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The purpose of the present project was to establish the physiological range of
some blood biochemical parameters of the three most commonly used fish species of
Salmonidae family in Bulgaria. The plasma biochemical profile was used as an indicator
for fish welfare. At the same time the focus of this study was to identify any differences
and similarities in biochemical indices in the blood of these three salmonids. Blood
levels of biochemical parameters of three freshwater fishes, rainbow trout (Oncorhynchus
mychiss), brown trout (Salmo trutta fario) and brook trout (Salvelinus fontinalis) were
measured to establish the normal range, to serve as baseline data for evaluating health
status. For the purposes of this project, 12 samples were obtained per each trout species
from private fish farm within months October-November, when the water temperature
was optimal for trout species (=13.8°C). Blood was drawn from the vena caudalis in
heparinized containers. For biochemical analysis plasma were obtained by centrifugation
(5 min at 3000 rpm) of samples. Plasma was kept frozen up to the time it was analyzed.
Blood biochemical parameters were determined using a semi-auto analyser (Mindray
BA-88, Shenzhen, China) with commercial diagnostic kits (Giesse, Diagnostics, Italy).
The statistical analysis was performed using one-way analysis of variance (ANOVA).
The results were processed with software Statistica v.10 (StatSoft Inc., 2002). In this
study were analyzed concentrations of total protein, albumin, globulins, urea, creatinine,
cholesterol, alanine aminotransferase, aspartate aminotransferase, calcium, phosphorus.

The main aquaculture fish species in Bulgaria are the rainbow trout. Our findings do
not show any significant differences for ALT activity and albumin values between rainbow
and brook trout. Contrary, the mean calcium concentrations between these two species
were the same. The obtained values of plasma globulins and phosphorus in rainbow trout
were higher than other two fish species. The concentration of urea, creatinine, total protein,
cholesterol and AST activity of rainbow trout were close of those reported for the brown trout.
Results, obtained in this manuscript, revealed the baseline values and provide knowledge of
some biochemical parameters of three of the most used species of Salmonidae family in
Bulgaria. Recent results, although showing differences can be used as an important tool for
monitoring of fish health and physiology condition. The data of the present investigation
were similar to those found in previous studies of ours on the same three trout types wherein
differences of some immunity parameters were determined as well.
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Introduction. Although aquaculture in Bulgaria comprises fresh water fish
farming and marine farming, the aquaculture of freshwater fish (including trout
species) is a bigger part of commercial production (almost 95% of the Bulgarian
aquaculture). The main cold-water aquaculture species in Bulgaria are the trout
species: rainbow trout (Oncorhynchus mykiss), brown trout (Salmo trutta fario) and
brook trout (Salvelinus fontinalis) (Koynarski et al, 2017). The trout family includes
more than 40 species, where the usual commercial production includes just a few of
them. In the present work, we planned to focus on three of the most common. As a
difficulty in estimating health of farmed fish is the lack of sufficient information on
the normal range of biochemical blood parameters in order to determine baseline
levels.

The analysis of blood biochemical parameters are very important and can
be used as a diagnostic tool in piscine medicine (Tripathi, 2003). Some pathologic
changes are reflected in blood plasma before the clinical signs of the disease appear.
The values for some hormones, enzymes and ions may be used as indicators of
health status for different animal species as well as fish (Labarrére et al., 2013).

The aim of this study is to evaluate the reference values in three of the most used
species of Salmonidae family (rainbow trout, brown trout and brook trout) in Bulgaria
to supplement the information in the existing database that used to determine the health
status of Salmonidae. The dates of this work contribute to knowledge of the baseline of
biochemical parameters of three of the most used salmons farmed in Bulgaria.

Materials and methods. The three trout species — rainbow, brown and
brook trout were grown under intensive technology in concrete tanks in private
fish farm located near the town of Peshtera, Bulgaria. For the purposes of this
project, 12 samples were obtained per each trout kind, where the total number of
investigated fish was 36. Samples for the study were obtained from commercial
size fish (>24 months old fish) within months October-November, when the
water temperature was optimal for trout species (=13,8°C).

Blood was drawn from the vena caudalis in heparinized containers. The
collected blood (approximately 2,0-2,5 ml) has been centrifuged at 3000 rpm for 5 min
at room temperature and was immediately separated and stored at -20°C until analysis.
Plasma biochemical parameters were analysed using a semi-auto analyser (Mindray
BA-88, Shenzhen, China) with commercial diagnostic kits (Giesse, Diagnostics,
Italy). In the present work were analyzed values of total protein (TP), albumin (Alb),
globulins (GlIb), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
calcium (Ca), phosphorus (P), cholesterol (Ch), urea (U) and creatinine (Cr). The
statistical analysis was performed using one-way analysis of variance (ANOVA). The
results were processed with software Statistica v.10 (StatSoft Inc., 2002). All results
are presented as mean and standard deviation of the mean (Mean + SD).

Results and discussion. Statistically processed data for the evaluated
biochemical indices of three freshwater fishes farmed in Bulgaria — rainbow




BodHi Giopecypcu ma akeakynemypa

trout (Oncorhynchus mychiss), brown trout (Salmo trutta fario) and brook trout
(Salvelinus fontinalis) are shown in Table 1. All results are presented as mean
and standard deviation of the mean (Mean + SD).

Statistical analysis of the plasma alanine aminotransferase activity
emphasized non-significant differences between rainbow and brook trout
(28,00+10,63 and 29,5+9.46 U/L, respectively). Interestingly, these results
were found much superior compared to the brown trout data (20,83+6,11 U/L)
(P<0,05).

Furthermore, differences in aspartate aminotransferase activity between
rainbow and brook trout were observed as well (378,3+11,1 U/L and 532,8+
20,77 U/L). The levels of blood urea have very close values among rainbow and
brown trout (0,59+0,31 mM/L and 0,61+0,17 mM/L, respectively) compared
to the third species (0,92+0,26 mM/L). In case of available protein profile, the
differences were determined when compared to total protein concentrations.

Table 1. Results on some biochemical parameters of rainbow trout, brown
trout and brook trout. Mean and standard deviation (Mean+SD)
with minimum and maximum values in breaks

Assessed blood (Rozzgg}?}fv ’;[2%1:; Brown trout (Salmo Brook trout
parameters mychJi/ss) trutta fario) (Salvelinus fontinalis)
28,00+10,63 20,83+6,11 29,50+9,46
ALT (U/L) (10-43) (13-30) (20-47)
378,3+11,1 405,0 £10,72 532,8420,77
AST (U/L) (280-570) (263-594) (349-908)
0,59+0,31 0,61+0,17 0,92+0,26
Urea (mM/L) (0,20-1,09) (0,45-0,87) (0,65-1,38)
. 34,16+4,83 36,83+4,44 29,5+6,34
Total protein (g/L) (28-40) (31-42) (20-35)
: 22,33+7.91 28,00+3,16 20,3349,89
Albumin (g/L) (10-30) (24-33) (11-34)
. 11,83+4,21 8,83+2,40 933+6,21
Globulins (g/L) (6-18) (5-11) (1-20)
Cholesterol (mmol/L) (%’gfﬁg ’6131) (%’ZZ%(()) ’7161) nd
.. 182,4+47,35 195,5+82,66
Creatinine (pmol/L) a 1’8_2376) 9(7’1 -32()’) n.d
) 3,26+0,26 3,47+0,40 3,26+0,3
Calcium (mM/L) (2,88-3,58) (3,0-4,21) (2,87-3,66)
4.47+1,71 3,42 +0,52 4,05+0,75
Phosphorus (mM/L) (3,00-7.73) (2,89-4,27) (3,02-4,95)

The rainbow and brown fish had higher protein levels (34,1644,83 g/L and
36,83+4,44 g/L, respectively) compared to total protein of brook trout (29,5+6,34
g/L). Analysis of the plasma albumin concentrations pointed that the two species
have roughly similar values, namely rainbow and brook trout. Globulins levels
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revealed a very close values between brown and brook fish (8,83+2,40 g/L. and 9,33+
6,21 g/L). Phosphorus registered concentrations that show differences between
the three species studied. Calcium level of rainbow and brook trout were the same
(3,26 mM/L). Virtually identical were the calcium values obtained from brown trout
(3,47+0,40 mM/L) and difference between them proved to be insignificant. The
reference intervals of cholesterol obtained in our investigation were very close in
rainbow and brown trout (0,45+0,14 mmol/L and 0.57+0.11 mmol/l), respectively.
The mean reference values for creatinine concentration in rainbow and brown trout in
this study were 182,4+47,35 umol/L and 195,5+82,66 umol/L, respectively. We have
no data of brook trout about cholesterol and creatinine values.

In this manuscript some biochemical parameters of three freshwater fishes,
rainbow trout (Oncorhynchus mychiss), brown trout (Salmo trutta fario) and brook
trout (Salvelinus fontinalis) were measured. Many biotic and abiotic factors are capable
to influence blood chemical profile of fish. Similarly, some environmental variables
had an influence on the distribution of the main fish species; especially altitude and
water velocity (Stiarez et al., 2011). The present study aimed to describe the variation
of blood plasma chemistry indices of these three trout species, farmed in our country.

The determination of plasma enzymes activities is a useful diagnostic tool
for terrestrial mammalian physiological condition. As in mammals, after functional
damage of tissues of fish, some enzymes can be detected in plasma. Also, in lower
vertebrates like fish as recently used enzyme activities to monitor impaired metabolic
function of the cell (Akinrotimi et al., 2018). In fish, the most commonly used enzymes
to indicate environmental pollution, toxicity and can be seen as non-specific indicators
of damage are alanine and aspartate aminotransferases (Kopp et al., 2010). Among
trout species studied, ALT activity shows close levels but in terms of AST’s activity,
they show very high values. High levels of AST have been reported by some other
authors (Edsall, 1999; Talas et al., 2013). The obtained data for plasma ALT and AST
in rainbow trout are similar of those reported by Cakici and Aydin (2006), Talas et
al., (2013). The survey values regarding activity of AST show evident differences
between three studied fish species but the most important are between rainbow and
brook trout with the highest value being measured at brook fish. Higher AST levels
could be a consequence of enhanced liver production or increased enzyme leakage
due to impaired permeability and disruption of cellular membranes. The plasma ALT
concentration of brook trout in our study is significantly higher than that of studied
fish in Kopp et al., (2013) research and also the AST values in our investigation are
lower than in their study. On the other hand, this author has obtained results for the
levels of calcium, phosphorus and urea of brook trout, which are very similar to those
found in this project. In the literature available to us, there is insufficient information
about the normal range of the plasma chemistry of this species. We hope our study
will provide additional information on variation of these biochemical indices in
healthy brook trout. The results of rainbow trout which we received about plasma
total protein, albumin and globulins are similar of those reported by Cakici and Aydin
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(2006). Moreover, previous study performed by Bernet et al., (2001) lends support to
our finding about total protein levels and urea derivate in brown trout during autumn
season. Creatinine, generated from muscle metabolism, produced from creatine and
filtered mainly by the kidney. This phenomenon allows this molecule to be used as
an indicator of kidney function. Increased level of creatinine means renal dysfunction
or renal disease (Kulkarni and Pruthviraj, 2016). It should also be taken into account
that the environment, diet, age of fish may affect the different values for creatinine.
In our investigation, in all studied fish species observed the creatinine concentration
found to be high as compared to other fishes reported. They were not consistent with
data reported by other authors (Cakici and Aydin, 2006; Charoo et al. 2013; Talas et al,
2013) who report lower creatinine levels than those found by us. Conversely, Esmaeili
et al., (2017) observed higher values of ours. In other hand, plasma transaminase
concentrations in our study were comparable with the same authors. Cholesterol is a
lipid that is located in the cell membranes of all tissues of the body and is transported
into the blood of all animals. The reference intervals of cholesterol obtained in this
study were significantly lower those values reported by other authors (Talas et al.,
2013; Cakici and Aydin, 2016) but were similar compared to results show by Esmaeili
etal., (2017). Wallaert and Babin (1994) reported seasonal variations and reproductive
cycle affecting lipid levels during spawning in trout. On the other hand, cholesterol
values are responsive to changes in nutritional status, too (Kopp et al., 2013).

In our survey, the determined blood chemistry indices of the studied trout
species are similar of those reported by other authors to the fresh water fish despite
the presence of certain differences. The present results are similar to those found in
previous studies of ours on three types of trout (Koynarski et al., 2017) wherein also
differences in some immunity parameters were detected.

Conclusion. The data from this preliminary study exhibit information for
some biochemical parameters of rainbow, brown and brook trout farmed in Bulgaria.
Current results, revealed the baseline values and provide knowledge of blood indices
of the three of the most used species of Salmonidae family in our country.

CPABHUTEJIbBHOE UCCNNEAOBAHUE HEKOTOPbBIX
BUOXUMWYECKNX MAPAMETPOB TPEX BUJOB Pblb
CEMEINCTBA JIOCOCEBbIX B BOJITAPUU

Banpanosa /., 'Amanacos A.,’Huxonos I, 'Kounapcku T.
‘@aryrvmem semepunapnoti meouyunot, Ynusepcumem Tpakus,
6015 Cmapa 3azopa, boneapus
2Qaxynvmem cenvcko2o xossiicmsa, Yuueepcumem Tpaxus,
6015 Cmapa 3azopa, boneapus

Llenmpf0 HACTOAIIETO TPOEKTa OBUIO yCTAHOBUTH (PU3HONIOTWYECKHN IHAMIa30H
HEKOTOPBIX OMOXHMHYECKUX TapaMeTPOB KPOBH TPEX HAHOOIee 9acTO HCTIONb3yEMbIX BUIIOB
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PBIO cemMelicTBa JococeBhIX B bonrapuu. broxumirdeckuii mpoduiTh 1a3Mbl HCTIONB30BaIICS
Kak IoKa3arelb OnarococTosHus pei0. B To ke Bpems BHHMaHHE (OKYCHPOBAIOCH Ha
BBISIBJICHUH JIFOOBIX Pa3IMuMid U CXOJCTB B OMOXUMHUUYECKHUX MOKA3aTENSIX KPOBH 3THX TPEX
BHJIOB JIOCOCEBBIX. [IpoBONMINCE M3MEpeHust yPOBHS OMOXMMUYECKUX [TAPaMETPOB y TPEX
BUJIOB TIPECHOBOHBIX PBIO: pamyxHoi dopern (Oncorhynchus mychiss), kymxu (Salmo
trutta fario) m amepukanckoii nanmu (Salvelinus fontinalis) —4ToOBI yCTaHOBUTH HOPMATBHBIH
JIMAra30H, KOTOPBIH MOCITY KM Obl 0A30BBIMHU JAHHBIMH JIS1 OLIGHKH COCTOSIHHS 3/0POBBSI
poI0. B cOOTBETCTBHHM C TEIAMH 3TOTO TPoekTa 12 00pa3oB OBLIN MOMYYEHBI Ha KayKIIbIA
BUJ] pOpENU U3 YaCTHOW PHIOOBOIHON (hepMbI B TEUCHUE MECSIIEB OKTSIOph-HOSIOPb, KOT/a
TeMIieparypa BoJibl Oblia ONTHUMAIBLHON Jutst JaHHBIX BUIoB (=13,8 © C). KpoBb oTOMpau
U3 XBOCTOBOH BEHBI B I'€lIapUHU3MPOBAHHbIC KOHTCHHEPHL. [IJ1s1 OMOXMMIYECKOro aHaim3a
Ia3My HOJydaiii MeTosioM neHTpudyruposanus (5 mus rnpu 3000 06 / MuH) 00pa3LoB.
[Tna3ma coxpaHsack B 3aMOPOKEHHOM COCTOSTHUM JI0 Hadasla aHanu3a. bruoxnmmdaeckue
TapaMeTphbl KPOBH OMPEEISIIN C TIOMOIIIBIO TTOTyaBTOMaTHYIecKoro aHammsaropa (Mindray
BA-88, Shenzhen, China) ¢ auarHoctuueckumu Habopamu (Giesse, Diagnostics, Italy).
Craructiyeckuii aHajin3 TPOBOIAWICS C HCHOJIBb30BAaHHUEM OHOCTOPOHHErO aHayu3a
mucriepcun (ANOVA). Pesynbrarel  Obumn  0oOpaOoTanbsl  Onarozmapst IMporpamMMHOMY
obecrieqennto Statistica v.10 (StatSoft Inc., 2002). OcHOBHBIM BHIIOM aKBaKYJIBTYpBI
B bonrapmm sBrisiorcest pamyxnas dopenb. Hamm pe3ynbsraTbl He MMOKa3bIBaIOT KAKUX-
MO0 CYIIECTBEHHBIX pa3zmnunii B oTHoIeHMH akTiBHOCTH AJIT m anpOymmHa Mexmy
pamyxHOi u Kymxu. HanpoTtus, cpeiHue KOHICHTPAIMK Kbl MEXKILY STUMH JBYMsI
BUJIaMH OBbUTH OIMHAKOBBIMU. [loiydeHHble 3HaYeHMs OOy IMHOB TU1a3Mbl U (ochopa B
pay>xHO# (openy ObUTH BBIIIE, YeM y PYTHX JBYX BUJIOB pbI0. KOHIIEHTpanyst MOUEBHHBI,
KpeaTnHHHa, odmiero Oenka, xonecrepuHa u akruBHocTH ACT pamyxHoit dopemn Oblia
Onm3Ka K TIOKA3aTessiM KyMyKH. Pesynbrarbl, MOJMydeHHBIE B 3TOW PYKOIMCH, BBISABIIIN
6a30BbIc 3HAYCHUS U TPEIOCTABIIN 3HAHMS O HEKOTOPBIX OMOXMMHYECKHX IapaMeTpax
Tpex HauOojee HCIONb3yeMbIX BHJIOB CEMEWCTBa JIOCOCeBBIX B bomrapun. HemaBHue
PE3YIBTAThL, XOTS U IEMOHCTPUPYIOIIHE PA3JINYMsl, MOTYT OBITh HCIIONIB30BaHbI B KAYECTBE
B&KHOTO MHCTPYMEHTA ISl MOHUTOPHUHTA COCTOSIHHS 3/I0POBBSI PHIO 1 (PU3HOIOTHYECKOTO
COCTOSIHUSI.

KiroueBble croBa: OMOXMMHYECKHE IApaMETphl, paayxkHas (openb, Kymxka,
aMepHKaHCKast Tajusl.

NOPIBHANbHE AOCNIAMKEHHA AEAKUX BIOXIMIYHUX
NAPAMETPIB TPbOX BUA1IB PUB POAUHU
JIOCOCEBUX Y BOJITAPII

Banpanosa /., 'Amanacos A., *Hixonos I., 'Kotinapcxi T.
Y@akynemem eemepunapnoi meouyunu, Ynieepcumem Tpaxis,
6015 Cmapa 3aeopa, boneapis
2@axynemem cinbcvko2o 2ocnodapemea, Yuisepcumem Tpaxis,
6015 Cmapa 3aecopa, Boneapis

MeTo10 IHOTO TPOEKTY OyJI0 BCTAHOBICHHS (Di310JIOTIYHOTO Jliarna3oHy AEsSKUX
010XIMIYHHX MapaMeTpiB KPOBi TPHOX HAHOIIBII YaCTO BUKOPHCTOBYBAHUX BUIIB PHO
poauHu JococeBux y bomnrapii. bioxiMiuamid mpo¢ins mIa3Mu BUKOPUCTOBYBABCS K
MOKa3HUK 100po0yTy pub. Y Toit ke yac yBara (hokycyBajacsi Ha BHSIBICHHI Oy/b-
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SIKUX BiIMIHHOCTEH 1 momiOHOCTeH y 0i0XiMIYHUX MTOKa3HUKAX KPOBi WX TPHOX BHUJIIB
mococeBux. [IpoBommmncs BUMiproBaHHA PiBHA 010XIMIYHIX TapaMeTPiB Y TPHOX BUIIB
MPICHOBOAHUX PUO, Takux sk: paiayxkHa dopens (Oncorhynchus mychiss), kymxa
(Salmo trutta fario) i amepukanceka naiist (Salvelinus fontinalis) — 00 BcTaHOBUTH
HOpPMaJIHUH Jliara3oH, SKWH IOCTY)XUB OM 0a30BHMMH JaHUMH ISl OLIHKH CTaHy
310poB’st pud. BinnosizHo mo mineit mporo mpoexty 12 3paskiB Oynu oTpuMaHi Ha
KOEH BHJI (poperti 3 mpuBaTHOI puOOBOIHOI (pepMH IIPOTATOM SKOBTHS-TFICTOIIAY, KOJIH
Temmeparypa Boxu Oyna onTHManbHOIO uia ganux BuaiB (=13,8°C). Kpos BinOupammn
3 XBOCTOBOI BEHH B I'€lapHHI30BaHiI KOHTEHHepH. J[ist 0I0XIMIYHOrO aHali3y IUIa3My
OTpUMYBaJIM MeToioM HeHTpudyrysanus (5 xB. npu 3000 o6 / xB.) 3paskis. [lnazma
30epirasacst B 3aMOpPOKCHOMY CTaHI JI0 IMOYaTKy aHaui3y. bioxiMiuHi mapamerpu
KpOBI BHM3HAaUaJIM 3a JONOMOIOI0 HariBaBTOMAaTHYHOTO auHamizaropa (Mindray
BA-88, Shenzhen, China) 3 miarHoctnunumu Habopamu (Giesse, Diagnostics, Italy).
CraTHCTHYHUIN aHami3 TPOBOAWBCSA 3 BHUKOPHCTAHHSIM OXHOCTOPOHHBOTO AaHATI3y
mucriepcii (ANOVA). Pesynbraru Oyin 00po0iieHi 3aBIs KU IPOrpaMHOMY 3a0€311EYeHHIO
Statistica v.10 (StatSoft Inc., 2002). OcHOBHUM BHJOM aKBakyilbTypu B bomrapii €
paiinyxxHa ¢opeinb. Haii pesyasrati He ToKa3yloTh Oy/b-sSIKUX ICTOTHUX BIIMIHHOCTEH
y crasienHi aktuBHOCTI AJIT 1 aneOyMmiHy MiX paiiykHOIO (OPELTI0 Ta KyMXKEIO.
HaBmnaxwu, cepemHi KOHIICHTpaIlii KaJbIit0 MK IIIMHA JTBOMA BUIaMHU OyJTH OTHAKOBHUMH.
OTpuMaHni 3Ha4eHHS I00YTiHIB TTa3Mu 1 hocdopy B paimxyxHoi Goperni Oymu BHIIE,
HDK B IHIIKX JBOX BUIB pr0. KoHIIEHTpallis CEYOBHHM, KpeaTHHIHY, 3arajbHOro OiKa,
xonecrepuny 1 aktuBHocti ACT paiinyxuoi openi Oyna Oiu3bKa 10 TOKa3HUKIB KyMXKi.
Pesynerarn, oTpuMani B IbOMY pYKONHCI, BUSIBUIM 0a30Bi 3HAUCHHS 1 HAJaJIM 3HAHHA
IIpo Jesiki 010XiMiUHI MapaMeTpy TPbOX HAHOLIBII BUKOPHUCTOBYBAaHMX BHIIB POANHH
mococeBux y bonrapii. HemomaBai pe3yasraTd, Xo4a i JeMOHCTPYIOTh BiIMIHHOCTI,
MOXYTh OyTH BHKOPHCTaHI B SIKOCTI BaYKJIMBOTO IHCTPYMEHTY JJISi MOHITOPHHTY CTaHY
310pOB’st prO 1 (i310JIOTIYHOTO CTaHY.

KnrowoBi cioBa:  OloximiuHI mapaMeTpu, paiiayxHa ¢opeib, Kymxka,
aMepHKaHChKa TaIisl.
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