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Abstract  
 
A feeding trial was conducted to evaluate the effects of dietary vitamin C (L-ascorbic acid, AA) levels on 
haematological profile and some biochemical indices of European catfish, reared in a recirculating aquaculture 
system. A basal commercial diet (40% crude protein and 11.5% lipids) was used as a control (D0), and three other diets 
were prepared by supplementing the feed with 50 mg AA kg-1 diet (D1), 100 mg AA kg-1 diet (D2) and 150 (D3) mg AA 
kg-1 diet. At the end of the feeding trial, blood samples were taken in order to analyse the haematological profile and 
serum biochemical parameters. Significant differences (p˂0.05) were recorded among experimental diets in the 
numbers of red blood cells (RBC), haematocrit (Hct), the mean corpuscular volume (MCV), and the mean corpuscular 
haemoglobin concentration (MCHC). Regarding the serum glucose, serum total protein, and the concentration of 
immunoglobulin (IgM) it was observed an insignificant increase (p˃0.05) with the increasing of the level of vitamin C. 
In conclusion, supplementation of vitamin C in the diet of Silurus glanis led to good results on fish welfare. 
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INTRODUCTION  
 
According to Food and Agriculture 
Organization (2018), aquaculture continues to 
be the fastest-growing food sector worldwide. 
However, aquaculture continues to facing some 
issues such as diseases (Rahman et al., 2019), 
feed contamination, and environmental impacts 
(Crețu et al., 2016). 
From all the factors which influence fish 
growth performance and welfare, in a recircu-
lating aquaculture system, the quality of feed 
plays a very important role in fish metabolism 
and welfare (Martinez-Porchas & Martinez-
Cordova, 2012). So, for fish, essential nutrients 
such as proteins, essential fatty acids, vitamins 
C and E, polysaccharides, and some minerals 
have pivotal importance to response on the 
growth, haematological and immunological 
parameters (Barrows et al, 2008).  
In the literature, many research indicates that 
vitamin C is an important micronutrient that 
plays a significant role in fish growth by 
enhancing feed conversion efficiency, protein 

efficiency ratio (Ai et al., 2006; Eo and Lee, 
2008; Alam et al., 2009; Cocan et al., 2018; 
Dicu et al., 2013), physiological stress (Farahi, 
2012), improvement of some haematological 
parameters like plasma proteins, red blood cell 
(RBC) count, haematocrit (Hct) value and 
white blood cell (WBCs) count (Wang et al., 
2003; Zhou et al., 2003; Affonso et al., 2007; 
Nsonga et al., 2009; Pimpimol et al., 2012). 
Vitamin C must be supplied in the fish diet, 
because most of the fish species are unable to 
synthesize vitamin C since they do not have the 
enzyme L-gluconolactone oxidase which is 
responsible for synthesis from glucose (Oprea 
& Georgescu, 2000; Dabrowski, 2000; Trichet, 
2015). Also, addition of vitamin C in fish diet 
proves to reduce the toxic effects of environ-
mental pollutants on fish organism. Therefore, 
increasing the bioavailability of vitamin C may 
reduce the effects of environmental toxins on 
fish (Mehrpak et al., 2015). 
The quantity of vitamin C which has to be 
added to the fish diet varies according to fish 
species, size, feeding rates, environmental 
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factors, nutrient interrelationships, health 
condition, water quality, feed formulation 
technique (Gouillou-Coustans and Kaushlic, 
2000), culture conditions (NRC, 2011) 
respectively form of the vitamin C that is 
supplied (National Research Council, 2011). 
The addition of some concentrations of AA in 
the diet enhances the immune status and 
disease resistance in channel catfish (Li Y. et 
al., 1985), Indian major carp (Sahoo et al., 
2003), rainbow trout (Fazaei et al., 2015), 
Japanese sea bass (Ai et al., 2004), Nile Tilapia 
(Mirea et al., 2013), Stellate sturgeon (Dicu et 
al., 2013), goldfish (Nica et al., 2016). 
Therefore, the objective of this study was to 
evaluate the effects of dietary vitamin C levels 
on the haematological profile and some 
biochemical indices of European catfish reared 
in a recirculating aquaculture system.  
 
MATERIALS AND METHODS 
 
Experimental trial was conducted at the 
“Dunărea de Jos”, University of Galați, in a 
recirculating aquaculture system (RAS). The 
RAS system was previously described in our 
earlier studies (Enache et al., 2011). 
The experiment was conducted during five 
weeks period. 123 fish juveniles with an 
average weight of 118.96±0.43 g were 
randomly distributed to the rearing units of the 
RAS. The food used for the biomass culture 
was extruded pellets with a diameter of 4.3 mm 
an adequate content for the age of the fish 
(Table 1). 
 

Table1. Chemical composition of feed  

Parameter  Quantity 
Crude protein  40% 

Crude fat  11.5% 
Crude ash  7.5% 

Crude cellulose (fiber)  4% 
Phosphorus  0.7% 
Vitamin A  3000 (UI/kg) 
Vitamin D  600 (UI/kg) 

 
The ratio used during this experiment was 2% 
of the fish's body weight. The daily ratio was 
divided into two equal parts and was fed in the 
morning and in the evening 
Four experimental groups were carried out: D0-
commercial feed, without vitamin C; D1- 
commercial feed supplemented with 50 mg 

vitamin C kg-1; D2-commercial feed 
supplemented with 100 mg vitamin C kg-1 and 
D3-commercial feed supplemented with 150 mg 
vitamin C kg-1. Ascorbic acid (AA) used was 
provided from Janssen Chimica Company 
(Geel, Belgium) and had 99.9% purity. The 
incorporation technique of AA in commercial 
feed was described by Plăcintă et al., 2012.  
 
Water quality. The water quality was monitored 
during the experiment. Dissolved oxygen and 
temperature were measured daily with Hanah 
HI 9147-04, the pH was measured with pH 
meter WTW model 340. One time per week N-
NH4+, N-NO2-, N-NO3- concentrations were 
determined with Spectroquant Nova 400 
photometer compatible with Merk kits. 
 
Blood sampling and analysis. Fishes were 
anesthetized using 2-phenoxyethanol bath (8 ml 
40 L-1 of water for 5 minutes) before taking 
blood from the fish. For blood collection, 
samples were taken at ten fish from each 
experimental variant from vena caudalis using 
syringes that previously were rinsed with 
lithium heparin. For serum collection, blood 
samples were taken without using anticoagulant 
and then transferred immediately to Eppendorf 
tubes. Blood samples taken were centrifuged at 
3,500 rpm for 10 min to obtain serum. 
The red blood cell counts (RBC × 106 μL-1) 
were determined with Neubauer 
hemocytometer using a Potain pipette and 
Vulpian diluting solution. 
For the haematocrit (Ht, %) determinations, 
blood samples (30 µL) were put in micro-
haematocrit capillary tubes and then 
centrifugated for 5 min at 10,500 rpm. 
Measurements were made by microhematocrit 
reader and expressed as a percentage.  
Haemoglobin (Hb, g dL-1) concentration was 
determined by the cyanmethaemoglobin 
method by adding 20 μl of whole blood to 5 ml 
of Drabkins solution. The absorbance was 
measured using a spectrophotometer (Specord 
210-Analytic Jena), at a wavelength of 540 nm. 
The mean corpuscular volume (MCV, μm3), 
the mean corpuscular haemoglobin (MCH, pg), 
and the mean corpuscular haemoglobin 
concentration (MCHC, g dL-1) were calculated 
from the values of Ht, Hb, and RBC, according 
to Ghergariu et al. (1985).  
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Plasma glucose levels (GLU, mg dL-1) was 
determined by the glucose oxidase method 
using a UV-Vis spectrophotometer at a 
wavelength of 635 nm.  
Total protein (TP, g dL-1) was determined 
according to the Biuret method. The 
absorbance was read at 546 nm wavelength. 
The immunoglobulin (IgM, mg dL-1) levels 
were determinate by the method of Bakopoulos 
(1997). 
Lipid peroxidation or malondialdehyde-MDA, 
(nmol mL-1) level was determined from tissue, 
liver, kidney, intestine, and blood plasma, 
according to Draper & Hadley (1990) method, 
at an optical density of 532 nm. 
 
Statistical analysis. All data are presented as 
mean ± standard deviation. Data were subjected 
to ANOVA test using SPSS 21 version. Before 
ANOVA, the normality of the data was verified 
by Kolmogorov-Smirnov test. When the 
ANOVA reveals a significant difference 
(p<0.05), Tukey’s test was used for post-hoc 
multiple comparisons. 
 
RESULTS AND DISCUSSIONS  
 
The results obtained in our experiment for the 
haematological profile were corroborated with 
those of fish growth performance (Plăcintă et 
al., 2012). So, from the technological data at 
the end of the experiment, it was concluded that 
fish from the V1 variant registered a better 
growth performance. The final weight of fish 
from the D1 variant (172.52 g) was 
significantly higher (p˂0.05) than those from 
the control variant (164.22 g), or from V2 
(162.86 g) or V3 (164.67 g). 
Also, in a RAS system water quality have a 
crucial role and any problems associated with it 
will result in deterioration of fish health. 
During the experiment, the water parameters 
remained in the normal ranges for the species 
(Bhatnagar et al., 2013) and showed no signi-
ficant differences (ANOVA, p>0.05) across 
treatment diets. The means values of dissolved 
oxygen, temperature, and pH were 5.24±0.44 
mg L-1, 20.29±1.13ºC, respectively 7.77±0.14 
pH units. Regarding the nitrate, nitrite, and 
ammonium concentrations the means values 
were 76.24±5.22 mg L-1, 0.56±0.09 mg L-1, 
respectively 0.77±0.12 mg L-1. 

In figures, 1-6 are presented the obtained 
values of the haematological parameters at the 
end of the experiment. The results obtained 
showed significant differences (p<0.05) in 
terms of the number of erythrocytes, 
haematocrit percentage, mean corpuscular 
volume, and the mean corpuscular 
haemoglobin concentration. 
The red blood cell count (RBC) showed 
significant differences between the 
experimental groups (ANOVA, p˂0.05).  
Thus, the post hoc analysis of Tukey’s showed 
that the values of erythrocytes from the control 
group (1.58±0.06 × 106 cells μL-1) were not 
statistically different from those obtained in D1 
(1.52±0.12 × 106 cells μL-1). Significantly 
higher values of RBC were registered in the D2 
(1.74±0.09 × 106 cells μL-1) and at the D3 
variant (1.67±0.08 × 106 cells μL-1) (Figure 1).  
 

 
 
 

Figure 1. Mean, minimum and maximum values  
of RBC erythrocytes of S. glanis 

 
Haematocrit percentage (Ht) showed 
significant differences (p<0.05) between the 
experimental variants. The haematocrit percen-
tage from the variant D3 (27.86±0.69%) was 
significantly higher than D2 (26.20±0.78%), 
while no differences were recorded between the 
control group (22.02±0.6%) and D1 
(21.66±0.58%) (Figure 2).  
The haemoglobin concentration (Hb) showed 
no statistical differences between the 
experimental variants. However, a slight 
increase in haemoglobin concentration was 
registered in the D3 variant (9.10±0.27 g dL-1), 
while in the D0, D1, and D2 the mean value of 
the haemoglobin concentration was 8.64±0.39 
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g dL-1, 8.42±0.6 g dL-1, 8.52±0.46 g dL-1 
(Figure 3). Analysing the results of the 
erythrocyte constants, it can be observed that 
the administration of vitamin C in feed has 
induced significant differences (p<0.05) in 
MCV and MCHC.  
 

 
 
 

Figure 2. Mean, minimum and maximum values  
of the hematocrit of S. glanis 

 

 
 
 

Figure 3. Mean, minimum and maximum values  
of haemoglobin of S. glanis 

 
Regarding the mean corpuscular volume 
(MCV) values the post hoc analysis of Tukey’s 
test showed that the MCV value from D3 
(167.21±1.02 µm3) was significantly higher in 
comparison with those from the D0 
(139.63±8.91 µm3), D1 (143.56±11.31 µm3), 
and D2 (154.94±5.43 µm3) (Figure 4). 
 

 
 

Figure 4. Mean, minimum and maximum values 
 of MCV of S. glanis 

 
The mean corpuscular haemoglobin (MCH) 
indicates the erythrocyte loading with 
haemoglobin. The MCH values were 
54.67±0.49 pg in D0, 55.95±7.04 pg in D1, 
49.20±4.92 pg in D2, and 54.60±3.16 pg in D3, 
without significant differences (ANOVA, 
p˃0.05) between the four experimental variants 
(Figure 5). 
 

 
Figure 5. Mean, minimum and maximum values 

of MCH of S. glanis 
 
The mean corpuscular haemoglobin 
concentration (MCHC) was significantly 
(ANOVA, p˂0.05) influenced by the 
administrated concentration of vitamin C. The 
post hoc analysis showed that the values of 
MCHC from the D2 (32.57±2.66 mg dL-1) and 
D3 (32.68±1,17 mg dL-1) were significantly 
lower than those from D0 (39.29±2.72 mg dL-1) 
and D1 (38.95±3.50 mg dL-1) (Figure 6). 
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Figure 6. Mean, minimum and maximum values of 
MCHC of S. glanis 

 
Haematological analyses may provide a 
reflection of the health status of fish (Docan et 
al., 2011). In our experiment the haemato-
logical results obtained for Silurus glanis are in 
the line with those presented in the literature 
(Table 2).  
 

Table 2. Normal values of haematological profile of 
Silurus glanis 

Haematological  
parameters 

Docan et al., 
2010 

Docan et al.,  
2011 

RBC (106 µL-1) 1.36 ± 0.17 1.41±1.77 
Ht (%) 22.30 ± 2.7 27.1±2.66 

Hb (g dL-1) 7.33 ± 0.88 6.82±0.73 
MCV (µm3) 165.66± 5.06 194.28±24.4 
MCH (pg) 54.43 ± 8.05 48.67±4.66 

MCHC (mg dL-1) 32.97 ± 2.38 25.25±2.5 
 
In our study, the administration of vitamin C in 
the Silurs glanis food led to the improvement 
of the haematological profile. Similar results 
were obtained by Falatkar (2005) in the case of 
Huso huso. Also, Pimpimol et al. (2012), 
reported in the case of Mekong giant catfish 
(Pangasianodon gigas) an improvement of 
haematological profile when the fish feed was 
supplemented with 500 and 750 mg kg-1 
vitamin C of feed. According to Sahoo and 
Mukherjee, (2003) increasing RBC values is 
due to the powerful antioxidant action of 
vitamin C that protects various tissues of fish, 
including RBC, against oxidative damage. 
Since RBC are involved in the control of 
immune functions (Madhusudan et al., 2015) 
and are the main production sites of free 

radicals, the increase of the number of 
erythrocytes can be attributed to the 
administration of vitamin C, respectively to the 
improvement of the oxidative state of fish. 
Also, according to Dinning (1962), the addition 
of vitamin C in the fish diet led to the increase 
of erythropoiesis. 
In Table 3 are presented the mean values±SD 
for the blood serum at the end of the 
experimental period.  
 

Table 3. The values of glucose, total proteins, and 
immunoglobulins at the end of the experimental period 

 
 

 

Exp. 
var. 

GLU 
(mg dL-1) 

TP 
(g dL-1) 

IgM 
(mg dL-1) 

D0 69.80±6.18 3.60±0.20 13.55±0.54 
D1 77.40±3.78 3.46±0.28 13.46±0.72 
D2 74.40±3.97 3.56±0.30 14.03±0.52 
D3 73.40±6.66 3.73±0.22 14.03±0.35 

ANOVA 0.26 0.52 0.47 
 
In the present study, blood glucose, total 
proteins, and immunoglobulins levels showed 
no significant changes (p˂0.05) between the 
experimental variants. However, it was 
observed a slightly decreasing trend of serum 
glucose with the increasing concentration of 
vitamin C in the fish feed, while the TP and 
IgM, showed a slight decrease. 
According to some authors addition of high 
quantities of vitamin C in fish feed can enhance 
protein synthesis (Andrade et al., 2007). 
Pimpimol et al., 2012 reported also a slightly 
increased after 8 weeks of experiment of total 
serum protein in Mekong giant catfish fed high 
vitamin C concentrations (500 and 750 mg 
vitamin C kg-1 feed). 
According to Jiang et al. (2013), MDA is 
widely used indicator of oxidative damage to 
lipids of cell membrane by lipid peroxidation, 
which is accompanied by the reduction in 
antioxidant capacity. Lipid peroxidation 
evaluations in the present research were 
determined from muscular tissue, kidney, liver, 
intestine, and blood serum (Figure 7). 
Significant differences (ANOVA, p<0.05) were 
recorded between the obtained values in all the 
experimental variants. The post hoc tests 
showed that MDA values from kidney and liver 
from D1 and D2 variants were significantly 
(p˂0.05) lower than those from D0 and D3.  
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Figure 7. The mean values ± SD of MDA for muscular tissue, kidney, liver, intestine,  

and blood serum at the end of the experiment 
 

In the case of MDA from the muscular tissue, 
intestine and blood serum it was observed an 
intensification of oxidative stress in the case of 
the highest dose of vitamin C (D3). 
Malondialdehyde is widely used as an indicator 
of lipid peroxidation (Esterbauer et al., 1991) 
and increased levels of MDA are associated 
with a variety of chronic diseases (Allen-Gil 
and Martynov, 1995). The improvement of 
oxidative stress was obtained at lower 
concentrations of vitamin C (50, 100 mg kg-1), 
observing an intensification of MDA at a 
concentration of 150 mg kg-1. However, the 
values of lipid peroxidation were within the 
same range of other fresh water fishes (Antache 
et al., 2013). 
Generally, the use of vitamins as feed additives 
is recommended in the diets of farmed fish. 
Several studies reported that the addition of 
vitamin C on fish feed had a positive effect on 
the haematological parameters by increasing 
RBC, Ht, or Hb concentration (Zafar and Khan, 
2020). 
In our study, a significant increase of RBC and 
Ht was found with increasing of vitamin C 
concentration (100 mg AA kg-1 diet and 150 
mg AA kg-1 diet), indicating that vitamin C 
protected the RBC membranes from oxidation 
and improved the ability of oxygen transport. 
Also, a positive effect on oxidative stress was 
observed in the variants where vitamin C was 
supplemented in fish feed at concentration of 
50 and 100 mg kg-1 feed. 
 
 
 

CONCLUSIONS 
 
The results of the present research suggested 
that the dietary incorporation of vitamin C 
exerts a positive effect on the haematological 
profile and oxidative capacity at a dose 
between 50-100 mg kg-1. However, more 
research is needed in order to determine the 
optimum dietary requirement of vitamin C for 
Silurus glanis according to the age and size of 
the fish, or the breeding system.  
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