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MAINTENANCE STATUS, HAEMATOLOGICAL PROFILE, AND BLOOD BIOCHEMISTRY
OF COMMON CARP (CYPRINUS CARPIO) FED ON DIETS WITH ADDED GRAPE MARC
STAREA DE ÎNTREȚINERE, PROFILUL HEMATOLOGIC ȘI BIOCHIMIA SÂNGELUI
LA CRAPUL COMUN (CYPRINUS CARPIO) HRĂNIT CU DIETE CU ADAOS DE TESCOVINĂ
Elena Eugenia MOCANU1),*), F.M. DIMA1),
Viorica SAVIN1), M.D. POPA1)

An 8-week feeding experiment was initiated to evaluate the effect of supplementing the feeding diets with a
by-product obtained from grape processing–grape marc,
on the disease resistance of common carp Cyprinus carpio (Linnaeus, 1758). The fish were fed a control diet without grape marc (SF) and three experimental diets with
added grape marc in different percentages (5%, 10%,
and 15%). Fish included in the experimental lots, fed
with variable percentages of grape marc had a better
state of maintenance, compared to the control lot fed
only with standard feed, without the addition of grape
marc. The highest value for the Fulton coefficient (3.04 ±
0.19) and the lowest for the Kiselev index (1.20 ± 0.07)
is found in the lot fed with 10% added grape marc,
therefore this concentration is the most favourable to obtain a fish with a higher state of maintenance. The results obtained at the end of the experiment indicate that
in the control lot samples, the values for haematocrit,
haemoglobin, and erythrocytes are lower compared to
those in the experimental lots fed with additional grape
marc. The haemoglobin values are significantly different
at the end of the experiment, compared to its onset (P˂
0.001), explained by the biological material's adaptive
reaction to changes in the growing environment and nutrition. Hct values differ significantly between the beginning and the end of the experiment (P˂0.01) and insignificantly between lots at the end of the experiment
(P>0.05). RBC values did not differ significantly compared to the beginning of the experiment nor in the experimental lots at the end of the experiment (P>0.05).
Among leukocytes, lymphocytes are found in the largest
amount, followed by neutrophils and monocytes for all
lots, these three types of leukocytes being an important
part of the body's defence system. No significant changes in cholesterol and ALP activity (P>0.05) were observed after the addition of grape marc in diets, while for
all other measured parameters (total protein, albumin,
globulin, glucose, creatine, creatine kinase) as well as for
ALT and AST activities, there were at least two averages
that differed significantly (P˂0.005), according to Student-Test (t). The blood biochemical parameters were
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A fost inițiat un experiment de hrănire de 8 săptămâni pentru a evalua efectul suplimentării dietelor de furajare cu un subprodus obținut la procesarea strugurilor
- tescovina, asupra rezistenței la îmbolnăvire a crapului
comun Cyprinus carpio (Linnaeus, 1758). Peștii au fost
hrăniți cu o dietă de control fără tescovină (SF) și trei
diete experimentale cu adaos de tescovină în procente
diferite (5%, 10% și 15%). Peștii incluși în loturile experimentale hrănite cu procente variabile de tescovină au
avut o stare bună de întreținere, comparativ cu lotul de
control hrănit doar cu furaj standard fără adaos de tescovină. Valoarea cea mai mare pentru coeficientul Fulton
(3,04±0,19) și cea mai mică pentru indicele Kiselev
(1,20±0,07) se regăsește la lotul hrănit cu 10% adaos
de tescovină, prin urmare această concentrație este cea
mai favorabilă obținerii unui pește cu o starea de întreținere superioară. Rezultatele obținute la finalul experimentului, indică faptul că în probele lotului de control,
valorile pentru hematocrit, hemoglobină și eritrocite sunt
mai mici comparativ cu cele din loturile experimentale
hrănite cu adaos de tescovină. Rezultatele privind hemoglobina sunt semnificativ diferite la finalul experimentului comparativ cu debutul lui (P˂0,001), explicat prin
reacția de adaptare a materialului biologic la modificarea tipului de creștere și de nutriție. Valorile Hct diferă semnificativ între momentul de debut al experimentului și finalul experimentului (P˂0,01) și nesemnificativ între loturi la finalul experimentului (P>0,05). Valorile RBC nu diferă semnificativ comparativ cu debutul experimentului și nici în cadrul loturilor experimentale la finalul experimentului (P>0,05). Dintre leucocite, limfocitele se regăsesc în cea mai mare cantitate,
urmate de neutrofile și monocite pentru toate loturile,
aceste trei tipuri de leucocite reprezentând o parte
importantă a sistemului de apărare a organismului.
După administrarea dietelor cu adaos de tescovină nu
s-au constatat modificări semnificative ale concentrației de colesterol și în activitatea ALP (P>0,05), în timp
ce pentru toți ceilalți parametri măsurați (proteine totale, albumină, globulină, glucoză, creatină și creatinkinază) precum și pentru activitățile ALT și AST au
existat cel puțin două medii care diferă semnificativ
(P<0,005), conform Testului-Student (t). Parametrii
biochimici ai sângelui s-au regăsit în limite normale.
Aceste rezultate indică faptul că tescovina poate fi o
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found within normal limits. These results indicate that
grape marc may be a component of diets for carp reared
in a recirculating system.
Keywords: Cyprinus carpio, grape marc,
blood tests

Preventing disease outbreaks in fish farming is a
major concern of researchers in this field. Achieving a
balanced feeding diet, in accordance with the nutritional requirements based on species and age, has an
important role in immune defence. Phytonutrients
used in fish feeding diets are an alternative treatment
for various diseases. Alternative treatments based on
plant extracts protect the body in the fight against pathogens and stimulate the immune system (3, 4). This
waste product containing pulp residues, bunches,
grape skins, and seeds is a cheap source of lipids, proteins, indigestible carbohydrates (fibre), minerals,
phenolic antioxidant compounds (ﬂavonoids, anthocyanins, resveratrol), and saturated and unsaturated
fatty acids, with an important role in health (15). The
aim of this study is to establish the influence of diets
with the addition of grape marc in different percentages, on the health status of carp (Cyprinus carpio)
reared in a recirculating system. The biological material used in the experiment was common carp (Cyprinus carpio), being the third most-produced species of
freshwater fish in the world, after grass carp and silver
carp, and a traditional species in Romanian fish farming, being appreciated and sought after by consumers (5).
MATERIALS AND METHODS
In the present experiment, carp (Cyprinus carpio)
with an average weight of 22.72 ± 12.62 g / specimen
obtained in the Brateș Experimental Laboratory Galați,
was used. The experiment took place in the pilot system of recirculating type, which belongs to the Institute of Research and Development for Aquatic Ecology, Fishing, and Aquaculture in Galați, for 8 weeks.
We used 200 carp specimens (Cyprinus carpio) divided into four fiberglass tanks with a volume of 240
litres of water, with a water flow rate of 4-8 l/min/tank.
Before starting the experiment, the biological material was treated against possible parasites or infectious diseases by bathing with 23 ppm potassium permanganate solution for 5 minutes and sorted to ensure homogeneity of population sizes in the control
tank (lot C) and the three experimental tanks (lot T1,
lot T2, and lot T3).
Fish feeding experiments
For control lot C, a standard feed was used, without
grape marc, coded SF.

componentă a dietelor de furajare la crapul crescut în
sistem recirculant.
Cuvinte cheie: Cyprinus carpio, tescovină,
analize sanguine

For the experimental lots, the standard feed was
supplemented with different percentages of grape
marc, as follows:
Standard feed supplemented with 5% grape marc
(codified with F5%GM), for lot T1;
Standard feed supplemented with 10% grape marc
(codified with F10%GM), for lot T2;
Standard feed supplemented with 15% grape marc
(codified with F15%GM), for lot T3.
The amount of feed administered daily was calculated weekly for each enclosure, based on the identified biomass, respectively 2.5% of the biomass.
Fresh grape marc was obtained by processing
grapes from the “Burgund Mare”, “Fetească neagră”
and “Merlot” varieties, after extracting the juice by
crushing and pressing, in the autumn of 2020, at the
Bujoru Research and Development Station for Viticulture and Vinification.
Fish maintenance status
All fish in each tank were measured and weighed
individually at the start of the experiment, weekly during the experiment, and at the end of the experiment.
The maintenance status of fish was highlighted by
calculating the Fulton coefficient (%)=Wx100/L3,
where W = average body mass (g); L = standard
length (cm) and Kiselev index =L/C, where L = standard length (cm), C = body circumference (cm).
Haematological analysis
Before any traumatic intervention on the test specimens, the biological material was sedated by bathing
for 5 minutes in a solution of 0.025 ml of clove oil and 1
L of water at 23°C. To separate the serum, blood was
collected on anticoagulant (EDTA – ethylene-diaminotetraacetic acid), at the beginning and end of the experiment, by puncturing the caudal vein.
The samples were allowed to coagulate for 15-20
min at 4°C before centrifugation (3000 rpm, 20 minutes). The fresh serum was then subjected to biochemical analysis using the Celercare VS Analyzer and the
Health Checking Kit.
To determine the number of erythrocytes (106/µl
blood) the Newbauer haemocytometer by direct microscope numbering was used, haemoglobin concentration (Hb, g/dl) was determined by Sahli colorimetric method and haematocrit value (Hct,%) was determined by microhaematocrit method with a Hettich
Haematockit 210 centrifuge.
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Mean Corpuscular Volume (MCV, fl), Mean Corpuscular Haemoglobin (MCH, pg), and Mean Corpuscular
Haemoglobin Concentration (MCHC, g/dl) were determined as follows: MCV= Hct*10/no. erythrocyte;
MCH= Hb*10/ no. erythrocyte; MCHC= Hb* 100/Hct.
Fodders composition
The fodder analysis was performed using the procedures indicated by the standard methods of analysis
for fodder used for animals. The moisture was determined by Standard Official Methods of the AOAC
(1990). The total ash was determined by Furnace Incineration described by AOAC (1990). The crude proteins content of the samples was determined using the
Kjeldah method of AOAC 17th edition, 2000, Official
Method 928.08 Nitrogen in Meat (Alternative II),
which involved protein digestion and distillation,
where F (the conversion factor), is equivalent to 6.25.
Both insoluble and soluble fibres were determined
using Gerhardt Fiberbags System, according to ISO
6541:1981 (Agricultural food products — Determination of crude fibre content — Modified Scharrer method) reference. The total fats were determined using
the Soxhlet method, equipped with Gerhardt Brand
Multistate Controller, with modified ether extraction
methods AOAC 960.39. The total carbohydrate percentage was determined by the difference method.
This method involved adding the total values of crude
protein, lipid, moisture, ash, and fibre constituents of
the sample and subtracting it from 100.
Statistical analysis
Data are presented as mean±standard deviation
(SD). The comparison of several samples was done using the ANOVA test - Single factor followed by the
Student-Test (t).
RESULTS AND DISCUSSIONS
Chemical analyses of fodder
For inclusion in feeding diets, fresh grape marc was
dried in an oven at 60°C for 18-22 hours, crushed, and
passed through a 1 mm sieve.
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The nutritional value of grape marc, a residual product obtained from the vinification process, included in
the feeding diets of carp, was analysed depending on
dry matter (92.73%) and is found in Table 1.
Grape marc had an acidic pH (3.75 ± 0.13) which
may help prevent the development of pathogenic microorganisms. The share of biochemical components
in grape marc included in carp feeding diets is similar
to that identified by Sousa et al. (2014), (13).
The composition of grape marc used in the present
experiment is similar to that used by Nistor et al.
(2013) for the nutrition of sheep and dairy cows (8).
The biochemical composition and nutritional value
of the four types of feed used in the experiment are
presented in Table 2.
The values obtained for the Fulton coefficient were
between 2.45-3.59 in the experimental lots and
between 2.33-3.42 in the control lot.
The values obtained for the Kiselev index were
between 0.99-1.10 in the experimental lots and between 1.10-1.38 in the control lot.
Considering the obtained results, we can conclude
that the fish included in the experimental lots, fed with
variable percent of grape marc, had a good maintenance state, compared to the control lot fed only with
standard feed without additional grape marc, but the
differences are insignificant, P> 0.05.
The highest value for the Fulton coefficient (3.04 ±
0.19) and the lowest for the Kiselev index (1.20 ±
0.07) is found in the lot fed with 10% added grape
marc, therefore this concentration is the more favourable to obtain a fish with a higher maintenance state.
The values coincide with those identified by Arteni
(2010), who studied body indices in Cyprinus carpio at
different stages of development (1). The CV values for
the Fulton coefficient and the Kiselev index are less
than 15%, therefore the lot is homogeneous, the data
spread is very small and the average is representative.
CV values for average individual masses are between 15-30%, therefore the average is still sufficiently representative, the data spread being medium.
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Haematological analysis
The purpose of the haematological analyses was to
identify whether the grape marc introduced in the feeding diets for common carp Cyprinus carpio, determines the modification of the haematological and
plasma indices.
In fish reared in intensive systems, knowing the values of haematological parameters provides useful information on physiological disorders, changes in
health, prognosis, and diagnosis of diseases.
The values of haematological indicators in Cyprinus
carpio in the present experiment (Table 4) fall within a
normal range, characteristic of fish in good health, similar to those identified by Yonar et al. (2014), (14).
Blood parameters changed in relation to the time
when the experiment was initiated but also in relation
to feeding diets.

Rev Rom Med Vet (2022) 32 | 1

The results are similar to those obtained by Soltanian et al. (2016), who studied the effect of Lawsonia
inermis plant on the immunity and survival of the common carp, Cyprinus carpio (12).
The results obtained at the end of the experiment
indicate that in the control lot samples, the values for
haematocrit, haemoglobin, and erythrocytes are lower compared to those in the experimental lots fed
with additional grape marc (Table 4).
The results on haemoglobin are significantly different at the end of the experiment compared to its onset (P˂0.001), explained by the biological material's
adaptive reaction to changes in the growing environment and nutrition. Hct values differ significantly between the beginning and the end of the experiment
(P˂0.01) and insignificantly between lots at the end of
the experiment (P>0.05).
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RBC rating did not differ significantly compared to
the beginning of the experiment nor in the experimental lots at the end of the experiment (P>0.05).
The CV values for Hct and Hb are homogeneous,
the data scattering is low, the average being representative (CV˂15%), compared to the CV value for
RBC which is sufficiently representative, the data scattering being medium, because CV = 15 - 30%.
The results of this study, on haematological indicators, in which values are within normal limits, with no
significant differences, can be explained by the adaptive response of fish to nutrition supplemented with
grape marc, as there are no toxic reactions to the detriment of fish.
Grape marc introduced in feeding diets was not a
stress factor that negatively altered the values of
blood parameters. The values of blood tests in carp
(freshwater fish) are significantly different from those
identified by Satheeshkumar et al. (2011), in marine
fish that are part of another trophic level and similar to
those identified by Yonar et al. (2014), (11,14).
The statistical analysis revealed that there are no
significant differences between the experimental lots
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and the control lot regarding the values of erythrocytes, an important indicator of stress. The values are
similar to those identified by Baghizadeh et al. (2014),
who studied the variation of blood parameters in carp
according to age and sex (2).
Among leukocytes, lymphocytes are found in the
largest amount, followed by neutrophils and monocytes for all groups (Table 5). These three types of leukocytes are an important part of the body's defence
system. The percentage of lymphocytes and monocytes is slightly increased in the lots fed with the addition of 10% grape marc (lymphocytes: 68.95%; monocytes: 4.15%), respectively 15% grape marc (lymphocytes: 67.78%; monocytes: 4.95 %), without significant differences between the control lot and the
experimental lots. The lower percentage of lymphocytes and neutrophils in the control lot may result in
the less efficient functioning of the immune system.
The percentage of neutrophils in the present experiment (25.86% - 40.05%) is much higher than that
identified by Kondera et al. (2017), (10.8% - 18.4%),
analysing the effect of starvation on haematological
parameters in carp (6).
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The results of the biochemical indices of blood
plasma are presented in Table 6.
No significant changes in cholesterol and ALP activity (P>0.05) were observed after administration of
diets with added grape marc, while for all other measured parameters (total protein, albumin, globulin,
glucose, creatine, creatine kinase) as well as for ALT
and AST activities, there were at least two averages
that differed significantly (P˂0.005), presented in Table 6. Biochemical parameters were within normal limits.
The serum protein concentration for the experimental lots was between 3.43 g/dL and 3.83 g/dL,
compared to 4.43 g/dL in the control lot, the differences being significant between lot C and lot T3,
according to the Student-Test (t) applied.
And the glucose level in the experimental lots
(42.10 mg/dL; 34.64 mg/dL; 36.14 mg/dL) decreased
compared to the control lot (60.30 mg/dL), the differences being significant between the lot C and lots T1,
T2, and T3, according to the Student-Test (t) applied.
Reducing the concentration of glucose and protein
in serum could be linked to feeding habits and attributed to the body's adaptation to new feeding diets.
The results were in accordance with Khan et al.
(2016), who studied the toxic impact of herbicides on
haematological and biochemical parameters in
common carp. They identified a significant decrease in
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glucose and plasma proteins levels, with higher concentrations of toxic chemicals (7).
The albumin/globulin ratio is well above the 0.3
limit which is a significant adaptation of the body to
feeding diets with additional grape marc.
The decrease in albumin value below the normal
limit suggests a disturbance of the protein synthesis
function in the liver which is not valid for the biological
material involved in this experiment, the liver is considered the main target organ, which responds quickly
and bioaccumulates toxic substances.
In the experiment, lower values of ALT and AST
secretion were observed in the lots fed with additional
grape marc, compared to the control lot, the differences between averages being significant, according
to the Student-Test (t). The results confirm the correct
function of the liver.
Serum biochemical parameters in the present experiment are similar to those identified by Patriche et
al. (2011), studying serum biochemical parameters in
farmed carp and totally different from those identified
by Perveen et al. (2019) studying the effects of disinfectants on common carp (9, 10).
CK and CRE values are within normal limits, indicating no muscle injury or atrophy.
Haematological tests contain information about the
individual physiological state of a fish, allow the identification of stressors, allowing conclusions to be drawn
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about the welfare of fish, but not all aspects of
"welfare" can be detected in the blood.
Not a single approach to controlling the health of
fish obtained in aquaculture is successful. Applying
different strategies and performing sensitive and specific diagnostic tests can be an effective alternative for
ensuring the health of fish.
CONCLUSIONS
Diets with added grape marc are not a stress factor
for common carp reared in a recirculating system and
do not cause significant changes in haematological
and biochemical parameters. Grape marc included in
feeding diets, optimizes the health benefits and minimizes the possible negative effects on the health of the
biological material.
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