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Abstract
Background and Objective: Hematological and biochemical data are important physiological aspects that can be used as an initial
strategy to assess, monitor and manage wildlife. Hematological and biochemical profiles are influenced byage, sex, postprandial, season,
climatic conditions, reproductive status and diurnal changes.This study aimed to measure the hematological and biochemical parameters
of Dendrocygna javanica  based on its sex. Materials and Methods: A total of 24 Dendrocygna  javanica  (12 male and 12 female) were
captured from two different locations. Blood samples were taken using superficial metatarsal plantar. Meanwhile, the time lag between
capture and blood sampling was 3 minutes to avoid physiological changes due to stress. The blood was taken as much as 1% of body
weight using a 23 gauge needle. Samples were inputted to vacutainers, EDTA tubes, for hematological examination and non-additive
vacutainer for biochemical examination. Statistical analysis of hematological and biochemical parameters between sexes was performed
using a t-test with a 95% confidence level. Results: The calculation results of erythrocytes, mean corpuscular volume (MCV), eosinophils,
heterophils, lymphocytes, monocytes and the H/L ratio showed significant differences between males and females. Aspartate
aminotransferase (AST) and glucose in males were higher than females (p<0.05). Conclusion: Hematological and biochemical parameters
in males tend to be higher than females.

Key words:  Dendrocygna  javanica, mean corpuscular volume, eosinophil, heterophils, lymphocytes, monocytes, H/L ratio, aspartate aminotransferase,
glucose

Received:  October 22, 2019 Accepted:  January 05, 2020 Published:  February 15, 2020

Citation:  Hendro Pranoto and Meida Nugrahalia, 2020. A study on sex-based hematology and biochemistry of lesser whistling  duck (Dendrocygna 
javanica).  Int. J. Poult. Sci., 19: 124-129.

Corresponding  Author: Hendro Pranoto, Department of Biology, Universitas Negeri Medan, Jalan Willem Iskandar Pasar V, Medan, Sumatera Utara,
Indonesia

Copyright:  © 2020 Hendro Pranoto and Meida Nugrahalia This is an open access article distributed under the terms of the creative commons attribution
License, which permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited. 

Competing Interest:  The authors have declared that no competing interest exists.

Data Availability:  All relevant data are within the paper and its supporting information files.

http://crossmark.crossref.org/dialog/?doi=10.3923/ijps.2020.124.129&domain=pdf&date_stamp=2020-02-15


Int. J. Poult. Sci., 19 (3): 124-129, 2020

INTRODUCTION

Data from the directorate general of livestock and animal
health at the Ministry of Agriculture indicates that meat
production in 2016 was 3.4 million tons. Poultry had made a
major contribution to the meat production at 65.26%1.
Although, there was an increase, there had been a decline in
meat production in poultry compared to 2015. To offset the
demand rate, in addition to increasing the productivity of
existing livestock, it is necessary to explore animals that were
expected to have the potential as alternatives for producing
meat2.
One of the wild ducks belonging to the Anatidae   family

in Indonesia is Dendrocygna javanica  which lives in
freshwater and bushes. Moreover, this Dendrocygna   javanica
has the potential to produce meat2. Many people have hunted
and caught this animal continuously in the North Sumatra
region to be consumed or to be treated as a pet. If this activity
is continuously carried out, then its population will gradually
decrease and even become extinct.
Some  studies  on  the  morphology  of  Dendrocygna

javanica  have  been  conducted3.  Hematological  and
biochemical data can be important physiological aspects that
can be utilized as an initial strategy for assessing, monitoring
and managing wildlife which were recognized as quite easy,
economical, fast and  practical4.  Hematological  studies were
also important clues in assessing nutrition, health conditions,
metabolism status, stress responses and phylogenetic
relationships5.
The hematological profile is influenced by physiological

(age,  sex,  postprandial,  season,  climatic   conditions,
reproductive status and diurnal changes), pathological and
treatment factors6. A study conducted by Hauptmanova et al.7

concluded that RBC count, PCV, Hb and MCHC in male
pheasant chickenswere higher than those of female pheasant
chickens. The same data were also found in aseel chickens8,
local quails9, ducks10 and Japanese quails11.

The  biochemical  reference of blood in wild animals is
very important for detecting pathological conditions and
evaluating nutritional status12. Biochemical parameters of
blood are influenced by age and sex13. Villegas et al.14 stated
that the concentration of ALP in female Geronticus  eremita
was higher than that of the males. Court et al.15 found that the
concentrations of ALP, triglycerides and calcium in female
Platalea  leucorodia  were higher than males.

However, hematological and biochemical data in
Dendrocygna  javanica  have not been known yet. Thus, this
study aimed to measure hematological parameters including
hemoglobin,  packed  cell  volume  (PCV),   total   erythrocytes,

total leukocytes, differential leukocyte counts, mean
corpuscular volume (MCV), mean corpuscular hemoglobin
count (MCHC). This study also aimed to investigate the
biochemistry of blood of Lesser whistling duck including ALP
(alkaline phosphatase), AST (aspartate  aminotransferase),
total protein, albumin, cholesterol, triglycerides, blood urea
nitrogen (BUN), uric acid, creatinine and glucose.

MATERIALS AND METHODS

The study was conducted from June to October 2019. The
Dendrocygna javanica was obtained from two different
locations, Perbaungan  District,  Serdang  Bedagai Regency
and Tanjung Pasir Village, Pangkalan Susu District, Langkat
Regency, North Sumatra Province, Indonesiausing bird control
services. The ducks were hunt at night using bird traps. The
blood samples were taken from 12 male and 12 female ducks.
The ducks were weighed before the blood sampling. Blood
was taken aseptically through superficial plantar vein
metatarsal veins with the help of a veterinarian. The time lag
between the capture and blood sampling was 3 min to avoid
physiological changes due to stress16. The blood smear was
made in conjunction with blood sampling. The volume of
blood samples taken were as much as 1% of body weight or
3 mL using a needle measuring 23 gauge and 1 inch long.
Blood samples were placed into the vacutainer containing
EDTA for hematological examination and non-additive
vacutainer for biochemical examination. After that, the
samples  were  put  into  a thermo flask that contained ice with
a temperature of 12-15EC. The examination later was
immediately carried out.
Hematological    parameters    (total   erythrocytes,

hemoglobin, PCV, MCV, MCH, MCHC, total leukocyte count
and differential leukocytes) were measured. Calculation of
total  erythrocyte,  hemoglobin,  PCV  and  total   leukocyte
was conducted according to Campbell17. Meanwhile, the
calculation  of  differential  leukocytes  was  done using
Wright-Giemsa’s   staining18.   The   slides   were   waited   till
dry  before  being  observed  using  a  microscope  with
1000× magnification. MCV, MCH and MHCH values were
determined using Campbell’s formula17.
Biochemical parameters including alkaline phosphatase

(ALP), aspartate aminotransferase (AST), total protein, albumin,
cholesterol, triglycerides, blood urea nitrogen (BUN), uric acid,
creatinine and glucose were measured. The method used to
measure biochemical parameters is presented in Table 1.
The t-test was used to compare hematological and

biochemical parameters between sexes. The data was
statistically analyzed using SPSS version 20, with 95%
confidence level.
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Table 1: Method of analysis
Parameters (Unit) Method (test kit/reagent)
ALP (U LG1) Kinetic method (IFCC)
AST (U LG1) Kinetic method (IFCC)
Total protein (g dLG1) Biuret reagent
Albumin (g dLG1) Bromocresol green
Cholesterol (mg dLG1) CHOD-PAP
Trigliserida (mg dLG1) GPO-PAP
BUN (mg dLG1) Colorimetric
Uric acid (mg dLG1) TBHBA
Creatinine (mg dLG1) Mod Jaffe
Glucose (mg dLG1) GOD-PAP

RESULTS

The hematologic value of Dendrocygna  javanica was
obtained and presented in Table 2. The results indicate that
there were no significant differences in PCV, Hb, MCHC,
leukocyte count and basophils between sexes. However, there
were significant differences in the count of erythrocytes, MCV,
MCH, eosinophil, heterophile and lymphocyte, monocyte and
H/L ratio between sexes. The results of measurements of adult
Dendrocygna  javanica  biochemical parameters are presented
in Table 3. These results indicate that there was no significant
difference in ALP, total protein, albumin, cholesterol,
triglycerides, BUN, creatinine and gout. However, there were
significant differences between AST and glucose between
sexes.

DISCUSSION

This study found that erythrocyte value in males was
higher than females. Similar results were also found for
Numida  meleagris19 and Cairina  moschata20. According to
Schmidt et al.21, the value of erythrocytes was influenced by
age, sex, hormonal, environment and disease. Tadjalli et al.10

stated that sex had a significant effect on erythrocyte, PCV,
platelets and MCHC. Furthermore, Hebert et  al.22 reported
that, in general, the male erythrocyte value was higher
compared to females. According to Khan and Zafar23, high
estrogen levels caused dicrease in the value of erythrocyte and
hemoglobin. Vander et al.24 insisted that the hormone
testosterone stimulates erythropoietin release which acts to
stimulate the proliferation and maturation of erythrocytes in
the bone marrow while estrogen inhibits erythropoietin.
Moreover, the sampling time and reproductive cycle phases
also affected all hematological parameters in both male and
female7.
PCV and hemoglobin values did not show significant

differences although there was a tendency for females to get
higher values than males. Similar  results  were  also  found for

Table 2: Haematological values of male and female Dendrocygna  javanica
Sex
-----------------------------------------------------
Male (n = 12) Female (n = 12)

Parameters Mean±SD Mean±SD
Erythrocytes (×106 µLG1) 3.00±0.69* 2.31±0.27
PCV (%) 28.00±6.14 33.66±2.60
Hb (g dLG1) 9.10±2.37 10.76±3.67
MCV (fl) 94.62±9.15* 146.24±7.74
MCH (pg) 30.68±4.32* 45.67±11.24
MCHC (pg) 32.29±1.80 31.39±8.44
Leucocytes (×103 µLG1) 81.06±8.33 79.86±22.15
Basophils (%) 3.66±0.49 3.16±1.64
Eosinophils (%) 4.83±1.26* 2.83±1.40
Heterophils (%) 30.66±2.6* 26.66±3.44
Lymphocytes (%) 63.33±3.44* 54.00±0.85
Monocytes (%) 6.33±0.49* 5.33±0.98
Heterophils/Lymphocytes (H/L) 0.56±0.05* 0.42±0.07
*p<0.05

Table 3: Biochemical values of male and female Dendrocygna  javanica
Sex
-----------------------------------------------------
Male (n = 12) Female (n = 12)

Parameters Mean±SD Mean±SD
ALP (U LG1) 141.23±10.05 145.17±14.54
AST (U LG1) 31.26±2.41* 15.33±1.02
Total protein (g dLG1) 3.51±0.68 3.74±0.48
Albumin (g dLG1) 1.43±0.14 1.40±0,08
Cholesterol (mg dLG1) 319.83±5.76 312.00±14.38
Triglycerides (mg dLG1) 67.35±5.35 69.13±6.95
BUN (mg dLG1) 26.83±1.74 25.5±3.75
Creatinine (mg dLG1) 0.15±0.01 0.14±0.24
Uric acid (mg dLG1) 11.58±156.4 12.82±2.55
Glucose (mg dLG1) 214.75±9.76* 176.25±15.01
*p<0.05

Meleagris  gallopavo21  and Anas  superciliosa25. Moreover,
MCV and MCH values in females were also higher than males.
This happened, because the calculation of MCV and MCH was
influenced by the total erythrocyte. The low erythrocyte had
an impact on increasing the MCV and MCH values. MCHC in
males was slightly higher than females. However, MCHC
values did not show significant differences between genders.
The same result was also found for Cygnus  olor26 and Gracula
religiosa27.

Leukocyte and basophile percentage between sexes also
did not show a significant difference. However, there was a
tendency for males to get a higher percentage than females.
Leukocyte variability was influenced by various factors such as
season, individual, stress, immune system condition and
sampling time28,29.

Additionally, the percentage of lymphocytes in males was
higher than females. Similar results were also found in roosters
based on a study conducted by Kadaknath and Rajasri8.
Different  types of leukocytes are influenced by age, hormones
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and stress30. Increasing the percentage of lymphocytes in
males might be caused by stress since males were more
aggressive when captured and when the blood was taken for
the sample. Lymphocytosis was characterized by an increase
in epinephrine which occurred due to physical and emotional
stress31. In most birds, lymphocytes were the second most
leukocytes after heterophils. However, it can be inferred that
both females and males had higher lymphocytes than other
leukocytes to be said as lymphocytic species.
The percentage of eosinophil, heterophils, monocytes and

H/L ratio in males was higher than females. The H/L ratio was
an indicator to measure stress levels in birds32. This difference
might be related to the stress response that occurs during the
capture, treatment and blood sampling. Similar results were
also found in chickens treated with high temperatures33.
Increased ALP enzyme activity in birds was a consequence

of increased osteoblast activity and hepatocyte damage6. In
this study, there were no significant differences in ALP
between sexes even though females tended to have higher
ALP than males. Similar results were also found in cherry valley
duck34 and swan12. However, Gee et al.35 obtained different
results based on several studies on Anatidae.
Increased AST levels might occur due to impaired liver or

muscle function. This study obtained the results that AST
levels in males were higher than females. The same data were
also found in turkeys36 and Vanaraja37. An increase in AST
might occur due to excessive muscle movement during the
process of capturing, handling and blood sampling26.
The total protein is an important parameter for evaluating

nutritional status in birds. It is also useful for detecting
infectious diseases38. In this study, total protein in males
tended to be lower than females. The increase in total protein
was influenced by the estrogen39. However, there were no
significant differences between sexes. Similar results were also
found in local ducks40 and Khaki Campbell ducks41. In general,
total protein in ducks was influenced by genotype, age and
nutrition42-44. Albumin levels also did not show significant
differences but were still within the normal range of 40-50%45.

Balasch et al.46 reported that  BUN concentrations in males
were quite high compared to those found in other birds
ranging from 7-14.9 mg dLG1. This might be due to the lack of
availability of natural food. The highest BUN value ever
reported was in buzzard birds which reached 50 mg dLG1 due
to the absence of food supply and changes in eating
habits46,47.
According to Lumeij48, the creatinine value in

Dendrocygna  javanica  was slightly lower than the reference
value for birds, in general, which was 0.30-1.90 mg dLG1.
Previous studies16,26,49 showed that uric acid levels between
males and females were still  within  the  normal  range  in 
most Anatidae, which ranged from 5-12 mg dLG1. Lumeij48

reported that cholesterol levels in males and females were
higher  than the reference  value  for  non-migratory  Anatidae 
which   was 104-244 mg dLG1. However, cholesterol value of
Dendrocygna javanica was lower compared to Anas clypeata
and Anas crecca16. Moreover, triglyceride levels did not show
a significant difference between males and females. Similar
results were also found in cherry valley duck34.

Male blood glucose levels were higher than females. The
same results were also found in Anasplatyrhynchos50.
Increased glucose levels were influenced by several factors
such as postprandial conditions, increased metabolic activity
and stress51,52. Stress might be triggered during the capture,
handling, or blood sampling. According to Lumeij53, the
normal reference value of avian blood glucose ranged from
11-25 m mol LG1, equivalent to  198-450  mg  dLG1. Thus,  
glucose   levels   in   males (214, 75 mg dLG1) were still within
the limits of normal reference values which were lower in
females (176, 25). Elarabany16 stated that glucose levels of
male and female Dendrocygna  javanica were quite  low
because  glucose  levels  in  Anatidae  ranged  from  232-369
mg dLG1. This might be due to a lack of food availability.
Furthermore, Calabuig et al.12 found that glucose levels were
related to the quantitative and qualitative composition of the
food.

CONCLUSION

Hematologic parameters such as erythrocyte, MCV,
eosinophil, heterophils, lymphocytes, monocytes and H/L ratio
showed differences between males and females. Biochemical
parameters such as AST and glucose in males were higher
than females (p<0.05). Hematological and biochemical
parameters in males tended to be higher than females.

SIGNIFICANCE STATEMENT

This study found differences in several hematological and
biochemical parameters between male and female
Dendocygna  javanica. This study was intended to be helpful
for future researchers to determine physiological reference
values that can be used to detect pathological conditions and
nutritional status of Dendrocygna  javanica. Compared to the
same  species or with other species, Dendrocygna  javanica
can be used for conservation purposes in the future.

ACKNOWLEDGMENT

We would like to send our gratitude to Universitas Negeri
Medan for funding this research (contract number:
292D/UN33.8/PL/2019).

127



Int. J. Poult. Sci., 19 (3): 124-129, 2020

REFERENCES

1. Kementan, 2017. Statistik Peternakan dan Kesehatan Hewan
2017. [Livestock and Animal Health Statistics 2017]. Direktorat
Jenderal Peternakan dan Kesehatan Hewan, Kementerian
Pertanian, Indonesia.

2. Suryana and M. Yasin, 2014. Konservasi Burung Belibis di
Lahan Rawa. In: Biodiversiti Rawa: Eksplorasi, Penelitian dan
Pelestariannya, Mukhlis et al. (Eds.). IAARD Press, Jakarta,
Indonesia, pp: 251-264.

3. Siwi, N., T.H. Wahyuni and Hamdan, 2014. Identifikasi
morfologi dan morfometri organpencernaanserta sifat
kualitatif warna bulu belibis kembang (Dendrocygna arcuata)
dan belibis batu (Dendrocygna javanica). J. Peternakan
Integratif, 2: 193-208.

4. Behera, Y., S. Nayak and P.K. Mohanty, 2017. Age and
seasonwise haematological profile of little egret (Egretta
garzetta)   of   chilika   wetland,   India.   Asian  J.  Anim.  Sci.,
11: 158-164.

5. Owen, J.C., 2011. Collecting, processing and storing avian
blood: a review. J. Field Ornith., 82: 339-354.

6. Sabater, M. and N. Forbes, 2015. Avian haematology and
biochemistry 2. Biochemistry. Practice, 37: 139-142.

7. Hauptmanova, K., M. Maly and I. Literak, 2006. Changes of
haematological parameters in common pheasant throughout
the year. Vet. Med., 51: 29-34.

8. Bora,  S.,  S.  Gurram,   R.   Sagi,  R.  Tungani,  S.  Kandula  and
R. Bobbili, 2017. Effect of sex on hemato biochemical
parameters of indigenous chicken breeds in Telangana state.
Int. J. Livest. Res., 7: 231-237.

9. Mohammad, H.K, 2016. Influence of season, sex and age on
haematological characteristics, body weight and rectal
temperature in black local quail. Bas. J. Vet. Res., 15: 340-348.

10. Tadjalli, M., S.N. Habibabadi and M.S. Saedi, 1996.
Hematological    values   of   healthy   native   Iranian   ducks.
J. Applied Anim. Res., 10: 207-210.

11. Uchendu,  C.N.,  I.R.  Obidike,  I.S.  Ochiogu,  L.O.  Aka   and
C.O. Anyaoha, 2010. Sex variations in the haematological
profile of Japanese quails (Coturnix  coturnix) reared in a hot
humid climate. Niger. J. Exp. Applied Biol., 11: 219 -226.

12. Calabuig, C.P., M. Ferrer, R. Muriel and V. Tilgar, 2010. Plasma
alkaline phosphatase as a sensitive indicator of age and
skeletal development in wild coscoroba  swans.  Wildl. Res.,
37: 504-511.

13. Cornish, H.H. and S.D. Murphy, 1971. Problems posed by
observations of serum enzyme changes in toxicology. J. CRC
Crit. Rev. Toxicol., 1: 1-32.

14. Villegas, A., J.M.S.  Guzman,  C.  Corbacho, P. Corbacho and
J.M. Vargas, 2004. Blood values of Bald Ibis (Geronticus
eremita) in captivity: Comparative ranges and variability with
age, sex and physical condition. J. Ornithol., 145: 98-104.

15. De Le Court, C., E. Aguilera and F. Recio, 1995. Plasma
chemistry values of free-living white spoonbills (Platalea
leucorodia).  Comp.  Biochem.   Physiol.   Part   A:   Physiol.,
112: 137-141.

16. Elarabany,  N.,  2018.  A  comparative  study  of  some
haematological and biochemical parameters between two
species from the Anatidae family  within  migration  season.
J. Basic Applied Zool., Vol. 79. 10.1186/s41936-018-0044-4

17. Campbel, T.W., 1994. Hematology. In: Avian Medicine:
Principles  and  Application,  Ritchie, BW., G.J. Harrison and
L.R. Harrison, (Eds.)., Wingers Publishing,  Inc, Florida, USA.,
pp: 176-191.

18. Tavares-Dias, M. and F.R. Moraes, 2007. Haematological and
biochemical reference  intervals  for  farmed channel catfish.
J. Fish Biol., 71: 383-388.

19. Ali,  Z.S.,  F.Y.   Obese,  A.   Naazie,   I.I.   Abdul-Rahman  and
R.A. Ayizanga, 2019. Effect of age and sex on haematological
profiles in indigenous helmeted guinea fowl (Numida
Meleagris) in the guinea savannah zone of Ghana. J. Anim.
Husbandry Dairy Sci., 3: 14-19.

20. Okeudo, N.J., I.C. Okoli and G.O.F. Igwe, 2003. Hematological
characteristics of ducks (Cairina  moschata) of southeastern
Nigeria. Tropicultura, 21: 61-65.

21. Schmidt,   E.M.S.,   A.C.   Paulillo,   R.L.   Dittrich,   E.   Santin,
P.C.L. da Silva, O. Beltrame and E.G. de Oliveira, 2007. The
effect of age on hematological and serum biochemical values
on juvenile ring-necked  pheasants  (Phasianus  colchicus).
Int. J. Poult. Sci., 6: 459-461.

22. Herbert,  R.,  J.  Nanney,  J.S.  Spano,   W.M.   Pedersoli   and
L.M. Krista, 1989. Erythrocyte distribution in ducks. Am. J. Vet.
Res., 50: 958-960.

23. Khan, T.A. and F. Zafar, 2005. Haematological study in
response  to  varying  doses  of estrogen in broiler chicken.
Int. J. Poult. Sci., 4: 748-751.

24. Vander, A.J., J.H. Sherman and D.S. Luciano, 1990. Human
Physiology: The Mechanisms of Body Function. 4th Edn.,
McGraw-Hill Publishing Company, New York, USA.

25. Mulley, R.C., 1979. Haematology and blood chemistry of the
black duck (Anas superciliosa). J. Wildl. Dis., 15: 437-441.

26. Dolka, B., R. Wlodarczyk, A. Zbikowski, I. Dolka, P. Szeleszczuk
and W. Klucinski, 2014. Hematological parameters in relation
to  age,  sex  and  biochemical  values  for mute swans
(Cygnus olor). Vet. Res. Commun., 38: 93-100.

27. Archawaranon, M., 2005. Hematological investigations of
captive hill Mynah Gracula Religiosa in Thailand. Int. J. Poult.
Sci., 4: 679-682.

28. Maxwell, M.H. and G.W. Robertson, 1995. The avian basophilic
leukocyte: A review. World's Poult. Sci. J., 51: 307-325.

29. Fudge, A.M., 2000. Avian Complete Blood Count, in
Laboratory Medicine: Avian and Exotic Pets. 1st Edn.,
Saunders, UK., pp: 9-18.

128



Int. J. Poult. Sci., 19 (3): 124-129, 2020

30. Maxwell, M.H., 1993. Avian blood leucocyte responses to
stress. World's Poult. Sci. J., 49: 34-43.

31. Jain, N.C., 1993. Essential of Veterinary Hematology. Lea and
Febiger, Philadelphia, pp: 266-277.

32. Campbell, T.W. and C.K. Ellis, 2007. Hematology of Birds. In:
Avian and Exotics Animal Hematology and Cytology, 3rd Edn.,
Campbell, T.W. and C. K. Ellis (Eds.)., Blackwell Publishing,
USA., pp: 3-50.

33. Shanmugam, M., T.K. Bhattacharya, M.R. Reddy, R.S.V. Rama
and U. Rajkumar, 2017. Sexual difference in chicken blood
parameters during high ambient temperature. Indian J. Poult.
Sci., 52: 225-227.

34. Jerabek, M., P. Suchy, E. Strakova, L. Kudelkova and V. Simek
et al., 2018. Selected blood biochemical indicators of Cherry
Valley ducks undergoing fattening in relation to their diet and
sex. Vet. Med., 63: 420-432.

35. Gee, G.F., J.W. Carpenter and G.L. Hensler, 1981. Species
differences in hematological values of captive cranes, geese,
raptors and quail. J. Wildl. Manage., 45: 463-483.

36. Gattani, A., A. Pathak, A. Kumar, V. Mishra and J.S. Bhatia,
2016. Influence of season and sex on hemato-biochemical
traits in  adult  Turkeys  under  arid  tropical  environment.
Vet. World, 9: 530-534.

37. Panigrahy,  K.K.,  K.  Behera,  L.M.  Mohapatra,  A.P.   Acharya,
K. Sethy, S. Panda and S.K. Gupta, 2017. Sex-related
differences in hemato-biochemical indices of adult Vanaraja
chickens during summer and  winter  seasons.  Vet.  World,
10: 176-180.

38. Harr, K.E., 2002. Clinical chemistry of companion avian
species: A review. Vet. Clin. Pathol., 31: 140-151.

39. Hochleithner, M., 1994. Biochemistries. In: Avian Medicine:
Principles and  Application,  Ritchie, B.W., G.J. Harrison and
L.R. Harrison (Eds.). Wingers Publishing, Florida, pp: 223-245.

40. Oladele, S.B., S. Ogundipc, J.O. Ayo and K.A.N. Esievo, 2001.
Effects of season and sex on packed cell volume,
haemoglobin and total proteins of indigenous pigeons in
Zaria, Northern Nigeria. Veterinarski Arhiv, 71: 277-286.

41. Joshi, S.K., S.K. Sahoo, L.K. Babu, S.C. Giri and D. Mondal, 2015.
Effects of feeding different levels of proteins on the
performance in Khaki Campbell ducks during starter stage.
Indian J. Anim. Res., 49: 70-76.

42. Rath, R., B. Panigrahi , S.K. Mishra, C.R. Pradhan, A. Maity and
H. Tewari, 2017. Comparative serum biochemical profile for
different breeds of ducks versus white leghorn chickens in
peak laying period. Indian J. Anim. Res., 53: 327-331.

43. Sinha,   S.,   M.  Sarma,  R.  Nath  and  K.B.  Devchoudhury,
2017. Changes in serum biochemical constituents of Pati
ducks (Anas    platyrhynchos    domesticus).   Pharm   Innovat.,
6: 223-225.

44. Chen, X., R. Murdoch, Q. Zhang, D.J. Shafer and T.J. Applegate,
2016. Effects of dietary protein concentration on performance
and nutrient digestibility in Pekin ducks during aflatoxicosis.
Poult. Sci., 95: 834-841.

45. Campbell, T., 2012. Clinical Chemistry of Birds. In: Veterinary
Hematology and Clinical Chemistry,  Thrall,  M.A.,  G. Weiser,
R. Allison and T. Campbell (Ed.). 2nd Edn., John Wiley and
Sons, Ames, Iowa, ISBN: 9781118378403, pp: 582-597.

46. Balasch,    J.,   S.   Musquera,   L.   Palacios,   M.   Jimenez   and
J. Palomeque, 1976. Comparative hematology of some
falconiforms. Condor, 78: 258-273.

47. Garcia-Rodriguez, T., M. Ferrer, M.F. Recio and J. Castroviejo,
1987. Circadian rhythms of determined blood chemistry
values in buzzards and eagle owls. Comp. Biochem. Physiol.
Part A: Physiol., 88: 663-669.

48. Lumeij, J.T., 1997. Avian Clinical Biochemistry. In: Clinical
Biochemistry of Domestic Animals,Kaneko, J.J., J.W. Harvey
and M.L.  Bruss  (Eds.).   Academic   Press,   San   Diego,   CA.,
pp: 857-883.

49. Dombrowski, P., J.C. Bourgeois, R. Couture and C. Linard,
2003. Estimation of carcass fat and protein in northern
pintails  (Anas  acuta)  during spring migration. J. Wildl. Dis.,
39: 620-626.

50. Fairbrother, A., M.A. Craig, K. Walker and D. O'Loughlin, 1990.
Changes in mallard (Anas  platyrhynchos)  serum chemistry
due to  age,  sex  and  reproductive  condition. J. Wildl. Dis.,
26: 67-77.

51. Lumeij, J.T., 1987. A contribution to clinical investigative
methods for birds, with special reference to the racing
pigeon, Columba livia domestica. Ph.D Thesis, University of
Utrecht, Utrecht.

52. Viswanathan, M., T.M. John, J.C. George and R.J. Etches, 1987.
Flight effects on plasma glucose, lactate, catecholamines and
corticosterone  in  homing  pigeons. Hormone Metab. Res.,
19: 400 -402.

53. Lumeij, J.T. and L.M. Overduin, 1990. Plasma chemistry
references    values     in     psittaciformes.     Avian     Pathol.,
19: 235-244.

129


	IJPS.pdf
	Page 1




