e 2.82b 2.59d 2.91a 2.68c 
1 3.10a 2.78b 2.44d 2.90b 2.66c 3.02a 2.77b 
2 3.26a 2.90b 2.56d 3.02a 2.79c 3.10a 2.90b 
3 3.40a 3.04b 2.70e 3.14b 2.91d 3.24a 3.02c 

Coliform group 
0 2.12a 1.76d 1.42e 1.92b 1.72d 2.07a 1.88c 
1 2.23a 1.82d 1.60e 1.99c 1.80d 2.11b 1.96c 
2 2.32a 1.92c 1.69d 2.06b 1.94c 2.26a 2.10b 
3 2.54a 2.14d 1.78e 2.20c 2.16c 2.38b 2.21c 

Molds and yeasts 
0 2.39a 2.10c 1.84e 2.24b 1.99d 2.32a 2.14c 

1 2.50a 2.18d 1.98e 2.29c 2.12d 2.37b 2.20c 

2 2.61a 2.30c 2.12e 2.44b 2.25d 2.56a 2.32c 

3 2.77a 2.44b 2.20d 2.56b 2.36c 2.68a 2.47b 

a, b and c Means in the same row with different superscripts are different significantly (P< 0.05) 
 

Also, the microorganism counts linearly increased with progressing the storage period of all tested samples, 
especially the burger samples containing BHT and 400 ppm extracts were different as compared with the other 
burger samples. 

Generally, microbial quality criteria of all tested beef burger samples were within permissible levels reported 
by E.O.S. (2005), which recommend that the total bacterial and coliform group counts not exceed 5 and 2 log cfu 
/g, respectively, with exception control sample (200 ppm BHT) slightly higher coliform bacteria count than 
permissible counts at either zero time or through frozen storage period. Moreover, at the end of frozen storage 
period all burgers samples except sample prepared with 800 ppm OP were also slightly higher coliform bacteria 
count than the above mentioned permissible counts. 
 
D- Effect of tested plant extracts on sensory quality criteria of beef burgers: 

Sensory evaluation is an important factor in judging about food stuffs quality. Also, consumer is a major 
factor for selecting a product and among the main characteristics related to product quality are color, odor, taste 
and texture (Pereira et al., 2013 and Akesowan, 2015). 
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Cooked beef burger samples were sensory evaluated and compared with control burger sample (200 ppm BHT) 
as shown in Table (6). Data 

Table 6: Effect of addition of different plant extracts on sensory characteristics* of beef burgers during frozen storage at-18 
±2°C for 3 months. 

        Treatments 
(ppm) 

Storage (M) 
BHT (200) 

GP OP PS 

400 800 400 800 400 800 

Color 
0 9.2a 9.3a 9.4a 8.9a 9.0a 9.1a 9.2a 
1 9.1a 9.2a 9.2a 8.8a 8.8a 8.9a 9.0a 
2 8.8a 9.0a 9.1a 8.6a 8.7a 8.8a 8.9a 
3 8.6a 8.7a 8.8a 8.5a 8.6a 8.7a 8.7a 

Appearance 
0 9.3a 9.4a 9.4a 9.1a 9.0a 9.2a 9.3a 
1 9.2a 9.2a 9.1a 8.9a 8.9a 9.2a 9.1a 
2 9.0a 9.1a 9.2a 8.8a 8.7a 8.9a 9.0a 
3 8.9a 8.8a 9.0a 8.8a 8.5a 8.7a 8.8a 

Taste 
0 9.1a 8.7a 8.2b 8.5a 7.9b 8.9a 8.1b 
1 9.0a 8.7a 8.1b 8.4a 7.8b 8.8a 7.9b 
2 8.9a 8.6a 7.9b 8.5a 7.6b 8.7a 7.8b 
3 8.9a 8.5a 7.8b 8.3a 7.5c 8.7a 7.6b 

Odor 
0 9.4a 9.2a 9.0a 9.0a 8.8a 9.0a 8.9a 

1 9.2a 9.1a 8.9a 8.9a 8.7a 9.2a 8.9a 

2 9.3a 9.0a 8.7a 8.9a 8.6a 9.1a 8.8a 

3 9.1a 9.0a 8.6a 8.8a 8.5a 8.9a 8.6a 

Tenderness 
0 9.0a 8.8a 8.3b 8.7a 8.2b 8.8a 8.1b 
1 8.9a 8.8a 8.1b 8.6a 8.0b 8.7a 8.0b 
2 8.9a 8.7a 8.2b 8.5a 7.8b 8.6a 7.9b 
3 8.8a 8.6a 8.0b 8.6a 7.6c 8.6a 7.8b 

Juiciness 
0 9.4a 9.0a 8.3b 8.1b 7.7b 8.8a 8.0b 
1 9.3a 9.0a 8.1b 8.0b 7.6b 8.6a 7.9b 
2 9.1a 8.9a 8.2b 7.9b 7.5c 8.7a 7.8b 
3 9.2a 8.8a 8.1b 7.8b 7.6c 8.5a 7.9b 

Overall acceptability 
0 9.3a 9.1a 8.9a 8.7a 8.2b 9.0a 8.8a 
1 9.1a 9.0a 8.8a 8.6a 8.0b 8.9a 8.7a 
2 9.2a 8.9a 8.8a 8.6a 7.9b 8.8a 8.6a 
3 9.0a 8.7a 8.7a 8.5a 7.7b 8.7a 8.6a 

a,b and c Means with a different letter within each of attributes are different significantly (P < 0.05) 
* Scores ranging from 0 - 3 = very poor, 4 = poor, 5 = fair, 6 - 7 = good and 8 - 10 = very good 
 
showed that there were no significant differences observed among tested beef burger samples and control sample 
in color, appearance and odor at zero time. Also, the same Table showed that there were no significant differences 
among control and samples containing 400 ppm extracts in taste, tenderness and juiciness, but the samples 
containing 800 ppm extracts were significantly different (P < 0.05) as compared with the other samples. With 
regard to the overall acceptability, the burger sample containing 800 ppm OP extract was the lowest (P < 0.05) 
acceptable sample, while the other samples were not significantly different as compared with control. 

On the other hand, beef burgers prepared with different plant extracts showed slighttly lower or similar 
judging scores in all sensory characteristics than control burger sample during storage periods for three months, 
with exception the taste, tenderness and juiciness of the samples containing GP, OP and PS extracts at level 800 
ppm were significantly reduced (P < 0.05) when compared with other samples as shown in Table (6).  
Generally, the results of sensory tests for the cooked burger samples agree with those observed in studies of 
O’Keefe and Wang (2006), Eldemery (2010) and Bhaskar-Reddy et al., (2013). They found that the addition of 
GP, OP and PS extracts at ascending levels into beef sausage formulations showed a high sensory acceptability 
for all produced sausage samples. 
 

Conclusion 
 

It could be concluded that the addition of plant waste extracts (such as GP, OP and PS) into beef burger 
formulations as a good source of antioxidant compounds improved the oxidative stability and nutritional value as 
well as microbiological quality of produced beef burgers. Also, GP extract was more active and effective than OP 
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and PS extracts. This might be due to a strong antioxidant and antimicrobial properties of GP extract as reported 
by Selani et al. (2011) and Pateiro et al. (2015). 
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