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ABSTRAK 

Kulit buah kaya dengan bahan kimia bioaktif yang dapat digunakan sebagai 

antioksidan dan nutraseutikal dalam menyediakan altematif antioksidan sintetik yang 

sangat baik dalam produk daging terutama dalam memerangi reaksi oksidatif daging yang 

disebabkan oleh pemecahan lipid dan protein. Oleh itu, kajian ini dilakukan untuk 

mengolah roti burger daging lembu dengan memasukkan serbuk kulit pisang, serbuk kulit 

delima, dan serbuk kulit oren untuk meningkatkan aspek pemakanan, fizikokimia, sifat 

memasak, kualiti bakteria, warna, tekstur dan deria. Sampel daging dicampur dengan 

pelbagai jenis serbuk kulit buah (serbuk kulit pisang (BPP), serbuk kulit buah delima 

(PPP) dan serbuk kulit oren (OPP)) pada kepekatan yang berbeza (1, 2, 3%), selain kontrol 

yang tidak dirawat formula. Peningkatan abu, lemak dan serat serta penurunan 

kelembapan dan protein dicapai dengan peningkatan kepekatan serbuk kulit. Penambahan 

OPP dan PPP sebanyak 3% pada roti burger daging lembu menyebabkan penurunan 

tertinggi dalam jumlah nitrogen asas tidak stabil (TVBN) dan nilai pH. Sifat memasak 

yang unggul, serta air (WHC) dan daya tahan minyak (OHC), meningkat dengan ketara 

(p<0.05). BPP dan PPP mempengaruhi wama dengan menurunkan (p<0.05) nilai L*, a* 

dan b* sementara OPP menunjukkan arah aliran yang berlawanan. Sedikit peningkatan 

(p<0.05) dalam kekerasan, kelekitan dan kekenyalan dengan peningkatan peratusan 

serbuk kulit sementara penurunan yang tidak ketara (p>0. 05) pada keanjalan dan 

kekompakan diperhatikan. Penggabungan 1 % sebarang jenis serbuk kulit buah ke dalam 

roti burger daging lembu menghasilkan penilaian sensori yang tinggi dan penerimaan 

keseluruhan yang hampir sama dengan skor kawalan. Oleh itu, sektor makanan boleh 

menggunakan serbuk kulit ini sebagai sumber semula jadi antioksidan, antimikrobial, dan 
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1.1 Background 

CHAPTERl 

INTRODUCTION 

Frozen meat and meat products are available for domestic and consumer use. 

Changes such as rising population, urbanization, economic growth and industry expansion 

are driving higher demand for meat products. Global per capita intake of meat (average) 

rose from 20 kg in 1961 to 43 kg in 2014 and now, the world currently makes over than 

triple even more meat as it did fifty years ago. In 2018, output was about 340 million 

tonnes (Ritchie & Roser, 2017). Nowadays, frozen meat product has an immense request 

with a high commercial value where meat and poultry are the fantastic source of protein. 

They also supply a lot of other nutrients that our body requires, including iodine, iron, 

zinc, vitamins (especially B12) and essential fatty acids (M. Ibrahim et al., 2018). 

However, they are considered as perishable food because they tend to spoil easily and 

need to be well preserved in order to keep the germs from multiplying and to stay fresh. 

During long-term frozen meat storage, the most notable quality involves color 

degradation, fat oxidation, protein degradation, and ice crystal formation (Augusto et al., 

2009). Microbial spoilage and fat rancidity are the underlying issue that affects meat 

products, contributing to the use of synthetic preservatives such as nitrates and nitrites that 

have a carcinogenic impact on the human body, compromising its wellbeing and taking it 

to these foods (Mahmoud et al., 2017). Oxidative reactions of meat lead to the degradation 

of lipids and proteins which, in tum, lead to the deterioration of the taste, texture and color 
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of the meat products produced (Decker et al., 1995). In the other hand, processed meat 

products, in particular burgers containing a high percentage of fat, count as the primary 

cause of chronic diseases such as obesity, atherosclerosis and heart disease. 

The rate and degree of oxidative degradation can be controlled by different methods, 

such as curing, vacuum packing, adjusted atmosphere packaging and, most notably, by 

the addition of synthetic or natural antioxidants (El-nashi et al., 2015). The most common 

preservation system for short-term storage of fresh meat and meat products is typically 

refrigeration storage. Antimicrobial and antioxidant additives, those of synthetic origin, 

are applied to meat products in order to increase the refrigerated storage period. These 

days, due to their possible toxicological consequences, the usage of these synthetic 

antioxidants has been monitored (Naveena et al., 2008). However, as the safety of 

synthetic additives has been debated in recent years, consumers are gradually demanding 

for the use of natural ingredients as substitute preservatives in food (Imaida·et al., 1983). 

There is a greater need for the production and use of more powerful antioxidants of natural 

origin. Growing interest in the replacement of synthetic antioxidants by natural 

antioxidants has recently led to a considerable growth of research on the screening of 

natural antioxidants from cheap and residual agricultural sources. The use of natural 

antioxidants has become a recent invention of nutritious food that has a natural or "green" 

image. This has prompted researchers and food producers to search for natural 

antioxidants with a vast array of antimicrobial and antioxidant action. 

Fruit and seed by-products such as peels and husks have been reported to be a great 

source of bioactive compounds that can be used as antioxidants and nutraceuticals 

(Larrauri et al., 1996; Lu & Yeap Foo, 2000; Moure et al., 2001). Indeed, these inedible 
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discarded as waste. The re-use of these by-products in an acceptable form can be of 

significant economic benefit to food processors due to their beneficial technical and 

nutritional, which offer potential consumer health protection as well as mitigating 

environmental impact, adding value to these residues, and increase the industrial 

profitability (Ayala-Zavala & Gonzalez-Aguilar, 2010). 

Figure 2.1 Orange ( Citrus x sinensis). Adopted from (Tighe-Neira et al., 
2017) 

2.3 Pomegranate (Punica Granatum L.) Peels 

Pomegranate (Punica granatum L.) peels generate many natural antioxidants and are 

an essential source of tannins, anthocyanins, and flavonoids (Naveena et al., 2008). Lately, 

dietary flavonoids are regarded as more effective antioxidants among natural antioxidants 

and have received growing attention as a potential defender against various human 

diseases, especially cardiovascular diseases and cancer (Ren et al., 2003). Flavanoids are 

observed to be higher in plant fruit peel and are advocated as food supplements. By 

scavenging oxygen radicals, flavanoids are recognized to be amazingly useful 

antioxidants. In addition, in biological environments, the protective properties of 
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tlavonoids are due to their ability to scavenge free radicals, chelates metal catalysis, 

stimulate antioxidant enzymes, reduce alpha-tocopherol radicals and suppress oxidases 

(Khan et al., 2017). It was reported that in refrigerated chicken and goat patties, the 

pomegranate components could be used as antioxidants (Karre et al., 2013). Higher 

antimicrobial and antioxidant activity of pomegranate peel extracts has recently been 

reported and may therefore be proposed as a safe natural alternative for synthetic 

anti1nicrobial agents (Rosas-Burgos et al., 2017). It was observed that 80% methanolic 

extracts of peels were a potent inhibitor of Yersinia enterocolitica, Listeria 

111onocytogenes, Staphyllococcus aureus and Escherichia coli. Also, the existence of 

active inhibitors in peels, including phenolics and tlavonoids, was also found by 

phytochemical research as potent constituents (Al-Zoreky, 2009). In addition, 

pomegranate is sufficient to inhibit the degradation of lipids and does not immensely 

affect the overall sensory properties of the final product (Abdel-Fattah et al., 2016). 

Figure 2.2 Pomegranate (Punica granatum L.). Adopted from (Gabriele, 
2014) 
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2.10 Effect of fruit peel addition on texture profile analysis of meat-based products 

Textural aspects are significant in the manufacture of processed meat products as they 

influence the satisfactoriness of consumers. The three primary components of food 

acceptance are texture, appearance, and flavor. Though there is no substitute for human 

sense for texture, the Instron Texture Analyzer is widely utilized. The spoilage of meat 

products leads to texture degradation and taste and color changes. It was reported by M. 

Ibrahim et al. (2018) for the research of the addition of orange peel powders towards the 

texture of cooked patties that compared to the other meat patties combined with (1 % or 

2%) orange or lemon peel powders, the hardness value of the control sample was 

significantly higher (p>0.05), except on the 15th day of storage. 

Also, the hardness values increased significantly (p <0. 05) among all formulated 

samples as the percentage of orange or lemon peel powders increased, i.e., 2 % of orange 

peel and lemon peel is higher than the equivalent 1 % hardness values. Compared to the 

control group, this hardness reduction of the formulated samples may be due to the 

inclusion of orange and lemon peels powder in patties, resulting in reduced protein binding 

(M. Ibrahim et al., 2018). Similar results were also obtained by Aleson-carbonell and 

Fema (2005), whereas burgers with added albedo (in any form and concentration) were 

less rigid and gummier than the control. This reduction in hardness might explain the 

diluting impact of albedo in animal protein systems. Also, the test samples had slightly 

higher cohesiveness values than the control over the entire storage period. The 

cohesiveness values of the formulated samples were gradually increased for 1, 2% orange 

peel samples, then decreased for 1 % lemon peel samples and increased again for 2 % 
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3.2 Chemical analysis of beef patties 

3.2.1 Proximate composition analysis 

The moisture, protein, fat, ash contents of raw beef patties were determined by using 

the method of AOAC (2000). In order to determine the moisture content (g% sample), 2 

g of the sample was dried at 105°C using drying oven (Memmert Oven, Germany) and 

leave for at least 7 hours until a constant weight was collected. Moisture content is 

calculated based on percentage of wet weight: 

a-b 
% of wet weight= - x 100 

a 
Equation 3 .1 

where, a=weight of sample used; b=dry weight of sample 

The protein content (g% sample) was measured using In-house Method No: 

STP/Chem/A03 based on AOAC 20th Edition: 981.10, the Kjeldahl method of analysis. 

Protein content is calculated based on the percentage of nitrogen in a sample: 

o/c f . 

(15-Ib)xNxl.4 
o o nitrogen =

w 

0/o protein = % nirogen x conversion factor 

Equation 3 .2 

Equation 3 .3 

where, W=weight of sample; Is
=volume ofNaOH to titrate HCL; lb=volume ofNaOH to 

titrate blank; N=normality of Na OH 

The fat (g% sample) was determined by Soxhlet Method by employing extraction 

method using petroleum ether (60°C to 80°C) as solvent and by the weight loss 

measurement. The raw sample was refluxed for 8 hours and was repeated until constant 

weight of fat extracted was obtained. 
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One of the most essential quality tests for determining meat quality is pH. The 

import�nce of measuring pH is significant since it impacts several properties of meat and 

meat products, including color, water holding capacity, and texture {Andres-Bello et al., 

2013 ). The pH of meat is influenced by how much glycogen is in the muscle prior to 

slaughter. The conversion of glycogen in the meat to lactic acid after slaughter may be a 

critical determinant of changing the pH values of the meat (Hamma et al., 2020). Data in 

Table 4.2 showed there were significant differences (p<0.05) among all treated samples 

of banana and orange at different peel concentrations. The incorporation of 2% and 3% 

fruit peel powders into the beef patties showed significantly (p <0. 05) decreased in pH 

values. Control recorded the highest pH 8.29. There was a reduction in pH value in raw 

beef patties samples of BPP, PPP, and OPP additions at any concentration, where pH is 

ranged from 5.92-8.17 compared to control samples in raw beef patties. The pH values of 

samples OPP3 is the lowest value recorded as it obviously decreased to be less than 6.00, 

which was a slightly acidic value. At the same time, beef patties with BPP 1 registered the 

highest pH, which was 8.165, compared to control. 

The pH values are 9.91 for banana peel powders (Stephen, 2016), 4.83 for 

pomegranate peel powders (Jalal et al., 2018), and 3-4 for orange peel powders (Pathak et 

al., 201 7). Those values showed us the pH of fruit peels itself would influence and 

contribute to overall samples' pH after its incorporation. For instance, banana peel 

powders originally had higher pH compared to orange peel powders. Consequently, its 

addition with beef patties would give to a lower pH value but are not comparably low than 

samples with orange peel powders. The reason the treated beef patties showed different 

values that were so much lower compared to the solely corresponding fruit peel powder 
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was due to the influence of the pH of beef meat. It must be taken into account that beef 

meat has a pH of around 5.4-5.7 (Irkin et al., 2015). Therefore, even though some peels, 

such as banana peel powders, have higher pH values, incorporating meat components with 

lower pH values would reduce the overall pH of the treated sample. The pH values of the 

beef patties treated with fruit peel powders were consistent with the :findings ofFemandez­

L6pez et al. (2004 ), who found a decrease in the pH of dry-cured sausages after adding 

lemon. According to Gorinstein et al. (2001 ), the greater content of organic acids ( citric 

acid, malic, malonic, oxalic, and quinic acids) in citrus-treated chicken patties might 

explain the drop in pH values. 

In addition to the unacceptable eating quality, high pH meat is also known as dark 

cutting meat because it has a purple appearance rather than the bright red color preferred 

by consumers, a coarse texture, a higher water holding capacity, a shorter shelf life 

(bacteria evolve more quickly due to the higher pH and moisture) and it appears 

undercooked while remaining pink in the center despite further cooking (Meat and 

Livestock Australia, 2011). Moreover, carcasses with a high pH (over pH 5.70) are 

rejected by Meat Standard Australia (MSA) grading. They are therefore unavailable to 

many meat brands, food service businesses, and marketplaces, including the profitable 

Japanese market, because consumers would reject dark-cutting meat because of its color 

at the retail level. Bacteria prefer environments close to pH 7.0, although they may sustain 

in a pH range of 4.6-7.0 (Richard, 1995). Thus, incorporating the fruit peel powders, 

especially the orange peel powders, into the meat products could be the good news to 

bring the pH values to low and acceptable values. 
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Meat's water-holding capacity may be likened to the activity of a sponge, and it is 

essential in meat processing because as proteins hold more water, they become more 

soluble {Knipe, 200 3). The water holding capacity of meat products is a critical quality 

feature that influences product yield, which has economic consequences but is also 

significant in eating quality. In comparison to other formulated samples, control beef 

patties had the lowest OHC and WHC levels. The addition of all types of fruit peel at any 

concentrations into raw beef patties resulted in a significant (p<0.05) increase in the WHC 

values. B y  comparing the varieties of fruit peel powders, raw beef patties incorporated 

with BPP exhibited the highest WHC and OHC values. Furthermore, in the WHC analysis, 

it has been revealed that the inclusion of 2% of any varieties of peel powders had the 

highest WHC values among all of the beef patties samples. Similar results were reported 

M. Ibrahim et al. (2018), where the addition of2% orange peel in beef patties resulted in

a rise of WHC up to 4.02 cm2 whereas the control beef patties had a WHC of 1 .50 cm2
. 

The :findings that the addition of pomegranate peel powders could improve WHC level 

were also supported by Sharma and Yadav (2020) in comparison between pomegranate 

peel powder (PPP) and pomegranate aril bagasse powder (PABP) where WHC is 

increased up to 46 .24% and 48 .78% respectively compared to control which is 43 . 60%. 

According to Viuda-Martos et al. (2012), WHC is proportional to the amount of 

soluble dietary fiber (SDF), and high amounts of SDF result in a high WHC level. This 

may be due to the greater WHC of soluble fibers such as pectin and gums compared to 

cellulose fibers. This was also in agreement with (Ali et al., 2011) where the dietary fiber 

content of banana peel powder might explain the rise in WHC. Water molecules occupy 

the pore area of fiber particles because dietary fiber is hydrated. Furthermore, the observed 
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(2005) supported this, who proved that fruit and vegetable fiber had a higher oil binding 

capacity, which is  important in emulsion-based products. Our findings also matched the 

�ypotheses. The higher the fiber contents, the greater the OHC values, i.e., fiber contents 

were 3.691 % (BPP3) and 1.570% (BPPl) would contribute to 0.770 0.583 OHC values, 

respectively. Not only that, Menezes et al. (2015) highlighted that fat needs special 

attention among its elements since its amount varies, which has a direct impact on 

emulsion stability as well as oxidative processes, emphasizing the necessity of 

understanding oil holding capacity. Based on our previous results as in Table 4.1, we 

found that some fruit peel powders such as BPP3, PPP3, and OPP3 that had among the 

highest fat contents, which were 1.951, 2.221, 1.832%, respectively, would also have 

higher OHC values which were 0.770, 0.710, and 0.578, respectively. A product's texture 

can be improved by adding a component having a high OHC. It may also be used to make 

meat products juicier after they have been cooked. Similar observations were reported by 

(M. Ibrahim et al., 2018). The inclusion of powdered citrus peel resulted in the lowest 

OHC readings for control beef patties samples compared to other prepared samples. 

The total volatile basic nitrogen (TVBN) concentration is a chemical biomarker of 

meat quality that is linked to the amino acid decarboxylase growth of microorganisms 

during storage (Baltic et al., 2017). Based on Table 4.3, it is clear that these additions (for 

any concentration) for each type of fruit peel powders have decreased the total volatile 

basic nitrogen compared to the control sample, even though only minor changes were 

observed. The concentration of fruit peel powder additions influenced the TVBN values 

of raw beef patties as increasing the concentration of the peel would contribute to much 
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lower TVBN. The lowest TVBN were obtained in beef patties with OPP3 (2.21 g/1 00g), 

while the highest values were in BPPl (2.51 g/l00g) compared to the control samples 

(2. 77 g/1 OOg). It was roughly observed that samples with banana peel powders had greater 

TVBN values when compared to most of the formulated samples. The total phenolic 

contents in banana peels are 0.90 to 3.0 g/l00g (Fatemeh et al., 2012), 8.5 g/l00g for 

pomegranate peels (Elfalleh, 2012), and 3.56 g/l00g for orange peels (Sir Elkhatim et al., 

2018). Those high contents of phenolic in each fruit peels were the greatest contribution 

to the reduction of TVBN values. This might be due to the high amount of phenolic and 

flavonoid chemicals in orange peel, which has antimicrobial action (Mahmoud et al., 

2017). Microbes change their gene expression in response to this phenolic "attack" to 

lower aerobic metabolism and boost the synthesis of antioxidant and DNA repair 

enzymes. Suppression of aerobic metabolism limits microbial movement and biofilm 

formation, both of which are necessary for life (Kalogianni et al., 2020). On the other 

hand, Nassar and Sulaiman (2016) also reported decreased TVBN values after treating 

beef patties with orange peel powders. 

50 

@
 C

OPYRIG
HT U

PM



4.3 Technolog y  and quality analysis 

4.3.1 Cooking properties 

Table 4.5 Cooking properties ofbeefpatties at different concentrations of 
banana, pomegranate, and orange peel powders 

Sample 

Control 

BPPl 

BPP2 

BPP3 

PPPl 

PPP2 

PPP3 

OPPl 

OPP2 

OPP3 

Cooking Yield (%) Cooking Loss (0/o) 

69. 76 ± 0.33Dd 30.24 ± 0.33Aa

77.76 ± 0.128a 22.24± 0.12cc

80.16 ± 0.04Aa 19.84 ± 0.04Dc

75.92 ± 0.11 Cb 24.08 ± 0.11 Be

75.38 ± 0.498b 24.62 ± 0.49Cb

77.94±0.llAa 22.06±0.llDc

73.27 ± 0.57cc 26.73 ± 0.578b

74.38 ± 0.328b 25.62 ± 0.328b

73.04 ± 1.088b 26.96 ± 1.088
b

77.75 ± 0.45Aa 22.25 ± 0.45Cd

Shrinkage (%) 

19.41 ± 0.83Aa

15.88 ± 0.83Aa

2.353 ± 1.668
b

2.941 ± 0.838c

13.53 ± 2.498a 

1.77 ± 0.83Cb

11.76 ± 0.61 Bb

13.55 ± 2.49Aa

1. 765 ± 0.838b

17 .06 ± 2.49Aab

*Mean with different capital letter {A, B) represents same types of fruit with different concentrations are
significantly differ (p<0.05)
** Mean with different small letter (a, b) represents same concentration with different types of fruit are
significantly differ (p<0.05)
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Table 4.5 shows the cooking properties of cooked beef patties at different 

concentrations for banana, pomegranate, and orange peel powders. It was observed that 

the cooking yield of all types of peel powder with an increasing level of peels added to 

beef patties was significantly higher {p<O. 05) than control samples. The increments 

represented additional improvements in cooking yield of beef patties with BPP2 had the 

highest recorded value, followed by samples with PPP2, BPPl and OPP3. These yield 

values are obviously linked to fat and water retention. The highest yields shown in samples 

of BPP2 seem to be consistent with higher oil and water holding capacity. This finding is 

supported by Aleson-carbonell and Ferna (2005) and Hygreeva et al. (2014). The 

incorporation of fruit albedo fibers in beef patties formulation has increased cooking yield 

because of their ability to keep moisture and fat in the formulation. The orange peel's fat 

and water retention capacity appears to be connected to its soluble components, namely 

pectin, which can make up to 25% of the tissue and increase cooking quality (Lario et al., 

2004). 

According to Rocha-Garza and Zayas (1996), the ability of the protein matrix to 

retain water and bind fat determines quality attributes such as texture, structural binding, 

and yield in meat products. In this regard, carbohydrates and fiber have been successful 

in improving cooking yield, lowering formula costs, and improving texture. Moreover, 

increased cooking yield can be credited to improved emulsion stability and fruit peel 

powder's strong ability to retain moisture and fat in the matrix. According to some authors, 

fiber processing technique influences water and fat holding capacity, and therefore their 

chemical and physical structure, which is also connected to soluble dietary fiber content 

( Grigelmo-Miguel & Martin-Belloso, 1999). 
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Table 4.5 showed that the addition of BPP2 were particularly effective (p<0. 05), 

reducing the cooking loss comparing to the control burger sample followed by PPP2, 

BPPl, and OPP3. However, the cooking loss was significantly (p<0.05) increased when 

the percentage of banana peel powder and pomegranate peel powder increased from 

19.84% (BPP2) to 24.08% (BPP3) and from 22.06% (PPP2) to 26.73% (PPP3), 

respectively. On the other side, the cooking loss for orange peel powders was decreased 

significantly (p <O. 05) from 26.96% (OPP2) to 22.25% (OPP3). It was undeniable that 

water and oil holding capacity play the important main role contributing to a change in 

cooking properties. By comparing the results in Table 4.5 and Table 4.4, we observed that 

samples with higher WHC and OHC would also have better cooking properties, such as 

higher cooking yield and lower cooking loss and shrinkage. For example, samples with 

BPP2 that had higher WHC and OHC values which were 1.703 and 0.717, had improved 

cooking properties obtained 80.16, 19.84, and 2.353% for cooking yield, cooking loss, 

and shrinkage in comparison with control which had so much poor and unacceptable 

properties for meat products. Abdel-Fattah et al. (2016), M. Ibrahim et al. (2018), and 

Sharma and Yadav (2020) also reported the same observation regarding the additions of 

fruit peel powders which were proven in enhancing the cooking properties of meat 

products. 

Surface shrinkage is crucial for sustaining burger quality standards because it 

allows fat and water to escape from protein denaturation (Akesowan, 2015). The data in 

Table 4.5 showed that surface shrinkage of all cooked samples was significantly (p<0. 05) 

decreased compared to control samples. The addition of OPP2, PPP2, BPP2, and BPP3 

had the lowest shrinkage percentage, which were 1.765%, 1.766%, 2.353%, and 2.941 %, 
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4.3.2 Color analysis 

Table 4.6 Color analysis of cooked beef patties at different concentrations of 
banana, pomegranate., and orange peel po,vders 

Sample 

Control 

BPPl 

BPP2 

BPP3 

PPPl 

PPP2 

PPP3 

OPPl 

OPP2 

OPP3 

Lightness Redness Yellollness Color Difference 

(L*) (a*) (b*) 
(AE*) 

38.03 ± 0.13Aa 2.53 ± 0.65Aa 4.795 ± 0.30Aab 61.82 ± 0.08A&bc 

37.70 ± 0.28Aa

29. 75 ± 0.6488

27.63 ± 0. 71 Ba

1.539 ± 0.65Aa 2.661 ± 0.6083 

1.287 ± 0.53Aa 0.152 ± 0.11 Cd 

61.98 ± 0.3383

69.85 ± 0.63Aa 

0.575±0.06A -l.001±0.71Cc 71.97±2.llAa

38.64 ± 0. 71 Aa 4.211 ± 0.96Aa 4.033 ± 2.23Aa 61.28 ± 0.6583

35. 78 ± 0.95ABa 2.561 ± 0.64Aa 3.075 ± 0.39Ac 63.95 ± 0.46Ab 

33. 77 ± 0.7588 1.462 ± Q. 75Aa 2.465 ± 0.64Ab 65.90 ± 0.67Ab 

38.73 ± 6.36Aa 1.874 ± Q_35Aa 4.585 ± l.99Aa 61.08 ± 0.65ABa

39.16±6.35Aa 2.12±0.28Aaa 6.873±0.14Aa 63.86±0.79Ab 

39.94 ± 7.4QAa 2.730 ± 0.54Aa 7.215 ± 0.95Aa 60.55 ± 1.058c

*Mean with different capital letter (A, B) represents same types of fruit with different concentrations are
significantly differ (p<0.05)
** Mean with different small letter (a, b) represents same concentration with different types of fruit are 
significantly differ (p<0.05) 

55 

@
 C

OPYRIG
HT U

PM



The color of meat products, without question, is the most essential indicator of 

freshness. Natural antioxidants have been shown to preserve the color stability of meat 

products by inhibiting lipid oxidation and preventing the conversion of meat 

metmyoglobin to oxymyoglobin (Andres-Bello et al., 2013). Table 4.6 shows the hunter 

color parameters of cooked beef patties with different fruit peel additives at different 

concentrations. There was a significant (p <O. 05) decreasing trend of lightness (L *) for 

beef patties incorporated with increasing concentration of BPP and PPP, whereas there 

was a significant (p <O. 05) increasing trend of lightness value observed in the 

concentration of beef patties incorporated with increasing concentration of OPP when 

compared with control samples. The dark color contributed by banana and pomegranate 

peel powders may explain the significant fall in lightness in these treatments. According 

to Gonzalez and Rodriguez ( 1994 ), color is affected by various variables, but the drying 

process, in particular, impacts color. During the drying process, the peels were subjected 

to high temperatures, which causes enzymatic and non-enzymatic browning, resulting in 

product darkening. Lightness in food is affected by various factors, including the 

concentration and type of pigments present (Lindahl et al., 2001). 

The redness parameter (a*) indicated a non-substantial difference between the 

treated samples and the control sample (p>0.05), with its value decreasing with a further 

addition of BPP and PPP in the beef patties. The addition of BPP3 and PPP3 caused the 

highest redness value reduction up to 77% and 43%, respectively, compared to the control 

group. On the other hand, the addition of OPP in beef patties led to non-significantly lower 

(p>O. 05) of redness (a*) in the concentration of 1 % and 2% while non-significantly 
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increase (p>O. 05) in addition of 3% concentration when compared with control samples. 

The decreasing a* values might be related to interference with lipid oxidation in 

myoglobin oxidation (Selani et al., 2011). While comparing the samples containing 

different ratios of orange peel additives, it was found that the more orange peels ratio, the 

greater the red color in which increased from 1.84 to 2.12 then 2.73 in 1, 2, and 3%, 

respectively. These results agreed with Mahmoud et al. ( 2017), who found the redness of 

the beef patties were increased along with the increased concentration of orange peels 

additives from 11.14-11.45 then 11. 83 in 5, 7 .5, and I 0%, respectively. 

The yellowness attribute (b*) of beef patties incorporated with BPP was reduced 

significantly (p <O. 05) while PPP was reduced non-significantly (p>O. 05) when compared 

to the control samples with a significant difference among the tested samples. 2 and 3% 

peels incorporation showed significantly differences (p<0.05) in its b* values. The 

samples of BPP3 and PPP3 recorded the highest decrement in b* values which were up 

until 120% and 48%, respectively, when compared to control. In the case of yellowness 

of beef patties with the addition of OPP, the results showed that increasing orange peel 

levels resulting in increased (p <O. 05) yellowness (b*) where the values ranged from 4.59, 

6.87, and 7.22 at concentrations 1, 2, and 3%, respectively when compared with control 

samples. Also, the b* values of OPP treated beef patties were significantly higher than 

those of BPP and PPP treated beef patties. The yellowness of food increased with 

increasing amounts of orange peel powder as a source of carotenoid pigments due to citrus 

powder's yellow and orange color (Kammoun Bejar et al., 2011). This was in agreement 

with Aleson-carbonell and Perna (2005), who found that a rise in b* value is due to the 

addition of yellowness and redness components found in lemon albedo to a sample ofbeef 
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pattiess. It has been observed in this study that beef patties treated with banana and 

pomegranate peel powders exhibited lower L*, a* and b* values while beef patties treated 

with orange peel powders generally showing greater L *, a* and b* values. 

Furthermore, we must note how pH has a significant impact on pigments ( e.g., 

chlorophyll, carotenoids, anthocyanins, myoglobin, etc.) responsible for the color of 

fruits, vegetables, and meats (Andres-Bello et al., 2013). Based on the previous discussion 

on the pH analysis, we found that BPPl had the highest pH while OPP3 had the lowest 

pH. However, in this section, we observed that those big gap differences on pH value 

would lead to the only significant difference in L * values while non-significant which was 

no to little observation in a* and b* values. Schmidt and Trout (1984) discovered that even 

when cooked to the same internal temperature, high-pH beef, pig, and turkey muscle 

(pH[6.0]) was redder and seemed undercooked than low-pH muscle (pH[5.5]). According 

to these authors, the high-pH muscle decreased the quantity of myoglobin denatured at a 

given temperature. These were in line with our findings where we found that samples with 

BPP and PPP had increasing trend of redness (a*) values when the pH of the treated 

samples were also increased. For example, PPPl (pH[7.99]) treated samples had a higher 

redness (a*) of 4.210, but PPP3 (pH[6.96]) treated samples had a lower redness (a*) of 

1.460. Schmidt and Trout (1984) stated that the proportion of myoglobin denatured was 

significantly reduced in high-pH muscles, resulting in noticeable color differences in 

cooked meat. Similar observations were reported as in Table 4.6 where samples with 

BPP2 that had considerably higher pH (pH[7.94]) compared to others possessed notably 

higher color difference which was 69.85. Schmidt and Trout (1984) came to the 

conclusion that the pink hue in completely cooked high-pH beef products was due to two 
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factors which were: ( 1) partial myoglobin denaturation at low temperatures (70 cc) and 

(2) development of a pink hemochrome at higher temperature (76 cc). Other than the

influence of pH, the properties of cooked meat can be affected by the meat source, 

biochemical state of the muscle at time of slaughter and subsequent rigor mortis 

development, packing settings, freezing history, fat content, additional additives, and 

preservation methods such as irradiation and pressure (Andres-Bello et al. , 2013). 

�E* (Total Color Difference) is a single value derived using delta L*, a*, and b* 

color differences and indicates the distance between the sample and the standard. The 

closer the sample is to the standard, the smaller the delta E* value. For example, beef 

patties of 2% and 3% BPP concentrations yielded the highest L\E* (color difference) 

values of 71.97% and 69.85%, respectively, followed by beef patties treated with PPP3 

which had �E* of 65.90%. In contrast, addition of OP3 had the lowest L\E*, which was 

60.55%, followed by sample incorporated with 1 % pomegranate and banana peel 

powders, which were 61.28% and 61.98%, respectively. These results obtained were 

compared to the color scores provided by sensory evaluation panelists in Table 4.8. 
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PPP3 404.00 ± 31.78 ± 0.849 ± 343.765 ± 10787.06 ± 

25.13Aa 0.05Aa 44_39Ad 723.59Aa

OPPl 302.25 ± 25.77 ± 0.876 ± 264.57 ± 6801.96 ± 

4.488c 1785.278a

OPP2 612.93 ± 28.46 ± 0.932 ± 572.53 ± 16073.69 ± 

28.86Aa 89.89Aa 251.32Aa

OPP3 167.87 ± 26.88 ± 0.975 ± 166.87 ± 4321.37 ± 

18.078c 77.408d 1372.588a

*Mean with different capital letter (A, B) represents same types of fruit with different concentrations are
significantly differ (p <O. 05)
** Mean with different small letter (a, b) represents same concentration with different types of fruit are
significantly differ (p<0.05)
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Consumers have certain expectations regarding the texture of meat products, such 

as beef patties in this case. Textural properties are crucial in the manufacture of processed 

meat products because they influence customer acceptance. Spoilage of meat products 

leads to texture deterioration as well as taste and color changes (M. Ibrahim et al., 2018). 

Meat textlire characteristics are recognized by touch, either when the product is picked up 

by hand or when it is placed in the mouth and eaten. These qualities, in contrast to taste 

attributes, are very easy to assess using instrumental methods. A food's textural properties 

are a "group of physical characteristics that come up from the structural components of 

the food, are sensed through touch, are associated to the deformation, disintegration, and 

flow of the food under a force, and are measured objectively by functions of mass, time, 

and distance''(Barrett et al., 2010). 

Texture profile analyses results of control and (1, 2, and 3%) of either banana, 

pomegranate, or orange peel powders formulated beef patties samples are depicted in 

Table 4. 7. The hardness value of the control sample was significantly (p<0. 05) lower, 

except for samples with OPP3 as compared to the other samples mixed with (1, 2, or 3%) 

of banana, pomegranate, and orange peel powders. Among all the formulated samples, the 

hardness values increased significantly (p <0. 05) as the % of banana peel powders 

increased. In contrast, samples with pomegranate peel powders showed a decreasing trend 

starting from adding 2% of its peels. On the other hand, the inclusion OPP showed 

decreasing hardness values with the increasing level of powders incorporation starting 

from adding 3% of its peels from 612.93 g (OPP2) to 167.87 g (OPP3). Thus, PPP beef 

patties at any concentrations had significantly higher hardness than all treated samples 

except for OPP2 treated patties. In general, OPP3 samples had the smallest hardness 

62 

@
 C

OPYRIG
HT U

PM



values and substantially lower (p<0.05) mean values than the other studied samples, 

including the control. 

This reduction in hardness of the increasing level of peels samples compared to the 

control might be due to the inclusion of orange in patties, whi_ch resulted in lower protein 

binding. The diluting impact of albedo in animal protein systems may be responsible for 

the hardness reduction. Furthermore, the diluting impact of non-meat components in meat 

protein systems was largely responsible for the soft texture (M. Ibrahim et al., 2018). This 

is because the inclusion of nonmeat protein results in a stronger protein network that is 

more resistant to compression (Youssef & Barbut, 2011 ). Reduced moisture content in 

these treatments may have contributed to increased hardness. Kita et al. (2017) stated that 

the reduction in moisture content of hazelnuts after convective drying resulted in lower 

breaking point and hardness but higher springiness, cohesiveness, and chewiness. Several 

studies, on the other hand, have found that adding dietary fiber to meat products increased 

elasticity and decreased hardness. 

According to our findings, we found that the addition of pomegranate and orange 

peel powders with high fiber contents could lead to lower hardness value compared to 

control, while banana peel powders showed a different trend where the hardness increased 

with an increasing percentage of its peel. Other than that, fat content also plays an 

important role in the hardness of the beef patties. The hardness of all cooked beef patties 

was considerably increased when the fat level ( as in Table 4.1 )was increased and these 

increment can be seen in samples at all level concentrations ofBPP and only up until 2% 

incorporation level of PPP and OPP as they started to decline at 3% powders 

incorporation. Youssef and Barbut (2011) found a high correlation between fat content 
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and hardness after replacing beef fat with canola oil or pre- emulsified canola oil (using 

soy protein isolate, sodium caseinate or whey protein isolate). 

The strength of the molecular linkages inside a food product is called its 

cohesiveness (Sari9oban �t al., 2009). Cohesiveness refers to how effectively a product 

withstands a second deformation in comparison to its resistance to the first. The all-tested 

samples had non-significantly (p>0.05) lower cohesiveness values than control except for 

OPP3. The cohesiveness values of the treated samples were decreased gradually for 1, 2, 

and 3% BPP and PPP samples while increasing the level of OPP. This was in agreement 

with the findings of M. Ibrahim et al. (2018), who reported that the increase of orange and 

lemon levels in beef patties increased product cohesiveness (p<0. 05), i.e., from 1.06 in 

control samples to 1.1 7 in 2% orange peel powders samples. High cohesion indicates that 

the adhesion is very strong, robust, and solid in and of itself, making it extremely resistant 

to tearing. Thus, samples with lower cohesiveness would be preferable for consumers to 

eat it because it  is easier to tear them apart during chewing. 

Moreover, as the fat percentage of the beef fat meat treatments increased, 

cohesiveness tended to decline. These trends were only applied in samples of BPP and 

PPP, while OPP showed the opposite trend as the fat contents increased. A similar trend 

resulting from the increased fat content could contribute to lower cohesiveness were 

reported by Youssef and Barbut (2011) on the study of texture profile of beef fat 

substituted with canola oil or pre-emulsified canola oil at various fat levels. 

The springiness values of control samples were non-significantly (p>0. 05) higher 

than other formulated samples. The springiness of the beef patties continued non-
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significantly (p>0.05) to increase with an increasing percentage of banana peel powders 

and only up until 2% incorporation of both pomegranate and orange peel powders because 

the springiness started to reduce when 3% incorporation of these two fruits were used. 

The cooking process of products with added fruit peel powders may produce structural 

changes, resulting in an increase in the springiness of treated items as compared to control. 

A similar outcome was found in beef patties infused with lemon albedo, which had a 

greater springiness value than the control (Aleson-carbonell & Perna, 2005). We must 

keep in mind that fat contents are very connected to springiness. Youssef and Barbut 

(2011) discover that springiness values rose when the amount of beef fat or pre-emulsified 

oil in the meat was increased, which may be explained by the fat/oil giving more elasticity 

(i.e., water does not contribute to springiness). These were in agreement with our findings 

where we observe non-significant (p>0. 05) greater springiness in samples with fruits peel 

powders compared to control, even though only little observation was shown. 

Gumminess values for the fruit peel powders formulated samples were significantly 

(p<0. 05) higher compared to control. Different fruit peel samples with same concentration 

whether 1, 2, or 3% showed significant difference (p<0.05). Gumminess values ofOPP2 

treated beef patties were significantly the highest, 572.53 g, compared to control, due to 

their higher hardness values. An increasing trend in the gumminess values of beef patties 

added with 1 and 2% of OPP and later gradually had decreasing trend when OPP3 addition 

level was used. Meanwhile, increasing levels of pomegranate peel powders showed 

decreasing gumminess values from 392.25g to 366.35g and later to 343.765g at 1, 2, and 

3% of peels incorporation levels. A similar observation was reported by Aleson-carbonell 
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& Fema (2005), who observed the same increasing pattern in the gumminess values of the 

beef patties added with lemon albedo. 

The chewiness values of the control had significantly lower values than the values 

of formulated samples except for BPP3, OPP3, and OPP3. Texture hardness impacts 

chewiness, with chewiness increasing as texture hardness rises. Chewiness values of all 

treated samples were significantly lower than OPP2 treated beef patties, which was due to 

their significantly lower hardness value and non-significantly lower springiness values. 

Also, it was noticed that PPP3 and OPP3 samples were of low chewiness values than I 

and 2% formulated samples of corresponding fruit peels. These were in contrast with BPP, 

where increasing BPP level did increase the chewiness value. M. Ibrahim et al. (2018) 

also reported a decrease in chewiness values of beef patties incorporated with orange and 

lemon peels compared to control, however, it had an increasing trend of chewiness as the 

concentration of peels were increased. When high-fat contents of fruit peels were used, 

chewiness and gumminess increased in the same way. 
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PPP3 5.333 ± 5.367 ± 5.933 ± 6.033 ± 6.067 ± 6.033 ± 

1.548b 1.37Bb 1,59BCa l.}9Bb 1.41 Aab 1.37Bb

OPPl 7.067 ± 7.200 ± 7.031 ± 7.467 ± 6.500 ± 7.100 ± 

l.464Aa

OPP2 6.033 ± 5.800 ± 5.567 ± 6.500± 6.067 ± 6.100 ± 

1.198b 1.38Bb 1.548b l.33ABb 1.248b

OPP3 4.800 ± 4.90± 4.30± 5.367 ± 4.967 ± 5.00± 

l.58Bbc
l.65Bc 1.45Bc

*Mean with different capital letter (A, B) represents same types of fiuit with different concentrations are
significantly differ (p<0.05)
** Mean with different small letter (a, b) represents same concentration with different types of fiu1t are
significantly differ (p<0.05)
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Table 4.8 shows that the sensory evaluation results for cooked beef patties samples 

prepared with different types of fruit peel at different concentrations. Data indicated that 

there were significantly (p <O. 05) lower scores for appearance, color, taste, odor, texture, 

and overall acceptability of beef patties samples with all fruit peel powder additives 

compared to control. There was decreased in sensory attributes parameters for any type of 

fruits by increasing fruit peel concentrations exceeding 2%. 2 and 3% peel concentrations 

showed significantly difference (p<0. 05) for all sensory aspects compared to control. 

All beef patties contai�ing fruit peel powders at 1 % additive were well accepted 

and exhibited the maximum score of sensory properties compared to control. The 1 % 

addition of fruit peels have proven to us that fruit peels could also contribute to the same 

excellent scores as the control samples without compromising its sensory characteristics. 

While, in the case of 3 % additive of any fruit peels, the mean scores were lower, which 

indicated that samples were unacceptable compared to the 2% and 1 %. The data also 

showed that the acceptability of beef patties containing PPPl had higher total scores 

followed by OPP 1 and BPP 1. Furthermore, the scores for appearance, color, taste, and 

texture of PPPI and OPPI were non-significantly (p>0.05) higher than control patties, 

while BPPl was non-significantly (p>0.05) higher than control sample only for texture. 

These results were in good agreement with M. Ibrahim et al. (2018). They obtained 

acceptable sensory scores for meat products treated with orange and lemon peels where 

the results showed that 2% o range peel powders and 2% lemon peel powder were more 

accepted with the higher score for overall acceptability, which was 7.94 and 8.31, 

respectively. The enhanced flavor of chicken patties treated with citrus fruit peel powders
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(orange, grapefruit, and lemon) was previously related to aromatic compounds generated 

as metabolites after treating organic acids (Kealey & Kinsella, 1979). 

The gre�ter levels of flavonoids components in these fruits may be responsible for 

the fruits' better taste evaluations (Ross & Kasum, 2002). However, if a high concentration 

of fruit peel powder were incorporated, there was a reduction in sensory scores because 

panelists' preference for the burger was generally associated with a low level of bittemess. 

The fact that the control beef patties sample had a less bitter flavor than the other burger 

samples was the major reason for its excellent score especially in its overall acceptability 

(as shown in Figure 4.1). The astringent flavor and bitterness found in burgers were 

produced by the alkaloids, tannins, and saponins found in orange fruit peel (Mahmoud et 

al., 2017). 

By looking at the outset of the spider in Figure 4.1, OPPl had the highest scores in 

odor and color aspects while BPP 1 and PPP 1 had excellent scores only for texture and 

appearance, respectively. These results indicate that the fruit peel powders could be added 

an amount of up to 3 % in the formula of beef patties without adversely affecting the 

sensory characteristics of the burger. It is best to mention that 1 % of any fruit peel powders 

supplemented in beef patties could be recommended to be produced as a burger with good 

quality acceptable sensory quality attributes while being a good source for bioactive 

compounds for food processing.
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Figure 4.1 Radar chart of the best percentage of fruit peel powders. 
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5.1 Conclusion 

CHAPTERS 

CONCLUSION AND .RECOMMENDATION 

The inclusion of fruit peel powders especially banana peel powders in beef patties, 

particularly at the 2 % level, might be recommended to improve nutritional quality and 

enrich the burger with bioactive components, allowing it to become a functional meat 

product. In other words, though addition of high percentage of banana, pomegranate, and 

orange peel powders improved the nutritional properties, these additions at high 

concentration compromised color, texture, and taste of the beef patties. The use of 2% 

orange and pomegranate peel powders in the composition of beef patties had the 

maximum ability to enhance bacterial decomposition by reducing TVBN levels. OPP3 

had the lowest pH and TVBN values which were 5.92 and 2.21, respectively. The 

technology and quality properties including WHC, 0HC, cooking properties, color and 

texture of prepared beef patties samples were analyzed, and it was found that the addition 

of varied concentrations of fruit peels powder enhanced the quality criterion. The studies 

on cooking properties showed that the beef patties incorporated with banana peel powders 

up to 2% level resulted in products with excellent acceptability such as high cooking yield 

(80. I 6%) and low cooking loss (19.84%) and shrinkage (2.353%). 

The improvement on the qualities of cooked beef patties were contributed by the 

higher WHC and OHC of the samples. Banana peel powders at 2 and 3% concentration 
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levels had the outstanding values which were 1.703 and 1.516, respectively for WHC and 

0. 717 and 0. 770, respectively for OHC. The color difference was the highest for BPP3 

(71.97) and the lowest for sample of OPP3. The hardness of cooked beef patties was 

increased with increasing level of peel powders additions that would also lead to higher 

gumminess and chewiness. However, the chewiness and cohesiveness of treated beef 

patties with fiuit peel powders were reduced compared to control. At the same time, 

utilization of the percentage of fruit peel powders could be useful to achieve high stability 

of beef patties with positive effects on the sensory characteristics of the product by having 

high scores that is near to control especially for the addition of 1 % for all types of fruit 

peel powders. In this context, PPP I had the highest overall acceptability which were 

7.133, only 2.33% score differences with control samples. 

The development and usage of such functional and nutritional food materials may 

be utilized to enhance the nutritional status of the population, which can have a positive 

impact on health by avoiding degenerative diseases. Furthermore, by enhancing the 

nutritional content of the product and decreasing the formulation cost, they might benefit 

the industry and customers. As a result, in beef meat processing sector, these peel powders 

might be used as a natural source of antioxidants, antimicrobial, texture enhancer, and 

health-promoting functional elements. 

73 

@
 C

OPYRIG
HT U

PM



5.2 Recommendations 

The findings of this study's analysis have been provided, along with a discussion of 

the quality characteristics of beef patties as influenced by different varieties of peel 

powder. With this explanation, all relevant researchers may take action and make an effort 

to regulate the types and percentage of fruit peel powders in food incorporation to keep it 

at an ideal level. Finally, it is suggested that further research be done to completely 

comprehend the ideas of adding fruit peels in food-based products need to be continued. 

Some recommendation that can be considered are to study the effect of particle size 

of the powders as the particle size increases, the flow of the powders increases as well,

until it reaches a point where it is free flowing. The flow characteristics are improved by 

a suitable mix of coarse and fine particles, or by choosing the right particle size

distribution. Particle size distribution is critical for understanding a material's physical

and chemical characteristics, making it an excellent hygiene and quality assurance tool for 

producers in a wide range of sectors.

Other than that, extensive studies to find the optimum cooking conditions for 

different types of fruit peel powders such as implementing the kinetic modelling , heat 

and mass transfer and transport phenomena should be performed because in order to 

improve cooking process. This is critical for the discovery of novel food products, the 

more cost-effective and energy-efficient processing of current food sources, improved 

food quality and quality control, and compliance with new requirements such as 

nutritional labeling and shelf-life dates. 
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3%PPF 6.97 

3%PPF 6.94 

l¾OPF 8.16 

l¾OPF 8.15 

2%0PF 7.25 

2%0PF 7.23 

3%0PF 5.95 

3%0PF 5.89 

5.4 Cooking properties 

Appendix 2 Cooking properties 

Sample Cooking Yield(%) Cooking Loss(%) 

Control 

Control 

l¾BPF

1%BPF 

69.9930 30.0070 

69.5221 30.4779 

77.8368 22.1632 

77.6736 22.3264 

Shrinkage 

20.0000 

18.8235 

15.2941 

16.4706 
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2%BPF 80.1262 19.8738 1.1765 

2%BPF 80.1870 19.8130 3.5294 

3%BPF 75.8474 24.1526 3.5294 

3%BPF 76.0017 23.9983 2.3529 

1%PPF 75.7329 24.2671 11.7647 

1%PPF 75.0275 24.9725 15.2941 

2%PPF 78.0186 21.9814 1.1765 

2%PPF 77.8612 22.1388 2.3529 

3%PPF 73.5002 26.4998 11.7647 

3%PPF 73.0484 26.9516 11.7647 

1%0PF 74.6147 25.3853 11.7647 

1%0PF 74.1545 25.8455 15.2941 

2%0PF 73.8092 26.1908 2.3529 

2%0PF 72.2712 27.7288 1.1765 

3%0PF 78.0705 21.9295 15.2941 

3%0PF 77.4221 22.5779 18.8235 
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5.5 WHC and OHC analysis 

Sample 

Control 

Control 

1%BPF 

1%BPF 

2%BPF 

2%BPF 

3%BPF 

3%BPF 

1%PPF 

1%PPF 

2%PPF 

2%PPF 

Appendix 3 WHC and OHC analysis 

WHC OHC 

0.85588 0.361765 

0.83627 0.262745 

1.54314 0.586275 

1.56667 0.579412 

1.73922 0.718627 

1.66569 0.715686 

1.49314 0.753922 

1.53824 0.785294 

1.06667 0.476471 

1.08529 0.515686 

1.35980 0.458824 

1.35784 0.441176 
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