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ABSTRACT 

Studies on the effects of fasting (48 h of food deprivation) were performed on lambs of different 
productive types. The animals were divided into four groups: I group – Stara Zagora breed (SZ) 
(n=14), II group – “Ile de France” (ILF) (n=14), III group – Trakia Merino breed (TM) (n=14), and 
IV group – Trakia Merino crosses with ¼ blood of Australian Merino (TM х 50 % AM) (n=14). The 
changes of specific blood cell parameters were observed (red blood cell counts, total and differential 
white blood cell counts, blood sugar, total protein, albumin and globulin). It was determined that 48 
hours of fasting caused changes in the observed indicators, by increase in erythrocyte counts, white 
blood cell counts, basophils, eosinophils, metamyelocytes, blood sugar, total protein and albumin, 
while also causing a decrease in the values of band leucocytes and monocytes. These changes were 
most evident in the animals of the Trakia Merino breed, and the least affected being lambs of the 
Stara Zagora breed. 
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INTRODUCTION 

The natural resistance and adaptive 
capabilities of animals, in the circumstances 
of the advanced technologies in sheep 
breeding, fall under the constant influence of 
various factors, some of which are stress-
inducing (1 – 7)∗  The most common among 
them are the regimens of feeding and 
husbandry, the environmental and climatic 
conditions, the number of production groups, 
the nutrition front, the microclimate, 
transportation, regrouping, the therapeutic and 
immunopreventive activities, etc. Strong and 
prolonged stress (4, 5, 8) causes higher energy 
expenditure and results in reduced adaptation 
mechanisms, increase in the sensitivity 
towards conditional pathogens, decreased 
quality of production, which leads to 
economical losses (4-6, 9). The introduction 
of new technological lines and complex 
mechanization in stockbreeding is 
accompanied by the impact of factors, various 
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in strength and type. Such factors are the 
concentration of a large number of animals in 
a limited space, the lack of movement and 
pasture breeding, the inclusion of growth 
promoters in the food together with other 
preparations, protecting the animals against 
infectious or parasitic agents, etc. These 
factors can lead to disruptions in the animals’ 
metabolism and alterations in the homeostasis. 
The action of these factors and the adaptation 
capabilities determine the growth, 
development, productivity, and health status 
of the animals (4, 6, 10 - 12). 

Under the influence of stressors, the 
body reacts by activating neurohormonal 
regulatory mechanisms, through which it 
maintains the homeostasis, the objective 
assessment of which are the blood indicators 
(3 - 5, 7, 9, 13, 14). 

One of the most significant external 
factors is feeding, and its characteristics – 
type and quality, ratio of the various nutrients, 
diet balancing with regard to protein, 
carbohydrates, fats, macro- and trace 
elements, etc. Through all these elements, 
feeding exercises a considerable influence 
over the physiological condition and the 
homeostasis of the animal body (4, 5, 15 - 20). 
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Research on the changes in the blood 
laboratory indicators under the conditions of 
feeding stress has been done on sheep (3 - 6), 
goats (16), cattle (7), rabbits (21), suncus (18) 
and rats (17 , 19, 20, 22 - 25). Most of the 
reported data about the observed changes 
under starvation conditions are controversial, 
since the factors of interest are significantly 
influenced from the duration of the starvation, 
the different types of digestion in mono- and 
polygastric animals, breed- and age-related 
peculiarities as well as various other factors.  

The aim of the current study was to 
determine the changes in some of the blood 
laboratory parameters in lambs of various 
breeds (Stara Zagora, Ile de France, Trakia 
Merino, and Trakia Merino crosses with ¼ 
blood of Australian Merino), with the purpose 
of establishing of the influence of feeding 
stress in animals from with different 
productive types (dairy, meat, and merino 
sheep). 
 
MATERIALS AND METHODS 

The studies were performed in the premises of 
the Agricultural Institute in Stara Zagora. The 
animals were divided into four groups: I 
group – Stara Zagora breed (SZ) (n=14), II 
group – Ile de France (IlF) (n=14), III group – 
Trakia Merino breed (TM) (n=14), and IV 
group –Trakia Merino crosses with ¼ blood of 
Australian Merino (TM х 50 % AM) (n=14). 
All members of the groups were healthy, and 
were of uniform weight (35 kg) and gender. 
Before the experiment, they were freely fed 
with a starting mixture, containing 6.874 MJ 
net energy and 113.95 g digestible protein (in 
1 kg), and alfalfa hay, containing 2.958 MJ 
net energy and 115 g digestible protein (in 1 
kg). The experiment was performed in the 
month of June. For 48 hours, the animals were 
deprived of food, with ad libitum access to 
drinkable water. 

Prior to fasting and on the 48th hour 
after that, blood samples were collected from 
v. jugularis for the determination of the 
following laboratory parameters – red blood 
cell counts (RBC; T/L), white blood cell 
counts (WBC; G/L) and differential white cell 
counts (DWC; %) on an automated analyzer 
(Cell dyn 4500, USA), blood glucose (Glu; 
mmol/l), total protein (TP; g/l), albumin (Alb; 
g/l) and globulin (Glob; g/l) concentrations on 
an automated biochemical analyser (Olympus 
AU 600, Japan). 

All results were statistically processed 
using the ANOVA test (Statistica software). 
The significance of differences was evaluated 
vs the control group for each time interval. 

The results were determined as significant at 
the level, p<0.05. 

 
RESULTS 

The analysis of the results showed that fasting 
stress caused significant changes in the levels 
of the observed indicators in lambs. Together 
with that, variations between the blood cell 
indicators of the different breeds were also 
observed. 

In the lambs of groups I, II, and III, 
increases in the red blood cell counts were 
observed on the 48th hour of the starvation 
(Figure 1). The greatest differences were 
found in the animals of the Ile de France 
breed (II group) – 9.74±0.39 T/l, in 
comparison with the initial values – 7.79±0.27 
T/l (p<0.01). In crossbred lambs (TMх50 % 
AM), no significant changes were detected. 
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Figure 1. Changes in the red blood cell counts in 
lambs, subjected to 48 hours of fasting. 
 
Under the effect of fasting, the white blood 
cell counts (Figure 2) increased for groups I 
and IV. The values were 8.63±0.16 G/l and 
8.75±0.43 G/l, respectively, in comparison 
with the respective initial levels – 7.83±0.23 
G/l (p<0.01) and 6.85±0.49 G/l (p<0.01). 
Significant changes in the parameters of this 
parameter were not found in the other two 
breeds (ILF and TM). 

In the merino type groups (TM and 
ТТх50 % АМ) we observed an increase in 
basophils counts (Figure 3) – 1.52±0.34 % 
and 1.75±0.48 % respectively in comparison 
with the initial levels of 0.75±0.23 % (p<0.01) 
and 0.86±0.14 % (p<0.01). For the lambs of 
groups II and III, the variances were 
insignificant, compared to initial values. 

Significant changes under the influence 
of fasting stress were observed in the counts 
of eosinophils (Figure 4). The studied 
parameter was higher for all groups on the 
48th hour of starvation: 2.16±0.44 % for group 
I, 3.67±0.56 % for group II, 3.83±0.54 % for 
group III, and 2.87±0.58 % for group IV, in 
comparison with the respective initial levels – 
1.78±0.15 % (p<0.05), 1.21±0.21 % (p<0.01), 
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1.13±0.13 % (p<0.01) and 1.42±0.20 % 
(p<0.01). 
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Figure 2. Changes in the white blood cell counts 
in lambs, subjected to 48 hours of fasting 
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Figure 3. Changes in the basophils counts in 
lambs, subjected to 48 hours of fasting 
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Figure 4. Changes in the eosinophils counts in 
lambs, subjected to 48 hours of fasting 
 
An analogical increase was observed in the 
counts of metamyelocytes as well (Figure 5) 
in fasted lambs of groups II, III and IV – 
2.52±0.34 %, 1.83±0.30 % and 2.54±0.65 %, 
in comparison with the respective initial levels 
– 1.51±0.20 % (p<0.01), 1.75±0.16 % 
(p<0.01) and 1.75±0.25 % (p<0.05). No 
significant changes in the values of this 
parameter were observed for the first group.  

The opposite tendency was observed 
for bands leukocyte counts (Figure 6). In the 
animals of second, third, and fourth group, a 
decrease was observed on the 48th hour of 

food shortage. The values were 1.83±0.48 %, 
2.25±0.48 % and 2.25±0.46 %, respectively vs 
the respective initial values – 3.29±0.42 % 
(p<0.01), 3.63±0.42 % (p<0.01) and 
3.29±0.42 % (p<0.01). Again, no significant 
changes were detected in the first group. 
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Figure 5. Changes in the counts of 
metamyelocytes in lambs, subjected to 48 hours of 
fasting 
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Figure 6. Changes in the bands leukocyte counts 
in lambs, subjected to 48 hours of fasting 
 
In the lambs of the Trakia Merino breed, and 
its crosses with Australian Merino, we 
observed a decrease in the counts of 
monocytes under the conditions of feeding 
stress (Figure 7) – 2.53±0.56 % and 
3.25±0.47 %, respectively in comparison with 
the respective figures before the starvation – 
4.25±0.67 % (p<0.01) and 4.42±0.75 % 
(p<0.05). No significant changes were 
detected in the lambs of the first and second 
groups. 

The results about segmented leukocytes 
and lymphocytes counts did not show any 
significant changes after the 48 hours of food 
deprivation. 

The glycaemic level (Figure 8) was 
raised on the 48th hour of hunger in all groups 
of lambs – 3.13±0.10 mmol/l for group I, 
2.97±0.10 mmol/l for group II, 3.05±0.10 
mmol/l for group III, and 3.12±0.17 mmol/l 
for group IV, compared to the respective 
initial values – 2.56±0.05 mmol/l (p<0.01), 
2.73±0.10 mmol/l (p<0.01), 2.75±0.08 mmol/l 
(p<0.01) and 2.69±0.07 mmol/l (p<0.01). 
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Figure 7. Changes in the counts of monocytes in 
lambs, subjected to 48 hours of fasting 
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Figure 8. Changes in the counts of blood glucose 
in lambs, subjected to 48 hours of fasting 
 
A similar tendency was found in the total 
protein (Figure 9) and albumin concentrations 
(Figure 10). In the lambs of group II, both 
indicators were raised on the 48th hour of 
fasting – 69.93±1.65 g/l and 43.52±1.41 g/l, 
respectively as opposed to the respective 
initial values – 63.29±2.05 g/l (p<0.01) and 
39.71±1.92 g/l (P<0.01). Identical changes in 
these parameters were detected in the animals 
of group III – 70.42±2.42 g/l and 41.77±1.31 
g/l, respectively vs the respective values 
before the experiment – 58.13±2.36 g/l 
(p<0.01) and 39.13±1.27 g/l (p<0.05). No 
significant changes in the levels of blood total 
protein and albumin were detected in the 
lambs of groups I and IV. 

Globulin levels in all groups had not 
changed after 48 hours of starvation. 
 
DISCUSSION 

The results obtained showed significant 
changes in the blood laboratory indicators in 
lambs of various breeds, subjected to feeding 
stress. Also, information on the differences 
between breeds, in regard to the extent of 
observed changes within haematological and 
blood biochemical parameters were obtained. 
The analysis of the changes in the erythrocyte 
counts showed an increase of this indicator in 
the blood of lambs after 48 hours of 
starvation. This was most probably related to 
the proved dehydration, caused by the 

lowered intake of water during the fasting 
period, correlating to the reduced amounts of 
excreted urine (2, 4, 5, 9, 13, 19, 27). On the 
other hand, in polygastric animals, in periods 
of food deprivation, increases in the 
concentration of ammonia in rumen occurs, 
which results in impaired osmotic balance and 
blood vessels’ permeability (6, 10, 16). Thus, 
blood and tissue fluids are transferred into the 
rumen, which is an additional reason for the 
occurrence of dehydration in animals 
subjected to feeding stress (1, 4 - 6, 16). 
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Figure 9. Changes in the counts of total protein in 
lambs, subjected to 48 hours of fasting 
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Figure 10. Changes in the counts of albumin in 
lambs, subjected to 48 hours of fasting 
 
The changes in the white blood cell picture 
exhibited increases in total leukocytes counts, 
eosinophils, and metamyelocytes, as well as 
decreases in the counts of basophils and 
monocytes. The interpretation of the changes 
in basophil leukocytes is not yet provided 
(13). Our results supported the suggestion of 
Kaneko (13), that fasting causes decrease in 
the percentage of basophils. It could be 
assumed that the established leukocytosis with 
neutrophilia is a result of an inflammatory 
reaction, caused by the direct action of 
ammonia on the rumen wall (1, 16). Newer 
theories point out that the observed changes 
(leukocytosis, neutrophilia, eosinophilia, and 
monocytopenia) are typical for the so-called 
“stress leukogramme”, which is due to the 
increased endogenous production of cortisol 
from the adrenal glands, following the action 
of stress factors, one of which is fasting (4, 5, 
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16 - 20). The established monocytopenia 
could correlate with the decreased adaptation 
and defence mechanisms, leading to higher 
sensitivity to pathogen influences (2, 9). 

According to Ziegler (8), Sandner et al. 
(16), Peng and Coon (21), Yamazoe et al. 
(22), and Son et al. (25), stress-inducing 
factors cause an increase in the production of 
catecholamines in blood, as a result of adrenal 
gland hyperfunction and a simultaneous 
inhibition of the production of insulin in the 
pancreas. These data correlate with the 
established hyperglycaemia from our studies 
on the changes in the levels of blood sugar in 
lambs subjected to feeding stress. Some 
authors observed an opposite relationship of 
blood glucose lowering, that was explained by 
the fast depletion of glycogen in the liver (18). 
For rats, Popov et al. (24) did not find any 
changes in glucose levels after starvation. 
According to many researchers (8, 17, 21, 22, 
25, 26), the process of glycogenolysis is only 
observed in the first 24 hours of fasting. 
Afterwards, the delivery of glucose is 
provided through the processes of 
gluconeogenesis from amino acid precursors 
and lipolysis from glycerol, as well as from 
lactate through the Cori cycle. Lactate is 
quickly transformed into pyruvate, and 
included in the gluconeogenesis together with 
the amino acids, which, after deamination, are 
included at various levels as carbohydrate 
residues. According to us, the detected 
hyperglycaemia is an objective criterion, 
which allows us to claim that for lambs, the 
48-hour starvation serves as a stress factor. 
Our position correlates with the mechanism of 
inducing hyperglycaemia, namely the increase 
in the levels of catecholamines and glucagon 
in the first 48–72 hours of hunger (8, 21, 23), 
resulting in enhanced glycogenenolysis and 
lipolysis (8, 16, 17, 25, 26). This process is an 
additional cause for the observed 
haematological changes because the increased 
production of catecholamines (epinephrine 
and dopamine) results in peripheral 
vasoconstriction and redistribution in blood, 
expressed with presence of erythrocytosis, 
leukocytosis, and neutrophilia (22). 

The results from the changes in the 
levels of total protein, albumins, and 
globulins, showed the presence of 
hyperproteinaemia, which correlates with the 
increased levels of albumin in the blood. Most 
authors (19, 25) report the opposite tendency 
of hypoproteinaemia in starving animals. It 
could be assumed that the increase in the total 
protein is a result of an inflammatory process, 
correlating with the fact that 

hyperproteinaemia appears together with 
hyperalbuminaemia, while globulins do not 
change. On the other hand, the presence of 
dehydration leads to a relative increase of 
total protein and protein fractions (27). 

The performed studies on the effect of a 
48-hour fasting period for lambs from 
different productive types, showed several 
differences between breeds in the blood 
laboratory changes. In the animals of the Stara 
Zagora breed, the changes were the least 
exhibited, or the least number of indicators 
had changed. From that could be assumed that 
lambs of this breed are the most resistant to 
starvation. The opposite tendency was 
observed in the animals of the Trakia Merino 
breed. With them, the highest number of 
tested indicators changed, and the extent of 
changes was the greatest. From that it could 
be assumed that merino type lambs were the 
most sensitive to starvation stress. The 
changes of blood laboratory parameters after 
48 hours of starvation, for IlF and TMх50 % 
AM took a middle position, compared to the 
data obtained from TM and SZ, with regard to 
the extent of detected changes. We assume 
that the heterosis effect in TMх50 % AM did 
not have any significant influence on the 
resistance of lambs to feeding stress. 
 
CONCLUSIONS 
1. The changes in blood laboratory 

parameters in lambs subjected to 48 hours 
of starvation are exhibited through 
increases in the counts of erythrocytes, 
leukocytes, basophils, eosinophils, 
metamyelocytes, blood sugar, total 
protein, and albumin, and decreases in the 
counts of band leukocytes and monocytes. 

2. Merino-type animals (TM) were the most 
sensitive to fasting stress, while dairy 
lambs (SZ) were the most resistant. 
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