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Abstract 

Food processing residues may be biologically treated and turned into more valuable products, raw 

materials for other industries, or even food or feed. If the necessary technical methods existed and the value of 

the final products has been to exceed the cost of reprocessing, these conversions may be regarded as valuable. 

The objectives of this investigation were to provide a partial solution to some nutrition problems as 

overweight and obesity through the utilization of fruit and vegetable by-products as a good source of fiber 

ingredients and antioxidant bioactive components i.e., tomato pomace powder (TPP), potato peel powder 

(PPP), and lemon peels powder (LPP)]. The obtained results indicated that adding TPP, PPP and LPP at 

different levels prevented the growth of microorganisms and retarded the development of rancidity in beef 

burgers as compared to the control samples, even after 3 months of frozen storage at -18°C. Beef burger with 

TPP, PPP at 4 and 8 %) and LPP at 1 and 2 %, demonstrated the highest protection against reducing the 

values of TVBN and TBA during frozen storage periods. Also, beef burger containing TPP, PPP and LPP 

exhibited the desired good quality parameters and better acceptability, and also improve the nutritional value 

materials cheap ingredients and can reduce production costs. These by-products should be further utilized 

rather than just discarded as waste. 
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Introduction 

 

As a result of the food insecurity associated 

with malnutrition and the possibility of infectious 

diseases. The consumer has taken great interest in 

diets' health and nutritional components and has 

identified good strategies to tackle malnutrition 

and alleviate its various associated health 

disorders. (Akhtar et al., 2013; and Sagar et al, 

2018). 

About 1.3 billion tons of the food produced 

around the world wide is lost during the food 

chain. Food security is a major concern in 

developing countries, food production must 

increase significantly to meet future demand in a 

way that assures a balance between the available 

and limited natural resources (FAO, 2014; and 

Trigo et al., 2020). 

Meat is the most valuable livestock product 

and for many people serves as their first-choice 

source of animal protein. The meat is either 

consumed as a component of kitchen-style food 

preparations or as processed meat products. 

Processed meat products are globally gaining 

ground in popularity and consumption volume 

(Almeida et al., 2019). 

Beef burger patties are a beef derivative that 

has high acceptability in the market, and its 

products can be presented as an option for 

increasing the profits of meat processing 

companies (de-Araújo et al., 2020; and Ramos et 

al., 2021). 

Tomato by-products are rich in multiple 

components with antioxidant and colorant 

properties such as carotenoids (lycopene, β-

carotene, phytoene, phytofluene and lutein), 

phenolic compounds (phenolic acids and 

flavonoids), vitamins (ascorbic acid and vitamin 

A) and glycoalkaloids (tomatine) (Domínguez et 

al., 2020). 

https://assjm.journals.ekb.eg/
https://assjm.journals.ekb.eg/?_action=article&issue=47574&sb=1355&_sb=Food+Technology+and+Dairy
mailto:eng.mona201242@yahoo.com
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Tomato powder in beef burgers resulted in 

low color scores than the control, probably due to 

an increase in the red/orange tone of these samples 

producing a color very different from that expected 

in a conventional burger (Domínguez et al., 2020). 

Potato is one of the major foods of the human 

diet that grows in more than 100 countries. It’s the 

fourth largest crop grown worldwide, with a world 

annual production of 367.75 million tons (FAO, 

2014). The potato peels provide an excellent 

source of extractable TPC since almost 50% of 

phenolic compounds are located in the peel and 

decrease toward the center of the potato tuber 

(Ahmed Al-Masri, 2012). 

Citrus limon waste is considered a valuable 

economic and renewable source for cosmetics 

pharmaceuticals, health industries, and functional 

foods. Moreover, these reuse strategies could 

allow food industries to reduce the amount of 

waste and the costs of its disposal as organic 

matter, obtaining new commercial products 

(Panwar et al., 2021). 

Keeping in view that the development of 

value-added products from diverse raw ingredients 

is receiving the prime focus of food processing 

industries and researchers, the present study was 

planned to utilization of some food wastes such as 

tomato pomace powder (TPP), potato peel powder 

(PPP), and lemon peel powder (LPP) as a good 

source of patty samples. Total volatile basic 

nitrogen (TVBN) valuation of the effect of adding 

these by-products with the different evels on beef 

burger qualities and characteristics. 

 

Materials and Methods 

 

Materials: 

Beef and by-products: 

Fresh beef lean (from the round) and beef 

back fat from the same beef carcasses were 

purchased from a slaughterhouse at an Egyptian 

local market (Giza, Egypt). Tomato pomace (peel 

and seeds) was obtained from Heinz Company 

(Cairo Food Industrial Heinz Egypt) for 

Foodstuffs, 6
th

 of October City (2), Giza, Egypt. 

Potato peel was obtained from Egypt Foods Co., 

industrial zoon, Quesna city, Egypt. Fresh Lemon 

fruit was purchased from an Egyptian local market 

in Giza, Egypt. The soy granules were obtained 

from Food Technology Research Institute, 

Agricultural Research Center, Giza, Egypt. Spices, 

salt, eggs, bread crumbs, fresh onion, and water 

were obtained from the local market in Giza, 

Egypt. 

 

Chemicals: 

All chemicals used in this study for analysis 

were of analytical grade. hydrochloric acid (HCl), 

sulfuric acid (H2SO4), sodium hydroxide (NaOH), 

boric acid (H3BO3), tartaric acid (C4H6O6), copper 

sulphate (CuSO4), potassium sulphate (K2SO4), 

ethanol alcohol 95%, azelaic acid (C9H16O4), 

bromothymol blue (C21H13Br4NaO5S), glacial 

acetic acid (C2H4O2), thiobarbituric acid (TBA) 

(C4H4N2O2S), methyl red (C15H15N3O2), 

magnesium oxide (MgO) and whatman filter paper 

(1, and 41), were purchased from Sigma Chemical 

Co.. 

 

Methods: 

Preparation of Food processing residues: 

The tested plant residue extracts were 

prepared according to Zia-ur-Rehman (2006). 

The obtained residues in fresh status were 

transferred immediately to the analytical lab. After 

removing the unsymmetrical parties, each residue 

was divided into two portions and then dried by 

both electric and solar dryers. The oven-dried 

residues were dried at 40-50°C gradually for 12 h. 

Where the solar-dried residues were dried at ~38-

40°C for 72 h till the weight was stable. Then it 

was milled to a fine powder using a mechanical 

laboratory grinder, kept in polyethylene bags and 

stored at (-18±1°C) until used. 

 

Preparation of beef burger: 

Beef burger treatments were prepared 

according to the formula reported by (Baioumy, 

and Abedelmaksoud (2021)). The processing of 

the beef rebrub was carried out according to the 

Egyptian Standard of frozen beef burgers (ES: 

1688/2005 ICS: 67.120.10). Tomato pomace, 

potato peel, and lemon peel were added at different 

levels to the ground meat and other formulas 

components, mixed until a homogeneous 

distribution, and shaped into patty 10 cm diameter, 

1.5 cm thickness. All beef burger samples were 

aerobically packaged in foam plates, wrapped with 

polyethylene film and stored at (-18±1˚C) for 3 

months. The samples were taken for analysis every 

month periodically. The beef burger containing 

different plant residue extracts was cooked in a 

preheated electrical grill for 4 minutes (2 min. on 

each side) at 110°C before being coded and 

evaluated and determination of cooking 

measurements (cooking yield and shrinkage). 

Added rates of plant residue to beef burgers: 

1) Tomato pomace powder (4, 8 and 12%), 

2) Potato peels powder (4, 8 and 12%), and 

3) Lemon peel powder (1, 2 and 3%). 
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Analytical methods: 

1. Gross chemical composition: 

Moisture, crude protein, ash, and ether-

extract contents were determined according to the 

methods of AOAC. (2010). Total carbohydrate 

content was calculated by difference as follows: 

Total Carbohydrate = 100 - % (Ash + Protein + 

Fat + Moisture) (Merrill and Kunerth, 1973) 

Total volatile bases nitrogen (TVBN): 

 The total volatile nitrogen of beef burger 

products was determined by the method described 

by Winton and Winton (1958). 

Thiobarbituric acid test (TBA): 

TBA test is a sensitive test for the decomposition 

product of highly unsaturated fatty acids, which do 

not appear in peroxide number determination (Du 

and Ahn, 2002; and AOCS., 2006).  

The TBA as an indication for lipid oxidation was 

determined according to the method described by 

Kirk and Sawyer (1991).  

2. Physicochemical analysis: 

pH value: 

The pH was measured using a pH meter at 

20ºC according to the method described by 

Fernández-López et al. 2006. 

Water holding capacity, and Plasticity: 

 Water holding capacity (WHC) and 

plasticity of beef burger samples products were 

measured by filter press method according to 

(Chau and Huang, (2003). 

3. Cooking properties: 

The beef burger samples were cooked using 

an electrical grill at 110 °C for 4 minutes (2 min. 

on each side) and determined cooking loss and 

shrinkage.  

Cooking loos: 

The cooking loss of prepared beef burger samples 

was calculated according to the method described 

in AMSA. (1995).  

Shrinkage value: 

The shrinkage value (Diameter reduction) 

(%) of prepared beef burger samples was 

calculated as the decrease in diameter and 

thickness of the sample according to the method 

described in AMSA. (1995). 

Statistical analysis: 
The statistical analysis were carried out using 

two-way ANOVA using SPSS, ver. 27 (IBM 

Corp. Released 2013). The obtained data were 

treated as a complete randomization design 

according to Steel et al. (1997). Multiple 

comparisons carried out applying Duncun test. 

Significance level was set at < 0.05. 

 

Results and Discussion 

 

Chemical composition of produced Beef 

burger: 

Data in Table (1) showed that the moisture 

content of all samples was slightly decreased during 

frozen storage periods. The control samples for beef 

burgers had moisture content ranged from 68.49 to 

67.29 % at zero time, and 3 months of frozen storage 

compared with TPP (67.85 to 62.74 %), samples 

containing PPP (67.63 to 62.54 %), and samples 

containing LPP (68.19 to 66.34 %) at zero time, and 

3 months. This decrease in moisture content during 

storage may be due to the drip loss and partially the 

evaporation through the polyethylene bags, which 

were used for beef burger packing and the decrease 

of protein solubility and subsequently the reduction 

of water holding capacity (WHC), as reported by 

Makris et al. (2007); Al-Weshahy and Venket 

(2009); Abd Elaal and Halaweish (2010); Ahmed 

Al-Masri (2012); El-badrawy and Sello (2016); 

Ibrahim et al. (2018); and Thieme et al. (2019).  

Data in Table (2) showed that the crude protein 

of all samples was slightly decreased during frozen 

storage periods. The control samples for beef burgers 

had crude protein ranged from 19.54 to 18.92 % at 

zero time, and 3 months of frozen storage compared 

with LPP (19.28 to 17.19 %), samples containing 

TPP (18.14 to 15.14 %), and samples containing PPP 

(18.11 to 14.95 %) at zero time, and 3 months. The 

decrease in the crude protein of these samples during 

frozen storage might be due to a slight loss of 

nitrogen (as volatile nitrogen) as a result of slight 

protein breakdown by some microorganisms as 

reported by Makris et al. (2007); Al-Weshahy and 

Venket (2009); Abd Elaal and Halaweish (2010); 

Ahmed Al-Masri (2012); El-badrawy and Sello 

(2016); Ibrahim et al. (2018); and Thieme et al. 

(2019). 

Data in Table (3) indicated that the ash 

content of all samples was slightly increased during 

frozen storage periods. The control samples for beef 

burgers had ash content ranged from 2.53 to 2.86 % 

at zero time, and 3 months of frozen storage 

compared with TPP (2.85 to 3.11 %), samples 

containing PPP (2.81 to 3.02 %) and samples 

containing LPP (2.61 to 2.92 %) at zero time, and 3 

months. The increase in ash content of these samples 

might be due to the losses of moisture and protein 

contents during frozen storage by some 

microorganisms, as reported by Makris et al. (2007); 

Al-Weshahy and Venket (2009); Abd Elaal and 

Halaweish (2010); Ahmed Al-Masri (2012); El-
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badrawy and Sello (2016); Ibrahim et al., (2018); 

and Thieme et al., (2019). 

Data in Table (4) showed that the effect of 

mixing in different levels of TPP, PPP and LPP on 

ether extract content of beef burger during frozen 

storage at -18±1°C for 3 months.  

Data in Table (5) observed that the total 

carbohydrates content of all samples was slightly 

increased during frozen storage periods. The 

control samples for beef burgers had total 

carbohydrates content ranged from 4.65 to 5.87 % 

at zero time, and 3 months of frozen storage 

compared with PPP (6.96 to 15.10 %), samples 

containing TPP (6.60 to 14.74 %), and samples 

containing LPP (5.34 to 8.88 %) at zero time, and 3 

months. These results are in agreement with those 

obtained by Makris et al. (2007); Al-Weshahy 

and Venket (2009); Abd Elaal and Halaweish 

(2010); Ahmed Al-Masri (2012); El-Badrawy 

and Sello (2016); Ibrahim et al., (2018); and 

Thieme et al., (2019). According to The Egyptian 

Standard for frozen beef burgers (ES: 

1688/2005 ICS: 67.120.10), the levels moisture, 

crude protein, fat and carbohydrate contents 

should be 60, 15, 20 and 10%, respectively. 

Total volatile bases nitrogen of produced beef 

burger: 

During frozen storage at -18±1°C for 3 

months, the total volatile bases nitrogen (TVBN) 

of beef burger samples was affected by type and 

levels of TPP, PPP and LPP. Meat quality is 

primarily determined by the TVBN content of the 

meats. As a result, it is a significant predictor of 

the freshness of the meat in this situation because 

the TVBN content is influenced by the amount of 

ammonia and amines produced by protein 

degradation through enzymatic and 

microbiological processes (Omana et al., 2011). 

Data in Table (6) cleared that the initial TVBN 

content in control sample was 8.53 mg /100 g. While, 

the samples contain TPP, PPP, and LPP with 

different levels (7.71, 7.70, 7.42), (8.03, 7.76, 7.74) 

and (7.40, 7.08, 7.03) mg/100 g, respectively. 

Moreover, the saple content TPP, PPP, and LPP were 

decrease the rate of TVBN formation during frozen 

storage as compared with control sample. It has been 

illustrated that the increase in TVBN is caused by the 

microbiological deamination of amino acids as well 

as the complete microbial reduction of 

trimethylamine-N-oxide (TMAO) to trimethylamine 

(TMA) (Tomac et al., 2014; and Saleh et al., 

2022)). However, The Egyptian Standard for meat 

products (ES: 1972/2005a) stated that TVBN should 

not exceed 20 mg/100g. These results are in 

agreement with those obtained by Saleh et al., 

(2022). 

 

Thiobarbituric acid of produced Beef burger: 

Data in Table (7) showed the effect of TPP, 

PPP, and LPP on TBA value on a beef burger. 

There was a gradual increase in TBA values for all 

examined samples during the storage period.  

Non significant differences were observed 

between treated beef burgers and control sample at 

zero time. TBA value was 0.211 mg/kg, for the 

control sample, while it was 0.214, 0.209, and 

0.201 mg MD/Kg for beef burger sample with 4, 8, 

and 12% of TPP, respectively and 0.207, 0.208, 

and 0.208 mg/kg for beef burger sample enriched 

with 4, 8, and 12% of PPP, respectively, and 0.208 

mg/kg for beef burger with 4, 8, and 12% of LPP, 

respectively.  

In general, the storage time had a significant 

influence on the processing development of lipid 

oxidation in all investigated samples. However, the 

development rates of TBA values in TPP, PPP, 

and LPP-treated beef burgers were very slow. The 

Egyptian Standard for meat products (ES: 

1972/2005b) stated that TBA values should not 

exceed 0.9 mg MD/Kg. The results showed that 

adding TPP, PPP, and LPP protected beef burgers 

against lipid oxidation. Phenolic compounds have 

been known to inhibit free radical formation and 

the propagation of free radical reactions through 

the chelation of transition metal ions, such as iron 

(McBride et al., 2007). These results are in near 

agreement with those reported by Omana et al. 

(2011). 

Physicochemical properties: 

1. pH Values: 

Data in Table (8) showed that the control 

sample of the beef burger had an initial pH value of 

5.78 at zero time which significantly increased 

during the 1
st
, 2

nd
 and 3

rd
 month of storage to 5.99, 

6.09, and 6.15, respectively.   

For beef burger samples formulated by 

substituted 12% of TPP were increased from 4.47 at 

zero time to 4.53, 5.06, and 5.18, while, in beef 

burger samples formulated by substituted 12% of 

PPP increased from 5.83 to 5.85, 6.11, and 6.16, 

and while, in beef burger samples formulated by 

substituted 3% of LPP increased from 4.72 at zero 

time to 4.88, 5.25, and 5.37, during frozen storage 

periode, respectively.  

These results are in near agreement with 

those reported by Zhang et al. (2012). Generally, it 

was shown the pH value increased gradually with 

increasing storage time (Table (6)).  
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Ibrahim et al. (2018) and Thieme et al. 

(2019) also reported that an increase in pH during 

the storage period may be due to the growth of 

Gram-negative bacteria and due to the 

accumulation of metabolites by bacterial action on 

protein and amino acids.  

The formation of acidic compounds may be 

attributed to the activity of lactic acid bacteria. 

Generally, these results are in agreement with 

those obtained by Saleh et al., (2022). 

2. Water holding capacity, and plasticity 

changes: 

 The water-holding capacity (WHC) of 

meat is defined as the ability of meat to hold its 

own or add water during processing. It is 

considered an important factor affecting eating 

quality, tenderness, juiciness, thawing drip and 

cooking loss of meat.  

 Data in Table (9) showed the effect of 

TPP, PPP and LPP on WHC of produced beef 

burger. WHC was 3.27 cm
2
/0.3g in the control 

sample at zero time. While, during frozen storage, 

the WHC value showed a gradual increment for all 

treated samples. The highest value has recorded 

for beef burger sample with 12% PPP in 3 months 

of storage (3.88 cm
2
/0.3g).  

 On the other hand, the lowest WHC value 

was found in control samples at zero time. WHC 

values beef burger with PPP samples were higher 

than beef burger with TPP and LPP samples which 

may be due to the high content of fiber in PPP 

(44.67%) compared to those of LPP (11.40%). 

These results are in near agreement with those 

reported by Alvarez and Barbut (2013). 

Plasticity of meat samples indicates the 

tenderness of the meat. Palatability is also affected 

by pH and water holding capacity. During frozen 

storage at -18±1°C for 3 months, the changes in 

the plasticity of beef burger samples. Table (10) 

showed the effect of TPP, PPP, and LPP on 

plasticity (cm
2
/0.3 g). Plasticity was 3.03 cm

2
/0.3 g 

in the control sample at zero time. During storage, 

the plasticity value was a gradual decrement for all 

treated samples.  The lowest plasticity value was 

recorded for beef burger with 12% PPP and 3% 

LPP samples in 3 months of storage (2.20 cm
2
/0.3 

g). On the other hand, the highest plasticity value 

was found in control sample at zero time. TPP beef 

burger samples showed higher plasticity values 

than beef burger with PPP and LPP samples which 

may be due to the antioxidant and antimicrobial 

activity of TPP, PPP and LPP. These results are in 

near agreement with those reported by Verbeken 

et al., (2005); and Alvarez and Barbut (2013). 

Cooking properties of beef burgers: 

1. Cooking loos of beef burgers: 

 During frozen storage at -18±1°C for 3 

months, the cooking loss of beef burgers as 

affected by type and levels of TPP, PPP and LPP, 

is presented in Table (11). Cooking loss of beef 

burger samples containing TPP and PPP at levels 

of 8, and 12%, and LPP at levels of 2, and 3% was 

lower (15.75 and 15.43%), (15.65 and 15.64%), 

and (15.69 and 15.54%), respectively, but the 

cooking loss of the control sample was slightly 

high (16.92%) at zero time.  

 The highest cooking losses were recorded 

for control samples (21.84%). Meanwhile, the 

lowest values were recorded for samples 

containing 12% TPP after 3 months of storage.  

 This is due to the protein denaturation and 

loss of protein solubility which led to a decrease in 

the water-holding capacity (Abd El-Qader, 2014). 

These results are in agreement with those found by 

Aleson-Carbonell et al., (2005); Hassan (2010); 

Al-Hakeem (2012); and Ibrahim et al., (2018). 

2. Shrinkage of beef burgers: 

 During frozen storage at -18±1°C for 3 

months, the effect of TPP, PPP, and LPP on the 

shrinkage (%) of beef burger samples, as 

illustrated in Table (12). The substituted of TPP, 

and PPP at levels of (4 - 12%) and LPP at levels of 

(1-3%) resulted in a gradual (P < 0.05) decrease in 

the shrinkage percent (from 13.25 to 12.13%, at 

zero time) of beef burger samples when compared 

with those of control sample (13.72%). Also, it 

could be observed that the shrinkage % of beef 

burger samples decreased (P < 0.05) by increasing 

TPP, and PPP levels from 4 to 12%) and LPP from 

1 to 3%). PPP was the most effective in reducing 

the shrinkage% from 13.25 to 12.43% for beef 

burger samples followed by LPP and TPP.  

 The shrinkage linearly increased with 

increasing frozen storage time in all beef burger 

samples, but it was more evident in the control 

sample than in other samples containing TPP, PPP 

and LPP. This might be due to loss of protein 

solubility which led to a decrease in water holding 

capacity (Abd El-Qader, 2004). Generally, the 

shrinkage% reached to range from 17.37 to 

18.15% for beef burger samples containing PPP, 

LPP, and TPP, after 3 months of frozen storage as 

compared with the control sample which recorded 

18.64%.  

These results are in agreement with following 

those found by EL-Kordy (2006) and Mohamed 

(2011), who found that the shrinkage % of beef 

burgers was increased by increasing the frozen 

storage period. These results are in near agreement 

with those reported by Alvarez and Barbut 

(2013). 
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Conclusion 

Food processing residues may be biologically 

treated and turned into more valuable products, 

raw materials for other industries, or even food or 

feed. If the necessary technical methods existed 

and the value of the final products has been to 

exceed the cost of reprocessing, these conversions 

may be regarded as valuable.  

 Finally, the results indicated that 

substituted TPP, PPP and LPP at different levels 

prevented the growth of microorganisms and 

retarded the development of rancidity in beef 

burgers as compared to the control samples, even 

after 3 months of frozen storage.  Additionally, it 

was shown that the TPP, PPP (with concentrations 

4 and 8 %) and LPP (with concentrations 1 and 2 

%), demonstrated the highest protection against 

reducing the values of TVBN, and TBA in beef 

burgers during frozen storage period.  Beef burgers 

containing TPP, PPP and LPP exhibited the 

desired good quality parameters and better 

acceptability, materials cheap ingredients and can 

reduce production costs and also improve the 

nutritional value and health value of beef burgers. 

These by-products should be further utilized rather 

than just discarded as waste. 

 

Table 1. Effect of frozen storage period at -18°C on moisture content of produce beef burger substituted by 

TPP, PPP and LPP at different levels (g/100g on wet weight basis) 

Level of 

substitution 

Storage period at -18±1°C mean LSD. 0.05 

(Storage 

time) 
Zero time 1

st
 month 2

nd
 month 3

rd
 month 

Control 

sample 

68.49±0.601 68.14±0.211 67.51±0.224 67.29±0.127 67.86 0.194 

TPP 4 % 67.85±0.098 67.65±0.137 67.20±0.215 66.61±0.092 67.33 

8 % 65.61±0.478 65.52±0.104 65.38±0.171 64.71±0.144 65.31 

12 % 63.77±0.079 63.57±0.215 63.31±0.246 62.74±0.136 63.35 

PPP 4 % 67.63±0.168 67.36±0.244 66.97±0.420 66.36±0.136 67.08 

8 % 65.47±0.155 65.43±0.176 65.19±0.190 64.33±0.260 65.11 

12 % 63.34±0.216 63.28±0.173 62.81±0.085 62.54±0.227 62.99 

LPP 1 % 68.19±0.127 68.10±0.208 67.41±0.231 66.97±0.261 67.67 

2 % 67.97±0.199 67.88±0.132 67.37±0.195 66.75±0.221 67.49 

3 % 67.62±0.150 67.54±0.148 67.23±0.165 66.34±0.131 67.18 

LSD. 

(Samples) 0.05 
0.307   

TPP: Tomato pomace powder.  PPP: Potato peels powder. LPP: Lemon peel powder. 

 

Table 2. Effect of frozen storage period at -18°C on crude protein content of produce beef burger 

substituted by TPP, PPP and LPP at different levels (g/100g on wet weight basis) 

Level of 

substitution 

Storage period at -18±1°C mean LSD. 0.05 

(Storage time) Zero time 1
st
 month 2

nd
 month 3

rd
 month 

Control sample 19.54±0.127 19.21±0.191 19.09±0.225 18.92±0.150 19.19 0.184 

TPP 4 % 18.14±0.179 17.83±0.121 17.67±0.185 17.48±0.115 17.78 

8 % 17.43±0.127 17.31±0.069 17.18±0.179 16.96±0.133 17.22 

12 % 15.64±0.179 15.48±0.092 15.31±0.179 15.14±0.191 15.39 

PPP 4 % 18.11±0.266 17.97±0.058 17.79±0.121 17.62±0.121 17.87 

8 % 17.29±0.162 17.13±0.335 17.00±0.375 16.87±0.121 17.07 

12 % 15.42±0.144 15.29±0.202 15.12±0.196 14.95±0.139 15.20 

LPP 1 % 19.28±0.11 19.11±0.219 18.90±0.173 18.73±0.658 19.01 

2 % 18.87±0.144 18.68±0.329 18.54±0.144 18.37±0.173 18.62 

3 % 17.74±0.104 17.53±0.110 17.34±0.219 17.19±0.260 17.45 

LSD. 

(Samples) 0.05 
0.291   

TPP: Tomato pomace powder.  PPP: Potato peels powder. LPP: Lemon peel powder. 
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Table 3. Effect of frozen storage period at -18°C on ash content of produce beef burger substituted by TPP, 

PPP and LPP at different levels (g/100g on wet weight basis) 

Level of 

substitution 

Storage period at -18±1°C mean LSD. 0.05 

(Storage time) Zero time 1
st
 month 2

nd
 month 3

rd
 month 

Control sample 2.53±0.120 2.68±0.064 2.79±0.069 2.86±0.081 2.71 0.075 

TPP 4 % 2.85±0.087 2.87±0.040 2.87±0.046 2.92±0.092 2.88 

8 % 2.96±0.064 3.02±0.092 3.04±0.075 3.05±0.081 3.02 

12 % 3.03±0.069 3.06±0.075 3.07±0.069 3.11±0.069 3.07 

PPP 4 % 2.81±0.069 2.83±0.088 2.89±0.075 2.95±0.098 2.87 

8 % 2.84±0.179 2.87±0.110 2.94±0.104 2.96±0.081 2.90 

12 % 2.92±0.092 2.98±0.064 2.99±0.115 3.02±0.087 2.98 

LPP 1 % 2.61±.040 2.76±0.075 2.79±0.098 2.90±0.098 2.77  

2 % 2.64±0.046 2.77±0.133 2.81±0.064 2.91±0.087 2.78 

3 % 2.66±0.069 2.82±0.052 2.88±0.052 2.92±0.064 2.82 

LSD. 

(Samples) 0.05 
0.118   

TPP: Tomato pomace powder.  PPP: Potato peels powder. LPP: Lemon peel powder. 

 

Table 4. Effect of frozen storage period at -18°C on ether extract content of produce beef burger substituted 

by TPP, PPP and LPP at different levels (g/100g on wet weight basis) 

Level of 

substitution 

Storage period at -18±1°C mean LSD. 0.05 

(Storage time) Zero time 1
st
 month 2

nd
 month 3

rd
 month 

Control sample 4.79±0.185 4.86±0.248 4.94±0.081 5.06±0.115 4.91 0.143 

TPP 4 % 4.56±0.087 4.66±0.110 4.73±0.115 4.86±0.156 4.70 

8 % 4.37±0.479 4.49±0.087 4.56±0.144 4.63±0.202 4.51 

12 % 4.15±0.196 4.27±0.179 4.38±0.156 4.27±0.185 4.27 

PPP 4 % 4.43±0.156 4.59±0.075 4.67±0.167 4.79±0.115 4.62 

8 % 4.31±0.133 4.46±0.144 4.54±0.087 4.66±0.133 4.49 

12 % 4.09±0.248 4.18±0.173 4.29±0.144 4.39±0.174 4.24 

LPP 1 % 4.58±0.144 4.71±0.110 4.82±0.104 4.92±0.115 4.76 

2 % 4.39±0.069 4.51±0.081 4.63±0.139 4.79±0.150 4.58 

3 % 4.29±0.219 4.36±0.133 4.59±0.075 4.67±0.104 4.48 

LSD. (Samples) 

0.05 
0.226   

TPP: Tomato pomace powder.  PPP: Potato peels powder. LPP: Lemon peel powder. 

 

Table 5. Effect of frozen storage period at -18°C on total carbohydrate content of produce beef burger 

substituted by TPP, PPP and LPP at different levels (g/100g on wet weight basis) 

Level of 

substitution 

Storage period at -18±1°C mean LSD. 0.05 

(Storage 

time) 
Zero time 1

st
 month 2

nd
 month 3

rd
 month 

Control 

sample 

4.65±0.639 5.11±0.208 5.67±0.302 5.87±0.139 5.33 0.321 

TPP 4 % 6.60±0.243 6.99±0.155 7.53±0.134 8.13±0.175 7.31 

8 % 9.63±0.927 9.66±0.075 9.84±0.361 10.65±0.391 9.95 

12 % 13.41±0.135 13.62±0.366 13.93±0.577 14.74±0.324 13.93 

PPP 4 % 6.96±0.405 7.24±0.192 7.61±0.464 8.29±0.138 7.53 

8 % 10.12±0.192 10.15±0.451 10.38±0.559 11.19±0.150 10.46 

12 % 14.23±0.176 14.27±0.271 14.79±0.155 15.10±0.342 14.60 

LPP 1 % 5.34±0.125 5.38±0.237 6.08±0.202 6.48±0.431 5.82 

2 % 6.13±0.303 6.16±0.637 6.65±0.340 7.18±0.202 6.53 

3 % 7.69±0.492 7.75±0.210 7.96±0.511 8.88±0.424 8.07 
LSD. 

(Samples) 

0.05 

0.508   

TPP: Tomato pomace powder.  PPP: Potato peels powder. LPP: Lemon peel powder. 
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Table 6. Effect of frozen storage period at -18°C on TVBN content of produce beef burger substituted by 

TPP, PPP and LPP at different levels (mg/100g on wet weight basis) 

Level of 

substitution 

Storage period at -18±1°C mean LSD. 0.05 

(Storage 

time) 
Zero time 1

st
 month 2

nd
 month 3

rd
 month 

Control 

sample 
8.53±0.384 10.65±0.431 15.24±0.291 19.44±0.322 13.47 0.338 

TPP 4 % 7.71±0.372 9.74±0.446 13.56±0.220 18.05±0.337 12.27 

8 % 7.70±0.351 9.05±0.378 13.53±0.344 17.22±0.210 11.88 

12 % 7.42±0.566 8.71±0.414 13.32±0.362 16.66±0.598 11.53 

PPP 4 % 8.03±0.217 10.22±0.316 14.33±0.174 18.52±0.396 12.78 

8 % 7.76±0.380 9.84±0.324 13.81±0.116 17.53±0.424 12.24 

12 % 7.74±0.419 9.52±0.533 13.64±0.639 16.81±0.302 11.93 

LPP 1 % 7.40±0.400 10.11±0.182 13.82±0.092 18.24±0.364 12.39 

2 % 7.08±0.246 9.52±0.684 13.73±0.136 17.82±0.654 12.04 

3 % 7.03±0.182 9.33±0.431 13.54±0.266 17.61±0.408 11.88 

LSD. 

(Samples) 

0.05 

0.534   

TPP: Tomato pomace powder.  PPP: Potato peels powder. LPP: Lemon peel powder. 

 

Table7. Effect of frozen storage period at -18°C on TBA content of produce beef burger substituted by 

TPP, PPP and LPP at different levels (mg malondialdehyde/kg on wet weight basis) 

Level of 

substitution 

Storage period at -18±1°C mean LSD. 0.05 

(Storage time) Zero time 1
st
 month 2

nd
 month 3

rd
 month 

Control sample 0.21±0.015 0.35±0.099 0.59±0.038 0.87±0.031 0.50 0.026 

TPP 4 % 0.18±0.042 0.28±0.025 0.52±0.025 0.73±0.031 0.43 

8 % 0.17±0.020 0.26±0.040 0.48±0.025 0.70±0.044 0.40 

12 % 0.16±0.020 0.23±0.025 0.46±0.031 0.69±0.012 0.50 

PPP 4 % 0.19±0.042 0.30±0.040 0.54±0.026 0.77±0.025 0.45 

8 % 0.17±0.021 0.28±0.043 0.50±0.020 0.75±0.044 0.43 

12 % 0.16±0.040 0.27±0.038 0.48±0.023 0.72±0.026 0.41 

LPP 1 % 0.19±0.025 0.29±0.065 0.54±0.061 0.75±0.049 0.44 

2 % 0.17±0.021 0.26±0.065 0.51±0.020 0.72±0.015 0.42 

3 % 0.15±0.026 0.25±0.065 0.49±0.025 0.71±0.021 0.40 
LSD. (Samples) 

0.05 
0.041   

TPP: Tomato pomace powder.  PPP: Potato peels powder. LPP: Lemon peel powder. 

 

Table 8. Effect of frozen storage period at -18°C on pH value of produce beef burger substituted by TPP, 

PPP and LPP at different levels 

Level of 

substitution 

Storage period at -18±1°C mean LSD. 0.05 

(Storage time) Zero time 1
st
 month 2

nd
 month 3

rd
 month 

Control sample 5.78±0.046 5.99±0.081 6.09±0.036 6.15±0.026 6.00 0.031 

TPP 4 % 5.24±0.020 5.29±0.027 5.66±0.009 5.71±0.023 5.48 

8 % 4.75±0.022 4.84±0.022 5.28±0.013 5.34±0.029 5.05 

12 % 4.47±0.030 4.53±0.012 5.06±0.003 5.18±0.029 4.81 

PPP 4 % 5.73±0.075 5.85±0.078 6.19±0.021 6.28±0.020 6.01 

8 % 5.83±0.041 5.84±0.012 6.13±0.012 6.18±0.012 6.00 

12 % 5.83±0.020 5.85±0.034 6.11±0.012 6.16±0.012 5.99 

LPP 1 % 5.08±0.048 5.31±0.015 5.65±0.019 5.73±0.018 5.44 

2 % 4.81±0.042 4.93±0.015 5.35±0.023 5.42±0.021 5.13 

3 % 4.72±0.047 4.88±0.018 5.25±0.020 5.37±0.020 5.06 
LSD. (Samples) 

0.05 
0.048   

TPP: Tomato pomace powder.  PPP: Potato peels powder. LPP: Lemon peel powder. 
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Table  9. Effect of frozen storage period at -18°C on WHC value of produce beef burger substituted by 

TPP, PPP and LPP at different levels (cm
2
/0.3 g) 

Level of 

substitution 

Storage period at -18±1°C mean LSD. 0.05 

(Storage time) Zero time 1
st
 month 2

nd
 month 3

rd
 month 

Control sample 3.27±0.127 3.36±0.049 3.44±0.093 3.5±0.067 3.39 0.058 

TPP 4 % 3.45±0.05 3.53±0.082 3.6±0.093 3.65±0.042 3.56 

8 % 3.57±0.047 3.64±0.067 3.72±0.084 3.77±0.053 3.68 

12 % 3.65±0.045 3.72±0.06 3.79±0.075 3.84±0.038 3.75 

PPP 4 % 3.47±0.051 3.56±0.031 3.63±0.061 3.69±0.061 3.59 

8 % 3.59±0.05 3.68±0.053 3.75±0.044 3.81±0.079 3.71 

12 % 3.68±0.065 3.72±0.064 3.83±0.047 3.88±0.055 3.78 

LPP 1 % 3.41±0.049 3.5±0.055 3.58±0.055 3.64±0.044 3.53 

2 % 3.54±0.116 3.62±0.058 3.71±0.049 3.76±0.076 3.66 

3 % 3.61±0.091 3.68±0.061 3.76±0.067 3.81±0.076 3.72 

LSD. 

(Samples) 0.05 
0.092   

TPP: Tomato pomace powder.  PPP: Potato peels powder. LPP: Lemon peel powder. 

 

Table 10. Effect of frozen storage period at -18°C on plasticity value of produce beef burger substituted by 

TPP, PPP and LPP at different levels (cm
2
/0.3g) 

Level of 

substitution 

Storage period at -18±1°C mean LSD. 0.05 

(Storage time) Zero time 1
st
 month 2

nd
 month 3

rd
 month 

Control sample 3.03±0.045 2.92±0.056 2.78±0.05 2.58±0.129 2.83 0.063 

TPP 4 % 2.99±0.092 2.92±0.067 2.75±0.062 2.54±0.04 2.80 

8 % 2.92±0.06 2.84±0.059 2.67±0.075 2.47±0.044 2.73 

12 % 2.8±0.071 2.73±0.071 2.55±0.068 2.35±0.067 2.61 

PPP 4 % 2.95±0.061 2.88±0.055 2.69±0.05 2.51±0.123 2.76 

8 % 2.83±0.055 2.76±0.117 2.57±0.061 2.39±0.164 2.64 

12 % 2.64±0.052 2.56±0.049 2.37±0.049 2.2±0.075 2.44 

LPP 1 % 2.96±0.071 2.88±0.047 2.71±0.051 2.51±0.082 2.77 

2 % 2.91±0.053 2.82±0.05 2.64±0.07 2.46±0.061 2.71 

3 % 2.64±0.052 2.56±0.049 2.37±0.049 2.2±0.075 2.44 

LSD. 

(Samples) 0.05 
0.099   

TPP: Tomato pomace powder.  PPP: Potato peels powder. LPP: Lemon peel powder. 

 

Table 11. Effect of frozen storage period at -18°C on cooking loss (%) of produce beef burger substituted 

by TPP, PPP and LPP at different levels 

Level of 

substitution 

Storage period at -18±1°C mean LSD. 0.05 

(Storage 

time) 
Zero time 1

st
 month 2

nd
 month 3

rd
 month 

Control 

sample 
16.92±0.536 18.44±0.214 20.2±0.511 21.84±0.25 19.35 0.282 

TPP 4 % 15.77±0.2 17.53±0.191 19.71±0.3 20.99±0.172 18.50 

8 % 15.75±0.252 17.62±0.183 19.72±0.154 20.97±0.165 18.52 

12 % 15.43±0.21 17.4±0.214 19.53±0.17 20.67±0.236 18.26 

PPP 4 % 16.45±0.191 18.02±0.151 20.07±0.097 21.35±0.388 18.97 

8 % 15.65±0.163 17.58±0.263 19.71±0.146 20.99±0.215 18.48 

12 % 15.64±0.158 17.83±0.291 19.61±0.144 20.82±0.165 18.48 

LPP 1 % 16.21±0.624 17.82±0.176 19.92±0.131 21.23±0.172 18.80 

2 % 15.69±0.143 17.64±0.303 19.82±0.196 21.15±0.148 18.58 

3 % 15.54±0.252 17.41±1.297 19.57±0.201 20.83±0.121 18.34 
LSD. 

(Samples) 0.05 
0.445   

TPP: Tomato pomace powder.  PPP: Potato peels powder. LPP: Lemon peel powder. 
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Table 12. Effect of frozen storage period at -18°C on shrinkage value (%) of produce beef burger 

substituted by TPP, PPP and LPP at different levels 

Level of 

substitution 

Storage period at -18±1°C mean LSD. 0.05 

(Storage 

time) 
Zero time 1

st
 month 2

nd
 month 3

rd
 month 

Control 

sample 

13.72±0.536 15.24±0.214 17±0.51 18.64±0.25 16.15 0.283 

TPP 4 % 12.67±0.200 14.43±0.191 16.61±0.300 17.89±0.172 15.40 

8 % 12.45±0.252 14.32±0.183 16.42±0.154 17.67±0.165 15.22 

12 % 12.13±0.21 14.1±0.214 16.23±0.173 17.37±0.236 14.96 

PPP 4 % 13.25±0.191 14.82±0.151 16.87±0.097 18.15±0.388 15.77 

8 % 12.54±0.166 14.48±0.263 16.61±0.146 17.89±0.215 15.38 

12 % 12.43±0.17 14.63±0.291 16.41±0.144 17.62±0.165 15.27 

LPP 1 % 13±0.62 14.62±0.176 16.72±0.131 18.03±0.172 15.59 

2 % 12.48±0.14 14.44±0.303 16.62±0.196 17.95±0.148 15.37 

3 % 12.33±0.256 14.21±1.297 16.37±0.201 17.63±0.121 15.14 

LSD. 

(Samples) 

0.05 

0.447   

TPP: Tomato pomace powder.  PPP: Potato peels powder.  LPP: Lemon peel powder. 

 

References 

 

Abd Elaal, H.A.; and Halaweish, F.T. (2010). Food 

preservative activity of phenolic compounds in 

orange peel extracts (Citrus Sinensis L.). Lucrari 

Stiintifica, Seria. Zootehnie, 53:233-240. 

Abd El-Qader, M.F. (2004). Quality improvement of 

chicken frozen burger formulated with some spices 

or their volatile oils. M.Sc. Thesis, Fac. Agric., 

Cairo Univ., Egypt. 

Abd El-Qader, M.F. (2014). Improvement of quality 

and safety of dried chicken fillets using some 

spices or their essential oils. Ph.D. Thesis, Fac. 

of Agric., Cairo Univ., Egypt. 

Ahmed Al-Masri, S. (2012). Influence of dietary 

potato peel and cysteine on oxidative stress in 

rats. Journal of Applied Sciences Research, 8(2): 

965-971. 

 Akhtar, S.; Ismail, T.; and Riaz, M. (2013). 

Flaxseed - miraculous defense against some 

critical maladies. Pakistan J. Pharm. Sci., 

26:199-208. 

Aleson-Carbonell, L.; Fernandez-Lopez, J.; Perez-

Alvarez, J.A.; and Kuri, V. (2005). Functional 

and sensory effects of fibre-rich ingredients on 

breakfast fresh sausages. Food Science and 

Technology International, 11(2): 89-97. 

Al-Hakeem, B.A. (2012). The effect of grape pomace 

extract as an antioxidant in goat meat sausage. 

M.Sc. Thesis, Nutrition and Food Science Dept., 

Faculty of the Graduate College of the 

Oklahoma State University, USA. 

Almeida, F. A.; Sobrinho, A.S.; Endo, V.; 

Columbeli, A.C.; Lima, N.L.L.; Zeola, N.M. 

B.L.; and Cirne, L.G.A. (2019). Quality of 

hamburger and sausages made with meat of 

lambs fed with sunflower seeds and vitamin E. 

Boletim Ind. Anim, 76:1-8. 

Alvarez, D.; and Barbut, S. (2013). Effect of inulin, 

β-Glucan and their mixtures on emulsion 

stability, color and textural parameters of cooked 

meat batters. Eat Science, 94: 320-327. 

Al-Weshahy, A.; and Venket, A. (2009). Isolation 

and characterization of functional components 

from peel samples of six potatoes varieties 

growing in Ontario. Food Research 

International, 42(8): 1062-1066. 

AMSA. (1995). Research Guidelines for Cookery, 

Sensory Evaluation and Instrumental Tenderness 

Measurements of Fresh Beef. Am. Meat Sci. 

Assoc., Chicago, USA.. 

AOAC. (2010). Official Methods of Analysis, 17
th
 

Ed., Association of Official Analytical Chemists 

International. Gaithersburg, Maryland, USA. 

AOCS. (2006). Official Methods and Recommended 

Practices of the American Oil Chemist. Society. 

Champaign, IL. 

Baioumy, A.A.; and Abedelmaksoud, T.G. (2021). 

Quality properties and storage stability of beef 

burger as influenced by addition of orange peels 

(albedo). Theory and practice of meat 

processing, 6(1):33–38. 

https://doi.org/10.21323/2414–438X2021–6–1–

33–38 



Effect of Adding Tomato Pomace, Potato Peel, and Lemon Peel Powders on Some Quality...…   47 

 

Annals of Agric. Sci., Moshtohor, Vol. 62 (1) 2024 

Bozkurt, H. (2006). Utilization of natural 

antioxidants: Green tea extract and Thymbra 

spicata oil in Turkish dry-fermented sausage. 

Meat Sci., 73: 442-450. 

Chau, C.F.; and Huang, Y.L. (2003). Comparison of 

the Chemical Composition and Physicochemical 

Properties of Different Fibers Prepared from the 

Peel of Citrus sinensis L. Cv. Liucheng. J. Agric. 

Food Chem., 51 (9): 2615-2618. 

de-Araújo, S.A.; Ribeiro, R.D.X.; Lima, A.G.V.O.; 

Nascimento, T.V.C.; da-Silva Júnior, J.M.; 

Barbosa, A.M.; Pimentel, P.R.S.; Santos, 

N.J.A.; Bezerra, L.R.; Pereira, E.S.; and 

Oliveira, R.L. (2020). Physicochemical 

properties, lipid oxidation, and fatty acid 

composition of sausage prepared with meat of 

young Nellore bulls fed a diet with Lauric acid. 

European Journal of Lipid Science and 

Technology, 122, 2000087. 

https://doi.org/10.1002/ejlt.202000087 

Domínguez, R.; Gullón, P.; Pateiro, M.; Munekata, 

P.E.S.; Zhang, W.; and Lorenzo, J.M. (2020). 

Tomato as potential source of natural additives 

for meat industry. A Review. Antioxidants, 9: 

73. https://doi.org/10.3390/antiox9010073 

Du, M.; and Ahn, D.U. (2002). Effect of antioxidants 

on the quality of irradiated sausages prepared 

with turkey thigh meat. Poult. Sci., 81: 1251–

1256. 

Egyptian Standard (2005a). Egyptian organization for 

standards, quality Control, Ministry of Industry and 

Trade. Egypt, Standard specification No. ES: 

1688/2005 ICS: 67.120.10, on basic requirements 

and descriptive criteria for a beef burger. 

http//www.Eos.org.eg 

Egyptian Standard (2005b). Egyptian organization for 

standards and quality Control, Ministry of 

Industry and Trade. Egypt, Standard specification 

No. ES: 1972/2005, on basic requirements and 

descriptive criteria for meat products. 

http//www.Eos.org.eg 

El-Badrawy, E.; and Sello, A. (2016). Evaluation of 

nutritional value and antioxidant activity of 

tomato peel extracts. Arabian Journal of 

Chemistry, 9, S1010-S1018.  

El-Kordy, M.M.N. (2006). Utilization of Silver Carp 

in Production of Semi-Fried Fish Patties. M. Sc. 

Thesis, Fac. Agric., Cairo Univ., Egypt. 

FAO (2014). Reducing food losses and waste in the 

Near East & North Africa region, FAO regional 

conference for the Near   East, FAO, Rome, 

Italy, pp. 8. 

Fernández-López, J.; Jiménez, S.; Sayas-Barberá, 

E.; Sendra, E.; and Pérez-Alvarez J.A. (2006). 

Quality characteristics of ostrich (Struthio 

camelus) burgers. Meat Science, 73(2):295-303. 

Goulas, A.E.; and Kontominas, M.G. (2005). Effect 

of salting and smoking-method on the keeping 

quality of chub mackerel (Scomber japonicas): 

Biochemical and sensory attributes. Food 

Chem., 93: 511-520. 

Hassan, F.H.A. (2010). Studies on Microbiological 

and Chemical Characteristics of Some Meat 

Products. Ph.D. Thesis, Fac. Agric., Mansoura 

University. 

Ibrahim, Hayam M.; Hassan, I.M.; and Hamed, 

A.A.M. (2018). Application of lemon and 

orange peels in meat products: quality and 

safety. Int. J. Curr. Microbiol. App. Sci., 7(4): 

2703-2723. doi:., Egypthttps://doi.org/10.20546/ 

ijcmas.2018.704.309 

Kirk, R.S.; and Sawyer, R. (1991). Pearson’s 

Composition and Analysis of Foods. Flesh Food. 

9
th
 ed, Longman Scientific Technical. Inc., New 

York, USA, 720 p. 

Makris, D.P.; Boskou, G.; and Andrikopoulos, 

N.K. (2007). Polyphenolic content and in vitro 

antioxidant characteristics of wine industry and 

other agri-food solid waste extracts. Journal of 

Food Composition and Analysis, 20(2): 125-

132. 

McBride, N.T.M.; Hogan, S.A.; and Kerry, J.P. 

(2007). Comparative addition of rosemary 

extract and additives on sensory and antioxidant 

properties of retail packaged beef. International 

J. Food Sci. Technol., 42(10): 1201-1207. 

Merrill, A.L.; and Kunerth, B. (1973). Energy value 

of foods: basis and derivation. Agriculture 

Handbook, No.74. In Washington, DC, ARS 

United States Department of Agriculture. 

Mohamed, R.A.A. (2011). Chemical and 

Microbiological Studies on Some Chicken Meat 

Products. M.Sc. Thesis, Fac. Agric., Assiut 

Univ., Egypt. 

Namir, M.; Siliha, H.; and Ramadan, M.F. (2015). 

Fiber pectin from tomato pomace: 

characteristics, functional properties and 

application in low-fat beef burger. Journal of 

Food Measurement and Characterization, 9: pp. 

305-312. 

Omana, D.A.; Plastow, G.; and Betti, M. (2011). 

Effect of different ingredients on color and 

oxidative characteristics of high pressure 

processed chicken breast meat with special 

emphasis on use of β-glucan as a partial salt 

replacer. Innovative Food Science and Emerging 

Technologies, 12: 244–254. 

https://doi.org/10.1002/ejlt.202000087
https://doi.org/10.3390/antiox9010073
https://doi.org/10.20546/%20ijcmas.2018.704.309
https://doi.org/10.20546/%20ijcmas.2018.704.309


48               Mona M. S. A. Badr El-Din et al.  

Annals of Agric. Sci., Moshtohor, Vol. 62 (1) 2024 

Panwar, D.; Saini, A.; Panesar, P.S.; and Chopra, 

H.K. (2021). Unraveling the scientific 

perspectives of citrus by-products utilization: 

Progress towards circular economy. Trends 

Food Sci. Technol., 111: 549-562. 

Ramos, L.M.G.; Bezerra, L.R.; de-Oliveira, J.P.F.; de-

Souza, M.P.; da-Silva, A.L.; Pereira, E.S.; 

Mazzetto, S.E.; Pereira Filho, J.M.; and 

Oliveira, R.L. (2021). Effects of feeding growing-

finishing lambs with cashew nut shell liquid on the 

growth performance, physicochemical attributes, 

lipid peroxidation and sensorial parameters of 

burger. Small Ruminant Research, 202, 106468. 

https://doi.org/10.1016/j.smallrumres.2021.106468 

Sagar, N.A.;  Pareek, S.;  Sharma, S.;  Yahia, E.M.; 

and  Lobo, M.G. (2018). Fruit and vegetable 

waste: bioactive compounds, their extraction, 

and possible utilization. Compr Rev Food 

Science and Food Safety. 17(3): 512-531. 

Saleh, W.A.M.; El-Desouky, A.E.; Sharoba, A.M.; 

and Osheba, A.S. (2022). Vital value of 

coriander and fennel volatile oils on quality beef 

burger during cryopreservation. J. of Food and 

Dairy Sci., Mansoura Univ., 13 (7):109 – 117. 

Steel, R.; Torrie, J. and Dickey, D. (1997): 
Principles and procedures of Statistics: A 

Biometrical Approach, 3
rd

 ed., McGraw-Hill, 

New York, NY 

Thieme, C.; Westphal, A.; Malarski, A.; and 

Böhm, V. (2019). Polyphenols, vitamin C, in 

vitro antioxidant capacity, α-amylase and COX-

2 inhibitory activities of citrus samples from 

Aceh, Indonesia. International Journal for 

Vitamin and Nutrition Research. 

https://doi.org/10.1024/0300-9831/a000481 

Tomac, A.; Mascheroni, R.H.; and Yeannes, M.I. 

(2014). Modeling total volatile basic nitrogen 

production as a dose function in gamma-

irradiated refrigerated squid rings. LWT - Food 

Science and Technology, 56: 533-536 

Trigo, J.P.; Alexandre, E.M.C.; Saraiva, J.A.; and 

Pintado, M.E. (2020). High value-added 

compounds from fruit and vegetable by-products 

- characterization, bioactivities, and application 

in the development of novel food products. 

Critical Reviews in Food Science & Nutrition, 

60(8): 1388-1416. https://doi.org/ 

10.1080/10408398.2019.1572588 

Verbeken, D.; Neirinck, N.; Van Der Meeren, P.; 

and Dewettinck, K. (2005). Influence of κ-

carrageenan on the thermal gelation of 

salt-soluble meat proteins. Meat Science, 70(1): 

161–166.       

https://doi.org/10.1016/j.meatsci.2004.12.007 

Winton, A.L. and Winton, R.B. (1958). Okoloff 

mangnesium oxide distillation volumetric 

methods. The Analysis of Food. John Wiley, 

New York and Hull, London, USA, 848 p. 

Zhang, Z.F.; Zhou, T.X.; Ao, X.; and Kim, I.H. 

(2012). Effects of β-glucan and Bacillus subtilis 

on growth performance, blood profiles, relative 

organ weight, and meat quality in broilers fed 

maize-soybean meal-based diets. Livestock 

Science, 150:419-424. 

Zia-ur-Rehman (2006). Citrus peel extract - A natural 

source of antioxidant. Food Chemistry, 99(3): 

450-454. doi:10.1016/j.foodchem.2005.07. 

https://doi.org/10.1016/j.smallrumres.2021.106468
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Sagar%2C+Narashans+Alok
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Pareek%2C+Sunil
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Sharma%2C+Sunil
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Yahia%2C+Elhadi+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lobo%2C+Maria+Gloria
https://doi.org/

