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To investigate the effectiveness of adding lemon peels 

and pulp extracts on some quality properties and 

shelf-life of the sheep longisimussdorsi muscle during 

refrigerated storage at 4±1°C for 0, 4, and 8 days for 

this purpose am meat trim of visible fat and 

connective tissue, they cut in small cubes. The meat 

samples divide into four equal proportions and mix 

with different concentrations of lemon peel and pulp 

extract according to the following formulations:  

Control; T1 1%; T2 2% and T3 3% of lemon peel and 

pulp extract, by applied immersion method. The 

results showed acceptable results of moisture content, 

Water-holding capacity cooking loss, thiobarbituric 

acid, met-myoglobin, myoglobin, and sensory traits of 

the samples treated with lemon peel in comparison to 

the control group. The phiso-chemical traits changed 

during the storage periods but the meat sample treated 

with lemon extract was more stable than control 

groups. These results suggested that using lemon 

peels and pulp extracts to maintain physio-chemical 

properties of ram meat and extend shelf-life during 

refrigerated storage, which may have implications of 

meat processors. 
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 ية احملليةولب الليمون يف بعض خصائص حلم الكباش الكرد تأثري مستخلص قشور
 خالل فرتة احلفظ بالتربيد

يم احمد, امانج كر ارزو عبد هللا حما, هيمن غازي ظاهر, زيد خلف خضر, محمد محمود محمد, ديرا جمال 
 احمد وشكار عثمان احمد

 امعة السليمانيةج -كلية هندسة العلوم الزراعية 
 .السليمانية، العراقجامعة  ،الزراعيةكلية هندسة العلوم أ.م.د. زيد خلف خضر، : المراسلة الى

 zaid.khzir@uoanbar.edu.iq البريد االلكتروني: 

 المستخلص

إضافة مستخلص مائي لقشوورلل  الليمووف فوي  عوا خ وائص ال وود   تاتشر تم اجراء هذه الدراسة للكشف عن
 ل 0مئويوة لمود   4فوي اغننوام خو ا  التخوزين   الت ريود عنود درجوة  longisimussdorsiلفتر  التخزين للعضلة 

علو  كو م م اتواغ روغ ر ،  أيام، للهذا الغرض تم ازالة الدهوف لالنسوي  الضوام  مون العضولة ، ل  عو  8ل  4
ل سووم  ع نوواغ اللشووم  شوو م متسووال  فووي أرخعووة معووام غ لخل وو   ترك ووزاغ مختل ووة موون مسووتخلص  شوور للوو  

، T1) مسوتخلص  شور للو  اللويم%1الي: معاملوة السوي ر   د ودلف مسوتخلص  شور للو  الليمووف ، دالليمووف كالتو
، أظهوورغ النتووائ  نتووائ  مق ولووة T3)%مسووتخلص  شوور للوو  الليموووف 3، د T2 مسووتخلص  شوور للوو  الليموووف (2%

غ وخ ن، لال ووو المشتوووول الرةوخوووة ،  ا ليوووة المت ووواا  المووواء، لمووواما الي وخارخ توريووول، الم ووو  مووواي لوخ ن، المي لووو
مقارنوووة  م موعوووة السوووي ر . مووودي  تغ  وووراغ فوووي  الشسوووية فوووي الع نووواغ المعاملوووة  مسوووتخلص  شووور للووو  الليمووووف 

يوور للكوون كانوو  ع نووة اللشوووم المعاملووة  مسووتخلص الليموووف أ  التخووزين،ال وو اغ ال  زيائيووة الكيميائيووة خوو ا فتووراغ 
مسوووتخلص الليمووووف للش ووواا علووو  الخووووا    ووون اسوووتخداميمالسوووي ر . يم ننوووا السوووتنتا    نووو   يتاتًوووا مووون م موعوووة

 ال  زيائية لالكيميائية للشوم أيناء التخزين  الت ريد.
 مستخلص الليموف، كتاش كراد ، لشم، ر اغ ال ود ، الت ريد. المفتاحية:الكلمات 

 

Introduction 

Important sources of proteins, vitamins, minerals, fat, saturated fatty acids, 

cholesterol, mineral elements it is meat and meat products (21; 30; 31;33). Meat 

quality is the key criterion of meat and meat product evaluation, which susceptible to 

quality deterioration and shelf life impact directly on quality changes, a rapid quality 

deterioration is observed in meat stored improperly (6). The most meat-eating 

qualities for consumers including tenderness, juiciness, meat colour and flavour (23). 

lipid oxidation affects meat quality which leads to the formation of numerous other 

compounds which have adverse effects on the quality attributes and nutritive value of 

meat products, this process frequently limits the shelf-life of processed meat. One of 

the causes for the meat and meat products deterioration is lipid oxidation, because 

their appearance determines the onset of a large number of unfavorable changes in 

sensory, and nutritional value (13). 

Idea of using food for health purposes rather than for nutrition may open up a whole 

new field for the meat industry, growing consumers concerns about synthetic 

antioxidant because of their safety and potential toxicology have pressed the food 

file:///E:/عدد%2018/من%20علي/عدد18/zaid.khzir@uoanbar.edu.iq
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industry to find alternative natural sources (34). Thus, there is interest in development 

and use of lemon peels "citrus waste" as functional ingredients with bioactive 

compounds and antioxidant content (such as: phenolics, flavonoids, ascorbic acid and 

carotenoids) through processing healthy meat products to enhance oxidative stability 

and preserve meat quality for longer shelf life as maintaining food safety according to 

consumers demand for natural and safe products (19). 

The objective was Investigate study the effectiveness of lemon peel and pulp extracts 

at three levels (0, 1, 2 and 3 %) on some quality properties and shelf-life of the 

ramlongisimussdorsi muscle during refrigerated storage at 4±1°C for 0, 4 and 8 days.  

Materials and methods 

 Preparation of lemon peel and pulp extracts: Lemon peel and pulp powder prepare 

from dried peels and pulp of lemons (C.Limonum, which procure from a local 

market). The peels and pulp separate from juice then wash with distilled water. The 

peels and pulp dry in a hot air oven at 50°C for 48 h and ground to a fine powder and 

pass through a 24-mesh sieve. Lemon Peel and Pulp powders add in the concentration 

of 0, 1, 2 and 3% in the form of extracts. 

Sample preparation: Ram fresh LD muscles purchase from a local market. Sheep meat 

trim of visible fat and connective tissue, then cut in small cubes. The meat samples 

divide into four equal proportions and mix with different concentration of lemon peel 

and pulp extract according to the following formulations:  T1 control (without lemon 

peel and pulp extract immersion); T2 1%; T3 2% and T4 3% of lemon peel and pulp 

extract, by applied immersion method for 24 hrs at 4±1°C. The sample package and 

seal in polythene bags and store in refrigerator at 40C. Four random samples were 

taken from each group for analysis at each sampling time (0, 4 and 8 day). Chemical 

composition, Moisture content Moisture content was determined as weight loss after 

samples were dried in the convection oven at 105°C until weight was stabilized 

according to AOA method (2).  

Physical analysis: pH of muscle sample measure according to the method described 

by Ibrahim et al., (18). Muscle samples (10gm) homogenize with 100 ml distilled 

water for 1 min, the pH then measures by a pH meter.  

Cooking loss determine according to Murphy and Zerby (24). Muscle samples (20gm) 

place in an open aluminum boxes and cook for 8.5 min in oven pre-heated to 176˚C to 

an internal temperature of 70˚C. After cooking, the samples must dry with a paper 

towel. Each sample cool for 30 min, cooking weight measure. The cooking loss 

calculate by the following formula: 

 

raw sample weight 

                                    (before cooking) (gm) – cooked sample weight (gm)            

 

 

 

raw sample weight (gm) 

(before cooking) 

˟100 

 

Cooking loss% = 
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Water holding capacity (WHC) determine according to Wardlawet al., (29). 20gm of 

minced muscle sample place in centrifuge tube containing 30ml of 0.6M NaCl and 

stirre with glass rod for 1 min.  

The tube keeps at refrigeration temperature (4˚C) for 15 min, stirre again and 

centrifuge at 2806.1 xg (4˚C) for 15 min. The supernatant measure and amount of 

water retain by samples and express in percentage. The WHC report as ml of 0.6 M 

NaCl per 100g of muscle according to the following formula: 

 

Initial solution weight - final solution weight 

WHC % = ˟100 

 

Biochemical analysis: 

Thiobarbituric acid (TBA) value: The TBA values will determine according to the 

method described by Witte et al., (32). Twenty grams of the muscle will blend with 

50ml of cold solution containing 20% trichloroacetic acid (TCA) in 2M phosphoric 

acid. The resulting slurry transfer quantitatively to a 100ml volumetric flask with 

40ml distilled water. The sample dilute to 100ml with distilled water and 

homogenized by shaking. A 50ml portion filter through Whatman No.1 filter paper. 

Five ml of filtrate transfer to a test tube followed by 5ml of fresh thiobarbituric acid 

(TBA) (0.005M in distilled water). The blank prepares by mixing 5ml of distilled 

water with 5ml of TBA. The tubes stopper and the solution mix and keep in the dark 

for 15-17 hr at room temperature to develop the colour reaction.  

       The absorbance read at 530 nm by using spectrophotometer (Shimdzu, Japan). 

The TBA value express as mg malonaldehyde (MDA)/kg muscle, and calculate by 

multiplying the absorbance (A) by 5.2 factor as follows: 

TBA value (mg MDA/kg muscle) = A530×5.2 

Determination of percent met-myoglobin and myoglobin concentration: 

Pigment of meat extract from muscles of each treatment using a modified procedure 

of Krzy Wicki (22). Muscle samples (1gm) blend with 10ml ice-cold 0.04M 

phosphate buffer at pH 6.8 for 10 sec in a magnetic stirrer, keep at 4˚C for 1 hr, the 

mixture centrifuge at 2806.1 xg for 30 min at 4˚C. The supernatant further clarify by 

filtration through Whatman No.1 filter paper. The absorbance of filtrate measure at 

525, 572 and 700 nm using a UV-VIS spectrophotometer (Shimadzu, Japan). The 

percent met-myoglobin (Met-Mb) and myoglobin concentration determine using the 

formula stated by KrzyWicki (22).  

% Met-Mb = [1.395- (A572-A700 /A525-A700)] × 100 

Myoglobin concentration (mg/g muscle) = (A525-A700) ×2.303×dilution 

factor sample weight (gm) 

 

sample weight (gm) 
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Sensory evaluation: The muscle samples of LD evaluate for sensory attributes (colour, 

flavor and aroma, tenderness, juiciness and overall acceptability). The muscle samples 

cook in oven at 176˚C for 8.5 min until reaching the internal temperature of 70˚C, 

then serve warm at 60˚C to eight trained panelists (24). Muscle samples from different 

treatments evaluate in each session. The samples order randomizes within the session. 

Water serve after each sample assessment. Panelists rated each sample for different 

attributes with five-point scale ranging between 1 and 5. The higher score values 

indicate greater preference (4). 

Statistical analysis Data analyze using statistical analysis (SAS program) general 

Linear Model (GLM) within Allison (28) program, Factorial Complete Randomized 

Design (CRD) was used to study the effect of treatments and storage periods on 

studied traits, assuming the following model: 

Yijk= μ + Ti + Pj+ (TP)ij+ Eijki = 1, 2,3 and 4   j = 1, 2 and 3 

where: Duncan’s multiple range test (8) will use to determine significant differences 

among means within each factor on all studied traits. 

Results and Discussion 

The results of moisture content after treatment with lemon peels and pulp extracts at 

three levels 0, 1, 2 and 3 % at 4±1°C for 0, 4 and 8 days shown in table 1, there were 

significant (p<0.01)differ among treatments,  in 1st 0 day, the highest content recorded 

in Control 79.840% while the lowest recorded in T2 78.567 %, in 2nd (4days) the 

highest contents recorded in T1 78.633% and lowest content recorded in control 

77.857%, in 3rd 8days periods, the highest content recorded in T3 77.903% while the 

lowest recorded in control 75.870%. The moisture content decreases significantly 

(p<0.01) during the storage periods in control, T1 and T3 treatments. Moisturizing 

content is one of the main components of meat that affect the flavoring qualities of 

meat, especially the softness and aromatic qualities. The results showed a high (P 

<0.01) in the moisture content of the samples treated with lemon peel in comparison 

to control group, this may be due to the effectiveness of the lemon extract bioactive 

compounds preserve the integrity of the cellular membranes of the meat from 

oxidative damage (25). 

The results of pH value showed in the table (2), there were significant (p<0.01) differ 

among treatments in 3st period, T3 recorded the lowest pH 5.800 while the highest pH 

5.900 recorded in control. The pH value not differ significantly (p<0.01) among 

storage periods within the same treatments. For evaluating meat quality, one of the 

important quality tests is pH. The pH of meat is determined by how much glycogen is 

in the muscle prior to slaughter, converted glycogen in the meat to lactic acid after 

slaughter might consider a vital parameter of changing in pH values of the meat 6,12. 

Braddock, (3) reported that added lemon albedo (white soft middle layer) to meat 

sample make pH values lower than control samples and may be due to the presence of 

some organic acids in lemon , this results also observed in our results as table 2. 
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Table 1 Effect of lemon peels and pulp extracts at three levels (0, 1, 2 and 3 %) 

on Moisture contents during refrigerated storage at 4±1°C for 0, 4 and 8 days.  

Mean ± Standard division 

Treatments 

Storage periods (at 4 °C) 

0 day 4 days 8 days  

Control 

79.840± 0.240 a 

A 

77.857± 0.376 a 

B 

75.870 ± 0.704 a 

C 

T1 (1% lemon peel and pulp 

extract) 

79.168± 0.312 b 

A 

78.633±0.208 b 

A 

77.830± 0.286 b 

B 

T2 (2% lemon peel and pulp 

extract) 

78.567± 0.301 b 

A 

78.125±0.125 ab 

A 

77.819± 0.286 b 

A 

T3 (3% lemon peeland pulp 

extract) 

78.817±0.825 b 

A 

78.387±0.335 ab 

AB 

77.903±0.042 b 

B 

*Mean with different small letter (a, b) among treatments are significantly differ (p<0.01). 

** Mean with different capital letter (A, B) among periods are significantly differ (p<0.01). 

 

Table 2 Effect of lemon peels and pulp extracts at three levels (0, 1, 2 and 3 %) on 

pH value during refrigerated storage at 4±1°C for 0, 4 and 8 days.  Mean ± 

Standard division 

Treatments 

Storage periods (at 4 °C) 

0 day 4 days 8 days  

Control 

5.843±0.006 a 

A 

5.870±0.010 a 

A 

5.900±0.070 a 

A 

T1 (1% lemon peel and pulp 

extract) 

5.847± 0.006 a 

A 

5.863±0.006 a 

A 

5.893±0.067 a 

A 

T2 (2% lemon peel and pulp 

extract) 

5.827±0.015 a 

A 

5.857±0.006 a 

A 

5.883±0.076 a 

A 

T3 (3% lemon peeland pulp 

extract) 

5.810±0.010 a 

A 

5.817±0.015 a 

A 

5.800±0.010 b 

A 

*Mean with different small letter (a, b) among treatments are significantly differ (p<0.01). 

** Mean with different capital letter (A, B) among periods are significantly differ (p<0.01). 
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The effect of lemon peels and pulp extracts on WHC percentage showed in table 3, 

there were significant (p<0.01)differ between treatments,  in 1st 0 day, the highest 

percentage recorded in T3 52.592% while the lowest recorded in control 49.570%, in 

2nd 4days there were no significant difference among treatments, in 3rd 8days periods, 

the highest percentage recorded in T3 50.472% while the lowest recorded in control 

46.247%. The WHC percentage decrease significantly (p<0.01) during the storage 

periods in control treatments but persist at same level in other meat sample that 

treated with lemon peel. One of the quality properties of fresh meat  impact on most 

traits such as technological quality and sensory traits is water-holding capacity WHC 

(5).The high percentage of WHC in meat samples treated with Lemmon peel may be  

due to fact that WHC is related to soluble dietary fiber SDF content, and high levels 

of SDF produce a high WHC value. This could be explained by the higher WHC of 

soluble fibers, such as pectin and gums than cellulosic fibers. So, the higher WHC of 

lemon peel extract treatments could be due to the chemical structures, which possess a 

higher WHC than cellulosic fibers in citrus peel.(22).The meat pH and the protein 

composition impact on the water holding capacity , the high pH Table 2, may leads to 

the highest water holding capacity of meat (29).  

Table 3 Effect of lemon peels and pulp extracts at three levels (0, 1, 2 and 3 %) 

on Water holding capacity percentage during refrigerated storage at 4±1°C for 

0, 4 and 8 days.  Mean ± Standard division 

Treatments 

Storage periods (at 4 °C) 

0 day 4 days 8 days  

Control 

49.570±0.120 a 

A 

49.480± 0.680 a 

A 

46.247± 2.345 a 

B 

T1 (1% lemon peel and pulp 

extract) 

50.897± 2.025 ab 

A  

49.693 ± 0.705 a 

A 

48.893± 0.654 b 

A  

T2 (2% lemon peel and pulp 

extract) 

50.512 ± 2.120 ab 

A  

49.790 ± 0.753 a 

A 

49.196 ±0.534 b 

A 

T3 (3% lemon peeland pulp 

extract) 

52.592 ±0.602 b 

A 

51.392 ±0.643 a 

A 

50.472 ± 0.583 b 

A 

*Mean with different small letter (a, b) among treatments are significantly differ (p<0.01). 

** Mean with different capital letter (A, B) among periods are significantly differ (p<0.01). 
 

The results of cooking loss percentage showed in the table 4, there were significant 

differ among treatments in all storage periods, in the 1st period, the meat of control 

group recorded the highest percentage 21.010% in contrast the lowest percentage 

recorded in T3 16.217%. In the 2nd period 4 days, the highest percentage recorded in 

meat of control group 24.207% while the lowest percentage recorded in T3 18.273%. 

In the end of experiment 8 days the highest percentage recorded in meat of control 
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group 27.617% in contrast the lowest percentage recorded in T3 17.747%. The 

cooking loss percentage increase significantly (p<0.01) during the storage periods in 

control treatments. meat sample treated with lemon peel extract shown decrease in 

cooking loss in comparison to control may be due to  the increase in emulsion 

stability and the high ability of lemon peel to retain moisture in the matrix, also 

related to meat chemical structure, soluble dietary fiber (SDF) content produce a high 

WHC value and low  cooking loss (22). This finding is supported by Aleson-

Carbonell et al., (1), on the incorporation of lemon albedo fibers in beef patties 

formulation which shows that dietary fibers increased cooking yield, because of their 

ability to keep moisture in the formulation. Rocha Garza and Zayas, (27) reported 

that, in meat products, quality attributes such as texture, structural binding and yield 

are determined by the ability of the protein matrix to retain water and bind fat. 

Table 4 Effect of lemon peels and pulp extracts at three levels (0, 1, 2 and 3 %) on cooking loss 

percentage during refrigerated storage at 4±1°C for 0, 4 and 8 days.  Mean ± Standard division 

Treatments 

Storage periods (at 4 °C) 

0 day 4 days 8 days  

Control 

21.010 ± 0.641 a 

A  

24.207 ± 1.758 a 

B 

27.617 ± 0.040 a 

C 

T1 (1% lemon peel and pulp 

extract) 

20.508 ± 1.019 ab 

A 

19.659 ± 0.466 b 

A 

19.590 ± 0.172 b 

A  

T2 (2% lemon peel and pulp 

extract) 

18.322 ± 3.105 bc 

A 

19.455 ± 0.434 b 

A 

18.604 ± 0.531 b 

A 

T3 (3% lemon peeland pulp 

extract) 

16.217 ± 2.531 c 

A 

18.273 ± 0.253 b 

A 

17.747 ± 0.294 b 

A 

*Mean with different small letter (a, b) among treatments are significantly differ (p<0.01). 

** Mean with different capital letter (A, B) among periods are significantly differ (p<0.01). 
 

Results of thiobarbituric acid value during refrigerated storage at 4±1°C for 0, 4 and 8 

days represented in table 5, there were significant differ among treatments in all 

storage periods, in the 1st period,  the meat of control group recorded the highest TBA 

value 0.911 mg MDA/ kg meat, while the meat of T3 recorded the lowest value 

0.557mg MDA/ kg meat. In the 2nd period 4 days, the highest value recorded in meat 

of control group 0.948mg MDA/ kg meat while the lowest value recorded in T3 

0.632mg MDA/ kg meat. In the end of experiment 8 days the highest value recorded 

in meat of control group 1.050mg MDA/ kg meat while the lowest percentage 

recorded in T3 (0.678mg MDA/ kg meat). The TBA value increase significantly 

(p<0.01) during the storage periods in T2 and T3 treatments. TBA is used as a lipid 

oxidation indicator during storage of meat products (11). Meat of all treatments not 

exceed the acceptable limited 5 mg MDA/ kg meat (19).The high efficiencies found in 
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lemon peel treatments were closely confirming the role of the antioxidant activity of 

lemon peel extracts containing polyphenol components is due to their  capacity  to  be  

donors  of  hydrogen  atoms  or  electrons and to capture the free radicals. DPPH is a 

free radical and it is a powerful oxidant which reduced by lemon peel extract and 

protects meat lipids from oxidation (15).  

Table 5 Effect of lemon peels and pulp extracts at three levels (0, 1, 2 and 3 

%) on thiobarbituric acid value during refrigerated storage at 4±1°C for 0, 4 

and 8 days.  Mean ± Standard division 

Treatments 

Storage periods (at 4 °C) 

0 day 4 days 8 days  

Control 

0.911 ± 0.035 a 

A 

0.948 ± 0.036 a 

A 

1.050 ± 0.078 a 

A 

T1 (1% lemon peel and pulp 

extract) 

0.811 ± 0.005 b 

A 

0.829 ± 0.013 b 

A  

0.866 ± 0.007 b 

A 

T2 (2% lemon peel and pulp 

extract) 

0.673 ± 0.046 c 

A 

0.713  ± 0.018 c 

AB 

0.747 ± 0.021 c 

B 

T3 (3% lemon peeland pulp 

extract) 

0.557 ± 0.058 d 

A 

0.632 ± 0.210 d 

B 

0.678 ± 0.026 d  

B 

*Mean with different small letter (a, b) among treatments are significantly differ (p<0.01). 

** Mean with different capital letter (A, B) among periods are significantly differ (p<0.01). 
 

The effect of lemon peels and pulp extracts on Met- myoglobin percentage showed in 

table 6,  in the 1st periods 0 day results showed that Met- myoglobin percentage in 

meat of control, T1 and T2  group differ significantly (p<0.01) with T3, the highest 

percentage recorded in control group 49.108% while the lowest recorded in meat of 

T3 group 37.038%, in the 2nd period, the Met- myoglobin percentage in meat of 

control and T1 groups differ significantly (p<0.01) with  T3 groups, also the control 

group meat differ (p<0.01) with the T2, the highest percentage recorded in Control 

group, in contrast, the lowest recorded in T3 49.645 and 39.455% respectively. In the 

end of experiment 8 days, the Met- myoglobin in control and T1 groups meat differ 

significantly (p<0.01) with T2 and T3 groups, the highest percentage recorded in 

control group, and the lowest recorded in T3 49.874 and 42.525% respectively. The 

met- myoglobin percentage decrease significantly (p<0.01) during the storage periods 

in T3 treatment group. Meat colour is affected by the amount and chemical state of 

the pigment myoglobin, which after oxidation results in the unattractive colored met 

myoglobin 10; 17. The high antioxidant contents in lemon peel extracts such as: 

phenolics, flavonoids, ascorbic acid and carotenoids, retards the conversion of 

deoxymyoglobin and oxymyoglobin to metmyoglobin (14).  
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Table 6 Effect of lemon peels and pulp extracts at three levels (0, 1, 2 and 3 %) on 

Met- myoglobin (%) during refrigerated storage at 4±1°C for 0, 4 and 8 days.  

Mean ± Standard division 

Treatments 

Storage periods (at 4 °C) 

0 day 4 days 8 days  

Control 

49.108±0.098 a 

A 

49.645 ±0.065 a 

A 

49.874 ±0.134 a 

A 

T1 (1% lemon peel and pulp 

extract) 

48.859 ± 0.189 a 

A 

49.209 ± 0.260 ab 

A 

49.833 ± 0.125 a 

A 

T2 (2% lemon peel and pulp 

extract) 

48.044 ± 0.732 a 

A 

48.236 ± 0.613 b 

A 

47.296 ±1.475 b 

A 

T3 (3% lemon peeland pulp 

extract) 

37.038 ± 0.054 b 

A 

39.455 + 0.558 c 

B 

42.525 ±1.532 c 

C 

*Mean with different small letter (a, b) among treatments are significantly differ (p<0.01). 

** Mean with different capital letter (A, B) among periods are significantly differ (p<0.01). 
 

The effect of lemon peels and pulp extracts on Myoglobin values showed in table 7,  

in the 1st periods 0 day results showed that Myoglobin values in meat of control, T1 

and T2  group differ significantly (p<0.01) with T3, the highest value recorded in 

meat of T3 group 5.091 mg/gm muscle while the lowest value recorded in meat of 

control group 3.732 mg/gm muscle, in the 2nd period, the Myoglobin values in meat of 

control groups differ significantly (p<0.01) with  T1, T2 and T3 groups, the highest 

percentage recorded in T3 group, in contrast, the lowest recorded in control group 

4.865 and 3.299 mg/gm muscle respectively. In the end of experiment 8 days, the 

Myoglobin values in control and T1 groups meat differ significantly (p<0.01) with T2 

and T3 groups, the highest percentage recorded in T3 group, and the lowest recorded 

in control group 4.690 and 2.956 mg/gm muscle respectively. The Myoglobin values 

decrease significantly (p<0.01) during the storage periods in 4 treatment groups. The 

colour and colour stability of meat is important for consumers and retailers. Samples 

treated with lemon peel and pulp extracts greatly improved pigment stability 

compared with the control which due to high contents in phenolics, 

flavonoids,ascorbic acid, carotenoids in lemon peel which certainly contributed to the 

highest antioxidant potential (bioactive compounds) found in these fractions protect 

myoglobin from oxidation to met-myoglobin (14).  
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Table 7 Effect of lemon peels and pulp extracts at three levels (0, 1, 2 and 3 %) 

on Myoglobin (mg/gm muscle) during refrigerated storage at 4±1°C for 0, 4 

and 8 days.  Mean ± Standard division 

Treatments 

Storage periods (at 4 °C) 

0 day 4 days 8 days  

Control 

3.732 ± 0.059 a 

A  

3.299 ± 0.264 a 

B 

2.956 ± 0.060 a 

B 

T1 (1% lemon peel and 

pulp extract) 

3.826 ± 0.025 a 

A 

3.712 ± 0.010 b 

A 

3.166 ± 0.289 a 

B  

T2 (2% lemon peel and 

pulp extract) 

3.943 ± 0.040 a 

A 

3.862 ± 0.434 b 

AB 

3.525 ± 0.485 b 

B 

T3 (3% lemon peeland 

pulp extract) 

5.091 ± 0.148 b 

A 

4.865 ± 0.104 c 

AB 

4.690 ± 0.165 c 

B 

*Mean with different small letter (a, b) among treatments are significantly differ (p<0.01). 

** Mean with different capital letter (A, B) among periods are significantly differ (p<0.01). 
 

The sensory traits results of meat treated with lemon peels and pulp extracts at three 

levels during refrigerated storage at 4±1°C for 8 days showed in table 8. There were 

significant differ (p<0.01) among treatments in color, tenderness, flavor and aroma 

traits, while the results of Juiciness and Overall acceptability not differ significantly 

(p<0.01) among treatments. The highest value recorded in meat treated with lemon 

peels and pulp extracts. According to Cross et al. (4), all treatment had acceptable 

score except Control and T1 for juiciness traits which recorded 2.8 and 2.8 

respectively. The highest (p<0.01) color score recorded in T3 4.40 while the lowest 

score was in control 3.20, similar results were found for Met – Myoglobin formation 

and Myoglobin’s contenting table 6 and 7 respectively. Samples treated with lemon 

peel and pulp extracts greatly improved pigment stability compared with the control 

which due to high contents in phenolics, flavonoids, ascorbic acid, carotenoids in 

lemon peel which certainly contributed to the highest antioxidant potential (bioactive 

compounds) found in these fractions protect myoglobin from oxidation to met-

myoglobin (14). The results revealed that T3 was more acceptable in the tenderness 

score, and had significantly (P<0.01) highest score 4.40 as compared with control and 

T1 3.00 and 3.40 respectively which may be due to presence some organic acid in 

lemon peel extract that led to enhanced release of cathepsin enzymes. This allows the 

enzymes to increase degradation of the myofibrillar proteins 3; 9. Similar score was 

determined in beef burger treated with lemon albedo which had higher tenderness 

value as compared to untreated group 1. Samples treated with lemon Peel and pulp 

extracts showed significantly higher (p<0.01) flavor and aroma score, T3 recorded the 

highest 4.40 while control recorded the lowest flavor and aroma 3.60, These 
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improvement agreed with that found for TBA Table 5 which may be due to the role of 

the antioxidant activity of lemon peel extracts containing polyphenol components is 

due to their  capacity  to  be  donors  of  hydrogen  atoms  or  electrons and to capture 

the free radicals. DPPH is a free radical and it is a powerful oxidant which reduced by 

lemon peel extract and protects meat lipids from oxidation and producing compounds 

responsible of flavors (15).  

Table 8 Effect of lemon peels and pulp extracts at three levels (0, 1, 2 and 3 %) 

on sensory traits after 8 days refrigerated storage at 4±1°C. Mean ± Standard 

division 

Treatments 

Sensory traits  

Color  Juiciness  Tenderness  
Flavor and 

aroma 

Overall 

acceptabilit

y  

Control  

3.20 ± 0.83 

A 

2.80 ± 0.83 

A 

3.00 ± 0.70 

a 

3.00 ± 0.707 

A 

3.60 ± 0.57 

A 

T1 (1% lemon peel 

and pulp extract) 

4.00 ± 0.70  

Ab 

2.80 ± 0.44 

A 

3.40 ±0.89  

a 

3.80 ± 0.44 

b 

3.80 ± 0.44 

A 

T2 (2% lemon peel 

and pulp extract) 

4.00 ± 0.00  

Ab 

3.00 ± 1.00 

A 

3.60 ± 0.54 

ab 

4.20 ± 0.44 

B 

3.80 ± 0.44 

A 

T3 (3% lemon 

peeland pulp extract) 

4.40 ± 0.54 

 B 

3.60 ± 0.54 

A 

4.40 ± 0.54 

b 

4.40 ± 0.54 

B 

4.00 ± 0.707 

a 

*Mean with different small letter (a, b) among treatments are significantly differ (p<0.01). 

** Mean with different capital letter (A, B) among periods are significantly differ (p<0.01). 
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