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Abstract

Suljević, D., A. Alijagić and E. Islamagić, 2017. Temporal infl uence of spawning on serum biochemical parameters 
in brown trout Salmo trutta (Teleostei: Salmonidae). Bulg. J. Agric. Sci., 23 (3): 485–490

In this study were analyzed biochemical parameters in a serum of brown trout (Salmo trutta) during and post spawning. 
For this purpose 25 fi sh in the spawning (Group I), 21 fi sh post-spawning (Group II) and 33 control fi sh (Group III) were used. 
Research has shown that during spawning signifi cant reduction in growth occurs, as well as mass loss, particularly in females. 
Signifi cant positive correlation between the total length and mass has been found. For all biochemical parameters between 
the three groups signifi cant differences were found (p<0.05). We have not found signifi cant differences in the values of serum 
glucose, cholesterol and chloride between Group I and II; however, protein, triglycerides, AST, sodium, potassium and calcium 
values were statistically signifi cant (p<0.05). For glucose, AST and calcium values no signifi cant differences between Group 
I and Group II were established. During spawning glucose, AST and calcium values were lower, while other biochemical pa-
rameters were increased.
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Introduction

Natural environmental stressors, anthropogenic pollu-
tion, and hatchery rearing practices may exert considerable 
impact on developing fi sh (Von Westernhagen et al., 1988). 
Spawning of captive broodstock has the negative impact on 
physiological responses in fi sh, including metabolism and 
reproductive development (Cooke, 2002). Also increasing 
the incidence of embryonic and/or larval malformations is 
the natural response to environmental stress and in most cas-
es cannot be simply attributed to a single specifi c factor (Von 
Westernhagen et al., 1988). Discovery of the KiSS neurones 
and KiSS1/GPR54 system (de Roux et al., 2003; Seminara 

et al., 2003) improved understanding link mediating the re-
sponse to environmental cues and metabolic signals to the 
reproductive axis (Tena-Sempere, 2006). Two KiSS genes in 
some fi sh are encoding two different kisspeptins, KiSS1 and 
KiSS2 (Kotani et al., 2001), which bind to a receptor. 

The most common reproductive dysfunction in fi sh is the 
fail of the vitellogenic oocytes undergo to fi nal oocyte matura-
tion (FOM) (Zohar and Mylonas, 2001). Gonadal growth (i.e. 
sperm count) is reduced in stress especially in male (Takle et 
al., 2005). Additionally, dysfunctions as delayed ovulation and 
reduced survival of progeny may occur in female broodstock in 
fi sh (Bobe and Labbé, 2010; Mylonas et al., 2010). Migratory 
fi sh kept in captivity may exhibit gonads that do not reach the 
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fi nal maturation of oocytes, ovulation and spawning (Mylonas 
et al., 2010). These fi nal stages can only be produced through 
hormone treatments with ovaprim, ovaplant, hCG, cPG in the 
order to increase gonadosomatic index (GSI) (Kucharczyk et 
al., 1997). Reproductive hormones as GnRHa has proven effec-
tive in stimulation of reproductive processes and induces ovula-
tion, spermiation in mullet, Japanese eel, bream (Shehadeh et 
al., 1973; Miura et al., 1991; Kucharczyk et al., 1997) and in 
enhancing milt production in fi sh (Zohar and Mylonas, 2001).

The aim of this study was to analyse impact of spawning 
on the values of biochemical parameters in brown trout in 
comparison with values in consuming fi sh.

Materials and Methods 

Sampling 
In this study, 79 specimens of Salmo trutta (brown trout) 

were sampled from the local centre, Centre for Fisheries „Neret-
va – Konjic” at Boracko Lake (43°33’07”N, 18°01’50”E, 397 
m a.s.l.) as it is shown in Figure 1. This Center was established 
with the aim of protecting, preserving and breeding younger 
endemic and other salmonid species living in the Neretva river 
(Eastern Herzegovina, Bosnia and Herzegovina), as well as for 
its restocking. All fi sh were divided into three groups. Group I 
(n = 25) consisted of fi sh bred for artifi cial spawning and all 
data were collected during spawning; Group II (n = 21) also 
consisted of fi sh bred for artifi cial spawning but all data were 
collected 5 months after spawning period; Group III (or control) 
(n = 33) consisted of a consumption fi sh reared for restocking. 
The analysis was performed in spawning period (January) and 
post-spawning (June). All analysed specimens were grown in 
separate pools for spawning. Group I and II were fed with Vitalis 
Repro and Group III with Ribox 46/22 (Bio-Mar, Denmark).

Experimental design
During the experiment, all fi sh were anaesthetized using 

Benzoak VET 200 (Vitusapotek, Netherlands) at a concentra-
tion of 15-20 ml/10 L for 15 minutes. After treatment, blood 
samples were collected, and the experimental fi sh were re-
turned to the pool for recovery. Total length and mass were 
determined for all sampled fi sh. Blood samples (2 ml) were 
taken from the caudal vein without anticoagulant. The blood 
was centrifuged for 10 min at 2000 rpm in a portable centri-
fuge (Heraeus Sepatech Biofuge Model 1217 (Heraeus, Ger-
many), serum was separated and stored at the adequate tem-
perature in the portable refrigerator (LABFREEZ, China) 
and transported to the laboratory for biochemical analysis.

Biochemical analysis
Commercially available diagnostic kits were used for 

the estimation of biochemical parameters following the 
instructions of the manufacturer. Biochemical parameters 
such as concentration of glucose, total proteins, choles-
terol, triglycerides and serum mineral (sodium, potassi-
um, chlorides and calcium) and activity of aspartate ami-
notransferase were analyzed. Standardized methods and 
modern analyzers have been applied for the testing. Di-
mension RXL analyzer (Siemens Healthineers, USA) was 
used for estimation of glucose, cholesterol and triglycer-
ides concentrations and activity of aspartate aminotrans-
ferase (AST). Minerals were determined by potentiometry 
with ion selective electrodes using Vitros DT 60 (Johnson 
& Johnson, USA), while proteins were analyzed by using 
a Spectronic 20 Genesys (Thermo Scientifi c, USA).

Statistical analysis
Data were analyzed with descriptive and analytical 

statistics using SPSS (Version 20.0, SPSS, Inc., Chicago, 
IL, USA). Data were presented as means ± 1 SD accom-
panied by range (minimum and maximum). Signifi cant 
differences were analyzed using ANOVA, post hoc Tukey 
test, and data distribution by Kruskal-Wallis test. P-values 
lower than 0.05 (p<0.05) were considered as signifi cant 
and values lower than 0.01 (p<0.01) as highly signifi cant.

Results

The results of the morphometric parameters analysis for 
observed species Salmo trutta (Group I – spawning, Group 
II – post spawning and Group III – control, consumer fi sh) 
including mean values, standard deviation and range for 79 
specimens are presented in Table 1. Analysis of variance 
(ANOVA) and post hoc analysis (Tukey test) were also per-
formed to establish differences between groups.

Fig. 1. Centre for Fisheries „Neretva – Konjic” 
at Boracko Lake
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Fish from Group III had the lowest values of total length 
and mass, with very similar values in males and females. After 
spawning, we noticed signifi cant increase in total length and 
body mass and especially for body mass in males, which in-
creased from 863 to 1160 g. Among all three groups, signifi cant 
differences were obtained for total length and body mass. These 

differences were mainly due to the presence of very variable 
morphometric parameters of the fi sh in post-spawning (for body 
mass) and in spawning group (for total length) (Table 2). 

Correlation between total length and the body mass was 
positive, except for females in post-spawning period (Group 
II) and the consumer male fi sh (Group III). 

Values of observed biochemical parameters of Salmo 
trutta (spawning, post spawning and consumer groups) in-
cluding mean values ± 1SD are presented in Table 3.

Values of glucose and potassium concentration as well as 
activity of aspartate aminotransferase (AST) had an increas-
ing tendency in post-spawning period, while concentrations 
of proteins, cholesterol, triglycerides, sodium, chloride and 
calcium had lower values in post-spawning period. Valus of 
biochemical parameters in Group III (consume fi sh, control 
group) were compared with the values of fi sh after spawning 
(Group II), assuming that the period of fi ve months will be 
enough for the establishment of values that preceded spawn-
ing period. However, in the post spawn period, the fi sh had 
higher concentration of total proteins, sodium, chloride, po-
tassium and calcium, and lower glucose, cholesterol and tri-
glycerides concentrations as well as activity of AST (Table 4).

Table 2
Spearman’s rho correlation between total lenght and 
mass of Salmo trutta 
Groups Sex Spearman’s rho correlation

R p-values
Group I ♀♂ .418* .038

male .424. .170
female .615* .025

Group II ♀♂ .621** .003
male .875** .001

female -.150 .659
Group III ♀♂ .100 .582

male  -0.18 .952
female .130 .596

*The mean diffrerence is signifi cant at the 0.05 level and ** at the 0.01 level

Table 3
Values of biochemical parameters of brown trout (Salmo truta) 

Mean Glucose 
(mmol/l)

Proteins 
(g/l)

Cholesterol 
(mmol/l)

Triglyceride 
(mmol/l)

AST 
(UI)

Na+ 
(mmol/l)

Cl– 
(mmol/l)

K+ 

(mmol/l)
Ca++ 

(mmol/l)

Group I
 ♀♂ 5.99±0.92 49.27±10.85 5.93±2.26 3.00±1.71 203.88±126.55 181.40±17.8 164.72±21.48 1.60±0.89 3.44±0.77
Male 6.01±1.09 52.59±6.08 5.03±1.44 2.33±1.33 227.17±155.97 185.67±20.54 152.83±23.23 1.90±0.81 3.39±0.95
Female 5.97±0.77 46.21±13.44 6.76±2.60 3.61±1.84 182.38±93.22 177.46±14.58 175.69±12.51 1.60±0.76 3.49±0.60

Group II
 ♀♂ 6.75±1.91 36.77±7.16 5.57±1.78 1.63±0.65 328.67±144.84 158.71±14.49 161.48±30.84 2.31±0.88 2.92±0.32
Male 6.72±1.93 36.06±5.99 5.93±1.14 1.68±0.73 353.15±160.76 162.10±12.73 171.60±32.05 2.42±0.79 2.86±0.33
Female 6.77±1.99 37.42±8.33 5.25±2.22 1.58±0.61 306.09±132.36 155.64±15.88 152.27±27.97 2.21±0.98 2.98±0.31

Group III
♀♂ 7.52±1.50 32.57±2.98 7.14±1.12 5.73±2.63 334.27±92.38 150.79±5.76 126.09±5.13 1.44±0.49 2.87±0.17
Male 7.83±1.61 31.41±2.67 6.60±0.73 5.23±2.60 331.93±113.04 150.36±4.47 125.86±4.05 1.62±0.58 2.84±0.14
Female 7.29±1.42 33.43±2.97 7.54±1.20 6.09±2.66 336.00±77.04 151.11±6.67 126.26±5.91 1.31±0.36 2.89±0.19

Table 1
Morphometric parameters of brown trout (Salmo trutta)
Groups Sex Total lenght (cm) Mass (g)

Mean Range Mean Range
Group I ♀♂ (n=25) 38.92±5.55a 31-47 663.4±290.5a 320-1260

male (n=12) 41.43±5.47a 35-47 863.3±283.4a 420-1260
female (n=13) 35.40±3.65a 31-41 478.9±135.4a 320-780

Group II ♀♂ (n=21) 43.17±5.36b 35.5-54.5 885.8±340.2b 438-1743
male (11) 47.87±3.46b 43-54,5 1160.7±268b 867.2-1743.6

female (n=10) 38.9±2.15a 35.5-44 635.96±149.8b 438.2-932.2
Group III ♀♂ (n=33) 20.53±0.95c  18-22.5 83.54 ±10.49a 62-108,3

male (n=14) 20.89±0.82a 20-22 83.96±9.57a  67.5-101
female (n=19) 20.22±0.96b  18-22.5 83.23±11.65a  62-108.3

Note: a,b,c – different combination of letters shows signifi cant differences (p<0.05) between groups
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After spawning, signifi cant differences were established 
for the most of the observed biochemical parameters, ex-
cept for concentration of glucose, cholesterol and chloride. 
Comparison of biochemical parameters between Group II 
and Group III (post-spawn and control group) have shown 
signifi cant differences for all parameters, which was also no-
ticed when we combined all three groups together. Kruskal-
Wallis test showed statistically signifi cant deviation from 
the normal distribution when we compared all three groups 
(p<0.01).

Discussion 

Hematological and biochemical parameters refl ect the 
physiological condition of the fi sh and are important for the 
adequate monitoring, particularly during artifi cial fi sh breed-
ing. Various environmental negative factors have impact on 
reduced fi sh reproduction in natural habitats, so artifi cial 
breeding became common. The amount of dissolved oxygen, 
water temperature, osmotic imbalance cause stress reactions 
which prevent maturation in ovaries (Rottman et al., 1991). 
Many studies focused on the analysis of stress reactions dur-
ing spawning period by monitoring biochemical parameters 
like glucose and cortisol (Demas et al., 1978). Analysis of 
the fi sh morphometric parameters during and after spawning 
showed increasement in their size (total length and weight). 
During spawning almost all energy is used to the develop-
ment of secondary sex characteristics, development of gam-
etes and special sexual behaviour patterns (Brett, 1995; Pin-
son, 2005; Wiegand et al., 2007). This is the reason why the 
breeding fl ocks of fi sh are much bigger during post-spawn-
ing period. Males were generally larger than females due to 
demanding reproductive process in females during spawn-
ing, and this fact was confi rmed by the negative Pearson cor-

relation between the total length and body weight in females.  
The values of cholesterol and triglyceride concentrations 

were high during the spawning and reduced later, while in 
the consume fi sh values of cholesterol and triglyceride con-
centrations were very high. Lipid concentration values were 
high during spawning, because of several reasons. Lipids 
are the major source of metabolic energy in the reproductive 
cycle and oocyte development. They originate from tissue 
deposits, from the diet intake or lipids can be synthesized de 
novo in the ovarian follicles (Wiegand, 1996). A large per-
centage of total lipids is catabolized in the energy necessary 
for the reproductive cycle, while the other energy molecules 
such as a protein vitellogenin (Vtg) or very low-density lipo-
proteins (VLDL) are stored as yolk reserve (Sargent, 1995). 
Many lipid metabolic pathways are important during spawn-
ing and their lack can signifi cantly change fi sh production 
rate (Norton and Macfarlane, 1999). Otherwise, changes of 
various lipids in gonads, muscles and liver of adult fi sh are 
directly related to a process of sexual maturation and spawn-
ing (Huynh et al., 2007). Thus, during the ovarian develop-
ment in fi sh, components essential for the viability of eggs 
and survival of the larvae are incorporated in oocytes. Large 
amount of lipid is stored in the muscles prior to spawning, 
however during spawning more lipids are mobilised to the 
liver and at the end of spawning to the ovaries (Rainuzzo et 
al., 1997).

Major variations in blood glucose concentrations during 
and after spawning were not noticed. Consuming fi sh had 
evident highest glucose concentration due to larger energy 
requirements, overcrowding of pools and body size. Normal 
glucose concentrations indicate that stress reaction is absent 
and that glucose (stored in form of glycogen) is not a signifi -
cant source of energy during spawning. Glucose concentra-
tion depends on carbohydrates in diet and lipid concentra-
tions which are primarily used as the energy source during 
spawning. Interestingly, in Teleostean serum glucose is not 
associated with the concentration of glycogen in the liver 
(Love, 1980) and is not associated with reproduction (Hut-
ton, 1968). Plasma glucose concentration in female tench 
is signifi cantly higher during spawning if it is compared to 
the concentration two months before spawning (Svoboda et 
al., 2000). These high plasma glucose concentrations may 
be a consequence of the gonade development (Robertson et 
al., 1961; UIM et al., 1988). Low carbohydrate levels of in 
the organs and during different seasons are the reason why 
carbohydrates are not main energy resource in the fi sh body 
(Mathana et al., 2012). However, obtained glucose values in 
tench are higher in comparison to the other fi sh species and 
are very similar to glucose values during induced stress pe-
riod (Suljević et al., 2015). 

Table 4
Analysis of variance (ANOVA) and normal distribution 
(Kruskal-Wallis test) 
Parameters ANOVA Kruskal-Wallis test

Group 
I i II

Group 
II i III

Group 
I,II,III

Chi-
Square

Asymp. 
Sig.

Glucose .112 .091 .001* 13.99 .001*
Proteins .001* .000* .000* 31.67 .000*
Cholesterol .574 .000* .003* 11.61 .003*
Triglycerides .000* .000* .000* 40.59 .000*
AST .000* .762 .000* 24.72 .000*
Na+ .000* .000* .000* 42.63 .000*
Cl- .572 .000* .001* 39.12 .000*
K+ .004* .000* .000*  16.11 .000*
Ca++ .000* .381 .000*  20.71 .000*
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We noticed that protein concentration was higher dur-
ing spawning and decreased after spawning, while the low-
est values were observed in the control group. High protein 
level during spawning could be the result of high-protein 
diet (Bhuyan et al., 2003). Luskova (Luskova, 1997; Lus-
kova, 1998) studied total protein level throughout the year 
and found intersex differences but only in grayling, while 
in brown trout and chub there were no evident intersex con-
centration differences. Protein levels in muscle are higher 
during the spawning season, and there is no difference in 
prespawning period and postspawning period, while protein 
concentrations in the liver and the kidney are equal (Mathana 
et al., 2012). Studies also showed a seasonal variation of pro-
tein level, but only in the muscles of the species Lethrinus 
lentjan. Low protein levels after spawning may be the result 
of seasonal and physiological needs such as maturation cycle 
and the depletion of the gonads (Azam, 2004; Boran and Ka-
raçam, 2011). 

In our study values of AST activity were low during 
spawning and increase after spawning period. Changes in 
enzyme activity during artifi cial insemination of common 
carp were not evident (Svoboda et al., 2000). But even so, 
very small number of references is available regarding this 
topic.

The values of sodium and chloride concentrations re-
main similar during spawning and after spawning period. 
Potassium concentrations were low and, otherwise, calcium 
concentrations were higher during spawning. Values of the 
electrolyte concentration in brown trout were much higher in 
comparison to tench (Suljević et al., 2015). During spawn-
ing increasement of calcium concentration can be considered 
as the adaptation at the cellular level: ions of calcium as a 
secondary messenger activates metabolically complex pro-
cesses in the cell, while potassium ions trigger the parasym-
pathetic system, which has an impact on cardiac activity. In 
Salmo salar (Stoss et al., 1983) sperm motility is regulated 
by the external concentration of potassium ions, which is 
usually lower than potassium concentration in the seminal 
plasma, as previously described in rainbow trout. Average 
electrolyte concentration in common carp is very stable dur-
ing and after spawning (Svoboda et al., 2000).

Conclusion

Biochemical properties of blood and spawning can give 
very precise and signifi cant results about the health of fi sh 
during reproduction and serve as base for future research and 
improvement of certain living conditions for more produc-
tive spawning and rearing. Spawning fi sh consume less food, 
and an additional loss of metabolic energy may have nega-

tive impact on production of gamets, which potentially could 
result in reduced reproductive fi tness. Therefore, biochemi-
cal analyses of blood give important information regarding 
the health of fi sh in hatcheries. Our research has shown a 
strong correlation between metabolism and reproductive 
strategies of brown trout. Furthermore, this research points 
out a very important aspect of diet in fi sh when preparing for 
spawning. Fish could use carbohydrates for metabolic needs, 
however lipids are the most important source of energy for 
the different stages of maturation, and fi nally, proteins are 
active participants in the maturation phase.
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