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Abstract 

This study aims to evaluate red cabbage powder to develop a natural preservative to extend shelf life 

of pastrami. Pastrami was enriched with red cabbage powder to improve its quality, which included 

the estimation of total dissolved nitrogen (TSN)and  dissolved non-protein nitrogen (NPN), soluble 

protein nitrogen (SPN), thiobarbituric acid (TBA), percentage of free fatty acids (FFA), and water 

holding capacity (WHC) were determined under different storage conditions including laboratory 

temperature storage at 25 ± 2°C for 45 days, refrigerated storage at 4 ± 2°C for 60 days, and frozen 

storage at -18 ± 1°C for 75 days, adding red cabbage powder at two concentrations 0.5% and 1%, to 

pastrami resulted in an increase in the value of both total dissolved nitrogen and soluble non-protein 

nitrogen, and a decrease in the value of soluble protein nitrogen. It also contributed to a decrease in 

lipid peroxidation (TBA), a decrease in the percentage of free fatty acids, and an increase in water 

holding capacity compared to control sample without powder additives. The study highlighted the 

feasibility of using red cabbage powder as a natural and economical alternative to chemical 

preservatives to extend shelf life of meat products and reduce food waste by extending shelf life of 

pastrami. 
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Introduction 

Meat is an important part of the human diet, as 

it is considered an important source of 

nutrients and a popular choice among 

consumers, as it provides essential nutrients 

such as protein, amino acids, vitamins, and 

minerals. The increasing demand for food in 

global markets is attributed to the significant 

increase in the world's population [1]. 

Continuing developments in meat processing 

are influenced by dynamic trends, as 

consumers' needs for the products they 

consume change. With consumers' increasing 

demand for healthier and more sustainable 

products, the meat industry faces challenges 

associated with increased levels of processing 

[2]. Recent years have witnessed a significant 

improvement in food preservation and shelf 

life extension due to technological advances. 

Among the natural antimicrobial agents used 

or researched are plants, spices, lactoferrin, 

isosomes, niacin, avidin, bacteriocins, 

conalbumin, and lactoperoxidase, there is also 

increasing interest in using natural 

antimicrobials as food preservatives due to the 

short- or long-term negative effects of 

consuming synthetic food preservatives. Since 

synthetic preservatives can cause health 

problems, they should be replaced with natural 

preservatives, which are much better for 

humans, animals, and the environment [3 .] 

Brassicas are among the most widely 

consumed vegetables in the world. This plant 
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family includes approximately 3,500 species. 

One of the most widely consumed cruciferous 

vegetables is red cabbage (Brassica oleracea 

var. capitata f.rubra), a traditional food crop in 

the diet that is easily available in local 

markets, where it is consumed in large 

quantities throughout the year, whether fresh 

or processed [4]. Red cabbage plays a 

fundamental role in providing healthy foods 

rich primarily in nutrients and some 

phytochemicals such as vitamins C and K, 

beta-carotene, minerals, fiber, total phenolic 

compounds, and glucosinolates. Cruciferous 

vegetables are a rich source of biologically 

active compounds, and epidemiological 

studies have confirmed that a high intake of 

these vegetables is associated with a reduced 

risk of certain cancers, such as lung, 

colorectal, breast, and prostate cancer [5 .] 

Glucosinolates (GLS) contain sulfur and are 

found in all varieties of brassica vegetables. 

Currently, more than 200 different naturally 

occurring GLS have been discovered and are 

grouped into aliphatic, aromatic, and indolic 

GLS, based on their side chain structure. GLS 

is not biologically active, but its enzymatic 

derivatives are highly bioactive. Mechanical 

and thermal damage to cells activates the 

enzyme myrosinase, which hydrolyzes GLS to 

active compounds such as thiocyanates, 

isothiocyanates, indoles, nitriles, epithionitrile, 

and oxazoidines, which have potent anticancer 

properties [5,6.] 

 Pastrami is a popular cured meat product 

known for its unique flavor and preservation 

method. Its manufacturing processes include 

marinating, fermenting, drying, pressing, and 

packaging. It is made from beef, buffalo, and 

other meats. Its production involves specific 

techniques that contribute to its distinctive 

taste and texture, while providing some health 

and economic benefits. Table salt, curing salts, 

and spices are added, followed by pressing 

and drying. This process improves the flavor 

and extends its shelf life [7,8]. Although 

pastrami offers many benefits, there are health 

concerns associated with its consumption, 

especially due to its high salt content, which 

can contribute to health problems if consumed 

excessively. Therefore, there have been 

studies and efforts to reduce salt and find 

alternative methods using plant sources to 

compensate for the preservation resulting from 

the use of sodium salts, while taking into 

account the preservation of the traditional 

flavor and quality of the product [9,10.] 

Processed meats play a fundamental role in the 

human diet due to their ease and speed of 

consumption, especially in preparing fast food. 

Due to the artificial preservatives added to 

them and the resulting health risks, we decided 

to conduct this study, which is to use red 

cabbage as a natural preservative, as it has 

antioxidant and microbial properties, in 

addition to the nutritional value of the plant, 

which it adds to the pastrami product, thus 

preserving the product’s qualitative 

characteristics and monitoring these 

characteristics during different storage 

periods. 

Materials and Methods 

Raw materials 

Beef rump (shoulder area) and beef fat were 

purchased from local markets in Basra and 

were ground using a 3 mm hole diameter 

mincing machine for three consecutive times 

to obtain finely minced meat and fat. The 

minced meat and fat were mixed 

homogeneously. Sheep intestines were 

purchased from local markets, cleaned and 

sterilized thoroughly using salt, vinegar, 

lemon and water. They were soaked for 24 

hours, then washed well with water and 

refrigerated until ready to use for packaging. 
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The spice mixture consisted of the following 

ingredients in the quantities shown below: 40g 

kibbeh, 40g black pepper, 40g cumin, 40g 

coriander, 10g nutmeg, 15g cloves, 5g 

cardamom, 20g ginger and 10g red pepper 

(paprika). They were ground well in an 

electric grinder, mixed well and stored in 

tightly sealed containers until ready to use. 

Red cabbage was also purchased, cleaned and 

then dried using an air dryer. The cabbage was 

ground and stored in tightly sealed containers 

in the refrigerator until ready to use. 

Pastrami manufacturing 

The cured pastrami product was prepared 

according to [11] with some modifications in 

the proportions of the ingredients. 2 kg of beef 

shoulder meat was purchased and minced 

using an electric grinder three times. 400 g of 

beef fat (greasy) was also purchased and 

minced three times and mixed well with the 

meat until a homogeneous mixture was 

obtained. Table salt was added at a rate of 3%, 

spices at a rate of 1% and garlic was added. 

The mixture was divided into 3 treatments: the 

control treatment included only the mixture 

without additives, the second treatment added 

red cabbage powder at a rate of 0.5% by 

weight, and the third treatment added red 

cabbage powder at a rate of 1% to the mixture. 

The samples were mixed well and then packed 

in natural wrappers obtained from sheep 

intestines from local markets in Basra 

Governorate. They were cleaned and sterilized 

well upon purchase using salt, vinegar, lemon 

and water. They were soaked for 24 hours and 

then washed well with water. The samples 

were packed and sealed well. Then they were 

placed under a weight of 10 kg for 48 hours 

and surrounded by several layers of paper 

towels, taking into account turning them every 

8 hours to get rid of liquids well. After that, 

they were suspended for 14 days at a 

temperature ranging from 25 to 30 °C until the 

product matured and dried. After that, the 

samples were divided into three sections. The 

first section was kept at laboratory 

temperature for a period of 45 days to study 

the percentages of total nitrogen, soluble 

protein nitrogen and non-protein nitrogen, and 

the values of thiobarbituric acid (TBA), the 

percentage of free fatty acids (FAA) and the 

water holding capacity (WHC) during this 

period for storage periods of 1, 15 and 30. 45 

days. The second section was stored in a 

refrigerator for 60 days at ±5°C, and changes 

were monitored during storage periods of 1, 

15, 30, 45, and 60 days. The third section was 

stored in a freezer for 75 days at ±18°C, and 

changes were monitored during storage 

periods of 1, 15, 30, 45, 60, and 75 days. 

Estimation of soluble nitrogen(TSN) in 

pastrami  

Total dissolved nitrogen content of the 

pastrami product was estimated for different 

storage periods according to [12] with some 

modifications. A weight of 1 g of the sample 

was taken and homogenized with a quantity of 

0.5 M potassium chloride solution (KCl) 

prepared by dissolving 37.3 g of KCl with a 

quantity of distilled water and then completing 

the volume to 1 liter with distilled water. The 

homogeneous mixture was then transferred to 

a 100 ml volumetric flask and completed to 

the mark with the same solution. The mixture 

was left for 30 minutes with shaking. The 

homogeneous mixture was then centrifuged at 

3500 rpm for 15 minutes. The total dissolved 

nitrogen in the filtrate was then determined 

using the Kjeldahl method. 

Determination of soluble non-protein nitrogen 

(NPN) in pastrami 

Dissolved non-protein nitrogen was estimated 

using the filtrate obtained in the previous 

paragraph. 5 ml of the filtrate was taken and 
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10 ml of 30% TCA Trichloracetic acid 

solution was added. The mixture was mixed 

well and left for 15 minutes. After that, it was 

centrifuged at 3500 rpm for 15 minutes. The 

non-protein nitrogen in the filtrate was 

estimated using the Kjeldahl method [12.] 

 Determination of soluble protein nitrogen 

(SPN) in pastrami 

Dissolved protein nitrogen was calculated 

from the difference between total dissolved 

nitrogen and dissolved non-protein nitrogen 

[12.] 

Dissolved protein nitrogen = Total nitrogen - 

non-protein nitrogen 

Thiobarbituric Acid (TBA ) 

Method mentioned in [13]was followed by 

mixing 20 g of the sample with 100 ml of 

Trichloroacetic acid solution and mixing it 

well with a magnetic stirrer for 2 minutes. 

Then, the homogeneous mixture was filtered 

using Whatman No. 1 filter paper and 5 ml of 

TBA reagent (0.02) M was added to 5 ml of 

the filtrate carefully in a test tube. The tube 

was placed in a water bath for 40 minutes. 

Then, the absorbance of the resulting color 

was measured using a spectrophotometer at a 

wavelength of 538 nm. The TBA values were 

calculated according to the following equation 

  TBA= (0.016 +2.782)/10-X (mg⁄1000g) 

   X = absorbance of the sample at 538 nm 

Free Fatty Acids (FFA) 

Free fatty acid (FFA) contents of the product 

were calculated over different storage periods 

using the method described in [14] with some 

modifications by[15]. 10 g of samples were 

mixed for 2 minutes with 60 ml of chloroform 

in the presence of 10 g of anhydrous sodium 

sulfate. Filtered through Whatman No. 1 filter 

paper, 20 ml of the mixture was taken into a 

150 ml Erlenmeyer flask. Approximately 4 

drops of 0.2% phenolphthalein reagent were 

added to the chloroform extract, and the 

extract was titrated with 0.1 N potassium 

hydroxide solution until a stable pink color 

appeared. FFA was calculated as a percentage 

of oleic acid as follows: 

FFA %= (ml of 0.1 KOH ×0.282) / (wt. of 

sample in g) ×100 

2.181 oleic acid = 1 ml of 0.1 molar KOH 

Water Holding Capacity (WHC) 

Water holding capacity (WHC) of the product 

was determined according to [16] using 15 g 

of sample. 22.5 ml of 0.6 M sodium chloride 

solution was added, mixed for 1 min with a 

glass rod, and the mixture was kept for 15 min 

at ±4 °C, followed by centrifugation at 12,000 

× g for 15 min. The upper liquid layer was 

taken and the volume was recorded. The WHC 

of the product was determined using the 

equation: 

  WHC = TSV1 − TSV2  

  WHC is the water load (ml), TSV1 is the 

total volume of solution added (ml), and TSV2 

is the amount of solution in the cylinder (ml.) 

Statistical Analysis 

The results were statistically analyzed 

according to the completely randomized 

factorial experiment design (CRD) to analyze 

all the studied factors using the ready-made 

statistical program (GenStat Release 7.2 DE 

PC/Windows). These factors were tested using 

the least significant difference (LSD) test at a 

probability level of 0.05. 

Results and Discussion 

 Estimation of total dissolved nitrogen in 

pastrami 

Results in Figure (1,2 and 3 ) show the effect 

of storage temperature on the percentage of 

total nitrogen in pastrami to which red 

cabbage was added at two concentrations of 

0.5 and 1%, the results of statistical analysis 

showed a significant increase (P<0.05)  

between the percentages of total nitrogen in all 

treatments during the storage period at 
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laboratory temperature (±25°C), refrigeration 

(±4°C), and freezing (±18°C), the results 

showed that freezing storage had a clear effect 

in reducing the percentage of total nitrogen in 

all treatments, followed by refrigerated storage 

and then storage at laboratory temperature. 

The results showed that adding red cabbage to 

the product had a significant effect (P<0.05) 

on the percentage of total nitrogen in the 

product. It was noted that it was lower in 

treatments to which red cabbage was added for 

both concentrations of 0.5% and 1% compared 

to the control sample to which no plant 

powder was added. 

 Figure (1) shows the percentage of total 

nitrogen in the treatments of the product stored 

at laboratory temperature (±25°C) for 45 days. 

Percentage increased in treatments to which 

red cabbage was added at a concentration of 

0.5% from 5.62% at the beginning of the 

storage period to 7.23% after 15 days, to reach 

7.48% after 30 days, and at the end of the 

storage period it reached 7.67%. As for the 

control sample, it increased from 5.61% 

before storage to 6.83% after 15 days. To 

reach 6.95% after 30 days, and the end of the 

storage period to reach 7.12 . 

Results in Figure (2) show the percentage of 

total nitrogen in pastrami treatments stored in 

a refrigerator (±4°C) for 60 days. Percentage 

of total dissolved nitrogen in the control 

treatment increased from 6.31% at the 

beginning of the storage period to 6.73% after 

30 days, to 6.84% after 45 days, and to 6.92% 

at the end of the storage period. As for the 

treatments to which red cabbage was added at 

a concentration of 1%, percentage increased 

from 5.51% before storage to 5.88% after 30 

days of storage, to 6.64% after 45 days of 

storage, and at the end of 60-day storage 

period it reached 6.78%. High percentage of 

dissolved nitrogen in meat products can be 

attributed to the presence of plant sources that 

have ability to solubility of protein and retain 

nitrogen, which contributes to the levels of 

total dissolved nitrogen observed during 

storage [17.] 

Results in Figure (3) showed percentage of 

total dissolved nitrogen in product stored in 

freezer (± -18°C) for a period of 75 days. 

Percentage increased in treatments to which 

1% red cabbage was added from 5.81% before 

storage to 6.86% at the end of storage period 

of 75 days, while in control treatment it was 

5.87% before storage and reached 7.1% at end 

of storage period.Results were similar to those 

of [18] when they studied percentage of total 

dissolved nitrogen in meat slices immersed in 

plant extracts and stored in freezer for 60 days, 

as they found that percentage increased with 

increase in the storage period and increase in 

concentration of added plant extracts 
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Figure (1): The effect of adding red cabbage powder, temperature, and storage period on the 

percentage of total dissolved nitrogen in pastr 0.3271ami products stored at laboratory temperature. 

LSD  =  

 

 
Figure (2): The effect of adding red cabbage powder, temperature, and storage period on the 

percentage of total dissolved nitrogen in pastrami products stored in the refrigerator. LSD = 0.3826 

 

 
 

Figure (3): The effect of adding red cabbage powder, temperature, and storage period on the 

percentage of total dissolved nitrogen in pastrami products stored in the freezer. LSD = 0.3826 
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Estimation of soluble non-protein nitrogen in the product (NPN)

 

Figure (4,5 and 6) shows effect of storage 

temperature on soluble non-protein nitrogen 

content in pastrami. Results of statistical 

analysis showed a significant increase 

(P<0.05) in soluble non-protein nitrogen 

content in all treatments during the storage 

period at laboratory temperature (±25°C), 

refrigeration (±4°C), and freezing (±18°C). 

The increase was more evident when stored at 

laboratory temperature, followed by 

refrigeration and then freezing, Results 

showed that adding red cabbage to product 

had a significant effect (P<0.05) on the 

content of soluble non-protein nitrogen (NPN) 

in product, as it was noted that the lowest 

content appeared in the treatments to which 

red cabbage was added at both concentrations 

of 0.5% and 1% during storage at different 

temperatures compared to control treatment. 

The increase in soluble non-protein nitrogen in 

meat products treated with plant sources may 

be attributed to dissolution of muscle fiber 

proteins and increase in cathepsin activity due 

to sulfur compounds present in plant sources, 

this process is linked to enzyme activity and 

role of plant extracts. It has been proven that 

plant extracts rich in active compounds such 

as phenols and flavonoids significantly affect 

enzymatic degradation of proteins and thus 

affect quality and tenderness of meat products. 

The activity of these enzymes, which degrade 

muscle fibrous proteins, can be enhanced by 

plant-derived compounds, which may 

subsequently lead to increased levels of non-

protein nitrogen in meat products [19,20  .] 

 

  
Figure (4): Effect of adding red cabbage powder, temperature, and storage duration on soluble non-

protein nitrogen (NPN) in the product stored at laboratory temperature. LSD = 0.3807 
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of the product stored at laboratory temperature 

(±25°C). The results showed that the 

treatments to which red cabbage was added at 

a concentration of 1% increased content from 

3.42% at the beginning of storage period to 

6.12% after 30 days, reaching 6.46% at end of 

storage period. As for control treatment, 

content increased from 3.42% before storage 

to 5.92% after 30 days of storage, and reached 

6.40% at the end of storage period noted [21] 

concentration of free amino acids increased 

significantly during storage, indicating 

continuous protein degradation and production 

of non-protein nitrogenous compounds. 

Results in Figure (5) showed a significant 

increase in soluble non-protein nitrogen 

content of pastrami treatments stored in 

refrigerator (±4 m) for 60 days. If it increased 

in treatments to which red cabbage was added 

at concentrations of 0.5% and 1%, it rose from 

3.37% and 3.42% before storage to 5.76% and 

5.95% at the end of the storage period for both 

concentrations, respectively. In the control 

sample, content before storage was 3.42% and 

reached 5.89% at the end of the storage 

period. Results were close to what [22] found 

in their study on soluble non-protein nitrogen 

content in luncheon meat stored in refrigerator 

for 15 days, as they noticed an increase in 

content with advancement of the storage 

period. 

 

 

 
Figure (5): Effect of adding red cabbage powder, temperature, and storage duration on soluble non-

protein nitrogen (NPN) in refrigerated product. LSD = 0.0094 
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protein breakdown into smaller peptides and 

amino acids, contributing to increased NPN 

content. Studies have shown that freezing 

affects amino acid composition of meat, 

although the total protein content remains 

relatively stable during storage. The 

researchers stated that the increase in NPN is 

also associated with breakdown of certain 

amino acids, such as proline, which was 

observed to nearly double in content during 

prolonged frozen storage. These results are 

similar to those of [21], who studied frozen-

stored sirloin meat, stating that NPN content 

was higher during refrigerated storage than 

during frozen storage. They stated that reason 

for increase in content is that ice crystals 

(produced by freezing of muscle water) cause 

protein degradation due to a dual mechanism 

of ionic strength and intracellular water 

transfer. Hydrolyzed proteins are more 

sensitive to proteases released from 

sarcoplasm to outside of cells as a result of 

membrane perforation by ice crystals. The 

reason why NPN levels are not affected by 

these changes during loin freezing may be due 

to pH, dry matter, and salt content . 

  

 

 

 

 
Figure (6): Effect of adding red cabbage powder, temperature, and storage duration on soluble non-

protein nitrogen (NPN) in frozen-stored products. LSD =0.00803 

 

  

Estimation of soluble protein nitrogen (SPN) 

in pastrami 

Figure (7,8 and 9) shows effect of storage 

temperature on soluble protein nitrogen (SPN) 

content in pastrami. The results of statistical 

analysis showed a significant decrease 

(P<0.05) in SPN content in treatments during 

storage period at laboratory temperature 

(±25°C), refrigeration (±4°C), and freezing 

(±18°C), decrease in soluble protein nitrogen 

content in meat products during storage is 

0

2

4

6

8

10

Control Red Cabbage 0.5%  Red Cabbage 1%

N
P

N
 %

 

1 day 15 day 30 day 45 day 60 day 75 day



Euphrates Journal of Agricultural Science-17 (2):1004-1028, (june.2025)           Al-Qutaifi &Al-Mossawi                       

 
  ISSN 2072-3857           

 
1013 

attributed to several factors, including 

temperature, meat type, and length of storage. 

The mechanisms behind temperature-induced 

deterioration involve enzymatic and non-

enzymatic reactions. At high temperatures, 

enzymatic activity increases, leading to 

decomposition of proteins into peptides and 

amino acids. This process is further 

accelerated by formation of free radicals that 

oxidize proteins and lipids, leading to loss of 

soluble nitrogen compounds [24]. High 

temperatures can also promote the growth of 

microorganisms, which contributes to 

decomposition of nitrogenous compounds [25, 

26] found that refrigeration temperatures 

slowed growth of microorganisms and reduced 

enzymatic activity, while [27] indicated that 

frozen storage was more effective in 

preserving protein stability and reducing 

oxidative changes. [28] reported that high 

storage temperatures accelerated breakdown 

of proteins and other nitrogen-containing 

compounds. Studies have shown that beef 

stored at temperatures above 25°C undergoes 

faster lipid and protein oxidation compared to 

lower temperatures. 

  

 

 
Figure (7): Effect of adding red cabbage powder, temperature, and storage duration on soluble 

protein nitrogen (SPN) in the product stored at laboratory temperature. LSD A: 0.1651 
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according to storage temperature, whether at 

laboratory temperatures, refrigerated or 

frozen. Decrease in SPN content may be 

attributed to a number of biochemical 

processes that occur in meat products during 

storage, especially breakdown of protein 

materials in muscle fibers, as this breakdown 

leads to an increase in the solubility of muscle 

fiber proteins and the conversion of soluble 

protein nitrogen to non-protein nitrogen. 

Calpain enzyme, which breaks down actin and 

myosin proteins, is responsible for this 

process, and extent of breakdown of these 

proteins and changes are affected, resulting 

storage conditions such as temperature and 

length of storage time, which affect rate of 

enzyme activity [32.] 

Results in Figure (7) showed S.P.N content in 

product treatments stored at laboratory 

temperature (±25°C) for 45 days. Results 

showed a significant decrease in content with 

advancement of storage period, as it decreased 

in cabbage treatments treated with a 

concentration of 1% from 2.3% before storage 

to 1.64% after 30 days of storage to reach 

1.47% at end of storage period. In control 

treatment, S.P.N content was 2.19% and 

1.03% for periods before storage and 30 and 

45 days, respectively  

 

 

 
Figure (8): Effect of adding red cabbage powder, temperature, and storage duration on soluble 

protein nitrogen (SPN) in the refrigerated product. LSD= 0.02520 

  

Figure (8) shows S.P.N. content in refrigerated 

storage (4 °C) treatments for 60 days. Results 

showed a significant decrease in treatments, 

but decrease was clear in treatments treated 

with red cabbage compared to control sample, 

as content in control treatment decreased from 

2.89% before storage to 2.43% after 30 days 

of storage and then to 1.03% at end of 60-day 

storage period. As for red cabbage treatment at 

a concentration of 0.5%, the S.P.N. content 

decreased from 2.35% before storage to 1.5% 

after 30 days and then decreased to 1.45% at 

end of storage period. It was mentioned that 

protein stability in cured meat products is 

greatly affected by storage conditions, such as 

temperature and storage period. The results 

agreed with [22], as they found a decrease in 

S.P.N. content with advancement of 

refrigerated storage period and with the 

increase in concentration of plant sources . 

When product treatments were stored in 

freezer, figure (9) showed a significant 
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decrease in soluble protein nitrogen (SPN) 

content of treatments, but decrease was less 

than in the treatments stored at laboratory 

temperature and refrigerated, as the SPN 

content in the red cabbage treatments 

decreased by 0.5% from 2.45% before storage 

to 0.99% at end of storage period, and at a 

concentration of 1% it decreased from 2.39% 

before storage to 0.85% at end of storage 

period, and in  control sample it decreased 

from 2.45% before storage to 1.23% at the end 

of storage period. [33] indicated that decrease 

in soluble protein nitrogen content during 

frozen storage results from denaturation of 

proteins and their change in their nature, as 

they lose their solubility, which leads to a 

decrease in amount of soluble protein nitrogen 

present in meat products. 

  

 

 
Figure (9): Effect of adding red cabbage powder, temperature, and storage duration on soluble 

protein nitrogen (SPN) in the frozen product. LSD A: 0.01438 

  

Chemical Indicators

 

Thiobarbituric Acid (TBA) 

Figure (10), (11) and (11) shows effect of 

storage temperature on thiobarbituric acid 

(TBA) value in pastrami. Statistical analysis 

results showed a significant increase (P<0.05) 

in thiobarbituric acid (TBA) value for 

treatments during storage at laboratory 

temperature (±25°C), refrigeration (±4°C), and 

freezing (±18°C). Increase in TBA values in 

meat products during storage is mainly 

attributed to lipid oxidation, which is an 

important factor affecting quality and shelf life 

of meat products. This process includes 

decomposition of unsaturated fatty acids, 

leading to formation of aldehydes, ketones, 

malondialdehyde (MDA), and other secondary 

oxidation products that react with TBA to 

form reactive substances (TBARS). Several 

factors affect rate and extent of lipid 

oxidation, and thus affect TBA values during 

storage. These factors include presence of 

unsaturated fatty acids in meat, making it 

susceptible to oxidation, which is exacerbated 

by inappropriate storage conditions, as well as 

presence of light. Packaging methods, 

conditions, exposure to high temperatures 

during manufacturing, and presence of oxygen 

during storage contribute to formation of 

cholesterol oxidation products, which also 

contribute to raising TBA values [34.] 
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Addition of red cabbage to pastrami had a 

significant (P<0.05) effect in reducing 

increase in thiobarbituric acid (TBA) values. It 

was observed that treatments with added red 

cabbage during storage at different 

temperatures had lower TBA values compared 

to control treatment. This was due to addition 

of red cabbage powder, which contains 

phenolic compounds with antioxidant activity. 

This was reflected in TBA values in pastrami 

treatments stored at laboratory temperature, 

refrigerated, or frozen. The role of phenolic 

compounds is achieved through several 

mechanisms, including their ability to inhibit 

lipid peroxidation by removing free radicals 

and trapping and removing metal ions, which 

are catalysts for lipid oxidation. This 

inhibition reduces the formation of 

malondialdehyde (MDA) and other lipid 

oxidation products, leading to lower TBA 

values and improved oxidative stability of 

meat products [35,36.] 

  

 
Figure (4): Effect of adding red cabbage powder, temperature, and storage duration on the 

concentration of thiobarbituric acid (TBA) in the product stored at laboratory temperature. LSD: 

0.1599 

  

 Results of statistical analysis showed that 

storage period had a significant effect on TBA 

values in treatments, as a significant increase 

in TBA was observed during storage period at 

different temperatures, but this increase varied 

according to storage temperature, whether at 

laboratory temperatures, refrigerated or 

frozen. Increase in TBA values in treatments 

with added plant sources was less with 

advance of the storage period compared to the 

control treatment, as Figure (10) shows 

product treatments stored at laboratory 

temperature (±25°C) for 45 days. In red 

cabbage treatments at a concentration of 0.5%, 

TBA value increased from 0.43 mg MDA/kg 

before storage to 0.841 mg MDA/kg after 15 

days of storage, then reached 0.931 mg 

MDA/kg after 30 days, and at end of the 

storage period, value reached 1.361 mg 

MDA/kg. In control treatment, the increase 

was more evident, as it increased from 0.460 

mg MDA/kg before storage to 0.997 mg 

MDA/kg after 15 days to 1.663 mg MDA/kg 

after 30 days and then 2.584 mg MDA/kg at 

the end of storage period, [37] reported that 
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storage at laboratory temperature (25°C) 

facilitates oxidation of fats more rapidly, 

leading to higher TBA values. Presence of 

oxygen also facilitates oxidation process, 

leading to faster spoilage and deterioration of 

quality of meat products, indicating need for 

lower storage temperatures to maintain 

product quality. Figure (11) shows TBA 

values for refrigerated (±4°C) stored product 

treatments for 60 days. Results showed a 

significant increase in acid values, as they 

increased in red cabbage treatments at a 

concentration of 1% from 0.43 mg MDA/kg 

before storage to 0.694 mg MDA/kg after 30 

days, and reached 0.867 mg MDA/kg after 45 

days of storage, and at the end of the storage 

period, it rose to 1.387 mg MDA/kg. In 

control treatment, TBA acid value increased 

from 0.453 mg MDA/kg before storage to 

0.721 mg MDA/kg after 30 days, and reached 

0.986 mg MDA/kg after 45 days, then to 2.893 

mg MDA/kg at end of storage period. Cooling 

slows down oxidation process compared to 

laboratory temperature, as studies have shown 

that TBA values gradually increase over time 

with cooling but at a slower rate than at 

elevated temperatures [37.] 

  

 

 
Figure (11): Effect of adding red cabbage powder, temperature, and storage duration on the 

concentration of thiobarbituric acid (TBA) in the product stored at refrigeration temperature. LSD: 

0.003471 

  

In frozen storage (± -18°C) for 75 days, Figure 

(12) shows a significant increase in TBA 

values, but this increase was less than in 

laboratory temperature and refrigerated 

storage. This is because at -18°C, lipid 

oxidation is significantly delayed due to low 

temperature, which reduces movement of 

reactive molecules and limits availability of 

oxygen. TBA values remain relatively stable 

during frozen storage, indicating minimal lipid 

oxidation. This makes -18°C most effective 

storage temperature for maintaining quality of 

meat products [38], TBA values in red 

cabbage treatments at a concentration of 1% 

increased from 0.435 mg MDA/kg before 

storage to 0.742 mg MDA/kg after 30 days of 

storage and reached 0.997 mg MDA/kg after 

60 days. At end of storage period, it increased 

to 1.217 mg MDA/kg. In control treatment, it 

increased from 0.455 mg MDA/kg before to 

0.791 mg MDA/kg after 30 days and reached 

1.573 mg MDA/kg after 60 days, and reached 

2.463 mg MDA/kg at end of storage period. 
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Results were similar to those of [39] when 

they studied use of blackberry and 

blackcurrant extracts to produce sausages and 

store them at 4°C for 25 days. They stated that 

adding plant extracts significantly slowed the 

oxidation of lipids in final product and 

effectively inhibited formation of peroxides, 

aldehydes and other secondary oxidation 

products. It also led to a decrease in the 

increase in TBA values during storage period 

in samples to which extracts were added 

compared to the control sample. Effect of 

adding a 0.5% concentration was higher than 

adding 0.2% of plant sources. 

  

 

 

 
Figure (12): Effect of adding red cabbage powder, temperature, and storage duration on the 

concentration of thiobarbituric acid (TBA) in the product stored at freezing temperature. LSD: 

0.0957 

 

 

Free Fatty Acids (FFA ) 

Results in Figure (13),(14) and (15) show that 

storage temperature has a significant effect 

(P<0.05) on percentage of free fatty acids 

(FAA) in pastrami to which red cabbage was 

added at two concentrations of 0.5 and 1%. An 

increase in FAA was observed in all 

treatments during storage period at laboratory 

temperature (±25°C), refrigeration (±4°C), and 

freezing (±18°C). Results showed that 

freezing storage had a clear effect in reducing 

increase in percentage of free fatty acids, 

followed by refrigerated storage and then 

storage at laboratory temperature, reason for 

difference is that storage temperature may lead 

to increases in percentage of FFA, as well as 

peroxides and carbonyl compounds, which 

harms stability of meat, as storage at high 

temperatures accelerates this process. Studies 

have shown that storage at temperatures 

ranging from 25 to 37°C has led to 

accumulation of primary and secondary 

oxidation products and free fatty acids as a 

result of an increase in rate of chemical 

reactions, as well as the activity of lipase 

enzyme, which works to analyze or destroy 

triglycerides, as free fatty acids are considered 

products of hydrolysis of fats by lipase 

enzyme and action of lipolytic bacteria, unlike 

low temperatures [40,41  .] 

Results showed that adding plant sources to 

product had a significant effect (P<0.05) on 

percentage of free fatty acids in product, as a 
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decrease was observed with advancement of 

storage period and type and concentration of 

plant sources, and that 1% concentration was 

lowest percentage compared to 0.5% 

concentration for treatments to which red 

cabbage was added. Control treatment had 

highest percentage of FFA compared to 

treatments to which red cabbage was added, 

which had a clear effect in reducing 

percentage during advancement of storage 

periods. Storage periods had a significant 

effect on percentage of free fatty acids FAA in 

pastrami treatments, and increase in FAA 

varied according to storage temperature, 

whether at laboratory temperatures, in 

refrigeration, or in freezing. Increase in FAA 

in treatments to which red cabbage was added 

with advancement of storage period was less 

compared to control treatment, results in 

Figure (13) show percentage of free fatty acids 

in product treatments stored at laboratory 

temperature (±25°C). Control treatment 

increased percentage of FFA from 0.22% 

before storage to 0.91% after 15 days and 

reached 1.72% after 30 days. At end of storage 

period, percentage was 1.96%. As for the red 

cabbage treatments at a concentration of 1%, it 

increased from 0.16% before storage to 0.32% 

after 15 days of storage, then to 0.77% after 30 

days, reaching 1.08% at end of storage period. 

[42] indicated that storage at a temperature of 

25°C plays an important role in increasing 

percentage of free fatty acids in meat products. 

He mentioned in his study on manufacture of 

pastrami from buffalo meat that percentage of 

FFA increased from 1.21% to 1.47% after 

suspending pastrami at laboratory temperature 

for 6 days, which indicates that temperature 

worked to decompose fats and led to an 

increase concentration of free fatty acids in 

meat. 

  

 

 
Figure (13): Effect of adding red cabbage powder, temperature, and storage duration on the 

concentration of free fatty acids (FFA) in the product stored at room temperature. LSD: 0.03193 

 

 

Results of Figure (14) show percentage of free 

fatty acids in refrigerated product treatments 

(±4°C) for 60 days. Results showed an 

increase in free fatty acid values in cabbage 

treatments at a concentration of 0.5%, as it 

rose from 0.18% before storage to 0.58% after 

30 days, to reach 0.91% after 45 days, and at 

end of storage period it reached 1.28%. In 

control treatment, increase was more evident, 
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as it was 0.22% before storage, and reached 

0.64% after 30 days, then to 1.06% after 45 

days, and at end of storage period to 1.80%. 

Refrigerated storage at 4°C is generally 

effective in slowing down It affects process of 

fat oxidation and hydrolysis, but it does not 

completely stop these processes. Increase in 

FFA is affected by factors such as type of 

meat, presence of additives, duration of 

storage, and percentage of fat in product. 

  

 
Figure (14): Effect of adding red cabbage powder, temperature, and storage duration on the 

concentration of free fatty acids (FFA) in the product stored at refrigeration temperature. LSD: : 

0.01174 

  

Figure (15) shows percentage of free fatty 

acids in frozen product treatments (±-18°C) 

for 75 days. Results showed that freezing 

storage played a role in reducing percentage of 

free fatty acids, and concentration and type of 

plant additives played an important role in 

limiting increase. FAA percentage in red 

cabbage treatments at concentrations of 0.5 

and 1% increased from 0.18 and 0.16% before 

storage to 1.06 and 0.89% after 75 days of 

storage for both concentrations, respectively. 

In control treatment, increase was more 

evident, as it increased from 0.22% before 

storage and reached 1.12% at the end of 75-

day storage period . 

Freezing meat products at -18°C significantly 

reduces the rate of lipid oxidation, a key factor 

in increase of free fatty acids. This process 

slows down enzymatic activities that lead to 

breakdown of fat, thus preserving meat quality 

over time. Initial rapid oxidation phase is a 

slower stage, keeping overall fatty acid 

composition relatively stable, which helps 

control increase in free fatty acids. Combining 

frozen storage with addition of plant sources 

can also synergistically reduce increase in free 

fatty acids. Frozen storage slows oxidation 

process, while plant sources provide 

antioxidants that further prevent lipid 

oxidation [43,44] also mentioned in their study 

on dried sausage production that the 

percentage of free fatty acids increased 

significantly during storage periods at a 

temperature of 10°C for 7 months. 
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Figure (15): Effect of adding red cabbage powder, temperature, and storage duration on the 

concentration of free fatty acids (FFA) in the product stored at freezing temperature. LSD: 0.1171 

  

Physical Properties

 

 Water Holding Capacity (WHC ) 

Storage temperature has an effect on water 

holding capacity (WHC) of product 

treatments. Figure (16), (17) and (18) shows a 

significant decrease (P<0.05) in water holding 

capacity of treatments during storage period at 

laboratory temperature (±25°C), refrigeration 

(±4°C), and freezing (±18°C). Results showed 

that freezing storage had a clear effect in 

reducing the decrease in treatment’s ability to 

retain water, followed by refrigerated storage 

and then storage at laboratory temperature. 

Decrease in water holding capacity during 

storage period at different temperatures is 

attributed to changes in nature of proteins, and 

these changes are largely related to muscle 

proteins and level of pH value presence of 

connective tissue proteins such as collagen 

also affects water-holding capacity of 

products. These factors are affected by storage 

temperatures, as low temperatures maintain 

stability of these proteins. Also, pH and ionic 

strength values directly affect WHC values 

[45,46.] 

Addition of red cabbage to product had a 

significant effect (P<0.05) on water holding 

capacity values in product, as a decrease was 

observed with the advancement of the storage 

period for the treatments to which plant 

powder was added at concentrations of 0.5 and 

1%, but decrease was less than in control 

treatment, and WHC values were higher in red 

cabbage treatments. The reason for high water 

holding capacity of product treatments treated 

with plant powder may be attributed to their 

content of phenolic compounds, which, as 

antioxidants, contribute to the protection and 

stability of fats by inhibiting activity of free 

radicals resulting from oxidation and reducing 

disruption of cell membranes surrounding 

muscle fibers and preserving them, which 

increases the ability of meat to retain water 

during storage [47], and that these extracts 

contributed to providing stability to cellular 

structure of meat and protecting components 

of the sarcoplasm. And the fluids in the 

membranes during storage of product from 

oxidative damage [36.] 
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Storage periods had a significant effect on 

water holding capacity of pastrami treatments, 

and decrease in WHC varied according to 

storage temperature, whether at laboratory 

temperatures, refrigerated, or frozen. Decrease 

in treatments with added red cabbage was less 

with advancement of storage period compared 

to control treatment. The results in Figure (16) 

show water holding capacity of pastrami 

treatments stored at laboratory temperature (25 

± 2) C for 45 days, results showed a 

significant decrease in product parameters as 

storage period progressed. Decrease was more 

evident in control sample, as it decreased from 

17.5 ml before storage to 14.3 ml after 15 

days, then to 13.7 ml after 30 days, and 

reached 12.9 ml at the end of storage period. 

As for red cabbage parameters 0.5%, they 

decreased from 18.4 ml before storage to 16.4 

ml after 15 days, to reach 14.06 ml after 30 

days, and at end of storage period, they 

reached 13.9 ml. Decrease in WHC in meat 

products stored at 25°C may be attributed to 

changes in structure of proteins due to high 

temperatures, which in turn affects their ability 

to retain water. High temperatures can 

accelerate lipid oxidation and protein 

degradation, leading to decreased saturability 

water holding capacity [28.] 

  

 

 
 

 

Figure (16): Effect of adding red cabbage powder, temperature, and storage duration on the water 

holding capacity (WHC) of the product stored at room temperature. LSD = 0.2457 

  

Results in Figure (17) show water holding 

capacity of refrigerated (4 ± 1) C product 

treatments. WHC values in 1% red cabbage 

treatments decreased from 18.6 ml before 

storage to 16 ml after 30 days of storage, 

reaching 15.2 ml at end of storage period. In 

control treatment, water holding capacity was 

17.9 ml before storage and decreased to 14.3 

ml after 30 days, reaching 12.9 ml at end of 

storage period. [46] stated that water activity 

in meat products decreases with decreasing 

temperature, which affects water holding 

capacity. Furthermore, decreasing temperature 

to 4°C during storage affects interactions 

within protein structures, leading to their 

breakdown and changing their solubility, 

which leads to a decrease in water holding 

capacity of the products. 
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Figure (18) shows water holding capacity of 

pastrami treatments stored in a freezer at (-18 

± 1) °C for 75 days. Results showed a 

decrease in the water holding capacity of 

treatments, with highest decrease in control 

treatment, as it decreased from 18.2 ml before 

storage to 13.5 ml at end of storage period. In 

red cabbage treatments at concentrations of 

0.5 and 1%, it decreased from 18.4 and 18.6 

ml before storage to 14.8 and 15.5 ml for both 

concentrations, respectively, at end of storage 

period. Freezing meat products at -18 °C for a 

long period can lead to protein oxidation and 

thus a decrease in water holding capacity. 

Presence of protein carbonyls is an indication 

of oxidation, which leads to a decrease in 

WHC of approximately 10-30% over the 

storage period [50]. Freezing also causes ice 

crystal formation, which affects muscle fibers 

and reduces their water-holding capacity. 

Studies have shown that slow freezing rates 

exacerbate this effect, leading to further 

damage to protein structures and a reduction in 

their water-holding capacity [51]. Results 

converged with those of [52] when they 

studied the addition of papaya extract to 

production of Frankfurt sausages. They 

indicated that the addition of the plant affected 

product's qualitative characteristics, including 

water-holding capacity, which increased with 

addition of plant. They explained this by 

plant's content of active compounds that 

increase water-holding capacity of 

manufactured product. 

 
Figure (17): Effect of adding red cabbage powder, temperature, and storage duration on the water 

holding capacity (WHC) of the product stored at refrigeration temperature. LSD = 0.3205 

 
Figure (18): Effect of adding red cabbage powder, temperature, and storage duration on the water 

holding capacity (WHC) of the product stored at freezing temperature. LSD = 0.117 
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Conclusion

 

Due to high nutritional value and active 

compounds contained in red cabbage powder, 

this led to an improvement in chemical 

indicators and physical properties of pastrami 

product manufactured in this study. This effect 

continued throughout different storage periods 

compared to control treatment, as values of 

peroxide, thiobarbituric acid, and free fatty 

acids decreased, and water-holding capacity 

increased. Therefore, it can be used as a 

natural preservative instead of artificial ones 

that affect health of the consumer . 
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