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Abstract  

The purpose of this paper was to evaluate the antioxidant effect of certain extracts 

obtained from indigenous plants (Allium ursinum and Alliaria petiolata) by introducing 

them in the diet of the rainbow trout reared in conditions of overpopulation in a 

recirculating system. At the end of the experimental period, the following investigations 

were accomplished: biochemical (MDA, TAC, GLU, TP, IgM), hematological (Ht, Hb, 

MetHb, E, VEM, HEM CHEM) and biotechnological (SGR, FCR). The highest 

significant values (p<0.05) of MDA, compared to the lots treated with vitamin E and 

Allium extracts, were registered in the muscles and liver of the fish in the witness lot not 

treated with extracts (the 2% version). In the liver, the significant increases of TAC, 

compared to the untreated witness lot, are in LotE (p=0.023<0.05), in LotAllium 

(p=0.05≤0.05) and in LotAlliaria (p=0.01<0.05). The hemoglobin has values between 

7.73-7.76 g/dL in LotAllium and between 7.55-7.62 g/dL in LotAlliaria, both being lower 

than LotE. The HEM values are comparable among the lots, ranging between 69.92-

70.15pg, while the CHEM value is higher in LotMN, compared to LotE, LotAllium and 

LotAlliaria. The IgM has a minimum value of 88.23mg/dL in LotAlliaria (5%) and a 

maximum value of 92.03mg/dL in LotAlliaria (2%). In both experimental versions, 

positive correlations were obtained between the SGR and the average values of TAC in 

the analyzed lots. The final conclusion is that the vegetal extracts of Allium ursinum and 

Alliaria petiolata used in our experiments can determine, in certain concentrations, the 

reduction of the stress induced by overpopulation in Oncorhynchus mykiss. 

 

Abreviations: CHEM – concentration of mean corpuscular hemoglobin, E – number of 

erythrocytes, FCR – Feed Conversion Ratio, GLU – glucose, Ht – hematocrit, Hb – 

hemoglobin, HEM – mean corpuscular hemoglobin, Ig M – immunoglobulin M, MDA – 

malondialdehyde, MetHb – methemoglobin, PT – total protein, SGR – Specific Growth 

Rate, TAC – Total Antioxidant Capacity, VEM – mean corpuscular volume. 

Keywords:  vegetal extracts, antioxidant effect, lipid peroxidation, rainbow trout, overpopulation. 
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  Introduction 

Currently, the objective of the recirculating systems used in aquaculture is 

the intensification of the fish production which means, first of all, high population 

densities in the rearing basins. This aspect favors the maintenance of the culture 

biomass in conditions of oxidative stress, from the point of view of the 

ecophysiological comfort. The limited space in which the culture biomass is 

forced to live constitutes itself a factor that puts a heavy load on the adaptation 

mechanisms and which may lead to an immunity decline. Also, overpopulation 

influences the easy transmission and reproduction of specific pathogenic agents, 

which means the life conditions become dangerously altered.   

Generally, the intensive rearing of animals, including of fish, involves 

large concentrations of individuals in a limited space. In intensive and 

superintensive aquaculture, there are rearing systems where the fish biomass can 

exceed 10-20 Kg/m
3
 of water [18]. The increase of population density 

(overpopulation) in confined spaces reduces the vital space proportionally. The 

consequence is the appearance of neurohormonal modifications with direct 

implications on the biochemical and hematological values. 

The importance of population density in fishery technology was 

emphasized by numerous authors who studied this aspect for different culture 

species and different production systems [4], [11], [12], [24-25].  

The studies accomplished at international level on Oncorhynchus mykiss 

highlighted that this species, compared to other salmonidae, has few demands in 

terms of environmental conditions, has a good degree of feed assimilation and 

thus a fast growth rate in captivity. These technological issues represent an 

important argument for the rearing in superintensive recirculating system with the 

purpose of producing consumer trout.  

Still, if we take into account the ecobiology of this species (the rainbow 

trout is a territorial fish), it is desired that the population density in the rearing 

basins should permit the establishment and maintenance of territories. In these 

conditions, overpopulation leads to stress. To support this hypothesis, it is 

accepted that fish agglomeration is a factor of chronic stress which may lead to 

behavioral and physiological modifications [27-28], [30], [43]. 

      The necessity to obtain high fish productions in recirculating systems, 

corroborated with a reduction of the oxidative stress determined by 

overpopulation, stimulated the current research. Consequently, despite the 

increased progress registered over the recent years and the awareness of the 

complexity of such an approach made our study begin by the testing of vegetal 

extracts introduced in the feed of the rainbow trout and by the subsequent 

evaluation in vivo of the antioxidant effect through experimental biochemical, 

hematological and biotechnological analyses. 
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Material and methods  
The research took place in an aquarium-type superintensive recirculating 

rearing system, in the Laboratory of the Department of Aquaculture, 

Environmental Science and Land Register within the “Dunarea de Jos” 

University, Galati. Under the functional aspect the system was particularized to 

the technological demands for rearing culture fish species in limited spaces. The 

scheme of the recirculating system is presented in Figure 1.  
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Figure 1. The scheme of the experimental recirculating system 

Legend: B1-B4 –rearing units, D –decanting basin, P1,P2,P3 -pumps, UV- sterilization lamp, 

FM- mechanical filter, FB-biological filter, 1-sponge, 2-sand, 3-gravel 4-bactobolts, 5- air 

nozzle. 

 

The biological material was represented by the one-year-old culture 

species Oncorhynchus mykiss, reared in the same system during the juvenile 

stage. The biomass used in aquariums, considered admissible, which respected the 

bearing capacity of the recirculating system, but crucial in the accentuation of the 

oxidative stress, was 7300±60g /aquarium (73 fish/aquarium with average mass 

100±5g/individual). The quantity of feed administered (ration) was 3% of the 

initial biomass. The feeding frequency was established to twice a day (at 9 a.m. 

and 5 p.m.). The feed was administered in the form of extruded pellets (Nutra Pro 
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MP-T), sized 1.7 mm and with the following biochemical composition: crude 

proteins 50%, crude fats and oils 20%, fibers 10%, crude ash 8%, phosphorus 

1.2%, calcium 1%, sodium 0.4%, vitamin A 6000 UI/kg, vitamin D3 1200UI/kg. 

As antioxidant-known witness- vitamin E (α-tocopheryl acetate) was used as soft 

capsules produced by S.C. Biofarm S.A. 

Two experimental versions were accomplished. Duration 15 days/version: 

-version a:  plant addition 2% in LotAllium and LotAllium Alliaria; LotAlliumMN; LotAllium E. 

-version b: plant addition 5% in LotAllium Allium and LotAllium Alliaria; LotAllium MN, LotAllium E. 

Legend: LotAllium MN – untreated witness lot, LotAllium E – lot treated with vitamin E 

(50mg/kg biomass/day). 

 

Preparation of the feed, collection and analysis of the biological samples 

The extracts were obtained by double maceration [44] in alcohol 70° for 

15 days at room temperature from the two plants – Allium ursinum and Alliaria 

petiolata (leaves + flowers in equal ratio for each plant) and vitamin E. They were 

incorporated into the feed after a previous evaporation of the alcohol in Rotavapor 

by homogenization with gelatin 2%. The drying of the feed was done in the 

drying oven, at 27°C for 12 hours for the adhesion of the extracts and of vitamin E 

to the feed surface. Before collecting the biological samples (blood and tissues), 

the trout individuals were anesthetized. The anesthetic used was a solution of 2-

phenoxyethanol (1ml for 3 liters of water) in which the fish were immersed for 1 

minute. The method we used was collection from the caudal vein in the following 

stages: tamponing the punctured area with betadine 10% (in order to avoid 

contaminating the blood with water or mucus), introduction of the syringe needle 

on the direction located behind the anal fin, puncturing the caudal vein and 

collection of approx. 1.5-2 ml of blood. The collected blood was poured: a part of 

it (1ml) in Ependorf tubes with anticoagulant (heparine) for hematological 

determinations and indicators of oxidative stress, and another part without 

coagulant for biochemical determinations in other Ependorf tubes. 

The harvesting of the internal organs (liver, heart, kidneys, muscles, 

intestine, gills) was accomplished by dissection, collection and weighing on the 

analytical balance. The blood samples without heparine were centrifuged for 10 

minutes at 3500 rotations/minute and the plasma was separated for the 

biochemical determinations and for the indicators of the oxidative stress. Of the 

total amount of blood, 0.1 ml were used immediately for the determination of 

methemoglobin. 

The biochemical determinations were accomplished in the chemistry 

laboratories within the Faculty of Sciences from “Dunarea de Jos” University, 

Galati. 

The analysis of lipid peroxidation was accomplished by the determination 

of the concentration of malondialdehyde (MDA) and of other substances which 
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react with the thiobarbituric acid (TBARS), with the help of the method described 

by Draper and Hadley [7]. The determination of the total antioxidant capacity 

(TAC) from the blood plasma and the tissues of the analyzed samples was done 

by the method described by Re [31] and Van Den Berg [39]. The quantitative 

determination of hemoglobin was accomplished through the use of the 

colorimetric method using the Sahli hemoglobinometer and the 0.02 dropper for 

hemoglobin. This method is based on the fact that hemoglobin mixed with 

hydrochloric acid turns into hematin hydrochloride. The determination of the 

hematocrit or the volume percentage of erythrocytes, which represents the 

concentration of erythrocytes in 100 ml of whole blood, was accomplished by the 

microhematocrit method, which involves centrifuging the blood in capillary tubes 

(30µL) of heparinized microhematocrit. The determination of the number of 

erythrocytes (red cells) was accomplished according to a classical method using 

the hemocytometer (the Neubauer counting chamber) and dilution liquid. 

The calculation formula used for the determination of the number of 

erythrocytes, with correction of surface, height and dilution, expressed in millions 

of cells (e.g. 10
6
/mm

3
) is as follows:   

 

, 

where: 

N-counted erythrocytes in 80 (16x5) squares; 

4000-the volume of squares with 1/20mm side; 

200-blood dilution. 

 

The erythrocyte constants reflect the working degree of the erythrocytes, the 

content of hemoglobin in each erythrocyte and the ratio between this content and 

its value. The most important erythrocyte constants are:   

 

- The mean corpuscular volume (VEM) represents the mean volume of the 

erythrocyte. The values obtained vary according to age and sex. They are 

expressed in m
3 

and are calculated according to the formula: 

 

where: Ht is the hematocrit (%) ; 

E-is the number of erythrocytes (mill/mm
3
) in blood 

- The mean corpuscular hemoglobin (HEM) represents the mean content of 

hemoglobin of the erythrocytes. It is expressed in picograms (pg) which 

represent 10
-12

 g and are calculated according to the formula: 
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where: Hb is the hemoglobin in grams/100 ml of blood. It is the number of 

erythrocytes expressed in mill./mm
3
 of blood. 

- The concentration in mean corpuscular hemoglobin (CHEM) represents 

the ratio between the corpuscular hemoglobin and its volume, being the 

most truthful erythrocyte constant. It is expressed in grams/dl of blood and 

is calculated according to the formula:  

 

 
where: 

Hb is the hemoglobin expressed in grams/100 ml of blood; 

Ht is the hematocrit (%). 

At the end of the experimental period/version, the fish were weighed and 

the bioindicators of technological performance were calculated, namely:  

 

- The specific growth rate (SGR) was calculated according to the method 

described by Hevroy et al. [10]: 

SGR=(ln Wt- ln W0) x 100 x t
-1

 (%BW/day), 

where, 

Wt- final biomass; W0 –initial biomass; t-experiment duration (days), BW-body 

weight (g); 

 

- The feed conversion ratio (FCR) was calculated according to the method 

described by Shalaby et al. [33]: 

FCR= Q/ S r , (g/g), 

where: 

Q-the quantity of feed administered (g) ; Sr= Wt – W0  (g). 

 

The statistical analysis of the experimental data 

The results were expressed as means± and standard deviation (SD). The 

statistical data were analyzed in the Windows 2007 programs (Microsoft Office 

Excel, Microsoft Office Word), while the means and standard deviations were 

calculated according to standard methods for all parameters.  

The Student “t” test was used for the comparison of the means. The 

difference between two means was considered significant for a value of p<0.05. 
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  Results and Discussions 

Over the 15 days of experiments, the fish with identification chips from 

the experimental lots had a slightly agitated behavior, but without pathological 

symptoms or the presence of parasites on their tegument. We must emphasize that 

the physic-chemical parameters of the water were maintained in the optimum 

values for the rearing of this species so as not to create additional stress for them.  

If we look at Figure 2, we can see that the level of lipid peroxidation 

induced by the overpopulation stress is more accentuated for the muscular and 

liver tissue in the witness lot (a lot not treated with vitamin E or vegetal extracts 

obtained from Allium and Alliaria). It seems these tissues are the most sensitive to 

the overpopulation stress in the rainbow trout.  

 

 

Figure 2. The dynamics of the malondialdehyde index (MDA) from the tissue and 

blood plasma of fish in version a (plant extract 2%) 
 

In what regards the treatment with extracts obtained from Allium ursinum 

and Alliaria petiolata, given the overpopulation stress, the reduction of the MAD 

tissue level is significant (p<0.05) for the liver, both in the 2% concentration and 

in the 5% concentration of the vegetal extract (see Figure 2 and Figure 3).  
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Figure 3. The dynamics of the malondialdehyde index (MDA) from the tissue and 

blood plasma of fish in version b (plant extract 5%) 

In the case of the blood plasma, the heart, muscle, intestine, gills and 

kidneys, the treatment with vegetal extract 2% from both plants (Allium and 

Alliaria), given the overpopulation stress, does not reduce the level of lipid 

peroxidation (expressed by the MAD tissue concentration (see Figures 2 and 3). 

Vitamin E either does not reduce the level of lipid peroxidaton (increased by 

overpopulation stress) in the same organs.  

Similar results were obtained by Metwally [17], who followed the MDA 

evolution in the crustacean Litopenaeus vannamei over a period of 84 days. 

Indeed, the vegetal extracts introduced in the shrimps diet led to the reduction of 

the MDA concentration in gills, first insignificantly (at 21 days), and then 

significantly (at 84 days). 

Regarding the total antioxidant capacity, the 2% extract of Allium and 

Alliaria increases this capacity, given the overpopulation stress in the rainbow 

trout, for blood plasma, muscles, and liver. Moreover, the 2% extract of Alliaria 

increases the same antioxidant capacity also in the case of the renal tissue (see 

Figure 4, version a).  
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Figure 4. The dynamics of the total antioxidant capacity in tissues and blood 

plasma of fish in version a (plant extract 2%) 
 

Given the overpopulation stress, the treatment was done with the 5% 

extract of Alliaria petiolata, and there was an increase of the total antioxidant 

capacity in the case of the blood plasma, heart, liver and muscle as well, compared 

to the untreated lot (see Figure 5).  

 

 

Figure 5. The dynamics of the total antioxidant capacity in tissues and blood 

plasma of fish in version b (plant extract 5%) 
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Given the overpopulation stress, vitamin E determined an increase of the total 

antioxidant capacity in plasma, liver and muscles (experimental version a), or in liver 

and intestine (experimental version b; see Figure 5). If we trace an overview of the 

experimental results where we followed the effect of the 2% and 5% vegetal extracts 

from Allium and Alliaria in the rainbow trout subjected to overpopulation stress, we 

observe that the vegetal extracts were at least equal to vitamin E in terms of 

stimulating the total antioxidant capacity (see Figures 4 and 5). 

These results allow us to appreciate the antioxidant effect of the used 

extracts, which can be attributed to the content in bioactive compounds such as: 

flavonoids, volatile oils, vitamins and others. In support of this discovery, some 

authors attributed to vitamin C an indirect antioxidant effect [21], [37], while 

others signaled a positive, modulating effect of vitamins C and E in response to 

stress [9], [13], [22], [32], [35]. 

For a more complete evaluation of the tested vegetal extracts in the 

attenuation of the induced oxidative stress, in the present experiment we also 

followed the evolution of certain hematological parameters. In this regard, for the 

appreciation of the physiological state of the fish, we accomplished the 

hemoglobin dosing, considered a precise and quick test for the checking of the 

hematological homeostasis [18]. Hemoglobin is the respiratory pigment with 

important role in the increase of the blood’s capacity to transport oxygen. In our 

experiment (see Table 1), we observed that vitamin E, administered in conditions 

of overpopulations stress in the rainbow trout, determines modifications of the 

hemoglobin content and number of erythrocytes (comparison between LotE and 

LotMN; MN = untreated witness).  

 

Table 1 

Variation of the hematological parameters in fish at the end of the experiment 

Hematologic
al 

parameter 

LotMN LotE LotAllium LotAlliaria 

2% 5% 2% 5% 

Ht (%) 41±5.23
b 

40±3.38
b 

36±6.22
b 

32±6.99
b 

36±3.89
b 

38±5.35
b 

Hb(g/dL) 6.72±0.10
ab 

7.80±0.08
a 

7.76±0.07
a 

7.73±0.89
b 

7.62±0.58
b 

7.55±0.68
b 

No.E 
x10

6
/mm

3
 

1.05±0.03
ab 

1.22±0.04
b 

1.28±0.02
a 

1.12±0.11
b 

1.29±0.03
a 

1.27±0.11
b 

VEM(µm
3
) 365.10±12.5

b 
420.33±10.6

b 
385.17±24.0

b 
386.55±15.2

b 
419.31±10.7

b 
421.04±20.1

b 

HEM(pg) 70.15±4.48 70.02±3.07 69.95±7.29 69.90±9.02 69.97±4.80 69.92±5.83 

CHEM g/dL 18.46±2.0
b 

18.50±1.03
b 

18.90±1.92
b 

18.58±2.11
b 

18.58±3.41
b 

18.49±1.47
b 

The various superscript letters in the columns indicate significant(
a
) and insignificant(

b
) differences 

with cu p<0.05; the statistical analysis was accomplished on the horizontal row thus: LotMN 

compared to LotE and the lots not treated with the extracts. 
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The vegetal extracts of Allium ursinum and Alliaria petiolata influence the 

level of the hematological parameters. Thus, the Allium extract in 2% 

concentration determines the increase of hemoglobin and the number of 

erythrocytes, while the Alliaria extract in 2% concentration only increases the 

number of erythrocytes (see Table 1). The increase in the number of erythrocytes, 

and thus of the quantity of hemoglobin in the lots treated with Allium and Alliaria 

extracts could be the result of the direct action of the active principles from these 

extracts on the level of production of the figurate elements. As we have shown in 

the experiment where the stress was induced by intoxication with sodium nitrite, 

any state of stress is associated with  more intense energy consumption at the level 

of cells and tissues, because only this way the cells and tissues can efficiently 

resist metabolically to the state in which they are.  

So, our analyses emphasize the increases of hemoglobin in the lot with 

vitamin E addition, but also in the lots with addition of vegetal extracts. This 

means that a larger quantity of oxygen transported to the tissues where the 

intensified oxidative metabolic processes and production of energy ensure their 

increased resistance to stress. In some research, it is shown that the significant 

reduction of the amount of hemoglobin in blood can affect the amount of oxygen 

for tissues and the result is the slowing down of the metabolic rate, thus a reduced 

production of energy [1]. Also, the significant reduction of the amount of 

hemoglobin can be caused by the increase of the rate of hemoglobin destruction, 

or the reduction of the rate of its synthesis, given the state of stress. According to 

other authors [23], these hemoglobin modifications are determined by different 

forms of stress which in turn determine the rapid increase of the hemoglobin 

concentration due to the recruiting of erythrocytes from the spleen and the 

hemoconcentration installed as a result of the loss of plasmatic water.  

The hematocrit (the volume percentage of erythrocytes) does not modify 

significantly in the lot with addition of vitamin E, as in the lots treated with 

extracts of Allium ursinum and Alliaria petiolata, compared to the witness lot 

(LotMN). According to some research [23], the increase of hematocrit in fish is 

joined by an increase of blood viscosity, which is considered the superior limit of 

the strategy of adaptation to stress. Other authors [15], [42] remarked the 

influence of different stress factors on the hematocrit in certain culture species, 

which determined a dynamics of the hematocrit in a very wide range, between 20-

40%. 

The slight decrease of the hematocrit joined by an increase of the 

hemoglobin influenced the increase in the number of erythrocytes in Lot E, 

LotAllium and LotAlliaria. The data in the specialized literature account for the fact 

that in Oncorhynchus mykiss the number of erythrocytes can vary from 0.85 to 

1.50(x10
6
/mm

3
) depending on age, sex, physiological state etc. The values 

obtained by us fit in the superior limit, with the highest value in LotAlliaria (2%) 
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and LotAllium (2%). These values are significantly increased (p<0.05), compared to 

the untreated witness lot.  

Similar results were obtained by Valenzuela et al. [38] in a study regarding 

the effect of physical stress induced by the increase of temperature and continuous 

application of light, which led to the increase of hemoglobin concentration and 

number of erythrocytes. 

The analysis of the erythrocyte constants (VEM, HEM, CHEM) can help 

to detect the presence of physiological ailments in the process of hemoglobin 

formation and offers information regarding the size, shape and hemoglobin load 

of erythrocytes. 

Under the influence of the vegetal extracts and vitamin E, the constant 

erythrocyte values from the analyzed samples registered the following 

modifications:  

- The mean corpuscular volume (VEM) increased insignificantly (p>0.05) 

in the analyzed lots compared to the untreated witness lot; 

- The mean corpuscular hemoglobin (HEM) registered relatively constant 

values, compared to LotMN; 

- The concentration of mean corpuscular hemoglobin (CHEM) increased 

insignificantly (p>0.05), compared to the untreated witness lot. 

The analysis of the values of the three erythrocyte constants allow us to 

formulate the observation that the VEM, HEM and CHEM fit in the limits 

considered optimal for the rearing of salmonidae. However, we remark that the 

values in the inferior limit are found in the witness lot. Also, the values of the 

erythrocyte constants in the lots fed with vegetal extracts are comparable with 

those of the lot treated with vitamin E.  

The present study continued with the analysis of biochemical parameters 

of blood: glycemia, total plasma proteins and plasma immunoglobulin M. In the 

case of our experiment, where the stress was induced by overpopulation in the 

rainbow trout, we observed that neither the vegetal extracts of Allium ursinum and 

Alliaria petiolata, nor vitamin E modify significantly the glycemia level 

compared to LotMN. 

In other words, we can say that in conditions of overpopulation stress, neither 

the vegetal extracts of Allium ursinum and Alliaria petiolata, nor vitamin E enhance 

the mechanisms of glucose release from storage in order to be consumed by the 

peripheral tissues. It is possible that the overpopulation stress should be easier to bear 

by the fish organism, compared to the stress induced by intoxication with sodium 

nitrite (unpublished personal data), as the fish cope more easily with this type of 

stress without additional energy consumption (see Table 2).    

The plasma sugars represented especially by glucose are normally found at 

values between 40-90mg/100mL in the fish blood, while in the healthy rainbow 

trout, they range around 71mg/100mL of blood [12]. According to some authors, 
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glycemia can be influenced by a number of technological factors and constitutes 

an important marker for the stress states in fish. The manipulation stress can lead 

to a significant increase of the glycemia up to values of 137mg/dL [2]. Other 

authors state that an increase in glycemia represents the response of the organism 

in fish exposed to acute or chronic stress [19-20], [41], [3], [29], [36].  

 

Table 2  

Biochemical parameters in fish in conditions of overpopulation 

 
 

Sample 

Statistical 

indexes 

 

GLU 

mg/dL 

TP 

g/dL 

Ig M 

mg/dL 

LotMN 

 

X±ES 120.2±10.01 3.42±0.22 90.62±4.06 

n 4 4 4 

 

LotE 

X±ES 112.0±8.48 4.30±0.08 89.00±3.22 

n 4 4 4 

±M% -6.82 +25.73 -1.79 

 

 

 

LotAllium 

 

plant concentration 2% 

X±ES 87.20±3.19 4.25±0.23 90.1±1.44 

n 5 4 5 

±M% -27.45 +24.27 -0.57 

plant concentration 5% 

X±ES 89.13±6.03 3.15±0.31 91.6±0.2 

n 5 5 5 

±M% -25.84 -7.9 +1.08 

 

 

 

LotAlliaria 

 

plant concentration 2% 

X±ES 87.77±7.22 3.60±0.87 92.03±5.07 

n 5 5 5 

±M% -26.98 +5.26 +1.5 

plant concentration 5% 

X±ES 85.94±5.80 4.46±0.44 88.23±1.20 

n 4 5 5 

±M% -28.50 +30.41 -2.6 

Legend: LotM-witness lot, LotE (addition of vitamin E), LotAllium (plant addition), LotAlliaria (plant 

addition) X±ES-standard deviation, n-number of samples, ±M%-percentage difference between 

the analyzed lot and the untreated witness lot.  

 

If we refer to the plasma proteins and immunoglobulin M, the results of 

our experiments show that neither the vegetal extracts of Allium ursinum or 

Alliaria petiolata, nor vitamin E modify significantly this blood parameter in a 

stress state induced by overpopulation. At least from the point of view of the 

biochemical parameters studied, we can say that stress induced by intoxication 

with sodium nitrite (unpublished personal results) is more difficult to bear by the 

organism of the rainbow trout compared to the stress induced by overpopulation. 
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According to some authors [34], the normal values of the total serum 

proteins in fish range between 3.5 and 5.5g/dL. In Oncorhynchus mikiss, the 

optimal values published in specialty articles are different: 3.64-3.80 g/dL [14]; 

2.52-3.16 g/dL [16]; 2.92 g/dL [40]; 3.7-4,7 g/dL [5]. Still, these can display 

ample variations according to species, age, sex, water temperature, season, quality 

and quantity of feed [26]. 

The proteinemy in our samples is slightly increased compared to the lot 

not treated with vegetal extracts with percentage rises between 5.26-30.41%, with 

one exception in LotAllium (5% extracts concentration), where the protein level 

decreases by 7.9%. The explanation we propose is that the variations of plasma 

proteins may be due to the intensification of the appetite manifested in the fish in 

LotAlliaria, LotE and LotAllium (2%). This phenomenon may be due to the increased 

protein content in the feed (50% crude protein), associated with the intake of 

antioxidants in the vegetal extracts tested. The 5% Allium ursinum concentration 

from the extracts used proved to be less agreeable and thus less assimilated by the 

fish. The increase of the protein level in blood was also signaled by Farahi et al. 

[8], who added garlic (Allium sativum) in the fish feed. 

In the ontogenetic development, the first class of immunoglobulin which 

appears is the immunoglobulin M class (IgM) and they represent the antibodies 

that appear after the first contact with the antigen. The IgM values can be 

influenced by a number of exogenous and endogenous factors and range between 

1-100mg/dL [26]. The values obtained by us register both increases and decreases 

compared to the witness lot not treated with vegetal extracts. The most 

considerable percentage decrease (2.6%) was registered in LotAlliaria (5%), while 

the increases were of +1.8% la LotAllium (5%). All the values fit in the superior 

limit of the optimum range, without significant statistical differences. Most likely, 

the stress induced by overpopulation triggers the organism’s reaction to this type 

of stress, but within the normal values. 

The study of growth performance by means of the main biotechnological 

indicators (see Table 3) represents a way to appreciate quantitatively the normality 

degree of the physiological state of the fish organism. This aspect allowed us to 

evaluate the dynamics of the culture biomass by the analysis of the specific 

growth rate (SGR) and of the feed conversion factor (FCR). The addition of 

vitamin E in the fish feed led to an increase of the SGR by 42.5% compared to the 

witness lot not treated with vegetal extracts. The vegetal extracts added to the feed 

were tolerated by the fish differently, a fact which was noticed both during the 

experiment and after the analysis of the first samples. The highest percentage 

increases of the SGR, compared to LotMN, were registered in LotAlliaria (5%), 

comparable to LotAllium (2%). 



In vivo studies regarding the antioxidant effect of certain vegetal extracts  

on the stimulation of the antioxidant system in Oncorhynchus Mykiss, 

in conditions of overpopulation 
 

Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 2, No. 2, (2013)  29 

Similar results were obtained in other research as well [8], such as 

different amounts of Allium sativum being introduced in the diet of the species 

Oncorhynchus mykiss, or common sea-buckthorn in the feed of carp [6].  

   

Table 3 

 Biotechnological indicators in the rainbow trout in conditions of overpopulation 

 

Biotechnological 

indicators 

LotMN 

 

LotE LotAllium 

 

LotAlliaria 

 

version a plant concentration 2% 

FCR 

(g/g) 

2.28 1.54 1.52 1.44 

SGR %BW/day 1.2 1.71 1.73 1.81 

% 100 142.5 144.17 150.83 

version b plant concentration 5% 

FCR 

(g/g)  

2.31 1.85 2.19 1.41 

SGR %BW/day 1.19 1.45 1.24 1.84 

% 100 121.84 104.2 154.62 

Legend: FCR- Coefficient of feed conversion; SGR- Specific growth rate 

 

 

If we take into account the specific growth rate, corroborated with the feed 

conversion factor and the 98.75% level of fish survival, our results are optimistic. 

Our study shows that the feed supplementation with vegetal extracts leads to the 

increase of the total antioxidant capacity and the decrease of the lipid peroxidation 

level. These changes of the antioxidant status are positively correlated with the 

specific growth rate (see Figure 6).  
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Figure 6. Correlation between the specific growth rate (SGR) and the total 

antioxidant capacity (extract concentration 5%, n=28) 

 

Based on the experimental data obtained, we can state that the addition of vegetal 

extracts from Allium ursinum and Alliaria petiolata in the feed helps to maintain 

the balance between oxidants and antioxidants, preventing membrane 

deteriorations caused by oxidative stress. 

 

Conclusions  

1. The Allium ursinum and Alliaria petiolata extracts have antioxidant 

properties in certain concentrations; 

2. The antioxidant properties of the vegetal extracts used are comparable to 

those of vitamin E (used as known antioxidant); 

3. The intensity of the stress induced by various free radicals, including those 

of oxygen, appreciated according to the malondialdehyde (MDA) value, is 

different in the analyzed organs; 

4. Overpopulation triggers an increase of lipid peroxidation, especially in 

liver and muscles; 

5. The tissue level of malondialdehyde depends on the nature of the extract. 

The vegetal extracts from both species are comparable as antioxidant 

effect in version a (concentration 2%); 

6. The Alliaria petiolata extract (concentration 5%) influences positively the 

total antioxidant capacity, compared to the untreated witness lot (standard 

feed) and with LotE (addition of vitamin E) ; 
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7. The erythrocyte fragility is correlated with the intensity of stress induced 

by free radicals, including oxygen free radicals, in the lot not treated with 

vegetal extracts or vitamin E (considered by us witness lot); 

8. The tested vegetal extracts favor the increase of hemoglobin level in 

blood, within physiological limits; 

9. It was observed that neither the vegetal extracts from Allium ursinum and 

Alliaria petiolata nor vitamin E modify significantly the glycemia level 

compared with the untreated witness lot; 

10. What results from the analysis of the biotechnological indicators is an 

active feeding of the fish in case of version a (2% extracts) and 

differentiated in the case of version b (5% extracts). 

11. Consequently, after the installation of oxidative stress by overpopulation, 

it was observed that the treatment with extracts from Allium ursinum and 

Alliaria petiolata, leads to an attenuation of the level of lipid peroxidation 

and to an enhancement of the total antioxidant capacity. 
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