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ABSTRACT ARTICLE INFO  

The defatted flour of orange seeds contains about26%protein. It can 

be used as a rich and cost-effective source for the production of 

proteins and peptides of plant origin. In this stage of the research, 

high-purity protein concentrate was first extracted.Then,using the 

hydrolyzing enzyme pepsin at an enzyme ratio(1 to3%enzyme to 

substrate)and a time range(2 to5hours)at a temperature of 30-40°C,the 

protein from defatted orange seed flour was hydrolyzed. The optimal 

conditions for producing hydrolyzed proteins with the best nitrite ion 

inhibitory activity were selected. The optimal treatment under the 

suggested conditions of temperature,time, and enzyme-to-substrate 

concentration by the software was produced at a temperature of 

39.27°C,time:3.5hours, and a ratio of 2.89%W/W enzyme to 

substrate,which resulted in the highest activity in the highest activity 

in inhibiting nitrite ions. This value was 93.46% in inhibiting nitrite 

ions. In the next stage,the production of fish sausage containing the 

protein produced from orange seeds in vitro, and then the peroxide 

index and nitric radical activity of the samples during the storage 

period was carried out.In general, the use of hydrolyzed protein in fish 

sausage formulation showed that hydrolyzed protein was significantly 

able to delay lipid oxidation during storage and samples containing 

hydrolyzed orange seed protein(increasing its concentration from0.5 

to2.5%) significantly increased the nitric oxide radical scavenging 

activity of the samples.The results showed that the fish sausage 

formulation containing1.5%hydrolyzed orange seed protein,as a 

product with high nutritional value and without preservatives, has the 

potential for industrial production and marketing. 
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1- Introduction 
Nowadays, enzymatic hydrolysis is 

considered the most common method for 

modifying the properties of plant and animal 

proteins. Compared to chemical hydrolysis, 

this type of hydrolysis is carried out under 

milder conditions, resulting in less damage to 

the protein substrate. This method has been 

used to produce peptides for the enrichment of 

beverages and food products, patient nutrition, 

and the production of bioactive compounds 

(such as inhibitors of enzymes that increase 

blood pressure and type 2 diabetes, as well as 

natural antioxidants) in food and 

pharmaceutical applications. One of the 

properties of these peptides is their nitric oxide 

inhibitory (scavenging) activity, as nitric 

oxide acts as an intermediate compound in the 

formation of nitrosamines. Nitrate and nitrite 

salts, which are used as additives to stabilize 

color and inhibit the growth of certain 

microorganisms in meat products, are very 

strong oxidants. Through the reaction of nitrite 

with secondary and tertiary amines, the 

carcinogenic compound nitrosamine is 

formed. However, in the presence of 

antioxidant compounds in cured meat, these 

antioxidants react with nitrite much faster than 

amines, thereby preventing the formation of 

nitrosamines (1). 

Sausage and frankfurter-type products (such 

as sausages and cold cuts) are among the 

oldest and most widely consumed ready-to-eat 

foods, holding a special place in the food 

basket of consumers worldwide. The per 

capita consumption of sausages and 

frankfurters in Iran is approximately 4 kg per 

citizen (2). A major concern currently 

associated with these products is the use of 

nitrate and nitrite as preservatives. Nitrate and 

nitrite salts are used in meat curing to stabilize 

the red color, prevent the growth of spoilage 

and pathogenic microorganisms, and improve 

flavor. Nitrate is converted to nitrite by starter 

bacteria present in the meat or in the presence 

of nitrate and ascorbic acid. Nitrite, in turn, is 

transformed into nitric oxide under heat, 

which contributes to the desirable color of the 

product. However, despite their numerous 

benefits, high levels of nitrite in meat products 

are harmful and detrimental from a health 

perspective. Consequently, the reduction of 

nitric oxide by sodium nitrite hydration may 

lead to the formation of nitrous acid, which 

can react with secondary amines and amino 

acids present in meat muscles to form nitroso 

compounds, particularly nitrosamines, 

ultimately leading to carcinogenesis in body 

cells. Therefore, the residual levels of these 

compounds in meat products are of great 

importance (3). Meshginfar et al. (2016) 

enzymatically hydrolyzed proteins obtained 

from sheep viscera and offal, then added them 

to chicken sausage formulations at 

concentrations of 700, 1000, and 1250 ppm. 

They evaluated lipid oxidation by measuring 

the thiobarbituric acid reactive substances 

(TBARS) index and peroxide value. The 

results indicated that increasing the level of 

hydrolyzed protein significantly reduced lipid 

oxidation, with effects comparable to those of 

synthetic antioxidant BHT (1). Izadkhasti  et 

al. (2019) investigated the effects of a mixture 

of sesame meal and soybean flour on the 

physicochemical and textural properties of 

sausages. The findings showed that 

incorporating sesame meal and soybean flour 

into German-style sausages could produce a 

product with acceptable physical, chemical, 

and textural quality along with higher 

nutritional value. In that study, the substitution 

level of 0.06 (0.03 sesame meal + 0.03 

soybean flour) was introduced as the optimal 

treatment (4). Shariat alavi et al. (2022) 

examined the impact of adding hydrolyzed 

protein from tomato seeds on the properties of 

produced sausages. They found that samples 

containing hydrolyzed protein had lower 

residual nitrite levels compared to the control 

sample, and residual nitrite decreased in all 

samples over time. Additionally, the lightness 

and redness indices of the product increased 
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with storage time. Therefore, hydrolyzed 

protein derived from tomato seeds exhibited 

suitable nitrite-reducing properties and can be 

used as a functional ingredient in the 

formulation of meat products (5).  The results 

of the conducted research revealed that orange 

seeds contain appropriate amounts of 

minerals, including calcium and zinc, and also 

exhibits a high content of hydrophobic amino 

acids. Consequently, defatted orange seed 

flour can be effectively utilized as a functional 

additive in food products and as a suitable 

substrate for producing hydrolyzed proteins 

(6).  Given the richness of defatted orange seed 

in terms of protein content and amino acid 

composition, the present study aimed to utilize 

orange seed as a promising protein source for 

the production of hydrolyzed proteins 

possessing nitric oxide (NO) radical 

scavenging (or reducing) properties. In the 

subsequent phase, fish sausages incorporating 

hydrolyzed orange seed protein were 

produced under laboratory conditions. Then, 

the peroxide value (as an indicator of 

oxidative stability) and nitric oxide radical 

scavenging activity of the samples were 

evaluated during the storage period. Finally, 

the overall physicochemical and quality 

characteristics of the produced product were 

investigated. 

2- Materials and Methods  

2-1- Preparation of Hydrolyzed Protein 

Enzymatic hydrolysis of proteins obtained 

from defatted orange seed flour was 

performed using pepsin enzyme under the 

optimal temperature and pH conditions of this 

enzyme. Pepsin was added to the protein 

solution at enzyme-to-substrate ratios of 1%, 

2%, and 3% (w/w). Hydrolysis was carried out 

for durations ranging from 2 to 5 hours at the 

optimal temperature (30–40 °C) and at the 

optimal pH of pepsin. At the end of the 

hydrolysis period, the enzymatic reaction was 

inactived by heating the mixture at 85 °C for 

10 minutes. Subsequently, the hydrolysates 

were centrifuged at 12,000 rpm for 15 minutes 

to remove insoluble residues and excess 

compounds. The resulting supernatant was 

collected and stored at –20 °C for subsequent 

optimization experiments and analyses (7). 

2-2- Optimization of the Hydrolysis Process 

to Achieve the Treatment with the Highest 

Nitric Oxide Radical Scavenging Activity 

In order to optimize the enzymatic hydrolysis 

process to achieve the maximum antioxidant 

properties (specifically nitric oxide radical 

scavenging activity), the Response Surface 

Methodology (RSM) with a Central 

Composite Design (CCD) was employed 

using Design-Expert software. Three 

independent variables were considered at 

three coded levels (−1, 0, +1): enzyme-to-

substrate concentration (X₁), temperature 

(X₂), and hydrolysis time (X₃). 

The dependent response variable evaluated 

was the nitric oxide (NO) radical scavenging 

activity. Accordingly, the software generated 

a total of 20 experimental runs, including 6 

replicates at the center point, which were 

performed in a completely randomized 

manner. 

Table 1: Levels of independent variables used for optimizing the nitrite inhibition of hydrolyzed 

orange seed protein. 

independent 

variables 
 Levels 

 +1 0 -1 
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Enzyme-to-

substrate ratio 

(%) 

1X 

 

1 2 3 

Time (hr) 

 

2X 

 

2 3.5 5 

Temperature 

(  ْ C) 

3X 30 35 40 

The regression model developed to predict the desired response (nitric oxide radical scavenging 

activity) is presented as follows: 

Equation 1: Regression model for nitric oxide 

radical scavenging activity by pepsin 

enzyme: 

Y = b₀ + b₁X₁ + b₂X₂ + b₃X₃ − b₁₂X₁X₂ − 

b₁₃X₁X₃ − b₂₃X₂X₃ + b₁₁X₁² − b₂₂X₂² + 

b₃₃X₃² 

Where, Y is the response variable (nitric oxide 

radical scavenging activity, expressed in 

actual values),  b₀ is the constant,  b₁, b₂, b₃ 

represent the linear effects of the independent 

variables,  b₁₁, b₂₂, b₃₃ represent the quadratic 

effects,  b₁₂, b₁₃, b₂₃ represent the interaction 

effects between the variables. The 

experimental treatments suggested by the 

Design-Expert software for the enzymatic 

hydrolysis of orange seed protein using pepsin 

are presented in the table below, in 

randomized order. 

Table 2: Proposed random treatments for the hydrolysis of orange seed protein by pepsin enzyme 

Treatmen

t 
Enzyme-

to-

substrat

e ratio  
(%) 

Temperature 

 (  ْ C) 
Tim

e 

(hr) 

1 1 30 2 
2 1 30 5 
3 2 30 3.5 
4 3 30 2 
5 3 30 5 
6 1 35 3.5 
7 2 35 2 
8 2 35 3.5 
9 2 35 3.5 

10 2 35 3.5 
11 2 35 3.5 
12 2 35 3.5 
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13 2 35 3.5 
14 2 35 5 
15 3 35 3.5 
16 1 40 2 
17 1 40 5 
18 2 40 3.5 
19 3 40 2 
20 3 40 5  

2-3- Measurement of Nitric Oxide Radical 

Scavenging Activity 

60 μL of the hydrolyzed protein solution was 

mixed with 60 μL of sodium nitroprusside 

(SNP) in 0.025 M phosphate-buffered saline 

(PBS). The mixture was then incubated at 

room temperature for 150 minutes in an 

incubator. Subsequently, an equal volume 

(120 μL) of Griess reagent (composed of 1% 

sulfanilamide, 0.1% N-(1-

naphthyl)ethylenediamine dihydrochloride, 

and 2.5 mL phosphoric acid, made up to 100 

mL with distilled water) was added to the 

mixture. The absorbance was measured 

spectrophotometrically at 546 nm (8). 

The nitric oxide radical scavenging activity 

was calculated using the following equation: 

% Nitric oxide scavenging activity = 

[(Absorbance of control – Absorbance of 

sample) / Absorbance of control] × 100 

Where,absorbance of control: absorbance of 

the reaction mixture without the sample 

(hydrolyzed protein)., absorbance of sample: 

absorbance of the reaction mixture containing 

the hydrolyzed protein. 

2-4- Peroxide Value 

To determine the peroxide value, 3 g of the 

sample was weighed and mixed with 30 mL of 

acetic acid-chloroform solution (Chloroform: 

Acetic acid ratio of 2:3). Then, 0.5 mL of 

saturated potassium iodide solution was 

added, and the mixture was shaken for 1 

minute. Subsequently, 30 mL of distilled 

water was added to the mixture and shaken 

again. The resulting solution was titrated with 

0.01 N sodium thiosulfate solution until a light 

yellow color appeared. At this point, 0.5 mL 

of 1% starch solution was added as an 

indicator to produce a blue color. Titration was 

continued until the blue color completely 

disappeared. 

The peroxide value was calculated using the 

following equation: (9) 

 Peroxide Value (mEq/𝐾𝑔)

=
𝑆 × 𝑀 × 1000

𝑚
 

S = volume of sodium thiosulfate consumed 

(mL)   

M = molarity of sodium thiosulfate solution 

(0.01 N)   

m = weight of the sample (g)   

The results were expressed as milliequivalents 

of active oxygen per kilogram of sample (meq 

O₂/kg). 

2-5- Production of Fish Sausage 

Containing Hydrolyzed Orange Seed 

Protein 

To produce the fish sausages, the formulation 

reported by Hajfathalian et al. (2019) was used 
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with slight modifications. The general sausage 

formulation consisted of the following 

ingredients (w/w): ground Marlin fish meat 

70%, Sunflower oil 5%, Water and Ice 15%, 

Starch and Gluten 5%, Salt and Spices 2%, 

and Onion Powder 3%. The formulation 

components were weighed according to the 

specified ratios and mixed with half of the 

total water and ice in a bowl cutter. 

Subsequently, the remaining half of the water 

and ice along with the hydrolyzed protein 

(prepared under the optimized conditions 

exhibiting the highest nitric oxide radical 

scavenging activity) was added to the mixture 

at concentrations of 0%, 0.5%, 1.5%, and 

2.5% (w/w) (Table 3). A positive control 

sample containing 0.15% ascorbic acid 

(vitamin C) was also prepared. The sausages 

were heat-treated at 80 °C for 1 hour, followed 

by immediate cooling in chilled water (8 °C). 

After the internal temperature of the sausages 

reached room temperature, they were 

transferred to a refrigerator at 4 °C and stored 

for 30 days. 

The antioxidant properties (peroxide value) 

and nitric oxide radical scavenging activity of 

the samples were evaluated at storage 

intervals of 0, 5, 10, 15, 20, 25, and 30 days 

(10). 

Table 3: Different treatments of fish sausage 

Vit C  (%) Hydrolyzed 

Proteins (%) 
Sample 

0 0 Blank 
   

0 
 

0.5 
 

Treatment1 

 

 

0 1.5 Treatment2 
   

0 2.5 Treatment3 
   

1.5 0 Treatment4 

2-6- Statistical Analysis 

To optimize the enzymatic hydrolysis process 

of orange seed protein concentrate, Response 

Surface Methodology (RSM) with a Central 

Composite Design (CCD) was employed, and 

the contour and response surface plots were 

generated using Design-Expert software 

(version 13, Stat-Ease Inc., Minneapolis, 

USA). In this study, the Design-Expert 

software was utilized to implement the 

Response Surface Methodology experimental 

design. The design was constructed as a 

Central Composite Design consisting of a total 

of 20 experimental runs, which included: six 

replicates at the center point, seven axial 

points, and seven factorial points. 

The independent variables investigated were: 

Hydrolysis time (X₃: 2–5 hours), Enzyme-to-

substrate ratio (X₁: 1–3%), Hydrolysis 

temperature (X₂: 30–40 °C).  The dependent 

variable was the nitric oxide (NO) radical 

scavenging activity.  
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Statistical analysis of the other experimental 

results in this study was performed using a 

factorial experimental design. Mean 

comparisons were conducted using Duncan's 

multiple range test at a 95% confidence level 

(p < 0.05). The present research was registered 

as project number 56 at Halal Research Center 

of IRI. 

3- Results and Discussion  

3-1- Chemical Composition 

The moisture, ash, fat, protein, and 

carbohydrate contents of the initial defatted 

orange seed flour and the orange seed protein 

concentrate are presented in Table 3. The 

results indicated that the defatting process led 

to a significant reduction in the fat content of 

the protein concentrate (from 43.38% to 

5.46%). The protein content of the initial 

defatted meal flour was 22.47%, whereas the 

obtained protein concentrate contained 

75.12% protein. As shown in the table, the 

moisture content of the defatted orange seeds 

was 7.13 ± 0.52%. This value is higher than 

the previously reported value of 5.50 ± 0.8% 

in previous studies. The fat and ash contents 

of the defatted orange seeds (dry weight basis) 

were 5.46 ± 0.15% and 2.66 ± 0.17%, 

respectively. These values are lower for fat 

(compared to the reported 54.2 ± 0.12%) and 

higher for ash (compared to the reported 2.5 ± 

0.23%) than those documented in previous 

studies (5). The protein content of defatted 

flour was measured as 22.47 ± 3.51%, while 

that of the protein concentrate was 75.12 ± 

1.41%. Based on these results, the defatting 

process resulted in a higher protein yield, and 

the defatting treatment significantly reduced 

the fat content of the protein concentrate. The 

differences observed in the chemical 

composition of the samples used in the present 

study compared to previous reports can be 

attributed to variations in the orange variety, 

geographical origin and differences in the 

defatting and protein isolation processes 

employed (2). 

Table 3: Chemical composition of defatted orange seed meal and protein concentrate 

 

 defatted orange seed meal 

 

protein 

concentrate 

 

  (6.25×N) Protein  3.51  ±  22.47 1.41±  75.12 

Fat 0/58  ±  43.38 0/15  ±  5.46 
Moisture 0/52  ±  7.13 0/17  ±  8.79 

Ash 0/17±  2.66 0/23  ±  1.6 
Carbohydrate 24.36± 0/12 9.03 

   

 
*All data were expressed as a mean of 3 replications ± standard deviations. 

* Values were reported based on dry weight. 

 
3-2- Optimization of the Process to Achieve 

the Treatment with the Highest Nitrite 

(Nitric Oxide) Radical Scavenging Activity 

Table 4: Process optimization to achieve the treatment with the highest nitrite inhibition power 
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Nitric oxide reducing 

power (%) 

Time (hr) Temperature    ْ  (C) Enzyme concentration (%) treatments 

90.18 5 30 1 1 

92.04 3.5 35 3 2 

90.52 2 30 3 3 

93.57 5 35 2 4 

94.41 5 30 3 5 

94.75 2 40 3 6 

93.23 3.5 35 2 7 

90.52 2 35 2 8 

91.20 2 30 1 9 

89.84 2 40 1 10 

90.52 3.5 35 2 11 

90.69 5 40 3 12 

91.20 3.5 35 2 13 

90.86 3.5 35 2 14 

91.37 3.5 35 1 15 

87.47 3.5 30 2 16 

95.26 3.5 40 2 17 

94.58 5 40 1 18 

92.04 3.5 35 2 19 

91.03 3.5 35 2 20 

3-3- Evaluation of Nitrite Ion Scavenging 

Activity 

Equation 3 was developed based on the 

regression coefficients and their significance 

for the desired response (nitrite ion 

scavenging activity) as follows: 

Y = +91.50 + 0.66A + 1.13B + 0.52C − 

0.27AB − 0.49AC − 0.32BC + 0.52A² − 

0.16B² + 0.18C² 

Figure 1 illustrates the three-dimensional 

response surface showing the effect of time 

and temperature on nitrite ion scavenging 

activity. As shown in the figure, increasing the 

hydrolysis temperature from 30 to 40°C 

significantly enhanced the nitrite scavenging 

capacity of the obtained hydrolysates from 

71.85% to 93.04%. On the other hand, 

increasing the hydrolysis time from 1 to 5 

hours also improved the nitrite scavenging 

ability of orange seed protein hydrolysate 

from 65.85% to 88.72%. Overall, the highest 
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nitrite ion scavenging activity (92.95%) was 

achieved at a constant enzyme-to-substrate 

ratio of 2%, hydrolysis time of 1.02 hours, and 

temperature of 38.87°C. 

 

 

 

Fig 1: 3D graph for the effect of temperature and the hydrolysis time on the nitric oxide reducing 

power when concentration of pepsin enzyme was at optimum value (% 2). 
Figure 2 illustrates the three-dimensional 

response surface showing the effect of 

hydrolysis time and enzyme-to-substrate ratio 

on nitrite ion scavenging activity. As shown in 

the figure, increasing the pepsin concentration 

from 1% to 3% resulted in a significant 

enhancement of the nitrite scavenging 

capacity of orange seed protein hydrolysate, 

from 90.72% to 94.72%. On the other hand, 

hydrolysis time also exerted a significant 

effect on the nitrite scavenging ability of the 

obtained hydrolysates; increasing the 

hydrolysis time from 1 to 5 hours improved 

the scavenging capacity of orange seed protein 

hydrolysate from 90.68% to 92.65%. Overall, 

at a constant temperature of 35°C, the highest 

nitrite ion scavenging activity (94.90%) was 

achieved at a hydrolysis time of 1.01 hours 

and an enzyme-to-substrate ratio of 2.86%. 
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Fig 2: 3D graph for the effect of concentrationof pepsin enzyme and the hydrolysis time on the 

nitric oxide reducing power when the hydrolysis temperature was at optimum value (35°C). 

 

Figure 3 illustrates the three-dimensional 

response surface showing the effect of 

temperature and enzyme-to-substrate ratio on 

nitrite ion scavenging activity. As shown in 

the figure, increasing the pepsin enzyme-to-

substrate ratio from 1% to 3% resulted in an 

enhancement of the nitrite ion scavenging 

activity from 85.33% to 90.23%. On the other 

hand, increasing the hydrolysis process 

temperature from 20 to 40°C also had a 

positive effect on the nitrite scavenging 

capacity of orange seed protein hydrolysate, 

raising it from 85.46% to 95.31%. Overall, at 

a constant hydrolysis time of 3.5 hours, the 

highest nitrite ion scavenging activity 

(93.46%) was achieved at a temperature of 

39.27°C and an enzyme-to-substrate ratio of 

2.89%. 
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Fig 3: 3D graph for the effect of concentrationof pepsin enzyme and the hydrolysis temperature 

on the nitric oxide reducing power when the hydrolysis time was at optimum value (3.5 hr). 

 

The optimal treatment under the suggested 

conditions of temperature, time, and enzyme-

to-substrate ratio (as proposed by the 

software) was prepared. Antioxidant assays, 

including DPPH radical scavenging activity, 

ferric reducing power and nitrite ion 

scavenging activity were performed on the 

optimal treatment to validate the values 

predicted by the software. Finally, the 

resulting supernatant was freeze-dried using a 

freeze dryer and stored at −18°C. 

In the studies conducted by Zakeri et al., 

(2019) and Shariat alavi et al., (2019), it was 

found that pumpkin seed protein hydrolysate 

and tomato seed protein hydrolysate, 

respectively, exhibit considerable nitric oxide 

scavenging capacity. Therefore, they can 

serve as natural compounds with high nitric 

oxide inhibitory properties as alternatives to 

synthetic preservatives in food products, 

including meat products. Furthermore, these 

studies revealed that increasing the enzyme 

concentration leads to an enhancement in the 

inhibitory activity (11, 2). 

In the study conducted by Zhonggao et al., 

(2005), the nitrite radical scavenging activity 

of black berry extract was investigated. The 

results demonstrated that the nitrite radical 

trapping capacity was negligible at low 

concentrations and gradually increased with 

higher extract concentrations (12). In another 

study, Nikkhah et al,. (2011) evaluated the 

nitric oxide scavenging activity of 

Anthocyanins from three different blackberry 

species. Their findings indicated that the 

inhibitory capacity increased concomitantly 

with increasing concentrations of the 

anthocyanin-rich blackberry extracts (13). 

 

3-4- Peroxide Value 

Fish meat contains a high amount of 

unsaturated lipids , therefore highly 

susceptible to lipolysis and auto-oxidation. 

Exposure of fish meat to atmospheric oxygen 
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leads to lipid oxidation and the formation of 

hydroperoxides. The peroxide value is an 

indicator of the primary oxidation stage of 

lipids (14). Changes in the peroxide value of 

fish sausages during 30 days of refrigerated 

storage are presented in Figure 4. Overall, the 

peroxide value of all samples increased 

significantly (p < 0.05) throughout the storage 

period. The control sample exhibited the 

highest peroxide value, rising from 5.6 meq 

O₂/kg on day 0 to 32.71 meq O₂/kg on day 30 

of storage. On the other hand, the addition of 

protein hydrolysate at concentrations of 1.5% 

and 2.5% significantly reduced the rate of 

increase in peroxide value. Notably, the 

peroxide value of the sample containing 0.5% 

protein hydrolysate showed no significant 

difference compared to the control sample (p 

> 0.05). At the end of the storage period, 

among the samples containing protein 

hydrolysate, the lowest peroxide value (19.55 

meq O₂/kg) was observed in treatment 3, 

which contained 2.5% protein hydrolysate. 

Furthermore, the peroxide value of the control 

sample and treatment 1 decreased on day 20 of 

storage, while that of samples 4, 3, and 2 

decreased on day 30. This decreasing trend 

may be attributed to the decomposition of 

hydroperoxides and the subsequent formation 

of secondary oxidation products such as 

aldehydes and ketones (15). Comparison of 

the treatment containing Ascorbic acid 

(vitamin C), (treatment 4) with the treatments 

containing protein hydrolysate, treatment 4 

exhibited the lowest peroxide value 

throughout all storage days. This indicates 

that, despite the considerable antioxidant 

potential of orange seed protein hydrolysate, 

this compound was not as effective as ascorbic 

acid in controlling lipid oxidation in fish 

sausages. The precise protective mechanism 

of protein hydrolysates in delaying lipid 

oxidation has not yet been fully elucidated. 

However, it has been reported that natural 

antioxidant compounds, such as protein 

hydrolysates, react with lipid peroxyl and lipid 

alkoxyl radicals, thereby preventing their 

further decomposition (14). Studies have 

demonstrated that the molecular size, 

composition, and amino acid sequence of 

protein hydrolysates play a critical role in 

determining their antioxidant activity (14). 

Similar to these findings, Hajfathalian et al., 

(2019) reported that the peroxide value of fish 

sausages containing protein hydrolysate from 

common carp (Cyprinus carpio) spleen 

increased during the storage period; however, 

this increasing trend was significantly lower in 

the samples containing protein hydrolysate 

compared to the control sample (10). 

Additionally, Feng et al., (2020) produced fish 

sausages incorporated with alpha-tocopherol 

nanoemulsion and reported that the peroxide 

value of the sausage samples significantly 

increased over 16 days of storage. 

Nevertheless, the addition of alpha-tocopherol 

nanoemulsion at a concentration of 500 mg/kg 

significantly reduced the rate of increase in 

peroxide value (16). 
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Fig 4: Peroxide index of fish sausage containing different concentrations of hydrolyzed orange seed protein during storage. 
Control:Sample without hydrolyzed protein., Treat 1: Sample with 0.5% of  hydrolyzed protein.,  Treat 2: Sample with 
1.5% of  hydrolyzed protein., Treat 3: Sample with 2.5% of  hydrolyzed protein., Treat 1: Sample with 1.5% of  Vit C. 

 

3-5- Nitric Oxide Radical Scavenging 

Activity During Storage 

Figure 5 illustrates the changes in nitric oxide 

radical scavenging activity of the sausage 

samples during the storage period. At the 

beginning of the storage period, the lowest 

nitric oxide radical scavenging activity was 

observed in the control sample and treatment 

1, with values of 34.18% and 40.42%, 

respectively. There was no significant 

difference between these two treatments (p > 

0.05). On the other hand, the highest nitric 

oxide radical scavenging activity belonged to 

treatment 3, with a value of 90.17%. Overall, 

the nitric oxide radical scavenging activity of 

all samples exhibited a decreasing trend 

throughout the storage period. This decline 

was more pronounced in sample 4 (containing 

vitamin C); this may be attributed to the 

greater sensitivity of vitamin C compared to 

protein hydrolysate to environmental factors 

such as light, oxygen, and others (17). In the 

case of samples containing orange seed 

protein hydrolysate, increasing its 

concentration from 0.5% to 2.5% significantly 

enhanced the nitric oxide radical scavenging 

activity of the samples. Consequently, at the 

end of the storage period, the highest 

antioxidant capacity belonged to sample 3 

with 62.73%, while the lowest nitric oxide 

radical scavenging activity was observed in 

sample 1 with 14.2%. The negligible but non-

negligible nitric oxide radical scavenging 

activity of the control sample can be attributed 

to the antioxidant potential of the spices used 

in the sausage formulation, owing to their 

phenolic and flavonoid compounds. The 

increase in nitric oxide radical scavenging 

activity of the sausages with higher 

concentrations of protein hydrolysate is likely 

due to the inherent antioxidant potential of the 

orange seed protein hydrolysate. 

Similar to these findings, Tawali et al., (2023) 

reported that the incorporation of Snakehead 

(Channa striata) Gelatin into beef sausages 

resulted in samples with considerable 

antioxidant capacity in terms of DPPH free 

radical scavenging activity. This antioxidant 

capacity significantly increased with higher 

concentrations of gelatin. On the other hand, 

they also reported a significant decrease in 
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antioxidant capacity during 28 days of 

refrigerated storage (18).  

 

 

Fig 5: Changes in nitric oxide radical inhibition of fish sausage samples containing different concentrations of hydrolyzed orange seed 

protein during storage. Control:Sample without hydrolyzed protein., Treat 1: Sample with 0.5% of  hydrolyzed protein.,  Treat 2: 

Sample with 1.5% of  hydrolyzed protein., Treat 3: Sample with 2.5% of  hydrolyzed protein., Treat 1: Sample with 1.5% of  Vit C. 

4- Conclusion 

The results obtained from the optimization of 

hydrolysis conditions for producing protein 

hydrolysates with nitrite ion scavenging 

activity using pepsin enzyme and the response 

surface methodology demonstrated that the 

optimal conditions for hydrolyzing orange 

seed protein, with the highest nitrite ion 

scavenging activity, were achieved at a 

constant hydrolysis time of 3.5 hours, 

temperature of 39.27°C, and enzyme-to-

substrate ratio of 2.89%. Under these 

conditions, a nitrite ion scavenging activity of 

93.46% was obtained. To confirm the 

conditions suggested by the mathematical 

equation, additional experiments (in three 

replicates) were conducted under the predicted 

conditions. The experimental values were 

highly consistent with those predicted by the 

model, confirming these as the optimal 

conditions for producing protein hydrolysate 

with nitrite ion scavenging capacity from 

defatted orange seed flour. Furthermore, the 

incorporation of protein hydrolysate in the fish 

sausage formulation demonstrated that this 

hydrolysate was significantly capable of 

delaying lipid oxidation during the storage 

period. This is evidenced by the fact that 

samples containing protein hydrolysate 

exhibited lower peroxide values compared to 

the control sample. Moreover, increasing the 

concentration of orange seed protein 

hydrolysate from 0.5% to 2.5% significantly 

enhanced the nitric oxide radical scavenging 

activity of the samples. Overall, the results 

indicate that fish sausage formulated with 

1.5% orange seed protein hydrolysate can be 

produced as a high-nutritional-value product 

free from synthetic preservatives, possessing 
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the potential for industrial-scale production 

and market introduction.   The present study 

demonstrated that wastes from the orange 

juice industry can serve as an accessible and 

novel protein source for the production of 

protein hydrolysates. Considering the potent 

nitric oxide radical scavenging activity of 

these hydrolysates, they possess considerable 

potential for use as a natural additive in the 

production of meat products. 
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 یعیبه عنوان نگهدارنده طباستفاده از پروتئین های هیدرولیز شده هسته پرتقال فراسودمند با   یسسوس  یدتول 
 اکسید  قابلیت کاهندگی نیتریک باو 

 4،3*بهناز مشرفی  ؛2،1آتنا رمضانی  ؛2،1نرگس مظلومی
 استادیار گروه تغذیه، دانشکده بهداشت دانشگاه علوم پزشکی مازندران، ساری، ایران  -1

 های گیاهی و دامی، دانشگاه علوم پزشکی مازندران، ساری، ایرانمرکز تحقیقات سلامت فرآورده -2

 یران تهران، ا ی،سازمان غذا و دارو، وزارت بهداشت، درمان و آموزش پزشک یران، ا یاسلام یحلال جمهور یقات مرکز تحق -3

 کارشناس ارشد علوم تغذیه سازمان غذا و دارو، تهران، ایران -4

 دهیچک اطلاعات مقاله                        

 مقاله :  یخ هایتار

 21/07/1403افت: یخ دریتار

 1404/ 17/08تاریخ داوری: 

 21/08/1404رش: یخ پذیتار

تواند به عنوان منبع غنی و مقرون به درصدد پروتئین دارد و می26آرد چربی گیری شدده هسدته پرتقالح ودود 

با منشدا  گیاهی مورد اسدتفاده قرار گیردد در این مروله از پهوه     ها و پپتیدهاییینپروتئصدرفه برای تولید  

هیدرولیز کننده   ابتدا اسدتررا  کنسدانتره پروتئین با ولوب باص صدورت گرفتح سدپس با اسدتفاده از ازر آنزی 

سددانتیگرادح پروتئین آرد    درجه30-40سدداعت(در دمای5تا 2(و بازه زمانی  %3تا 1پپسددین در نسددبت آنزی   

های هیدرولیز شدده دارای چربی گیری شدده هسدته پرتقال هیدرولیز شدد و شدرایی بهینه برای تولید پروتئین

یون نیتریت انتراب شدددد تیرار بهینه در شددرایی دماییح زمانی و نسددبت غل ت   یمهارکنندگ  یتفعالبهترین 

ساعت و نسبت 5/3گرادحزمان:درجه سانتی27/39آنزی  به سدوبسدترا که توسدی نرف افزار پیشدنهاد شده بودح دمای

که این تولید گردید بازدارندگی یون نیتریت(   وزنی آنزی  به سدوبسدترا با بیشدترین فعالیت-درصدد وزنی89/2

 یواوی  ماه  یسسددوسدد   یدتولدرصددد در قدرت بازدارندگی یون نیتریت بودد در مروله بعدی  46/93  مقدار

 یکالمهار راد یتفعالید و پراکسد  یسانددر محیی آزمایشدگاهی و سدپس    شدده هسدته پرتقال  یدرولیزه ینپروتئ

ی انجاف شدد بطورکلی کاربرد پروتئین هیدرولیز شده در فرموصسیون  دوره نگهدار یطنرونه ها    یداکس  یتریکن

دار قادر به تاویر اکسدیداسدیون لیپیدی طی طور معنیسدوسدیس ماهی نشدان داد که پروتئین هیدرولیز شدده به

به 5/0غل ت آن از   ی افزا شدده هسدته پرتقال  یدرولیزه ینپروتئ یواو  یهانرونهدوره نگهداری میباشدد و نیز  

دنتایج واصل نشان  ها شدنرونه  یداکس  یتریکن یکالمهار راد  یتفعال ی باعث افزا  دارییطور معنبه(درصد5/2

محصول   یکعنوان شدده هسته پرتقال به  یدرولیزه یندرصدد پروتئ5/1یواو یماه  یسسدوسد   یونفرموصسد داد که 
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