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Abstract

Nedeva, I., Slavov, T., Varlyakov, I., Radev, V., & Panayotov, D. (2019). Haematological and blood biochemical 
parameters in Lacaune dairy sheep. Bulgarian Journal of Agricultural Science, 25(Supp 1), 91–95

The effect of productivity (high and low) and season (winter vs summer) on venous blood morphology and biochemical pa-
rameters was investigated in dairy Lacaune sheep. Thirty-two animals were included in the experiment, divided into 2 groups. 
It was found out that during the winter, white blood cell counts, red blood cell counts, thrombocytes, haemoglobin content, 
haematocrit and mean corpuscular haemoglobin increased both in high-productive and low-productive sheep (p < 0.05 – p < 
0.001). Blood liver enzymes (ASAT, gamma glutamyl transferase, alkaline phosphatase) exhibited elevation during the winter 
(p < 0.05 – p < 0.01). No seasonal infl uence has been observed with respect to the other assayed haematological (MCH, MCV, 
MCHC, RDW, MPV, PDW, PCT) and blood biochemical (glucose, creatinine, total cholesterol, triglycerides, Са, Р, total pro-
tein, albumins, globulins) parameters. 
Keywords: Breed Lacaune; blood sample; morphology; biochemistry; indicators

Introduction

In 1989 Bulgaria has moved from a centrally planned to 
a market-oriented economy, accompanied with a decrease in 
sheep population from 10 to 1.3 million which posed a risk 
for disappearance of some breeds (Тyankov et al., 2000). 
Sabkov et al. (2017) affi rmed that the country possesses all 
the prerequisites for the development of intensive milk sheep 
breeding due to the location, climatic conditions, the rich 
forage base and last but not least, the traditions and experi-
ence in sheep farming.

Sheep milk production occupies a signifi cant part of 
agriculture in many countries. The largest global sheep 
milk producer is China with 12.2%. The leading produc-
er of sheep milk in Europe is Greece (8.7%) followed by 
Romania (7.2%) and Italy (6.1%, Barlowska et al., 2011). 
Because of its high nutritional value due to signifi cant con-
centrations of proteins, fats, vitamins and minerals as com-

pared to milk from other domestic animals, sheep milk is 
a delicacy product in many countries, including the USA 
(Park et al., 2007; Milani & Wendorff, 2011). Sheep milk 
is usually used for production of fi ne cheeses, yogurt and 
whey cheese. Lacaune is among the most high-yielding 
dairy sheep breeds, specially selected to meet the needs 
from sheep milk of dairy industry in Roquefort region, 
where the world-famous blue cheese is produced. Accord-
ing to Berger (2004), the Lacaune breed is crossed with 
other breeds to improve the milk fat quality. The production 
of high-quality sheep milk as a natural source of anticar-
cinogenic substances is depending on the sward composi-
tion, ecological features of the region and breed’s features. 
Milk fat provides essential fatty acids to the body. Sheep 
milk is a primary source of conjugated linoleic acid (CLA) 
whose amount varies depending on the breed, season and 
feeding regimen (Angelov et al., 2012; Odzhakova et al., 
2012). 



92 Ivelina Nedeva, Todor Slavov, Ivan Varlyakov, Veselin Radev, Dimitar Panayotov

The analysis of blood parameters is an important method 
for evaluation of nutritional and health status of livestock. 
According to Hristev (2007) up to 70-80% of animal pro-
ductivity could he attribute to feeding, season and rearing 
conditions? A more detailed study could outline the effect of 
various feeding systems (Yurtman et al., 1997). The effect 
of different biological and technological factors on systemic 
immune status was studied, but the role of genetic factors 
(including the breed) and some others as age, productivity 
were less investigated. 

The aim of the study was to investigate the effect of pro-
ductivity (high and low) and season (winter vs summer) on 
venous blood haematological and biochemical parameters in 
lactating dairy Lacaune sheep.

Materials and Methods

The study was carried out in the elite farm for Lacaune 
sheep in the Saedinenie region, Plovdiv district. At present, 
2600 ewes are housed in the farm, which produce milk all 
year round. The sheep are reared in stalls under controlled 
microclimatic conditions. The sheep farm has a modern Par-
allel 2х36 milking parlour with rapid exit, equipped with 
software for herd management DeLaval DelPro. Thirty 
two dairy sheep were analyzed during two different sea-
sons – winter and summer. They were divided into 2 groups 
according to their milk yield on the basis of data from the 
herd management software for the previous lactation. Low-
productive sheep were those with minimum yield  <  1.5 L, 
and high-productive: with minimum yield >2.2 L. During 
the summer, sheep were fed a ratio with alfalfa haylage 2 kg, 
alfalfa hay 0.8 kg, meadow hay 0.5 kg, alfalfa pellets 0.6 kg, 
barley 0.4 kg, sugar beet pellets 0.225 kg. The total amount 
of daily ratio for a sheep was 5.44 kg, providing 2.93 milk 
feeding units and dietary crude protein level of 16%. The 
winter diet comprised alfalfa hay 0.6 kg, meadow hay 0.5 
kg, barley straw 0.6 kg and barley 0.5 kg. The total amount 
of daily ration for a sheep was 2.2 kg, providing 1.43 milk 
feeding units and dietary crude protein level of 10%. The 
feeding at the farm was performed with total mix ration and 
feed dispenser and mixer.

Blood samples were collected from v. jugularis externa 
from a licensed veterinarian. Samples were transported in 
a cooled bag to the certifi ed lab of the National Centre for 
Professional Training and Competence America for Bulgaria 
to the Trakia University – Stara Zagora. Blood was assayed 
on automated haematological analyser BC-2800VET and 
automated biochemical analyser BS-120. Assayed CBC pa-
rameters were: white and red blood cell counts, haemoglo-
bin, haematocrit, thrombocytes etc. Blood serum parameters 

were blood glucose, creatinine, urea, ASAT, ALAT, GGT, 
alkaline phosphatase etc. 

Results and Discussion

Table 1 presents the results from blood morphology in 
dairy Lacaune sheep. Leukocyte counts (WBC) in high-pro-
ductive animals increased statistically signifi cant (р < 0.01) 
up to 15.6 х109/L during the winter. The same was observed 
in low-productive sheep during the same season – statistical-
ly signifi cant increase up to 19.53 х109/L (р < 0.001). Leuko-
cytes play an important role in systemic protection and repair 
in animals. Blood leukocyte counts depend on the genotype, 
breed, age, physiological condition etc. The higher WBC 
counts in both groups of sheep in the winter are attributed to 
the enhanced metabolism, the maintenance of constant body 
temperature and physiological condition. 

Blood parameters change in animals exposed to heat 
stress. Gomes de Silva (1992) established reduced WBC 
counts in animals under heat stress. Others reported higher 
WBC counts in animals in conditions of high ambient tem-
peratures (Wojtas, 2014). Other studies of ours with Lacaune 
sheep breed (Slavov et al., 2018) demonstrated increased 
total leukocyte counts due to the production of more milk 
during the second lactation. WBC in animals changes under 
the infl uence of the central nervous system as induced by 
unconditional and conditional refectory changes. Data for 
the breed-, season- and milk yield-related changes of sheep 
blood leukocytes are few or lacking (Boychev, 2012). Leu-
kocytosis, resp. leukopaenia could be due to infl ammations, 
enhanced metabolic rate during the pregnancy, under the in-
fl uence of toxic substances, stress, infectious diseases, star-
vation etc. (Fishman & Hofman, 2004; Harris, 2006). The 
analysis showed that erythrocytes in high-yielding sheep 
were 9.01 х1012/L in the summer, and in the winter increased 
insignifi cantly to 9.22 х1012/L. In low-yielding sheep, sum-
mer RBC counts were 8.5 х1012/L, and in the winter, they 
increased statistically signifi cantly (р < 0.01) tо 9.87 х1012/L 
(Table 1). Lower erythrocyte counts in Lacaune sheep during 
the summer could result from the lower nutrition level and 
the reduced appetite consequently to the hot season. Previ-
ous studies have evidenced that lower feed intake is due to 
increased ambient temperatures in summer (Silankove et al., 
1980; More et al., 1981, Abdelatif et al., 2009). 

Lower RBC counts in sheep could be partly due to hae-
modilution. Haemoglobin content in low-productive sheep 
was considerably higher in the winter vs summer values, 
while in high-productive sheep, it did not change a lot with 
the season (Таble 1). Haematocrit was directly dependent 
on increased RBC and haemoglobin in low-productive 
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sheep during the winter and increased to 32.49 % (р < 0.05). 
Blood haemoglobin content is directly associated with red 
blood cells. Lower haemoglobin during the summer is due 
to lower feed intake during the hot season (Abdelatif et al., 
2009). Blood thrombocyte counts in high-yielding Lacaune 
sheep increased to 251.81 х109/L in the summer (р < 0.05), 
while they were reduced in the winter. In low-productive 
sheep, thrombocytes increased to 269.53 х109/L (р < 0.05) 
in the summer vs winter counts (217.2 х109/L). Slavov et al. 
(2018) found out the thrombocyte counts in Lacaune sheep 
increased during the second lactation due to enhanced milk 
production.

 Blood biochemical parameters in high- and low-produc-
tive sheep are presented in Table 2. In the former, summer 
blood glucose was 2.86 mmol/L, which increased statisti-
cally insignifi cantly to 2.97 mmol/L in the winter. Similar 
results were observed in low-productive sheep, in which 
summer glucose was 2.83 mmol/L vs winter value of 3.12 
mmol/L. When an animal is exposed to different stress-
ors, blood cortisol concentrations increase consequently to 
stimulation of hypothalamo-pituitary-adrenal axis. Increase 
cortisol could lead to higher blood glucose levels. Apart that, 
the enhanced sympathetic adrenal activity triggered by phys-
iological and psychic stress, could also lead to hyperglycae-
mia via enhanced liver glycogen degradation (Аdenkola & 

Ayo, 2010; Ali et al., 2006). Despite the increase, the pa-
rameter was within the reference range. Other studies on 
blood parameters in Lacaune sheep (Slavov et al. 2018) re-
ported increased blood glucose during the fi rst lactation as 
compared to the second one, due to increased milk yields 
and release of lactose in milk. Antunović (2002) reported a 
seasonal infl uence on lowered blood sugar. Blood creatinine 
in both groups varied between 61 and 64.24 μmol/L in both 
seasons (Таble 2). During the summer blood urea in high-
yielding sheep was 11.52 mmol/L, and in winter it decreased 
(р < 0.001) tо 7.34 mmol/L. Comparable tendency was noted 
for low-productive sheep – increase in the summer to 10.93 
mmol/L and reduction in the winter to 6.78 mmol/L (р < 
0.001). Blood bilirubin increased in high-productive sheep 
to summer values of 37.08 μmol/L (р < 0.05) as compared to 
winter: 26.55 μmol/L. There was a minor decrease in blood 
bilirubin in low-productive sheep to 30.96 μmol/L in the 
winter season (Таble 2). 

Nitrogen compounds urea and creatinine are among the 
end products of protein metabolism. Blood creatinine in ani-
mals indicated the function of kidneys and high concentra-
tions are marker of impaired renal function. In this study sea-
son was found to have no infl uence on creatinine. Varlyakov 
et al. (2015) reported slight increase in blood creatinine in 
yearling rams after supplementation of their diet with Opti-

Table 1. Blood morphological parameters in high-productive and low-productive Lacaune sheep during the summer 
and winter
Parameter High-productive (n = 17) Low-productive (n = 15) Signifi cance 

High/LowSummer Winter Summer Winter
х ±Sx х ±Sx х ±Sx х ±Sx

WBC 109/l 9.48 0.79 15.6 1.37 7.84 0.48 19.53 0.76 **/***
RBC 1012/l 9.01 0.48 9.22 0.34 8.5 0.22 9.87 0.32 NS/**
HGB (g/l) 99.41 2.89 108.94 4.07 85.73 2.09 114.33 4.07 NS/***
HCT (%) 30.35 1.61 32.39 1.14 28.47 0.65 32.49 1.38 NS/*
PLT (109/l) 251.81 11.61 207.88 12.51 269.53 20.05 217.2 16.48 */*

Statistically signifi cant differences between summer and winter in in high-productive and low-productive sheep: *- (р < 0.05); **- (р < 0.01); ***- (р < 
0.001); NS – not signifi cant

Table 2. Blood biochemical parameters in high-productive and low-productive Lacaune sheep during the summer and 
winter
Parameter High-productive (n = 17) Low-productive (n = 15) Signifi cance 

High/LowSummer Winter Summer Winter
х ±Sx х ±Sx х ±Sx х ±Sx

GLU mmol/l 2.86 0.07 2.97 0.1 2.83 0.13 3.12 0.15 NS/NS
CREA μmol\l 64 2.06 64.24 1.59 61 2.31 62.13 1.88 NS/NS
UREA mmol/l 11.52 0.44 7.34 0.28 10.93 0.41 6.78 0.29 ***/***
Tbili μmol\l 37.08 4.26 26.55 2.11 35.94 3.63 30.96 3.69 */NS

Statistically signifi cant differences between summer and winter in in high-productive and low-productive sheep: *- (р < 0.05); **- (р < 0.01); ***- (р < 
0.001); NS – not signifi cant
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gen both before and after feeding. Slavov et al. (2014) found 
out higher blood urea levels in yearling rams whose diet was 
supplemented with Zarnela. The addition of Optigen to the 
diet of yearling rams resulted in statistically signifi cant in-
crease of blood urea 2.5 hours after feeding (Varlyakov et 
al., 2015). Having tested various rations, Sivkova (2007) 
demonstrated the highest blood urea concentrations in diets 
with sunfl ower meal both before and 2.5 h after feeding. Os-
borne et al. (2002) reported reduced blood urea after dietary 
supplementation with sugars, while others did not (Sannes 
et al., 2002; Ordway et al., 2002). Mc Cormik et al. (2001) 
observed increase in blood glucose after supplementation of 
the ratio with sugars. 

Summer blood ASAT activity in high-producing sheep 
was 39.35 U/l and increased statistically signifi cantly (р < 
0.001) tо 102.65 U/l. In low-productive animals, summer 
ASAT was 55.47 U/l and then increased to 106.07 U/l (р < 
0.01; Таble 3). Alkaline phosphatase in blood of high-yield-
ing Lacaune sheep was 98.94 U/l in the summer and as sub-
stantially elevated in the winter (171.53 U/l; р < 0.01). The 
summer AP activity in low-yielding sheep was 102.93 U/l 
and increased to 178.67 U/l (р < 0.05) GGT activity in the 
summer was 28.67 U/l in low-productive animals while in the 
winter – 57.87 U/l (р < 0.05). In high-producing sheep, blood 
GGT was 46.18 U/l in the summer and increased slightly to 
51.59 U/l (Тable 3). The numerous cellular enzymes have a 
clinical relevance as well. In the liver, L-aspartate oxogluta-
rate aminotransferase (ASAT), L-alanine 2-aminotransferase 
(АLAT), gamma-glutamyltransferase (GGT) and alkaline 
phosphatase (АP) exhibit high activity and most frequently 
are assayed to confi rm acute or chronic liver diseases (Steen, 
2001). In a previous study of ours in Lacaune sheep reared 
on pastures, a similar increase in blood liver enzymes was 
noted (Slavov et al., 2018). 

The performed haematological analyses in Lacaune 
sheep reared in stables all year round, we confi rmed a sea-
sonal infl uence on blood parameters in high- and low-yield-
ing animals. Statistically signifi cant increase in leukocytes, 
erythrocytes, haemoglobin and haematocrit occurred in both 

groups in the winter, while in thrombocytes – in the sum-
mer. From blood biochemical indices, statistically signifi cant 
increase was established in blood urea and bilirubin in both 
groups during the summer and higher activities of liver en-
zymes (ASAT, ALAT, GGT, AP) during the winter. All other 
studied parameters (MCV, MCHC, RDW, MPV, PDW, PCT, 
glucose, creatinine, total cholesterol, triglycerides, Са, Р, to-
tal protein, albumin, globulins) did not change substantially. 
Our results are in line with those reported in sheep (Gupta et 
al. 2008).

Conclusions

The present study allowed concluding that:
� During the winter, white blood cell counts increased 

both in high-productive (р < 0.01) and low-productive sheep 
(p < 0.001), possibly due to enhanced metabolism
� The winter season was also accompanied with in-

creased red blood cell counts (р < 0.01), haemoglobin con-
tent (р < 0.001), haematocrit (р < 0.05) and mean corpuscu-
lar haemoglobin (р < 0.001) in low-productive sheep. 
� Winter activities of ASAT and alkaline phosphatase 

in the blood of high-yielding Lacaune sheep were elevated 
(р < 0.01-р < 0.001).
� In low-productive sheep, gamma-glutamyltrans-

ferase and ASAT in blood were increased in the winter 
(р < 0.05-р < 0.01). 
� The thrombocyte counts in both groups of sheep 

was higher during the summer as compared to the winter 
(р < 0.05). 
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