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The antioxidant capacity of liver in fish is a major property which could prevent the diminished 

quality and safety of fish resulted from oxidation reactions. The aim of this study was to compare 

the antioxidant capacity of the liver of rainbow trout exposed to the yersiniosis vaccine and non-

exposed fish. The amounts of carotenoids, glutathione, cupric assay, and lipid peroxidation levels 

of liver were determined. Then, the samples were normalized by Bradford test. The results showed 

that significant differences may exist in lipid peroxidation level (p<0.05). The total antioxidant 

capacity, glutathione, and carotenoids content showed no significant difference in both group 

(p≥0.05). The use of vaccine, in addition to increasing resistance to yersiniosis, could prevent the 

lipid oxidation of fish liver. 

 Citation: Sadighara P, Araghi A, Molaee-Aghaee E, Erfanmanesh A, Pirhadi M, Farkhondeh T. Comparative evaluation of 
 antioxidant potential of rainbow trout exposed to Yersiniosis vaccine and non-vaccinated fish. J food safe & hyg  2022; 8(4): 
264-268. DOI: 10.18502/jfsh.v8i4.11959 

1. Introduction
The genus Yersinia belongs to the Enterobacteriaceae 

family with 18 species including Y. ruckeri, Y. 

enterocolitica, Y. pestis, Y. Pseudotuberculosis, Y. aldovae, 

Y. aleksiciae, Y. bercovieri, Y. entomophaga, Y. frederiksenii, 
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Y. intermedia, Y. kristensenii, Y. massiliensis, Y. mollaretii, 

Y. nurmii, Y. pekkanenii, Y   rohdei, Y. similis and Y. 

wautersii (1). 
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Y. ruckeri is a fish pathogen which imposes a huge 

amount of losses in the aquatic products (2). Y. ruckeri 

can establish and maintain subclinical infection, which 

lead in asymptomatic carriers. When stressed, these 

carriers instigate horizontal transfer of the pathogen, 

subsequently producing clinical infection within a 

population (3). 

The cause of yersiniosis or red mouth disease is Yersinia 

ruckeri. This complication is one of the serious diseases 

with high economic losses in the rainbow trout 

industry. Y. ruckeri belongs to the family 

Enterobacteriaceae, rod-free, without spores, negative 

oxidase and positive and mobile catalase, grows at 

37°C, and does not lose its motility (4). In recent years, 

biotype 2 species have played a significant role in the 

prevalence and mortality of yersiniosis in vaccinated 

fields, as in Chile, the United States, Spain, the United 

Kingdom, and a number of other European countries. 

Commercial vaccines are often made against biotype 1 

(5). Enterobacter cloacae and Bacillus mojavensis were 

isolated from rainbow trout gut and was shown that 

they can be used to prohibit and control yersiniosis 

disease. These organisms as a dietary supplementation 

can protect fish from yersiniosis and improve 

digestibility and utilization of feed (6). Bioactive 

compounds have an increasing effect on the growth of 

fish species and improve the antioxidant and immune 

defense pathways (7). 

The yersiniosis vaccine, which is a killed bacterium in 

an oil emulsion, is made to prevent disease and used in 

salmon farms. It can be given by bath or injection. 

Safety studies show that the use of the vaccine does not 

cause side effects in fish. 

 However, the antioxidant capacity of fish has not been 

studied. 

 This study aimed to evaluate the antioxidant capacity 

of rainbow trout liver exposed to yersiniosis vaccine 

and compare it with fish without vaccination. 

2. Materials and Methods

P2.1. rocedure of animal experiments 

The fish were splited into two groups of 10 samples and 

all conditions were equalized except injecting the 

vaccine. The samples of liver were collected and 

homogenated.   

2.2. Measurement of protein content  

The results should be normalized with the amount of 

protein. Bradford test is used for normalization. In this 

method, bovine serum albumin protein is used as a 

standard. In Bradford method, coomassie dye reacts 

with protein and changes color. The color change is 

proportional to the amount of protein. 

 D2.3. Determination of carotenoids 

The solution absorbance was read on 

spectrophotometer at 470 nm. Its carotenoids content 

was calculated on the standard curve of B carotene. The 

adsorption of standard solution concentrations and the 

sample obtained will be read by a spectrophotometer. 

The line curve is drawn using standard concentrations 

(10). 

2.4.Determination of Cupric Ion Reducing Assay 

(Cupric) 

This method quantifies the cupric reducing capacity. 

The solutions of CuCl2 and neocuproine reagent in 

ammonium acetate buffer were used for mixing the 
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samples. The absorbance of solutions was read at 450 

nm after incubation at 50°C for 20 min (11).       

2.5. Measurement of lipid peroxidation in liver tissue 

by TBARS method 

The samples were mixed with 20% trichloroacetic acid 

and the mixture was centrifuged. Then, thiobarbituric 

acid was added to the supernatant and heated. The 

absorbance of the supernatant was read at 532 nm. The 

values were expressed in micro moles of 

malodialdehyde (MDA) (12). 

2.6. Determination of glutathione 

The homogenized sample mixed with 20% 

trichloroacetic acid (TCA). The proteins of samples 

were precipitated. Then, after centrifugation (5000 rpm 

in 5 min), 0.5 mL of the centrifuged sample was mixed 

with 0.5 mL of DTNB solution and read at 412 nm. The 

DTNB reagent measures the amount of glutathione 

produced in the tissue (13). 

2.7. Statistical analysis 

Statistical analyzes were performed by SPSS software. 

The data represent the mean ± standard deviation for 

samples. Kolomogorov-smirnov test was used to 

determine the parametric or nonparametric state of the 

data. Carotenoid and lipid peroxidation data were 

normal. T test was used to determine the significance. 

Total antioxidant and glutathione data were not 

normal; So Mann- Whitney test was used. 

3. Results

The results are shown in Tables 1. In order to eliminate 

variances from the samples, results of individual 

samples were normalized to the protein content.  

The concentration of carotenoid pigments in the 

extracts was calculated using the standard curve 

obtained by a commercial β-carotene reagent.  

The formula used for the calculation was as follows; R2, 

y=8.3303x+0.0031 

The values presented in Fig. 1 show that, the level of 

lipid peroxidation changed significantly (p=0.05). The 

changes in other parameters; glutathione content 

(p=0.42), carotenoids (p=0.26) and cupric assay (p=0.84) 

were not significant (Table 1). 

Figure 1. A comparison between MDA content in liver samples of  
  vaccine and non-vaccinated samples 

Table 1. The antioxidant capacity of vaccinated and non-vaccinated  
  fish  

Antioxidant capacity 

parameters  

Vaccinated fish Non- Vaccinated fish 

Lipid peroxidation  0.074±0.06* 0.11±0.11* 

Glutathione content 0.17±0.14 0.08±0.06 

Carotenoids  0.1±0.03 0.089±0.01 

Cupric assay 0.24±0.05 0.34±0.24 

*P=0.05, each value represents the Mean ± SD per group. Lipid 
peroxidation data were significantly 
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4. Discussion

In this study the total carotenoids, lipid peroxidation, 

cupric assay and glutathione of liver were measured 

and compared in two groups. The cause of yersiniosis, 

which is the same as septicemia-yersinia or 

enterobacterial red mouth disease, is Yersinia rocker. 

This complication is one of the serious diseases with 

high economic losses in the rainbow trout breeding 

industry (14). To date, there are no studies about the 

antioxidant capacity of liver in vaccinated fish. This 

assay is necessary because the vaccine and its exposure 

doses may have side effects in addition to preventing 

yersiniosis. The oxidative stability was assayed by 

measuring content of malondialdehyde (15). In present 

study the level of malondialdehyde was lower than 

vaccinated fish (Fig. 1). Lipid oxidation leads by 

attracting reactive oxygen species (ROS) to lipid. The 

lipid oxidation in rainbow trout due to its relatively 

high unsaturated fatty acid profile can be an important 

factor in spoilage and product shelf life. The total 

antioxidant capacity is usually investigated by cupric 

ion reducing capacity assay (Cupric assay). The 

antioxidant power of a product can protect it against 

oxidation and oxidative chemical decay.  In this study, 

data obtained of cupric assay was nonparametric and 

there was no difference between two groups (16).   

Glutathione is a small protein compound made up of 

the three amino acids cysteine, glutamic acid and 

glycine. Due to the use of three amino acids in the 

structure of this protein, it is also called tripeptide. This 

substance occurs naturally in the liver due to the 

combination of these three amino acids. 

Glutathione is a powerful antioxidant and protects 

important cellular components against reacting with 

oxygenated functional groups such as free radicals. 

Free radical toxins are usually combined with 

glutathione and excreted from the body. Therefore, the 

increase in glutathione production in tissues is the 

reason for the production of free radicals and the 

toxicity of the substance entering the body. In this study 

the level of glutathione did not change in two groups 

(13).  

5. Conclusions

The use of the vaccine, in addition to increasing 

resistance to yersiniosis, also could prevent the lipid 

oxidation of fish liver. The present evaluation can bring 

practical results for decision makers and breeders in 

fish farms. 

Conflict of interest 

Authors declare to have no conflict of interest. 

Acknowledgments 

This study was supported by Amol University of 

Special Modern Technologies, Amol. 

References 

1. Fredriksson Ahomaa M, Laukkanen Ninios SJR.

Identification of Yersinia at the species and subspecies

levels is challenging. Curr Clin Microbiol Rep 2018; 5:

135-142. https://doi.org/10.1007/s40588-018-0088-8.

2. Cortés-Sánchez, A. Yersiniosis and fish consumption.

Egypt J Aqua Biol Fish 2021; 25: 297-320. doi:

10.21608/ejabf.2021.175527.

267 Sadighara P, et al. / J food safe & hyg 2022; 8(4): 264-268

DOI: 10.18502/jfsh.v8i4.11959 



3. Bikramjit Ghosh Thu D, Nguyen Philip BB, Crosbie

t-feedingsBarbara F, et al. Bridle oral vaccination of fir

protection atlantic salmon, Salmo salar L., confers greater

accinVagainst yersiniosis than immersion vaccination.

2016; 34: 599-608, https://doi.org/10.1016/

.j.vaccine.2015.12.044

4. Strom-Bestor M,  Mustamaki  N,  Heinikainen  S,   et al.

Introduction  of Yersinia ruckeri biotype 2 into Finnish

fish farm. Aquacult 2010; 308: 1-5.

5. Soltani M. Molecular study of Yersinia ruckeri

distribution, the causative agent of yersiniosis in some

farmed rainbow trout of Iran. Iran J Vet Med 2014; 10:

59-67.

6. Capkin, E. Altinok, I. Effects of dietary probiotic

supplementations on prevention/treatment of yersiniosis

disease. J Appl Microbiol 2009; 106: 1147-153. https://

doi.org/10.1111/j.1365-2672.2008.04080.x.

7. Magara G, Prearo M, Vercelli C, et al. Modulation of

antioxidant defense in farmed rainbow trout

(Oncorhynchus mykiss) fed with a diet supplemented by

the waste derived from the supercritical fluid extraction

of Basil (Ocimum basilicum). Antioxid 2022; 11: 415.

https://doi.org/10.3390/antiox11020415.

8. García-Moreno PJ, Batista I, Pires C, et al. Antioxidant

activity of protein hydrolysates obtained from discarded

Mediterranean fish species. Food Res Int 2014; 65: 469-

76, https://doi.org/10.1016/j.foodres.2014.03.061.

9. Deng J, Kang B, Tao L, et al. Effects of dietary

cholesterol on antioxidant capacity, non-specific immune

response, and resistance to Aeromonas hydrophila in

rainbow trout (Oncorhynchus mykiss) fed soybean meal-

based diets. Fish Shellfish Immunol 2013; 34: 324-31,

https://doi.org/10.1016/j.fsi.2012.11.008.

10. Thaipong K, Boonprakob U, Zevallos LC, et al.

Hydrophilic and lipophilic antioxidant activities of guava

fruits. South J Trop Med Pub Health 2005; 36: 254-7.

11. Apak R, Guclu K, Ozyurek  Mand  Celik S. Mechanism

of antioxidant capacity assays and the CUPRAC (cupric

ion reducing antioxidant capacity) assay. Microchim Acta

2008; 160: 413-19.

12. Sicinska P, Bukowska B, Michałowicz J, et al. Damage

of cell membrane and antioxidative system in human

erythrocytes incubated with microcystin-LR in vitro.

Toxicon 2006; 47: 387-97.

13. Gibson XA, Shartava A, McIntyre J. The efficacy of

reducing agents or antioxidants in blocking the formation

of dense cells and irreversibly sickled cells in vitro. Blood

1998; 91: 4373-8.

14. Tobback E, Decostere A,  Hermans K,  et al. Route  of

entry  and  tissue distribution of Yersinia ruckeri in

xperimentally  infected  rainbow  trout  Onchorhynchus

mykiss. Dis Aqua Organ 2009; 84: 219-28.

15. Sadighara P, Godarzi S, Bahmani M, et al. Antioxidant

activity and properties of walnut Brown Seed coat extract.

J Glob Pharm Technol 2016; 11: 26-30.

16. Mohajer A, Araghi A, Sadighara P. Oxidative stress and

toxicity effect of echium amoenum on mice brain.

Compar Clinic Pathol 2019; 28: 397-401.

268  Comparative evaluation of the antioxidant / J food safe & hyg  2022; 8(4): 264-268

http://jfsh.tums.ac.ir 




