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ABSTRACT 

Enteric Redmouth (ERM) disease is a serious systemic infection due to a gram-negative bacterium (Yersinia Ruckeri) which 

causes significant economic losses in salmonid aquaculture all over the world. This disease is called “Red-mouth” for the 

reddening of the mouth. Other clinical manifestations of this disease are: exophthalmia, ascites and haemorrhage with 

ulceration of palate, gill and operculum resulting in anorexia. Although this disease has been reported in other fish species, 

rainbow trout (Oncorhynchus mykiss) are particularly susceptible to ERM. Rainbow trout is one of the most popular fish species 

in nature and in many countries it is also recognized as cultivated/farmed fish species, due to its fast growth and excellent 

nutritional quality. The target of this research being undertaken is to analyze the chemical-nutritional characteristics and 

evaluation of the oxidative processes in samples of rainbow trout fish affected by ERM compared to the healthy group. The 

results of analysis show significant differences concerning the contents of some qualitative and chemical-nutritional parameters 

in fish-meat samples belonging to animals that have recovered from the “red-mouth” disease and healthy ones. Despite this, the 

unhealthy rainbow trouts are good source of nutrition, similar than healthy trouts. 
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Contribution/ Originality  

This study is one of the very few studies evaluating nutritional characteristics of rainbow trout samples affected 

by the "Red-Mouth Disease" compared to healthy trout samples 

 

1. INTRODUCTION 

Enteric Redmouth disease (ERM) is one of the most important diseases of salmonids [1]. The illness is caused 

by Yersinia Ruckeri, a Gram negative rod-shaped enterobacterium [2] which was first isolated from rainbow trout 

(Oncorhynchus mykiss) in the Hagerman Valley of Idaho, USA [3, 4] and it is currently found throughout North and 

South America, Europe, Australia, South Africa, the Middle East and China [5, 6]. Rainbow trout is a member of 

Salmonidae family, one of the most popular fish species in nature and it is also recognized as farmed intensively fish 

species for consumption, because of its fast growth and exceptional meat nutritive quality [7] rich in 

polyunsaturated acids. 
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From a nutritional point of view, the trout’s lipids contain an amount of DHA acid and polyunsaturated acids 

which is larger than in other farmed fishes, such as the sea bass and bream [8] and their composition is affected by 

the environment where they live, by their diet, by the fishing practice and preservation, as well as their health 

status during the fish farming operations. The polyunsaturated fatty acids, even if  considered essential in the 

human diet,  are susceptible to oxidation processes that lead to formation of aldehydes, ketones and alcohols, which 

are compounds  associated with fish flavor. 

Lipid oxidation in food is the greater non microbiological factor that can adversely affect the quality of the fish 

flesh . In addition, it depends both on the content of polyunsatured acids  and on the camunt of lipid-soluble 

antioxidants (such as Vitamin E, coenzyme Q10, carotenoids etc.) and on water-soluble antioxidants (such as 

anserine, carnosine, vitamin C, etc.) which can be found in the fish itself. Some of these compounds derive from the 

fishes’ diet, while others are directly contained in their muscle fibers, such as Coenzyme Q10, anserine and 

carnosine [9-12]. The amount of antioxidants which can be found in the fish flesh depends on their diet and on 

their intramuscular fat accumulation. In addition   to lipid oxidation, histamine is another component responsible of 

qualitative decay of fish flesh. 

Histamine concentration is considered an indicator of the freshness of fish. It is produced by the bacterial enzymatic 

decarboxylation catalyzed by histidine decarboxylase enzyme and L-histidine amino acid and  is considered the 

most important biogenic amine in fish and the most toxic of the amines detected in food [13, 14].  

The present study aims to assess meat quality of rainbow trout fishes affected by “red-mouth” disease compared 

to healthy fishes evaluating lipids, fatty acids, malondialdehyde (MDA) and histamine values.  

 

2. MATERIAL AND METHODS 

2.1. Experimental Design and Sampling 

Forty-eight rainbow trouts (Oncorhynchus mykiss) (i.e., 24 healthy and 24 unhealthy) were sampled from an 

Italian trout farm, located in Abruzzo, in Province of Pescara.  

The trouts came from the same farm, they had been fed with the same diet and raised under the same 

conditions. These fishes received the same commercial feed, with a known Fatty Acids profile (Tab.1).  

According to the manufacturer, fishes received an amount of feed equal to 1.5-1.8% of their live weight, taking 

into account the environmental conditions (such as water temperature and dissolved).) 

The fishes were randomly removed from the water when they reached a body weight of 300-350 g. 

Among them, 24 exhibited signs of the disease, like the reddening of the mouth (unhealthy group) and the other 

24 were picked from a healthy group (control group). The trouts, after the electrical stunning, as required by the 

law concerning animal protection during the slaughter, were cool to refrigeration temperature (under ice) and 

immediately dissected. The flesh sections of the farmed rainbow trouts were stored at -20°C until the analysis. 

Before the analysis, these samples were homogenized separately in order to obtain homogeneous specimens. The 

homogenate fishes were used for the analysis of intramuscular fat and fatty acids.  

In order to evaluate the amount of histamine and oxidation processes of lipids using the TBARS test, the 

animals were kept for 5 days at 0-4 ° C and subsequently fish fillet samples, taken from the muscle (fillet) after 

having removed the skin, were analyzed. 
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Table-1. Chemical and fatty acid composition of the commercial diets fed to white trout 

Chimical composition       

Dry matter                          % 90,50 
Crude protein                     % DM 46,41 
Crude fats                           “ 24,31 

Crude fiber                         “ 3,10 
Ash                                     “ 6,30 
Calcium 0,88 
Posphorus 0,83 
Sodium 0,33 

Fatty acid                                       (%) 
C14:0 3,44 
C16:0 16,24 
C18:0 3,87 
C20:0 1,01 

SFA 24,56 

C14:1 0,20 
C16:1 n7 3,45 
C18:1 n9 19,89 
C18:1 n7 1,95 
C20:1 1,01 
C22:1 0,20 

MUFA 26,70 
C18:2 n6 31,30 
C18:3 n3 4,27 
C22:6 n3 2,86 

PUFA 38,43 

                                             Source: results obtained in the laboratory by the authors 

 

2.2. Reagents 

All the chemicals used were reagent grade commercial products and were used without any further purification. 

2-thiobarbituric acid (TBA) (Sigma-Aldrich, Italy) in acetic acid 90% (Carlo Erba, Italy); trichloroacetic acid (TCA) 

(Carlo Erba, Italy) in distilled water; perchloric acid (HClO4) (Carlo Erba, Italy) in distilled water; butylated 

hydroxytoluene (BHT) (Sigma-Aldrich, Italy) in methanol (Carlo Erba, Italy); sodium hydroxide (NaOH) (Carlo 

Erba Italy); Fatty Acid Methyl Ester (FAME) (Sigma–Aldrich, Italy). 

 

2.3. Lipid extraction and Fatty Acid Analysis  

Total lipids were extracted with a mixture of chloroform/methanol (2/1, v/v) from fishes using the method of 

Folch, et al. [15]. In order to go on with the analysis of fatty acids,, the total  lipids  extracted through the method 

of Folch were transmethylated into methyl esters (FAMEs) at room temperature by using potassium hydroxide 

(KOH) 2 M in methanol. FAME composition was determined by gas chromatography using gas chromatograph 

Perkin Elmer Auto System XL with flame ionisation detection (FID) equipped with a Varian column CP-SIL 88 of 

100m (Chrompack Capillary Column). The carrier gas was hydrogen. Oven temperature programming was as 

follows: 160°C held for 3 min; 175°C at 3°C/min, held for 25 min; 220°C at 3°C/min, held for 40 min, 160°C at 

10°C/min. Fatty acid identification was carried out with standard mixture and fatty acid values were expressed in 

percentage.  

 

2.4. Histamine Analysis 

Histamine analysis was carried out in RP-HPLC. 5g of fish were weighted and homogenized in perchloric acid 

(HClO4) 0,4 M with Ultra-Turrax T25 at 10000 rpm for 1 min and centrifuged at 3000rpm for 10 min. 10 ml of 

supernatant were filtered with filters of cellulose acetate 0,45 µm. Histamine was derivatized with dansil-cloride in 

basic ambient: 0,5 ml of perchloric extracted were added with 0,5 ml HClO4, 200 µl of sodium hydroxide (NaOH) 
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2M and 300 µl of saturated solution of sodium bicarbonate. After homogenization, 1ml of dansil-cloride 1% in 

acetone was added. The mixture was heated at 40°C for 50 min. After having added 150 µl of NaOH 30%, the 

sample was left in a dark place for 1 h. Chromatographic separation was performed with a RP-18 column at 40°C. 

Mobile phase was constituted by methanol-water (80:20 v/v) and the flux was 1 ml/min. UV detection was 

performed at 254 nm. Limit of detection was 4mg/Kg (ratio S/N ≥3). Histamine concentration was calculated from 

external standard curves. 

 

2.5. Determination of Muscle Fatty Acid Oxidation (Tbars Test)  

Oxidation of samples was carried out with the 2-thiobarbituric acid (TBA) distillation method. The TBARs test 

was performed as described by Tarladgis, et al. [16] except for he butylated hydroxytoluene (BHT) that was added 

before homogenization. Fish (6-6,5 g) was added with 500 μl of BHT (0,01%) dissolved in methanol and 

homogenized with 50 ml of aqueous trichloroacetic acid (TCA) 5%, with UltraTurrax T25 at 4000 rpm for 5 min. 

Homogenate was distilled and two ml of distilled were supplemented with two ml of 0,02 M TBA in acetic acid 

(90%). This mixture was heated in a water bath at 80°C for 1 hour and then cooled for 10 min with cold tap water. 

The absorbance was determined by JENWAY 6305 UV/vis Spectrophotometer at 534 nm against a blank 

containing 2 ml of distilled TCA (with 500 μl of BHT) and 2 ml of 0,02 M TBA solution. The TBA number was 

calculated from standard curves. 

 

3. STATISTICAL ANALYSIS 

The mean value and standard deviation were established using one way ANOVA test. 

Differences were significant for P≤0,05 and highly significant for P≤0,01. All statistics were performed using 

SPSS for Windows.  

 

4. RESULTS AND DISCUSSION 

4.1. Total Fat and Fatty Acid Profile 

Total fat data were reported in Tab.2. The obtained results demonstrated a quantity of lipids in meat 

statistically significantly lower (p≤0,05) in the group of animals affected by disease.  

This can probably be justified by a lower food consumption caused by the lesions present in the mouth’s 

mucosa in the phases of the disease. The fatty acid composition of the rainbow trout is presented in Table 2. 

The fatty acids analyzed were grouped in saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs) 

and polyunsaturated fatty acids (PUFAs). 

Palmitic acid (C16:0) was the main fatty acid in both groups (healthy and unhealthy) of the rainbow trouts. 

Furthermore, among saturated fatty acids (SFA), except for the palmitic acid, the most abundant fatty acids were 

myristic acid (C14:0) and stearic acid (C18:0), according to Tkaczewska, et al. [17]. No differences have been observed 

concerning saturated fatty acids between the two groups. 

Among monounsaturated fatty acids (MUFA), oleic acid (C18:1n-9), palmitoleic acids (C16:1n-7) and erucic 

acid (C22:1) were the predominant fatty acids. These fatty acids showed significant differences within the two 

examined groups (p≤0,01). 

Linoleic acid (C18:2 n-6) and docosahexaenoic acid (DHA) (C22:6 n-3) were the most abundant polyunsaturated 

fatty acids (PUFA). Similar results have been reported by Ehsani, et al. [18] and by Zakipourm, et al. [19]. 

Linoleic acid is more present in the healthy group, while the docosahexaenoic acid (DHA) (C22:6 n-3) in the 

unhealthy one, showing statistically significant differences (p≤0,01). 
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Table-2.  Total fat percentage and intramuscular fatty acid composition in 

healthy and unhealthy groups (% of total fatty acid  methyl esters). 

 Trouts 

Healthy Unhealthy 

Total fat % a2.65 b2.18 

Fatty acids %   
C14:0 3.82 4.57 

C16:0 22.54 22.07 
C18:0 4.54 4.46 

C20:0 0.69 0.68 
SFA 31.59 31.78 

C14:1 0.31 0.35 
C16:1 n7 A3.71 B4.46 

C18:1 n9 A20.95 B19.21 
C18:1 n7 a2.24 b2.65 

C20:1 a0.58 b0.71 
C22:1 A3.30 B3.89 

MUFA 31.09 30.92 
C18:2 n6 A20.01 B17.40 

C18:3 n3 2.41 2.26 

C22:5 n3 1.02 1.43 
C22:6 n3 A13.88 B16.21 

PUFA 37.32 37.30 

                                                                 A,B = (p≤0,01); a,b = (p≤0,05). 

 

The ratio between polyunsaturated (PUFA) and saturated (SFA) fatty acids as well as the P/S index are among the most 

reliable indicators of nutritional values. In particular, normal nutritional value for P/S index  should be above 0,5 [20]. A 

P/S index below 0.45 is considered inadequate because it can lead to hypercholesterolemia [21]. In our study P/S index 

resulted to be 1,18 and 1,17 in healthy and unhealthy trouts, respectively.  

Our results, according with Vranić and Đinović-Stojanović [22] show that the ratio between unsaturated (UFA) 

and saturated fatty acids (SFA) in unhealthy rainbow trout is 2,15, while it is 2,17 in the healthy group (Tab. 3). 

 

Tab-3. Contents of SFA, MUFA, PUFA (% of total fatty acids), n–3, n–6, n–3/ n–6, P/S, UFA/   SFA ratios 

 SFA MUFA PUFA n-3 n-6 n-3/n-6 P/S UFA/SFA 

Healthy trouts 31,59 31,09 37,32 2,41 20,01 0,12 1,18  2,17 

Unhealthy trouts 31,76 30,94 37,30 2,26 17,4 0,13 1,17  2,14 

                Source: results obtained in the laboratory by the authors 

 

4.2. Histamine Analysis 

In this study, histamine level is one of the quality parameters examined because it is an important index of fish freshness 

and an indicator of its edibility and this amine as well as other present in the muscle tissue of chickens are also produced due to 

tissue enzymes. Meat is very susceptible to chemical and physical changes and to biological agents; among them, 

microorganisms and endogenous or microbial enzymes can make the meat unsuitable for consumption. In fact, fishes 

containing high levels of histamine cause an acute illness called Scombroid fish poisoning in human beings [23]. In relation to 

the content of histamine (Tab.4), the results suggest a significant difference (p≤0,01) between the two groups with higher values 

in the unhealthy  group  compared to healthy one. 

This is probably due to deterioration of the meat, which is faster in the unhealthy fishes infected by the pathogenic 

bacterium Yersinia Ruckeri, that is able to synthesize histamine from the amino acid histidine. Nevertheless, both groups present 

histamine levels below the recommended limit, required to prevent toxic effects [24, 25].  
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                           Table-4.  Content of histamine (mg/Kg) in the two groups 

Trouts 

 Healthy Unhealthy 

Histamine (ppm) A5.35 0,55 B6.60 0,63 

             A,B = (p≤0,01); a,b = (≤0,05). 

 

4.3. Lipid Oxidation Determination  

The determination of the oxidants was performed on muscle samples collected after 3 days of storage at 0-4 

° C. 

The oxidation of fats depends on a number of factors, apart from the level of polyunsaturated fatty acids, among 

which the pro-oxidant and anti-oxidant concentrations. Oxidation of polyunsaturated fatty acids (PUFA) leads to 

the formation of hydro- and endo-peroxides, which undergo fragmentation in order to yield a wide range of reactive 

intermediates, including alkanals, alkenals, hydroxyalkenals and MDA. The obtained results of this do not show 

significant differences between the two groups although in the “healthy” group the mean value average value is 

slightly lower (Tab.5). Higher MDA values in  muscle of affected trouts may depend on the minor amount of lipid-

soluble antioxidants accumulated in the tissues and on the ones introduced by the diet. 

 

Tab-5. Content of MDA (mg MDA/ kg fillet) in healthy and unhealthy experimental groups 

 

 

 

                                              A,B = (p≤0,01); a,b = (p≤0,05). 

 

5. CONCLUSION  

The results show that trouts affected by the "red mouth" disease have a lower amount of fat than the healthy 

ones and a greater production of histamine during the storage,  showing tendency to an easy deterioration and a 

difficult preservation. Among unsaturated fatty acids, linoleic acid (C18:2 n-6) and oleic acid (C18:1 n-9) are more 

present in the healthy group compared to the unhealthy one, but it is important to underline that the ratio between 

polyunsaturated (PUFA) and saturated (SFA) is adequate in both groups.. 

Finally, results regarding lipid oxidation show no significant variation between the two groups.  
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