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ABSTRACT

Background: Research of hematologic and biochemical parameters in pigs is of great importance considering the fact
that pigs are used as a model in research of different health disorders in humans. There are many different breeds of pigs
that have different health, productive and biologic characteristics that need to be studied. Hematologic and biochemical
values can vary dependent on presence of inflammation and infection. The aim of this study was to determine the influ-
ence of breed, age and their interactions on hematologic and biochemical parameters on blood of mangalitsa, mangalitsa
x durock and Large White pig.

Materials, Methods & Results: Experiment included 10 litters of mangalitsa, white variety, mated with mangalitsa boar,
10 mangalitsa litters, and white variety inseminated with durock boar and litters of great Large White inseminated with
great Yorkshire boar. Six groups, each include 10 animals were formed and their blood was sampled (3 breeds and 2 age
categories). Age groups were formed according to moment of blood sampling. First sample was taken in moment of 30 +
5 kg of body weight. Second sample was taken when body weight was 100 kg for hematological analysis. Samples were
taken with BD Vacutainer®. Complete classic blood analysis and leucocytes formulas were done by hematology analyzer
ADVIA 120 Hematology Siemens, Germany. Biochemical analysis was done by biochemical analyzer A15 BioSystem
with their standard colorimetric reagents. Concentration of total protein, albumin, urea, creatinin, cholesterol, total biliru-
bin, AST and ALT were determined. Globulin concentration was calculated. Results have showed that hematologic and
biochemical parameters are influenced by breed, age and their interaction as: total leukocyte number (age, breed x age),
neutrophils number (age, breed), number of monocytes and platelets (age, breed x age), eosinophils number and percentage
(age), percentage of neutrophils, percentage of lymphocytes and cholesterol (breed). All of three factors (breed, age breed
x age) have affected number of lymphocytes basophils number, % of monocytes, % of basophils, erythrocyte number,
hemoglobin concentration, hematocrit, MCV, MCH, MCHC, RDW, protein, albumin, creatinin and ALT. Globulin value
varied in function of interaction breed x age. RBC, Hgb, Hct, MCV, MCH, MCHC, total protein albumin, creatinin, and
ALT variance can be explained by influence of breed, age and their interaction (n2 = 35-75%).

Discussion: Based on results of this study breed and age have significant influence on numerous blood parameters. Besides
the differences in mean values of parameters it is proved presence of statistically significant difference in frequencies
distributions in function of age and breed. Different age and breed categories have different frequencies distributions of
many determined parameters. There is positive correlation between RBC, Hgb, Hct and albumin in all three breed (R2 =
67-84%). Negative correlation was found between WBC and RBC, Hgb, Hct that was statistically significant in mangalitsa
breed (R2 = 58-69%) but not in other two breeds. In mangalitsa significant positive correlation was found between globulin
and leukocyte number. Given values have showed that during interpretation of lab results breed, age and interactions of
hematologic and biochemical parameters need to be considered. Mean values and frequencies distribution differences lead
to redefinition of referent range in function of breed and age that requires further research.
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INTRODUCTION

Mangalitsa is typically fat breed of pig. One
half has 65-70% of fat and 30-35% of meat [11].
Mangalitsa is late pig because they become sexually
mature at age 3 to 6 months but they are allowed to
mate at the age of 13-15 months. There are many
different breeds of pigs that have different health,
productive and biologic characteristics that need to
be studied. For example effectiveness of iron prepa-
rations in anemia prevention and treatment can be
studied by determination of hematologic parameters
[28]. Hematologic and biochemical values can vary
dependent on presence of inflammation and infection
[5,20,24,26,27,30]. Change of blood parameters is
consequence of negative factors influence like heath
stress and transport [3,18]. Biochemical parameters
in blood indicate metabolic status of pigs and they
change under the influence of nutrition and breed
[1]. It is very interesting that presence of metabolic
adaptations in pigs fed with food that induce fat ac-
cumulation in pigs that show great fat growth [2,6,23]
because they are used as a model for research in
humane obesity. Newer research [16] has showed
statistical importance of farm, breed and age influence
on hematologic parameters in pigs.

The aim of this study is to determine influence
of breed (mangalitsa-greasy breed, mangalitsa x durock
and Large White as a meat breed) and aged (growth and
fattening) on hematologic and biochemical parameters
values, just like shape of frequencies distribution of
parameters and correlations of dynamic changes of
parameters values during research.

MATERIALS AND METHODS

Farm, nutrition and care

Research was conducted on a commercial pig
farm in Serbia which produces high-selection noble
breed of pigs and their hybrids, just as production of
native breed of pig- mangalitsa. Farm has 400 fertile
saws of landras breed and great Large White, 10 boars
of landras, great Large White and durock breed, 140
saws and 20 boars mangalitsa breed. Experiment
included 10 litters of mangalitsa, white variety,
mated with mangalitsa boar, 10 mangalitsa litters,
and white variety inseminated with durock boar and
litters of great Large White inseminated with great
Large White boar.

Formation of experimental groups was con-
ducted by placing the animals into group boxes, mark-
ing them with ear marks, castration of male piglets (5
+ 2 days after dusting) and commercial fattening of
pigs. When pigs reached 150 kg they were slaughtered.

Groups

Six groups, each include 10 animals were
formed and their blood was sampled (3 breeds and 2
age categories). Age groups were formed according to
moment of blood sampling. First sample was taken in
moment of 30 + 5 kg of body weight. Second sample
was taken when body weight was 100 kg.

Sampling and laboratory analysis

Two samples from each animal were taken.
One whole blood sample was taken in yellow test tube
that contains separation gel which during centrifuga-
tion separates blood cells and serum. This sample was
used for biochemical analysis. Second blood sample
was taken in purple tube that contains EDTA and it
was used for hematologic analyze. Samples were taken
with BD Vacutainer®'.

Complete classic blood analysis and leucocytes
formulas were done by hematology analyzer ADVIA
120 Hematology Siemens?.

Biochemical analysis was done by biochemi-
cal analyzer A15 BioSystem® with their standard
colorimetric reagents. Concentration of total protein,
albumin, urea, creatinine, cholesterol, total bilirubin,
AST and ALT were determined. Globulin concentra-
tion was calculated.

Statistics analysis

Influence of breed, age and breed x age was
determined by multivariate general linear model. As
independent factors were used breed and age. De-
pendent factors were hematologic and biochemical
parameters. Post-hock LSD test was conducted in or-
der to determine differences between different breeds
and different age categories in the same breed. Effect
of age, breed and their interactions and influence on
variance of hematologic and biochemical parameters
can be explained by noted factors and it is deter-
mined by partial eta-square value (n?). Factor effect
is significant if n? > 0.3 (30%). Influence of age and
breed on shape of frequencies distribution of hemato-
logic and biochemical parameters was determined by
Colmogorov-Smirnow test of similarities of frequen-
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cies distribution. For chosen parameter visualization
of cumulative frequencies distribution with vertical
lines that connect two distributions and represent K-S
test value was done. Mutual relation of good health
parameters (WBC, RBC, Hgb, Hct, Albumin, Globulin)
were determined in all three breeds of pigs by deter-
mination of parameters of Pearsons linear correlation
and regression with determination of coefficient of
determination (R?).

RESULTS

GLM analysis

Results of research have showed that on hema-
tologic and biochemical parameters are influenced by
breed, age and their interaction, just like: total leuco-
cytes number (age, breed x age); neutrophil number

(breed, age); monocyte and platelets number (age, age
x breed); eosinophil number and % (age), neutrophil %,
lymphocyte and cholesterol % (breed); all three factors
(breed, age, age x breed) affected lymphocyte and ba-
sophil number, monocytes %, basophil %, erythrocyte
number, hemoglobin concentration, hematocrit, MCV,
MCH, MCHC, RDW, protein, albumin, creatinin and
ALT. none of factors had influence on MVP, bilirubin
and AST (non-showed results). Globulin value varied
in function of interaction breed x age. White cells
count, platelets, cholesterol, bilirubin and AST varia-
tion can be explained by influence of breed age and
their interaction. Their interaction was 1> < 0.3. RBC,
Hgb, Het, MCV, MCH, MCHC, total protein, albumin,
creatinine and ALT variation can be explained by influ-
ence of age, breed and their interaction (> = 0.35-0.76;
35-75%). Results are shown in Table 1 and Figure 1.
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Figure 1. Age, breed and their interaction effects on values of hematology and biochemical parameters in swine blood.

Post-hock analysis

Results of post-hock analysis were determined
by comparison of original values in Table 1 and sig-
nificance of their differences in Table 2.

A) Breed influence in younger categories (30 kg)
- Statistically significant difference (P < 0.05) was showed
in hemoglobin concentration between groups WM (96.6
g/L) and DWM (108.4 g/L) in favor of DWM. That dif-
ference is highly significant (P < 0.001) between DWM
and LW groups in favor of DWM. Hemoglobin 93.20
g/L concentration and hematocrit value in WM and LW
groups were on lower referent border. Hematocrit value
is statistically much higher in DWM (34.41%) compared
to LW (29.53%). In other groups there was no significant
difference. MCV and MCH values are statistically sig-
nificant and higher (P < 0.01; P < 0.001) in WM (50.73
fL; 16.30 pg) and DWM (52.86 fL; 16.6 pg) compared
to LW (45.67 fl; 14.44 pg). Between DWM and WM no

statistically significant differences were noted. MCHC
was significantly higher (P < 0.05) in WM (321.7 g/L))
compared to DWM (314.6 g/L)) and LW (315.9 g/L).
No significant statistical difference was noted between
DWM and LW. RDW value was significantly higher (P <
0.05) in WM (21.87%) compared to DWM (19.08%). No
significant differences were noted between other groups.
Total leucocytes count showed no statistical significance
in any of the group but there are differences between some
leucocytes species. In WM group was noted statistically
higher (P < 0.05) number of neutrophil granulocytes
(12.99 x 10° /L) compared to DWM (8.49 x 10° /L).
Other groups have not showed statistical differences.
Statistically significant difference (P < 0.01; P <0.001)
in basophil number was noted between WM (0.33 x 10°
/L) and DWM (0.43 x 10° /L) compared to LW (0.18 x
10° /L). That difference is the same in given groups for
monocytes number (P < 0.05). The greatest percentage of
neutrophil granulocytes was determined in WM (45.63%)



0. Stevanéevi¢, M. Cincovi¢, R. Sevié, etal. 2019. Age-associated and Breed-associated Variations in Haematological and Biochemical
Variablesin Mangalitsa, MangalitsaxDurock and Large White Pig.

ActaScientiae Veterinariae.47:1679.

Table 1. Hematology and metabolic parameters in White Mangalica (WM), Duroc x White Mangalica (DWM), and Large White (LW) in younger (30
kg) and older categories (100 kg) pigs.

Body weight 30 kg

Body weight 100 kg

Influence

Influence

Parameter £ breed § BreedxAge
WM DWM LW WM DWM LW ol bree obage
WBC (10L)  28.63+840  25.18+4.86  2676+653  1746+325  22.65+250  23.85+3.35 NS P<0.001  P<005
NEU (10°L) 12.99 + 5.28 8.49 +1.28 1174 +4.88  8.42+3.28 6.03 + 1.31 1022+3.12  P<00l P<0.01 NS
LYMPH
1oL) 12.65 +3.53 1369471 1295161  776=1.60  1431x242 1121307  P<001 P<005  P<0.05
MONO
10L) 1.51+0.69 1.60 + 0.55 094050  0.39+0.15 0.60+0.18 0.80+0.38 NS P<0001  P<001
EOS (10°/L) 1.05 = 0.45 0.79+0.17 0.83+0.38 0.88 +0.30 129+0.34 134+ 1.06 NS P<0.05 NS
BASO (10L)  0.33+0.12 0.43+0.19 0.18+0.04  0.14%0.05 0.24 +0.07 0.25+0.07 P<001  P<000l P<0.00l
NEU (%) 4563+875  34.63+7.090  4257+691  4654=11.8  27.16+639  429x11.6  P<0.001 NS NS
LYMPH (%)  44.96+825  5338+7.53  50.02+7.18 4493+10.6 63.10£6.13  47.0+109  P<0.001 NS NS
MONO (%) 498+1.16 6.26 = 1.51 3.49 £ 1.40 231+ 1.00 273092 328+ 1.43 P<005 P<000l P<0.00l
EOS (%) 375 +1.35 3.26 = 1.00 3.01 +0.99 5.00+2.15 555+ 1.01 5.35+3.61 NS P <0.001 NS
BASO (%) 1.18 £0.29 172081 0.66+0.13 0.80 +0.21 1.02+0.32 099021  P<000l P<005  P<00l
RBC (10%/L)  5.95+0.83 6.55+0.74 6.46 + 0.46 8.43 +0.65 8.09 +0.30 6.87 +0.50 P<001  P<000l P<0.00l
HGB(g/L) 96.6 = 11.17 1084882  9320=7.13  157.6+88 1382+2.82 1125103  P<0.001 P<0.00l P<0.001
HTC (%) 3104472 3441+298  2953+224  4609+2.82  40.83+0.60  3519+3.18  P<000l P<000l  P<0.00l
MCV (El) 5073+£4.12  52.86+2.08  45.67+344 5484213  5057+1.53  5138+271  P<000l P<00l  P<0.00l
MCH (pg) 16.30 + 1.33 1662+0.67  1444=1.18  1877+087 17142070 1643100 P<0.00l P<000l  P<00l
MCHC (g/L) 21.7+73 314.6£6.8 3159+32  3420+452  3388=498 3195998  P<0.00l P<000l P<0.001
RDW (%) 21.87 £2.76 1908+1.70  20.02+1.83  1843+055  1843+x047  18.10+1.06 P<005 P<000l  P<0.05
PLT (10°L) 544 =255 446 = 156 374 = 151 268 =75 305 = 67 334297 NS P<0001  P<0.05
T.protein
L) 59.64+4.12  60.33+677  4328+421  7325+423  66.09+583  61.10£395  P<000l P<000l  P<00l
Albumin
@) 2424+336  2560+3.62  1925+296  43.10+3.63  3507+193  2672+439  P<000l P<000l P <0.00l
Globulin
L) 3510560 3443815 2373401  29.85+3.62  3072+5.02  35.08+3.76 NS NS P <0.001
Urea 471126 3.84+0.54 2.07 £0.79 3.46+0.78 495+ 1.08 419+084  P<000l P<00l  P<0.00l
(mmol/L)
(CJ;“SE‘S 5769 84.50 13 7531+9.89  12149+10  112.93+9.8 11171924  P<005 P<000l P<0.001
Cholesterol 249 026 249 +0.17 2.69 +0.30 2.61+0.35 242 +031 2.89 +0.52 P<0.01 NS NS
(mmol/L)
T.Bilirubin
7.56 +5.41 6.51 = 4.60 496+ 1.10 9.67 +7.06 733347 544+ 1.01 NS NS NS
(umol/L)
ALT (IU/L) 52.99 + 10.6 45103 1256 5* 555+104  7097+951 51701008 P<0.001 P<000l  P<0.001

WBC: white blood cell; NEU: neutrophils; LYMPH: lymphocytes; MONO: monocytes; EOS: eosinophils; BASO: basophils; RBC: red blood cell;
HGB: hemoglobin; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean cell hemoglobin concentration; RDW: red
cell distribution width; PLT: platelet; ALT: alanine aminotransferase; NS: non significant.

and it is statistically greater (P < 0.01) compared to DWM
(34.63%). In LW (42.57%) is statistically greater (P <
0.05) compared to DWM. Statistically higher (P <0.001)
percentage of basophil was determined in DWM (%) and
WM (1.18%) compared to LW (0.66%). Lymphocytes
showed statistical differences (P < 0.05) between DWM
(53.38%) and WM (44.96%). Percentage of monocytes
was statistically different in all of three given groups. The

greatest difference (P <0.001) was noted between DWM
(6.26%) and LW (3.49%) while between WM (4.98%)
and DWM and LW was less notable (P < 0.05). The
greatest concentration of proteins, albumin and globulin
was noted in DWM and WM. In these two groups and
LW significant difference (P < 0.001) was noted. Higher
urea concentration was noted in WM (4.71 mmol/L)
and DWM (3.84 mmol/L). The statistical difference (P
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< 0.001) was noted between these two groups and LW
(2.07 mmol/L). Highest creatinin concentration was
determined in DWM (84.50 umol/L), then in LW (75.31
umol/L). These two groups did not show statistical dif-
ference, but difference (P < 0.001) was noted between

them and WM (57.00 umol/L). There was no notable
difference in concentration of cholesterol, total bilirubin
and AST. IN LW extremely high concentration of ALT
was noted (146.112 IU/L) in blood and it is over referent
range in literature.

Table 2. Post-hock LSD test - influence of breed and age on hematological and biochemical parameters White Mangalica (WM), Duroc x White Man-
galica (DWM), and Large White (LW) in younger (30 kg) and older categories (100 kg) pigs.

30 Influence of the group

100 Influence of the group

Influence of age in group

WM-

DWM-

Parameter WM- DWM WM-LW DWM- LW DWM WM-LW W WM DWM LW
Leukocytes (10°/L) NS NS NS P<0.01 P <0.001 NS P<0.01 NS NS
Neutrophiles (10°/L) P <0.05 NS NS P<0.05 NS P<0.01 P <0.05 P <0.001 NS
Lymphocytes (10°/L) NS NS NS P <0.001 P<0.01 P<0.05 P <0.001 NS NS
Monocytes (10°/L) NS P <0.05 P <0.05 P<0.01 P <0.01 NS P <0.001 P <0.001 NS
Eosinophils (10°/L) NS NS NS P<0.05 NS NS NS P <0.001 NS
Basophile (10°/L) NS P<0.01 P < 0.001 P<0.01 P <0.001 NS P <0.001 P<0.01 P <0.05
Neutrophils ( %) P<0.01 NS P <0.05 P <0.001 NS P<0.01 NS P<0.05 NS
Lymphocytes ( %) P <0.05 NS NS P <0.001 NS P <0.001 NS P<0.01 NS
Monocytes ( %) P <0.05 P <0.05 P <0.001 NS NS NS P <0.001 P <0.001 NS
Eosinophils ( %) NS NS NS NS NS NS NS P <0.001 NS
Basophils ( %) NS P <0.001 P <0.001 NS NS NS P<0.01 P<0.05 P <0.001
Erythrocytes (10'%/L) NS NS NS NS P <0.001 P <0.001 P <0.001 P <0.001 NS
Hemoglobin (g/L) P <0.05 NS P <0.001 P <0.001 P <0.001 P <0.001 P <0.001 P <0.001 P <0.001
Hematocrit (%) NS NS P <0.001 P <0.001 P <0.001 P <0.001 P <0.001 P <0.001 P <0.001
MCV (fl) NS P<0.01 P <0.001 P <0.001 P<0.01 NS P <0.05 P<0.05 P <0.001
MCH (pg) NS P<0.01 P <0.001 P <0.001 P <0.001 NS P <0.001 NS P <0.001
MCHC (g/L) P <0.05 P <0.05 NS NS P <0.001 P <0.001 P <0.001 P <0.001 NS
RDW (%) P <0.05 NS NS NS NS NS P<0.01 NS P <0.05
Thrombocytes (10°/L) NS NS NS NS NS NS P<0.01 P<0.05 NS
Protein ( g/L) NS P <0.001 P <0.001 P <0.01 P <0.001 P<0.05 P <0.001 NS P <0.001
Albumin ( g/L) NS P<0.01 P <0.001 P <0.001 P <0.001 P <0.001 P <0.001 P <0.001 P <0.001
Globulin ( g/L) NS P <0.001 P<0.01 NS P<0.01 P <0.05 P <0.05 NS P <0.001
Urea (mmol/L) NS P <0.001 P <0.001 P<0.01 NS NS P <0.05 P<0.01 P <0.001
Creatinin (umol/L) P <0.001 P <0.001 NS NS P<0.05 NS P <0.001 P <0.001 P <0.001
Cholesterol (mmol/L) NS NS NS NS NS P<0.05 NS NS NS
ALT (IU/L) NS P <0.001 P <0.001 P<0.01 NS P <0.001 NS NS P <0.05

MCYV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean cell hemoglobin concentration; RDW: red cell distribution width;

ALT: alanine aminotransferase; NS: non significant.

B) Influence of breed in older categories (100
kg) - total amount of erythrocytes was statistically
higher in WM and DWM compared to LW (8.43 x
1012/L; 8.09 x 1012/L; 6.87 x1012/L; P < 0.001).
Significant statistical differences (P < 0.001) were
determined between all of three groups when it
comes to hemoglobin concentration and hemato-
crit. Both values were highest in WM (157.60 g/L;
49.09%), then DWM (138.20 g/L; 40.83%) and the
leastin LW (112.50 g/L; 35.19%). Highest values of

MCYV and MCH (P < 0.01) were determined in WM
(54.84 ; 18.77 pg) compared to other two groups.
MCHC value was significantly higher (P <0.001) in
WM (342.00 g/L) and DWM (338.80 g/L) compared
to LW (319.5 g/L). Complete leucocytes count was
significantly higher (P < 0.01; P < 0.001) in LW
(23.85x 10°/L) and DWM (22.65 x 10° /L) compared
to WM (17.46 x 10° /L). Statistically significant dif-
ference was determined in neutrophil granulocyte
count in LW and DWM (10.22 x 10° /L; 6.03 x 10°
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/L). Lymphocytes were showed inverse situation and
the highest level was determined in DWM (14.31
x 10°/L) but differences were significant in all of
three groups. Statistically significant difference (P
< 0.05) for eosinophils granulocytes was noted be-
tween WM (0.88 x 10°/L) and DWM (1.29 x 10°/L.).
Highest concentration of monocytes and basophil
granulocytes was determined in LW (0.80 x 10°/L;
0.25 x 10°/L), then in DWM (0.60 x 10°/L; 0.24 x
10°/L). There was no statistical difference between
these two groups, but there is between them and WM
(0.39 x 10%/L; 0.14 x 10%/L). Percentage of single
leucocytes species showed statistical significance
(P < 0.001) between WM (46.54%; 44.93%) and
LW (42.96%; 47.00%) compared to DWM (27.16%;
63.10%) in neutrophil and lymphocyte count. DWM
have showed the lowest count of neutrophil granu-
locytes below referent range but lymphocytes were
above referent range.

Highest protein concentration was deter-
mined in WM (73.25 g/L) and lowest in LW (61.10
g/L). Differences between all of three experimental
are significant. They were the most significant be-
tween WM and DWM (P < 0.01), just like between
WM and LW (P < 0.001). Differences in albumin
concentration were significant between all three
groups (P < 0.001) and the highest concentration
was noted in WM (43.10 g/L) and the lowest in LW
(26.72 g/L). Highest globulin concentration was
determined in LW (35.08 g/L) and the lowest in WM
(29.85 g/L). The difference between WM and LW
was very significant (P < 0.01), between DWM and
LW was significant (P < 0.05) and between WM and
DWM significance was not noted. Urea concentra-
tions showed statistically significant difference (P <
0.01) between WM (3.46 mmol/L) and DWM (4.95
mmol/L). Other groups were not showed significant
difference. Between WM (121.49 umol/L) and LW
(111.71 pmol/L) showed statistical difference (P <
0.05) in creatinine concentration. This relation was
not noted between other groups. Highest cholesterol
concentration was determined in LW (2.89 mmol/L)
while statistically significant difference (P < 0.05)
was founded between LW and DWM (2.42 mmol/L).
Other groups showed no statistical difference. No
statistical difference between total bilirubin and
AST activity was founded in any of the groups. ALT
activity showed statistically significant difference

(P < 0.01) between WM (55.56 IU/L) and DWM
(70.97 TU/L) just like between (P < 0.001) DWM
and LW (51.70 IU/L). WM and LW was not showed
statistical differences.

C) Influence of age - there were statistically
significant differences in hematologic parameters
between age categories in same experimental group.
So, WM pigs that weighted 20 kg and 100 kg weren’t
showed difference only in eosinophils count and rela-
tive percentage of neutrophils, eosinophils and lym-
phocytes. In DWM wasn’t noted statistical difference
between count of leucocytes, lymphocytes, MCH,
RDW and MPV value. In LW statistically significant
difference was showed in absolute and relative value
of basophile granulocytes, hemoglobin, hematocrit,
MCYV, MCH and RDW value.

Statistically significant differences were found
in biochemical parameters between different age
categories in the same group. In WM group pigs that
were 20 kg and 100 kg showed no significant differ-
ence in cholesterol, bilirubin, ALT and AST value,
but there were differences between protein, albumin,
globulin, urea and creatinin values. In DWM statisti-
cally significant differences were not noted between
protein, globulin, cholesterol, bilirubin and ALT val-
ues, but difference between values of albumin, urea,
creatinine and AST were significant. In LW group
statistically significant differences were noted in every
single biochemical parameter except cholesterol and
bilirubin value.

Correlations of blood parameters

Positive correlation between RBC, Hgb, Hct
and albumin was noted in all three breeds and regres-
sion model allows explanation of variance between
parameters on level 67-84%. Negative correlation
was noted between WBC and RBC, Hgb, Hct that
was statistically significant in mangalitsa breed but
not in other two breeds. Regression analyzes have
showed a degree of explained variation between WBC
and other parameters 58-69% in mangalitsa, while in
other two breeds was 8-12%. It is interesting that in
mangalitsa showed positive and significant correla-
tion between globulin value and leucocytes count,
while in other two correlation was negative and not
significant. Graphic matrix with regression lines and
disposition of original values for every breed are
shown in Figure 2.
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Figure 2. Correlation of health parameters and nutrition in three examined
breeds of pigs.

DISCUSSION

Mean values of erythrocyte parameters (MCV,
MCH, MCHC, RDW), hemoglobin, hematocrit and
platelets were determined in our experiment in piglets
in nurture. They match referent range given by Cooper
et al. [9]. They have been determining referential in-
terval of hematologic and biochemical parameters in
6 weeks old hybrid piglet (Hampshire-Large White)
that weighted 10-20 kg. Perri et al. [25] also have been
determining the same parameters but in weaned piglets
22 days old. However, total leucocytes count was over
upper referential limit [9] with significant deprivation
of eosinophil and basophile granulocytes from maxi-
mal referential limit. As opposite to that, leucocytes
value are in referential interval in research of Harvey
et al. [14] who states experiment on piglet hybrid
weighted from 30 to 50 kg. Biochemical parameters
are in range of referential values in newer [17,25] and
older [12] researches or from on-line sources that are
available to many experts [21].

In pigs from farrow to end of reproduction
period great influence of age on hematologic and bio-
chemical blood parameters has been noted. Referent
ranges [12] showed that upper and lower referential
limit value are different in different age and produc-
tivity categories: referential range for hemoglobin,
hematocrit, erythrocyte count, lower referential value
for MCV, MCH and MCHC and mean value of total
proteins and albumin was in increase during weaner
pigs category, feeder pigs, gilts and sow. Results given
by Czech et al. [10] showed linear increase of RBC,
Hgb, Hct during age which is in accordance with our

results. Same author showed that WBC was lower in
piglets than in weaners and both groups of fatteners,
with linearly increasing LYM and a decreasing propor-
tion of NEU in the leukocyte population. Chmielowiec-
Korzeniowska et al. [8] studied influence of season
and age (25 + 2; 112 + 4 kg) on hematologic and
biochemical blood parameters. Results showed that
with aging protein concentration, urea and creatinine
increase while values of cholesterol, bilirubin, AST and
ALT haven’t showed significant variations.

Influence of breed on values on different pa-
rameters in pigs blood was showed in different experi-
ments. Results showed that in Large White pigs 12-15
hematologic parameters have average or high level of
heritability [22]. The following values for heritability
of biochemical parameters were reported: two blood
parameters (FFA, LDH) had h2 < 0.1, six were in
the range 0.1-0.2 (ALB, AP, Ca, CK, Mg, TG), five
between 0.2-0.4 (ALT, CHOL, CREAT, GGT, LYA),
while estimated values for the remaining seven were
greater than 0.4 (AMYL, ASAT, C3, GLOB, HCA,
IgG, TPROT) [12].

Research showed differences in hematologic
parameters in mangalitsa and Large White [12]. It has
been show that average values of WBC and PIt were
higher in the Large White breed than in the Mangalitza
breed, average values of other parameters RBC, Hg
Band Hct were higher in the Mangalitza breed. Our
results are in accordance with previous study [12]
in fattening period (group of 100 kg body weight).
Mangalitsa is expired from native pig, philogeneticaly
from wild pig [13]. Study results [7] showed that in
wild boars had higher HGB, PCV, MCH, MCHC,
neutrophil count, and total protein, albumin, creatinin,
and chloride concentrations than juveniles; in contrast,
juveniles had higher values for lymphocyte count, cho-
lesterol concentration, and ALP activity can be found.

Mangalitsa as a high percent fat pig and it
is rich in fatty acids [29]. Differences in values of
blood parameters between breeds that this experiment
included can be interpreted as a influence of fat. So,
low concentration of urea in mangalitsa compared to
other two breeds can be interpreted by a fact that pigs
with reduced growth have lower urea concentrations
[19]. These differences are present in growth period
and are lost in fattening period which is in accordance
with results of other autors [1]. As a consequence of
obesity low grade inflammation is present [2]. During



0. Stevanéevi¢, M. Cincovi¢, R. Sevié, etal. 2019. Age-associated and Breed-associated Variations in Haematological and Biochemical

Variablesin Mangalitsa, MangalitsaxDurock and Large White Pig.

ActaScientiae Veterinariae.47:1679.

inflammation protein of acute phase are in increase
(they are in globulin fraction), but albumin concen-
tration decrease (negative protein of acute phase).
Tendency of dropping concentration of hemoglobin
and erythrocytes is also present [4]. Obesity can be
biologic characteristic of mangalitsa that can explain
bond between total leucocytes count and globulins with
other parameters of red blood cells and albumins. This

of inflammation and nutrition that hasn’t been signifi-
cant in other breeds. Because of differences in mean
values of metabolites and differences in frequencies
distributions redefine of referent ranges in function of
breed and age should be done which demand further
research.

MANUFACTURERS
'BD Plymouth. Plymouth, UK.

hasn’t been found in other two breeds. Siemens Healthcare GmbH. Erlangen, Germany.

CONCLUSION ‘BioSystems S.A. Barcelona, Spain.

Funding. The current study was supported by the following
grants: no. 142-451-3646/2016-03 financed by the Provincial
Secretariat for Higher Education and Science of Vojvodina and
no. TR31062 and TR31095 financed by Ministry of education,
science and technological development of Serbia.

Based on results of this study breed and
age have significant influence on numerous blood
parameters. Besides the differences in mean values
of parameters it is proved presence of statistically
significant difference in frequencies distributions in
function of age and breed. In mangalitsa was showed
presence of negative correlation between parameters

Declaration of interest. The authors report no conflicts of
interest. The authors alone are responsible for the content and
writing of the paper.

REFERENCES

1 Abeni F., Petrera F., Dalpra A., Rapetti L., Crovetto G.M. & Galassi G. 2018. Blood parameters in fattening pigs
from two genetic types fed diet with three different protein concentrations. Translational Animal Science. 2(4): 372-
382.

2 Al-Mashhadi A.L., Poulsen C.B., Von Wachenfeldt K., Robertson A.K., Bentzon J.F., Nielsen L.B. & Frendéus B.
2018. Diet-Induced Abdominal Obesity, Metabolic Changes, and Atherosclerosis in Hypercholesterolemic Minipigs.
Journal of diabetes research. 2018: 1-12.

3 Averos X., Herranz A., Sanchez R., Comella J.X. & Gosalvez L.F. 2007. Serum stress parameters in pigs transported
to slaughter under commercial conditions in different seasons. Veterinarni Medicina-Praha. 52(8): 333-342.

4 Beli¢ B. & Cincovi¢ MLR. 2015. Patoloska fiziologija. Novi Sad: Faculty of Agriculture, 75p.

5 Buzzard B.L., Edwards-Callaway L.N., Engle T.E., Rozell T.G. & Dritz S.S. 2013. Evaluation of blood parameters
as an early assessment of health status in nursery pigs. Journal of Swine Health and Production. 21(3): 148-151.

6 Camacho-Rea C.,Miguel E. A.V., Carlos G.G., Rafael O., Marco A.H.L, Fernando P.G.R., Maria D.L.S. & Rogelio
A.A.M. 2010. Evaluation of metabolic, endrocrine and growth features in the Mexican hairless pig to determinate its
potencial as model for obesity in comparison with commercial pigs. ltalian Journal of Animal Science. 9(84): 439-444.

7 Casas-Diaz E., Closa-Sebastia F., Marco L., Lavin S., Bach-Raich E. & Cuenca R. 2015. Hematologic and bio-
chemical reference intervals for Wild Boar (Sus scrofa) captured by cage trap. Veterinary Clinical Pathology. 44(2):
215-222.

8 Chmielowiec-Korzeniowska A., Tymczyna L. & Babicz M. 2012. Assessment of selected parameters of biochemistry,
hematology, immunology and production of pigs fattened in different seasons. Archives Animal Breeding. 55: 469-479.

9 Cooper C.A., Moraes L.E., Murray J.D. & Owens S.D. 2014. Hematologic and biochemical reference intervals for
specific pathogen free 6-week-old Hampshire-Large White crossbred pigs. Journal of Animal Science and Biotechnol-
ogy. 5(1): 5.

10 Czech A., Klebaniuk R., Grela E.R., Samolinska W. & Ognik K. 2017. Polish crossbred pigs’ blood haematologi-
cal parameters depending on their age and physiological state. Annals of Warsaw University of Life Sciences. 56(2):
185-195.

11 Egerszegi L., RatKy J., SoltI L. & Briissow K.P. 2003. Mangalica - an indigenous swine breed from Hungary (Review).
Archiv fur Tierzucht. 46(3): 245-256.

12 Friendship R., Lumsden J.H., Mcmillan I. & Wilson M.R. 1984. Hematology and biochemistry reference values
for Ontario swine. Canadian Journal of Comparative Medicine. 48(4): 390-393.

8



0. Stevanéevi¢, M. Cincovi¢, R. Sevié, etal. 2019. Age-associated and Breed-associated Variations in Haematological and Biochemical
Variablesin Mangalitsa, MangalitsaxDurock and Large White Pig. ActaScientiae Veterinariae.47:1679.

13 Georgescu S.E., Manea M.A., Dudu A. & Costache M. 2012. Phylogenetic relationships of the Mangalitsa swine
breed inferred from mitochondrial DNA variation. International Journal of Molecular Sciences. 13(7): 8467-8481.

14 Harvey J.W. 2012. Veterinary Hematology: a diagnostic guide and color atlas. St. Louis: Elsevier, 312p.

15 Jain S., Gautam V. & Naseem S. 2011. Acute-phase proteins: As diagnostic tool. Journal of Pharmacy and Bioallied
Sciences. 3(1): 118-127.

16 Jezek J., Stari¢ J., Nemec M., Plut J., Oven I.G., Klinkon M. & Stukelj M. 2018. The influence of age, farm, and
physiological status on pig hematological profiles. Journal of Swine Health and Production. 26(2): 72-78.

17 Klem T.B., Bleken E., Morberg H., Thoresen S.I. & Framstad T. 2010. Hematologic and biochemical reference
intervals for Norwegian crossbreed grower pigs. Veterinary Clinical Pathology. 39(2): 221-226.

18 Kotosova J., Janka P., Ladislav V., Marta M.B. & Janka V. 2014. Haematological Status for Selected Pig Breeds.
American Journal of Animal and Veterinary Sciences. 9(4): 239-244.

19 Lents CA., RempeL L.A., Klindt J., Wise T., Nonneman D. & Freking B.A. 2013. The relationship of plasma urea
nitrogen with growth traits and age at first estrus in gilts. Journal of Animal Science. 91(7): 3137-3142.

20 Lingaas F., Brun E., Aarskaug T. & Havre G. 1992. Biochemical blood parameters in pigs: Estimates of heritability
for 20 blood parameters. Journal of Animal Breeding and Genetics. 109(4): 281-290.

21 Merck Veterinary Manual. 2019. https://www.msdvetmanual.com/special-subjects/reference-guides/serum-biochem-
ical-reference-ranges. [Accessed online in January 2019].

22 Mpetile Z., Young JM., Gabler N.K., Dekkers J.C.M. & Tuggle C.K. 2015. Assessing peripheral blood cell profile
of Yorkshire pigs divergently selected for residual feed intake. Journal of Animal Science. 93(3): 892-899.

23 Newell Fugate A.E., Taibl J.N., Clark S.G., Alloosh M., Sturek M. & Krisher R.L. 2014. Effects of diet-induced
obesity on metabolic parameters and reproductive function in female Ossabaw minipigs. Comparative medicine. 64(1):
44-49.

24 Norbury K.C. & Moyer M.P. 2015. Effect of negative pressure therapy on the inflammatory response of the intestinal
microenvironment in a porcine septic model. Mediators of Inflammation. 2015: 1-12.

25 Perri A.M., O’Sullivan T.L., Harding J.C., Wood R.D. & Friendship R.M. 2017. Hematology and biochemistry
reference intervals for Ontario commercial nursing pigs close to the time of weaning. The Canadian Veterinary Journal.
58(4): 371-376.

26 PigSite. 2019. http://www.thepigsite.com/stockstds/12/basic-haematology-and-biochemistry/ [Accessed online in
January 2019].

27 Ritzmann M., Grimm J., Heinritzi K., Hoelzle K. & Hoelzle L.E. 2009. Prevalence of Mycoplasma suis in slaughter
pigs, with correlation of PCR results to hematological findings. Veterinary Microbiology. 133(1-2): 84-91.

28 Stojanac N., Stevancevi¢ O., Cincovi¢ M., Beli¢ B., Plav§a N. & Urosevi¢ M. 2016. Effects of Iron Administration
Method on Anemia Prevention and Production Performance of Piglets. Acta Scientiae Veterinariae. 44: 1361.

29 Sevié¢ R.J., Luka& D.R., Vidovi¢ V.S., Puvaa N.M., Savi¢ B.M., Ljubojevi¢ D.B., Tomovi¢ V.M. & Dzini¢ N.R.
2017. Neki parametri nutritivnog kvaliteta mesa svinja rase mangulica i landras. Chemical Industry. 71(2): 111-118.

30 gtukelj M., Toplak I. & Nemec A. 2013. Blood antioxidant enzymes (SOD, GPX), biochemical and haematologi-
cal parameters in pigs naturally infected with porcine reproductive and respiratory syndrome virus. Polish Journal of
Veterinary Sciences. 16(2): 369-376.

http://seer.ufrgs.br/ActaScientiaeVeterinariae

9



