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Abstract

Serum biochemical parameters are important aspects in the management of endangered species.
The values of these parameters can be used for confirming the maturity and for monitoring any
changes in the quality of waters and related soils. The aim of this research was to determine the
reference values of biochemical factors in Acantopagrus latus and Epinephelus coioides. Blood
samples were collected from captured fish from coastal waters of Chabahar (Ramin waterfront).
Serum levels of glucose, Blood Urea Nitrogen (BUN), cholesterol (CHO), triglyceride, total protein,
albumin, calcium (Ca2+*), phosphorus (P), sodium (Na+*), bilirubin and potassium (K*) were meas-
ured. The results showed that the levels of albumin and bilirubin in E. coioides were significantly
higher than A. latus and there were significant differences in all of the serum values (except P and
glucose) between A. latus and E. coioides (P < 0.05). It can be concluded that the values of blood
biochemical parameters may be affected by physiological factors such as the species of fish.
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1. Introduction
As the aquaculture industry expands, there is an increasing need for improved diagnostic methods. There are
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few tools available to diagnose and monitor diseases on fishes. The analysis of blood indices has proven to be a
valuable approach for analysing the health status of aquatic animals as these indices provide reliable information
on metabolic disorders, deficiencies and chronic stress status before they are present in a clinical setting [1].
Exogenous factors, such as management [2], diseases [3] and stress [4], always induce major changes in blood
composition. For example, significant fluctuations were detected in the concentrations of cortisol, glucose, cho-
lesterol and other basic components in response to handling and hypoxic stress [2] [5] [6].

One of the difficulties in assessing the state of health of natural fish population has been the paucity of relia-
ble references of the normal condition. In pursuit to this goal, many fish physiologists have turned to studies of
hematology. Blood serum biochemical data are used routinely in health care of humans and domestic animals.
Blood biochemical evaluations are also gradually becoming a routine practice for determining health status in
fish [7]-[9], and only a few normal values for small number biochemical parameters have been established for
some teleosts [10].

Yellow fin sea bream (Acantopagrus latus Houttuyn, 1782) and Orange-spotted grouper (Epinephelus
coioides Hamilton, 1822) are protandrous and protogeny hermaphroditic from family percidae and serranidae
respectively and being distributed off southern Japan, southeastern China, Taiwan, southeastern Asia, Persian
Gulf and Australia and in the Indian Ocean to southeastern Africa [11]-[14]. They are considered to be two of
the most commercially important marine fish in Iran, due to their consumer preference and are newly successful
cultured in the coastal area of Iran.

These economically important fish are under threat because of their continuous exposure to toxic chemical-
rich industrial effluents that are discharged into the Pacific Gulf and illegal fishing practices. There is an urgent
need to revive them through processes of conservation, management and mariculture, so knowledge of the blood
serum biochemical factors in order to detect the health of fish is a basic prerequisite for successful management.

This present study would form a baseline data for assessment of health status of A. latus and E. coioides as
well as reference point for future comparative study effects of different endogenous and exogenous factors on
blood biochemical of these two fish species.

2. Materials and Methods
2.1. Experiment Design

A. latus and E. coioides fishes were captured by set net, 20 - 30 m deep on the sea bottom, from coastal waters
of Chabahar (Ramin waterfront) in February 2013. In this study totally 20 fish (n = 10 A. latus (1.101 + 23.78 g);
n =10 E. coioides (1.250 * 34.5 g)) captured. Blood samples collected from each individual and body weight
was measured.

2.2. Blood Collection

Blood sampling was performed immediately after fish were captured. Samples were collected from behind the
anal fin using a 5 ml 22 no, plastic syringe. The blood samples about 2.5 ml were placed into vacutaineers tubes.

2.3. Biochemical Analyses

Biochemical analyses were conducted at state Sadaf Medical Laboratory (Chabahar, Iran). Blood samples were
centrifuged at 3000 rpm for 10 min and extracted serum samples were stored at —20°C prior to further analysis.
A suite of Biochemical analyses for parameters, such as glucose, cholesterol, triglyceride, total protein, blood
urea nitrogen, bilirubin, albumin, Ca®", phosphorus were carried out using an automated analyzer (Auto Analyz-
er Hitachi 917, Japan ), with a Pars Azmoon kit (Co, Pars Azmoon, Tehran, Iran). Na* and K* were assessed by
flame photometer (PFP 7, UK) [15].

2.4. Statistical Analysis

All statistical analyses were performed using the computer program SPSS ver16.0 (SPSS, Chicago, IL). Signifi-
cant differences of parameters between two fish species were determined with independent t-test. The correla-
tion coefficients between parameters were calculated by Pearson correlation coefficients. Liner regressions were
used to determine the relationship between serum biochemical parameters showing significant differences sig-
nificant parameters are reported as means + standard deviation.
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3. Results

Table 1 shows the mean and standard deviation values for each blood biochemical parameters in A. latus and E.
coioides. The results showed that that the serum levels of albumin and bilirubin in E. coioides were significantly
higher than A. latus and there were significant differences in all of the serum values (except P and glucose) be-
tween A. latus and E. coioides (P < 0.05).

Table 2 and Table 3 show correlation coefficient of blood serum biochemical parameters of A. latus and E.
coioides respectively. Significant positive correlation of glucose on Ca®* (r = 0.695, P < 0.05), protein on Ca*" (r
=0.704, P <0.05) and CHO on P (r = 0.860, P < 0.01) in A. latus and protein on BUN (r = 0.721, P < 0.05) and
Ca®" and K* (0.840, P < 0.01) in E. coioides were observed. There were significant negative correlations of CHO
on Ca®* (r = —0.641, P < 0.05) and BUN on Ca*" (r = —0.695, P < 0.05) in A. latus and P on Ca®* (r = —0.735, P
<0.05) in E. coioides.

Significant negative and positive regressions of parameters in both A. latus and E. coioides have been shown
in Table 4.

Table 1. Changes of blood serum biochemical parameters (Means + SD) of Acantopagrus latus and Epinephelus coioides.

Species
Parameters Acantopagrus latus Epinephelus coioides
Na* (mmol/I) 328.50+32.03a 271.90+7.78 b
K* (mmol/l) 2.12+042Db 3.43+039a
Ca?* (mmol/l) 19.80+2.97a 16.80+2.34b
Phosphorus (mmol/l) 235+040a 240+0.57a
Cholesterol (CHO) (mg/dI) 257.30 £3551a 137.30+42.11b
Triglyceride (mg/dl) 102.02+11.82a 68.10+15.34b
Blood Urea Nitrogen (BUN) 3.82+055a 266+0.45b
Bilirubin 0.24+£0.04b 044+0.13a
Glucose 44.25+16.18a 43.70+10.11a
Total Protein 431+032a 3.92+036b
Albumin 0.15+0.03b 0.36+0.05a

The differences between two species were tested by using independent t-test. Different letters of each row indicate a significant difference (P < 0.05).

Table 2. Correlation of blood serum biochemical parameters in Acantopagrus latus.

Parameters Na* K* Ca* Phosphorus  Cholesterol Triglyceride B’I\loi?r(l;lerr?a Bilirubin  Glucose PIc()Jtt:iln
K* 0.084
Ca** -0.311  —-0.200

Phosphurus ~ —0.353  -0.206  —0.457

Cholesterol ~ -0.253  -0.167 -0.641"  0.860"

Triglyceride 0.196 0.015 0.179 —0.356 —-0.402

BloodUrea o106 0132 -0.650"  0.168 0.404 0.444

Nitrogen

Bilirubin 0.122 —0.049 0.113 -0.350 -0.065 -0.088 0.355

Glucose 0.194 0.399 0.695" 0.291 0.319 —-0.251 0.139 -0.548

Total Protein 0.096 —0.400 0.704" 0.392 0.569 0.025 0.441 —-0.281 0.472

Albumin 0.234 -0.072  -0.385 0.305 0.223 0.008 -0.086 -0.554 -0.496  0.476

Correlation coefficient of serum cholesterol was determined by spearman and the other parameters was determined pearson. “Correlation is significant

at the 0.05. ““Correlation is significant at the 0.01 level.
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Table 3. Correlation of blood serum biochemical parameters in Epinephelus coioides.

Parameters Na* K* Ca* Phosphorus ~ Cholesterol ~ Triglyceride Bll\?i%%;;:a Bilirubin  Glucose P-rrgtt:iln
K* 0.202
Ca** 0.147  0.8407

Phosphurus ~ —0.499 -0.596 —-0.735

Cholesterol 0.180 0.417 0.543 —0.251

Triglyceride ~ 0.126  —0.575 —0.360 -0.290 -0.284

B,'\fi‘t’r‘l;efa 0363 0375 0161 0010 0.280 0365

Bilirubin —0.435 0.202  —-0.082 0.341 —0.153 -0.221 0.331

Glucose -0.058 -0.125 0.184 -0.131 0.325 —0.030 —0.339 —0.186

Total Protein ~ —0.142 0.051 -0.294 0.428 0.189 —0.028 0.721" 0.242 —-0.313

Albumin 0.340 0.377  0.099 0.305 0.00 0.008 -0.264 0.270 0.032  -0.102

Correlation goefficient of serum cholesterol was determined by spearman and the other parameters was determined pearson. “Correlation is significant
at the 0.05. ~ Correlation is significant at the 0.01 level.

Table 4. Regression equations between significant parameters in both Acantopagrus latus and Epinephelus coioides.

Independent Factor (X) Dependent Factor (Y) Equation R Square (R?) Pearson Correlation
Protein (E. coioides) Blood Urea Nitrogen Y =0.892X —0.837 0.519 0.721
Phosphorus (E. coioides) ca* Y =-2.98X + 23.95 0.541 —0.735
Ca** (E. coioides) K* Y =0.142X + 1.051 0.706 0.840
Cholesterol (A. latus) ca® Y =-0.054X + 33.61 0.441 -0.641
Cholesterol (A. latus) phosphorus Y =0.010X —0.198 0.740 0.860
Protein (A. latus) ca® Y =6.38X + 47.32 0.496 0.704
Blood Urea Nitrogen (A. latus) ca® Y =-3.50 X +33.22 0.439 —-0.659
Glucose (A. latus) ca® Y =-0.128X + 25.44 0.483 -0.695

4. Discussion

The wild populations of A. latus and E. coioides have almost collapsed in recent years to intensive fishing and
water pollution, prompting the development of aquaculture facilities for the commercial culture of these species
[11]-[14]. A rearing system for the maximization of fish productivity is the aim of fishery management pro-
grammers, and an evaluation of the physiological status of the fish during rearing is necessary to achieve this.
Serum biochemical data are of immense importance in monitoring the health status of aquatic organisms, espe-
cially in fisheries management programs [7]-[9].

The serum levels of different biochemical values in A. latus and E. coioides were as follows: Na* (328.50 +
32.03, 271.90 + 27.88), K* (2.12 + 0.42, 3.43 + 0.39), Ca?* (19.80 + 2.97, 16.80  2.34), P (2.35 + 0.40, 2.40 +
0.57) (mmol/l)and CHO (257.30 £ 35.51, 137.30 + 42.11), triglyceride (102.02 + 11.82, 68.10 + 15.34), BUN
(3.82 £ 0.55, 2.66 + 0.45), bilirubin (0.24 + 0.04, 0.44 + 0.13), glucose (44.25 + 16.18, 43.70 + 10.11) (mg/dl),
protein (4.31 + 0.32, 3.92 + 0.36) and albumin (0.15 + 0.03, 0.36 + 0.05) (g/dl) respectively (as shown Table 1).
The results showed that the serum levels of albumin and bilirubin in E. coioides were significantly higher than A.
latus and there were significant differences in all of the serum values (except P and glucose) between A. latus
and E. coioides (P < 0.05). It can be concluded that perhaps further confounding these values are variables such
as age, sex, dietary state and stress all of which may alter blood values [16] [17].

Electrolyte (Na*, K*, Ca?* and P) levels indicate the operation of a variety of homeostatic mechanisms in the
body [18]. In this study, both in A. latus and E. coioides Na* levels were higher than the values in Scorpaena
porcus (195.07 £ 1.70 mmol/l) [17], Scophthalmus aquosus (157 + 0.3 - 186 + 0.4 mmol/l) [19] and Salmo salar
(137 £ 1.1 - 196 + 18.6 mmol/l) [20] but were lower than those of Rutilus frissi (387.1 + 11.5 - 420.7 £ 7.1
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mmol/l) [21]. K* levels were lower than the values in Scophthalmus aquosus (4.10 + 0.18 - 5.48 + 0.15 mmol/l)
[19] and Rutilus frissi (37.9 £ 7.4 - 39.9 £ 10.6 mmol/l) [21] but were higher than those of Salmo salar (1.3 +
0.4 - 4.5 + 0.1 mmol/l) [20]. At the same time, the densities of K* were similar to those reported in Scorpaena
porcus (3.81 + 0.18 mmol/l) [17]. Ca®* activities were higher than values reported in Scorpaena porcus (3.66 +
0.07 mmol/l) [17], Salmo salar (3.3 £ 0.1 - 4.7 + 1.4 mmol/l) [22] and Scophthalmus aquosus (3.49 £ 0.11 - 4.43
+ 0.10 mmol/l) [19] but were similar to those reported in Rutilus frissi (15.9 £ 1.5 - 21.6 + 1 mmol/l) [21]. P
values were lower than those from Scorpaena porcus (15.12 + 0.26 mmol/l) [17] and Rutilus frissi (19.2 + 1 -
28.9 + 2.8 mmol/l) [21].

The levels of glucose and cortisol are considered to be specific indicators of sympathetic activation during
stress conditions [6] [21]. This study showed that there were significant differences in all of the serum values
(except P and glucose) between A. latus and E. coioides (P < 0.05). Glucose levels were lower than those re-
ported in Rutilus frissi (83.8 £ 11.3 - 209.8 + 23.2 mg/dl) [21]. In the present study, the albumin and bilirubin
levels from E. coioides were significantly higher than A. latus. Albumin, BUN, Triglyceride and CHO levels
were lower than those reported in Rutilus frissi [21] but bilirubin and protein levels were similar to Rutilus frissi
[21]. The ranges of serum biochemistry vary from species to species and can be influenced by many biotic and
abiotic factors such as water temperature, seasonal pattern, food, age and sex of the fish [23]. The increased
plasma protein concentration can be caused by structural liver alternations that reduce aminotransferase activity,
with concurrent reduction in deamination capacity [24]. Hrubec et al. [24] stated that protein level in striped
bass increased with age.

Hill [25] reported that cholesterol concentrations increase as the fish size increased. A high blood urea concen-
tration recorded in M. cephalus is likely to be a sign of stress associated with the increase in the cortisol level [26].

In this study, significant positive correlation of glucose on Ca®* (r = 0.695, P < 0.05), protein on Ca®* (r =
0.704, P < 0.05) and CHO on P (r = 0.860, P < 0.01) in A. latus and protein on BUN (r = 0.721, P < 0.05) and
Ca®" and K* (0.840, P < 0.01) in E. coioides were observed. There were significant negative correlations of CHO
on Ca®* (r = —0.641, P < 0.05) and BUN on Ca* (r = —0.695, P < 0.05) in A. latus and P on Ca®* (r = —0.735, P
< 0.05) in E. coioides. Also significant positive correlation of CHO on P was observed in Rutilus frissi [21].

5. Conclusion

In conclusion, variations between blood biochemical parameters among fish species depend on the sampling
technique, analyses methods, age, habitat and diet [16] [17].

Finally, the results showed that the levels of albumin and bilirubin in E. coioides were significantly higher
than A. latus and there were significant differences in all of the serum values (except P and glucose) between A.
latus and E. coioides. It can be concluded that the values of blood biochemical parameters may be affected by
physiological factors such as the species of fish. Also, the results of present study may also be helpful in obtain-
ing standard values of blood parameters. Furthermore, examining blood parameters may allow us understand bi-
ological and ecological characteristics of these species.

Acknowledgements

We gratefully acknowledge the members of Sadaf Medical Laboratory in Chabahar, Iran for measuring of blood
serum biochemical parameters.

References

[1] Bahmani, M., Kazemi, R. and Donskaya, P. (2001) A Comparative Study of Some Hematological Features in Young
Reared Sturgeons (Acipenser persicus and Huso huso). Fish Physiology and Biochemistry, 24, 135-140.
http://dx.doi.org/10.1023/A:1011911019155

[2] Svobodova, Z., Vykusova, B., Modra, H., Jarkovsky, J. and Smutna, M. (2006) Haematological and Biochemical Pro-
file of Harvest Size Carp during Harvest and Post-Harvest Storage. Aquaculture Research, 37, 959-965.
http://dx.doi.org/10.1111/j.1365-2109.2006.01511.x

[3] Chen, Y.E., Jin, S. and Wang, G.L. (2005) Study on Blood Physiological and Biochemical Indices of Vibrio alginilyti-
cus Disease of Lateolabrax japonicas. Journal of Oceanography Taiwan Strait, 24, 104-108.

[4] Cnaani, A, Tinman, S., Avidar, Y., Ron, M. and Hulata, G. (2004) Comparative Study of Biochemical Parameters in
Response to Stress in O.aureus, O. mossambicus and Two Strains of O. niloticus. Aquaculture Research, 35, 1434-



http://dx.doi.org/10.1023/A:1011911019155
http://dx.doi.org/10.1111/j.1365-2109.2006.01511.x

P. Akbary

(5]

(6]
[7]

(8]

[°]

[10]

[11]
[12]
[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

1440. http://dx.doi.org/10.1111/j.1365-2109.2004.01167.x

Kubokawa, K., Watanabe, T., Yoshioka, M. and Iwata, M. (1999) Effects of Acute Stress on Plasma Cortisol, Sex Ste-
roid Hormone and Glucose Levels in Male and Female Sockeye Salmon during the Breeding Season. Aquaculture, 172,
335-349. http://dx.doi.org/10.1016/S0044-8486(98)00504-3

Skjervold, P.O., Fjaera, S.O., Ostby, P.B. and Einen, O. (2001) Live-Chilling and Crowding Stress before Slaughter of
Atlantic Salmon (Salmo salar). Aquaculture, 192, 265-280. http://dx.doi.org/10.1016/S0044-8486(00)00447-6
Ranzani-Paiva, M.J.T., Rodrigues, E.L., Veiga, M.L., Eiras, A.C. and Campos, B.E.S. (2003) Differential Leukocytes
Counts in “Dourado” Salminus maxillous Valenciennes, 1840, from the Mogi-Guacu River, Pirassiununga, SP. Brazil-
ian Journal of Biology, 63, 517-525. http://dx.doi.org/10.1590/S1519-69842003000300018

Coz-Rakovac, R., Strunjak-Perovic, I., Hacmanjek, M., Topic, P.N., Lipej, Z. and Sostaric, B. (2005) Blood Chemistry
and Histological Properties of Wild and Cultured Sea Bass (Dicentrarchus labrax) in the North Adriatic Sea. Veteri-
nary Research Communication, 29, 677-687. http://dx.doi.org/10.1007/s11259-005-3684-z

Tavares-Dias, M. and Moraes, F.R. (2007) Haematological and Biochemical Reference Intervals for Farmed Channel
Catfish. Journal of Fish Biology, 71, 383-388. http://dx.doi.org/10.1111/j.1095-8649.2007.01494.x

Zhou, X., Li, M., Abbas, K. and Wang, W. (2009) Comparison of Haematology and Serum Biochemistry of Cultured
and Wild Dojo Loach Misgurnus anguillicaudatus. Fish Physiology and Biochemistry, 35, 435-441.
http://dx.doi.org/10.1007/s10695-008-9268-4

Abbassi, F., Oryan, S. and Matinfar, A. (2007) Reversal Sex Change in the Protogynous Fish Epinephelus coioides in
the Persian Gulf Water. Journal of Biology, 2, 121-127.

Hedayati, A., Safahieh, A., Savar, A. and Ghofleh Marammaz, 1.J. (2010) Detection of Mercury Chloride Acute Toxic-
ity in Yellowfin Sea Bream (Acanthopagrus latus). World Journal of Fish and Marine Sciences, 2, 86-92.

Savari, A., Hedayati, A., Safahieh, A.R. and Movahedinia, A. (2010) Changes in Some Serum Biochemical Values of
Yellowfin Sea Bream (Acanthopagrus latus) in Mahshahr Creeks (Persian Gulf). Global Veterinaria, 5, 233-238.

Ilwatsuki, Y. (2013) Review of the Acanthopagrus latus Complex (Perciformes: Sparidae) with Descriptions of Three
New Species from the Indo-West Pacific Ocean. Journal of Fish Biology, 83, 64-95.
http://dx.doi.org/10.1111/jfb.12151

Burtis, C.A. and Ashwood, E.R. (1994) Tietz Textbook of Clinical Chemistry. 2th Edition, W.B. Sunders Company,
Philadelphia.

Harikrishnan, R., Nisha Rani, M. and Balasundaram, C. (2003) Hematological and Biochemical Parameter in Common
Carp (Cyprinus carpio) Following Herbal Treatment for Aeromonas hydrophila Infection. Aquaculture, 221, 41-50.
http://dx.doi.org/10.1016/S0044-8486(03)00023-1

Celik, E.S. (2004) Blood Chemistry (Electrolytes, Lipoproteins and Enzymes) Values of Black Scorpion Fish (Scor-
panea procus Linneaus 1758) in the Dardanelles, Turkey. Journal of Biological Sciences, 4, 716-719.
http://dx.doi.org/10.3923/jbs.2004.716.719

Clarke, F. (1998) A Review of the Scientific Justifications for Maintaining Cetaceans in Captivity. A Report for the
Whale and Dolphin Conservation Society (WDCS), Frances Clark, Bath, UK.

Dawson, M.A. (1990) Blood Chemistry of the Windowpane Flounder Scophthalmus aquasus in Long Island Sound
Geographical, Seasonal and Experimental Variations. Fishery Bulletin, 88, 429-437.

Bergheim, A., Kroglund, F., Vatne, D.F. and Rosseland, B.O. (1990) Blood Plasma Parameters in Farmed Atlantic
Salmon (Salmo salar L.) Transferred to Sea Cages at Age Eight to Ten Months. Aquaculture, 84, 159-165.
http://dx.doi.org/10.1016/0044-8486(90)90345-N

Makhlough, M., Shahsavani, D. and Kazerani, H.R. (2012) Blood Serum Electrolyte and Non-Electrolyte Parameters
in Breeding Rutilus frisii Kutum Kammensky. Journal of Veterinary Reaserch, 67, 53-58.

Jawad, L., Al-Mukhtar, M.A. and Ahmed, H.K. (2004) The Relationship between Haematocrit and Some Biological
Parameters of the Indian Shad, Tenualosa ilisha (Family Clupidae). Animal Biodiversity Conservation, 27, 478-483.
Kavadias, S., Castritsi-Catharios, J. and Dessypris, A. (2004) Annual Cycles of Growth Rate, Feeding Rate, Food
Conversion, Plasma Glucose and Plasma Lipids in the Population of European Sea Bass (Dicentrarchus labrax L.)
Farmed in Floating Marine Cages. Journal of Applied Ichthyology, 19, 29-34.
http://dx.doi.org/10.1046/].1439-0426.2003.00346.x

Hrubec, T.C., Smith, S.A. and Robertson, J.J. (2001) Age-Related Changes in Hematology and Plasma Chemistry
Values of Hybrid Striped Bass (Morone chrysops x Morone saxatilis). Veterinary Clinical Pathology, 30, 8-15.
http://dx.doi.org/10.1111/].1939-165X.2001.th00249.x

Hill, S. (1982) A Literature Review of the Blood Chemistry of Rainbow Trout, Salmo gairdneri Rich. Journal of Fish
Biology, 20, 535-569. http://dx.doi.org/10.1111/j.1095-8649.1982.tb03954.x



http://dx.doi.org/10.1111/j.1365-2109.2004.01167.x
http://dx.doi.org/10.1016/S0044-8486(98)00504-3
http://dx.doi.org/10.1016/S0044-8486(00)00447-6
http://dx.doi.org/10.1590/S1519-69842003000300018
http://dx.doi.org/10.1007/s11259-005-3684-z
http://dx.doi.org/10.1111/j.1095-8649.2007.01494.x
http://dx.doi.org/10.1007/s10695-008-9268-4
http://dx.doi.org/10.1111/jfb.12151
http://dx.doi.org/10.1016/S0044-8486(03)00023-1
http://dx.doi.org/10.3923/jbs.2004.716.719
http://dx.doi.org/10.1016/0044-8486(90)90345-N
http://dx.doi.org/10.1046/j.1439-0426.2003.00346.x
http://dx.doi.org/10.1111/j.1939-165X.2001.tb00249.x
http://dx.doi.org/10.1111/j.1095-8649.1982.tb03954.x

P. Akbary

[26] Borges, A., Siqueira, D.R., Jurinitz, D.F., Zanini, R., do Amaral, F., Wasswemann, G.F., et al. (2007) Biochemical
Composition of Seminal Plasma and Annual Variations in Semen Characteristics of Jundia Rhamdia quelen (Quoy and
Gaimard, Pimelodidae). Fish Physiology and Biochemistry, 31, 45-53.
http://dx.doi.org/10.1007/s10695-005-4742-8



http://dx.doi.org/10.1007/s10695-005-4742-8

www.scirp.org

Scientific
Research

Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide
range of academic disciplines. SCIRP serves the worldwide academic communities and

contributes to the progress and application of science with its publication.

Other selected journals from SCIRP are listed as below. Submit your manuscript to us via either

submit@scirp.org or Online Submission Portal.

American Journal of | i <
Plant Sciences ( Applied Mathematics

Special Issue on Experimental Design!

Advances in

Bioseience and Biotechnology

. & scand

Agricultural Sciences Food and Nutrition Sciences

Special Issue on Research on Rice

Journal of Computer
and Communications

Journal of
Modern Physics Natsuglaeln -

Editor-in-Chief
Kuo-Chen Chou
s arg e



http://www.scirp.org/
http://www.scirp.org/
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
mailto:submit@scirp.org

	Consideration of Blood Serum Biochemical Parameters of Yellow Fin Sea Bream (Acantopagrus latus Houttuyn, 1782) and Orange-Spotted Grouper (Epinephelus coioides Hamilton, 1822)
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Experiment Design
	2.2. Blood Collection
	2.3. Biochemical Analyses
	2.4. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgements
	References

