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Summary

Pica is defined as a depraved or abnormal appetite characterized by licking and eating non-nutritive
substances. The aim of this study was to report changes in the serum mineral levels and haematobiochemical
parameters of buffalo calves with pica. The study included 30 buffalo calves exhibiting pica behaviour, such
as licking stall walls or eating wool and non-food items (pica group), and 6 buffalo calves without the signs of
pica behaviour (control group). The age of both groups ranged between 1 and 6 months. In the pica group,
the haematological analysis revealed a decrease in red blood cells (P < 0.001) and red cell distribution width
(P<0.05) as well as an increase in the mean corpuscular volume and mean corpuscular haemoglobin (P <0.001),
whereas the biochemical parameters were characterized by an increase in aspartate aminotransferase (P <0.01),
alanine aminotransferase (P < 0.001) and lactate dehydrogenase (P < 0.05) levels and a decrease in creatinine
and glucose (P <0.01) levels. Furthermore, the pica group showed a significant decrease in serum manganese,
iron, zinc, selenium (P < 0.001) and copper (P < 0.01) concentrations. In conclusion, it was determined that
deficiencies in the levels of serum iron, copper, zinc, manganese and selenium play an important role in the

aetiology of pica in buffalo calves.
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Pica, defined as a depraved or abnormal appetite
and characterized by licking and eating non-nutritive
substances, is considered to be a sign of malnutrition
or a behavioural disorder (3, 24). This condition is
observed in humans (5, 19, 23, 30) and animals, such
as dogs, cats, cattle, buffaloes, camels, sheep, horses
and pigs (6-8, 11,12, 15, 17, 21, 28, 29). The affected
animals tend to lick and gnaw at almost anything they
come in contact with. Aside from the tendency to eat
soil and sand (geophagia), bones (osteophagia), dirty
litter and even faeces (coprophagia), some animals
lick stall walls and floors, and some, such as cats,
pigs, sheep, goats, cows and buffaloes, eat placenta
(placentophagia) (2, 7, 11, 28).

Pica is an important disease of domestic animals be-
cause of the potential complications it may produce in
the gastrointestinal tract, including congestion, consti-
pation, pain and cramps caused by indigestible objects,
perforation by sharp objects, infection and diarrhoea
from soil-dwelling parasites and colic (1, 2, 11).

Although the causes of pica have not been fully elu-
cidated, deficiency of some proteins and amino acids,
decrease in the body’s alkaline reserve, insufficiency of
certain vitamins and trace elements, imbalance of the
calcium/phosphorus ratio in the diet and phosphorus
deficiency play arole in its aetiology (27). In addition,
diseases of the central nervous system, such as rabies,
ketosis/acetonemia and lead poisoning, may also be
among the causes of pica (24).

In humans, pica might be a consequence of mal-
nutrition, undernutrition or severe starvation. Pica
is directly related to the deficiency of minerals, such
as zinc, phosphorus and iron (19, 23). Humans may
develop pica at any stage of life, but it is a common
condition in pregnancy and childhood. The prevalence
of pica is highest in children aged 18 months to six
years, and it is a significant cause of lead poisoning and
anaemia (19).

In cats (8, 15) and dogs (6, 17, 21), pica might occur
as a behavioural disorder or due to the deficiency of
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minerals, such as iron, calcium or zinc, or of thiamine,
niacin and some vitamins, such as C and D.

Deficiencies of macroelements (sodium and phos-
phate) and trace elements (especially copper, iron, zinc
and selenium) have been reported as possible causes
of pica in livestock (20). Decreased serum iron and
copper levels in horses with pica have been shown to
be involved in the disease aetiology (3, 20). Serum
iron and zinc levels in lambs with pica (2) and serum
zinc, iron, copper, cobalt, magnesium, selenium and
phosphorus concentrations in cattle with pica (2, 10)
have been reported to be low.

Although there have been numerous studies on
the aetiology of pica in livestock, there have been no
comprehensive studies investigating its aetiology in
buffaloes. Therefore, the aim of this study was to report
changes in serum mineral levels and haematobiochemi-
cal parameters in buffalo calves with pica.

Material and methods

Ethical statement. Ethical approval for this study was
obtained from the University Local Ethics Committee for
Animal Experiments (no. 85E-35582840-604.01.01-103178
0f 08.07.2021).

A total of 47 buffalo calves, which were the animal
material of this study, were evaluated in a buffalo herd of
110 animals. As a result of routine clinical examinations,
11 buffalo calves with different pathological conditions
were excluded from the study. The study included 30 buf-
falo calves exhibiting pica behaviour (pica group), such
as licking stall walls and eating wool and non-food items,
and 6 buffalo calves without any signs of pica behaviour
(control group). The age of both groups ranged between
1 and 6 months.

Clinical examinations. All animals were clinically
examined for heart rate, respiratory rate, body temperature
and skin lesions.

Sample collection. Blood samples were collected from
the vena jugularis of the animals into coagulant and non-
anticoagulant tubes using a sterile cannula. Fresh faecal
samples were collected directly from the rectum of each
calf into sterile plastic bags.

Haematological analysis. The samples were analysed
with a haematology device (Mindray BC-2800Vet) imme-
diately after being taken into coagulant tubes. The haemato-
logical parameters, including the white blood cells (WBC),
haemoglobin (HGB), haematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular haemoglobin (MCH),
mean corpus haemoglobin concentration (MCHC), red cell
distribution (RDW), platelet (PLT), platelet distribution
width (PDW), mean platelet volume (MPV) and platocrite
(PCT) values were measured and analysed statistically.

Biochemical analysis. Serum samples were obtained
by centrifuging the blood samples taken into anticoagulant
tubes for 10 minutes at 1207 g after coagulation at room
temperature. The serum samples were kept at —20°C until
analysis. The levels of albumin (ALB), total protein (TP),
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), lactate dehydrogenase (LDH), creatinine (CRE),
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glucose (GLU), phosphorus (P), calcium (Ca), magnesium
(Mg), sodium (Na), potassium (K) and chlorine (Cl) in the
serum samples were analysed with a biochemistry device
(Fujifilm DRI-CHEM NX500).

The concentrations of manganese (Mn), iron (Fe),
cobalt (Co), copper (Cu), zinc (Zn), selenium (Se) and
molybdenum (Mo) in the serum samples were measured
with a spectrometer device (Agilent Inductively Coupled
Plasma-Mass 7700X).

Parasitological examinations. Fresh faecal samples
were transferred to the laboratory, and kept at 4°C until
parasitological examination. The samples were examined
on the day of collection. Parasite eggs were investigated
by the zinc sulphate flotation technique (26). Quantitative
examination for the number of eggs per gram of facces was
not performed, because none of the buffalo calves included
in the study were seriously infected. This may have been
due to the regular use of anthelmintic drugs on the farm.

Statistical analysis. The study data were analyzed using
the SPSS 16.0 statistical software package. The conformity
of the data to the normal distribution was evaluated with the
Shapiro-Wilk Test. The differences between the groups in
terms of the parameters measured were compared with the
Mann-Whitney U test. The values are presented as mean
+ standard error of mean. P < 0.05 was considered statisti-
cally significant.

Results and discussion

Clinical findings. On clinical examination, it was
determined that the calves in the pica group ate each
other’s wool, licked the stall walls, tended to consume
non-food items and had growth retardation, cachexia,
alopecia, skin lesions, constipation and trichobezoar.

Haematological and serum biochemical findings.
Compared with the mean values of the haematological
parameters of the control group, the pica group showed
adecrease in WBC, RBC, HGB, HCT, RDW and MPV
values, and an increase in MCV, MCH, MCHC, PLT
and PDW values. The decrease in RBC (P<0.001) and
RDW (P < 0.05) levels and the increase in MCV and
MCH (P <0.001) levels were found to be statistically
significant (Tab. 1).

The statistical comparison of biochemical param-
eters between the pica and control groups showed
an increase in the levels of AST, ALT, LDH and TP
and a decrease in those of CRE and GLU in the pica
group. The increase in AST (P<0.001), ALT (P<0.01)
and LDH (P < 0.05) levels and the decreases in CRE
(P <0.01) and GLU (P < 0.001) values were statisti-
cally significant (Tab. 2).

Comparison of mean serum mineral concentrations
between the pica and control groups revealed no sta-
tistically significant differences in P, Ca, Mg, Na, K
and CI concentrations, but the levels of Mn, Fe, Zn, Se
(P <0.001) and Cu (P <0.01) in the pica group were
significantly decreased (Tab. 3).

Parasitological findings. Examination of faecal
samples from the buffalo calves revealed only minor
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Tab. 1. Haematological parameters of the pica and control

groups
Groups (X = S;)
Parameters P palue
Pica (n = 30) Control (n =6)
WBC (10°L) 12.21 + 0.56 13.85+0.96 0.233%
RBC (109/L) 9.00 + 0.36 13.50 £ 1.21 0.000***
HGB (g/dL) 14.81 £ 0.57 16.48 + 0.61 0.113%
HCT (%) 41.80 +1.52 48.27 +1.66 0.029°
MCV (fL) 47.03 £ 0.89 39.57 +1.55 0.001***
MCH (pg) 22.11 +5.66 13.65 + 0.53 0.000***
MCHC (g/dL) 35.32+0.20 34.63 + 0.48 0.172"s
RDW (%) 15.73 £ 0.38 21.53 £1.87 0.001*
PLT (10°L) 409.80 + 29.23 396.67 + 50.06 0.918"s
MPV (fL) 5.67 +0.12 5.90 £ 0.31 0.442"
PDW (fL) 16.38+0.11 15.90 + 0.08 0.08"
PCT (%) 0.24 +0.02 0.24 +0.04 0.918"

Explanations: X — mean; S; — standard error of mean; ™ — not
significant; *** — P <0.001; ** - P <0.01; * - P <0.05

Tab. 2. Serum biochemistry results for the pica and control

groups
Groups (X = S;)
Parameters P value
Pica (n = 30) Control (n =6)

TP (g/dL) 6.84+0.14 6.57 £ 0.09 0.548"s
ALB (g/dL) 3.71+0.08 3.52 + 0.06 0.233"
AST (UIL) 205.9 + 8.64 147.5 +10.06 0.002**
ALT (UIL) 65.43 +3.34 37.83+3.34 0.001***
LDH (UI/L) 732.60 +15.04 597.67 + 58.49 0.026*
CRE (mg/dL) 1.69+0.03 1.98 £ 0.07 0.002**
GLU (mg/dL) 73.53+1.73 110.50 £ 9.39 0.000***

Explanations: X — mean; S; —
significant; *** — P <0.001; ** —P<0.01; * — P <0.05

standard error of mean; N — not

Tab. 3. Serum mineral levels of the pica and control groups

Groups (X £ Sy)
Parameters P value
Pica (n = 30) Control (n =6)

P (mg/dL) 8.76£0.21 8.42£0.52 0.159"
Ca (mg/dL) 10.23 £0.27 9.82 + 0.63 0.467"
Mg (mg/dL) 3.04 +0.11 3.18+0.25 0.852"s
Na (mEq/L) 133.90 + 2.62 138.50 £ 7.94 0.634"
K (mEq/L) 5.21x0.15 5.63 + 0.36 0.268"
Cl (mEq/L) 98.53 +2.48 103.00 +7.82 0.984"s
Mn (pmol/L) 0.03 £0.01 0.06 +0.01 0.000""
Fe (umol/L) 37.60 +1.19 51.67 +2.41 0.000™
Co (pmol/L) 0.01+0.01 0.01+0.01 0.394%
Cu (pmol/L) 11.15+1.55 12.93 +0.95 0.008**
Zn (pmol/L) 45.17 £ 0.83 52.17 £ 0.63 0.000***
Se (umol/L) 0.23 +0.01 0.33 +0.02 0.001***
Mo (pmol/L) 0.57 £ 0.03 0.50 + 0.06 0.349"

Explanations: X — mean; S; — standard error of mean; ™ — not
significant; *** — P <0.001; ** - P <0.01; * - P <0.05
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parasitic infestations. Since no severe infestations were
found, pica was not due to the presence of parasites.

Organisms require essential nutrients and minerals
to maintain their biological functions (14). Mineral
deficiency can lead to loss of appetite, loss of produc-
tivity, cachexia, hair loss, colour changes and structural
disorders of the skin and hair, abortion, diarrhoea,
anaemia, bone disorders and pica (27). Furthermore,
it has been reported that trace element deficiency plays
an important role in the aetiology of pica, which causes
animals to lick stall walls and eat wool, as well as other
non-food items, such as bones, cloths and rags (11). In
the present study, changes in the haematological and
biochemical parameters and mineral levels were in-
vestigated in buffalo calves exhibiting pica behaviour.

The comparison of the mean values of the haema-
tological parameters between the pica and the control
groups of buffalo calves revealed a decrease in WBC,
RBC, HBG, HCT, RDW and MPYV values and an in-
crease in MCV, MCH, MCHC, PLT and PDW values
in the pica group. The decrease in RBC (P <0.001) and
RDW (P < 0.05) levels and the increase in MCV and
MCH (P <0.001) values were found to be statistically
significant. In horses with pica, Aytekin et al. (3) report-
ed a decrease in haemoglobin levels, and Li et al. (20)
reported a decrease in erythrocyte and haemoglobin
levels and an increase in MCV levels without statistical
significance. In studies on sheep and lambs exhibiting
wool-eating behaviour, significantly lower haemoglo-
bin and haematocrit levels were found in sick animals
(9, 13, 25). Onmaz et al. (25) reported a decrease in
erythrocyte, haemoglobin and haematocrit values in
cattle with pica, further noting that the decrease in the
amount of haemoglobin was statistically significant.
Mosa et al. (22) found significant reductions in the
level of erythrocytes, haemoglobin and haematocrit in
cattle with pica. Koted et al. (16) reported a significant
decrease in the mean concentrations of erythrocytes,
haemoglobin and haematocrit in camels with pica
compared with those in healthy camels. Lengare et
al. (18) reported a significant decrease in the mean
haemoglobin concentration in buffaloes with pica,
but the decrease in mean erythrocyte and haematocrit
concentrations was not significant. The haematologi-
cal findings of this study are in line with those of the
abovementioned studies (3, 4, 10, 16, 18, 20, 22), and
the decrease in haemoglobin and haematocrit levels as
well as anaemia are believed to be caused by iron and
zinc deficiency (8, 16).

Statistical analysis of the biochemical parameters of
the pica and control groups revealed increased AST,
ALT and LDH values and decreased CRE and GLU
values in the pica group. The increase in AST, ALT
(P<0.001) and LDH (P <0.05) values and the decrease
in CRE (P < 0.01) and GLU (P < 0.01) values were
found to be statistically significant. Previous studies (3,
4,9, 10, 20, 25) reported increased levels of AST and
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ALT and decreased levels of GLU in animals with pica.
Some studies (4, 10, 20) found an increase in the serum
CRE concentration, whereas others reported reduced
levels of CRE (3, 9, 25). An increase in LDH levels
has also been reported (1, 9, 25). The changes in serum
AST, ALT, LDH and GLU levels in the present study
are consistent with the findings of the other studies
(3,4,9, 10,20, 25). The decreased CRE level was con-
sistent with the findings of some of the abovementioned
studies (3, 9, 25), but inconsistent with the findings of
some others (4, 10, 20). The increase in serum AST
and ALT levels may be related to changes in adipose
tissue in the liver caused by copper deficiency (4, 9).

The present study found no significant change in the
amount of TP, which was consistent with the findings
of other studies (10, 20, 24, 25).

There were not statistically significantly differ-
ences between the pica and control groups in mean
concentrations of P, Ca, Mg, Na, K and CI. The role
of mineral substance deficiencies in pica aetiology is
controversial, and there have been different reports re-
garding serum mineral levels in domestic animals with
pica. Sahin et al. (27) reported a significant decrease
in serum inorganic phosphorus levels in lambs with
pica and claimed that inorganic phosphorus played
an important role in the aetiology of pica, but they
found no significant changes in serum magnesium and
calcium levels (2). Similarly, Li et al. (20) reported
a significant decrease in serum phosphorus levels in
horses with pica but no significant changes in serum
calcium, magnesium, sodium and potassium concentra-
tions. Nikvand et al. (24) reported a significant decrease
in serum phosphorus, potassium and chlorine levels in
cattle with pica. Elshahawy and Aly (10) reported a de-
crease in magnesium levels as well as in phosphorus
levels in cattle with pica. In parallel with the findings
of our study, Onmaz et al. (25), Aytekin et al. (3) and
Ebrahim (9) reported no significant changes in serum
P, Ca, Mg, Na, K and Cl levels in animals with pica.

Pica is often regarded as a form of malnutrition of
cattle and other livestock. It has been reported that
the lack or imbalance of certain nutrients and the de-
ficiency of trace elements plays a role in the aetiology
of the disease (2, 24, 25). In the present study, serum
iron, copper, zinc, manganese and selenium concen-
trations in buffalo calves with pica were significantly
decreased compared with those in the control group.
Li et al. (20) reported a significant decrease in serum
copper and iron concentrations as well as in the cop-
per/zinc ratio in horses with pica compared with the
control group, but found no significant differences in
serum zinc, manganese and selenium values. Aytekin
et al. (3) reported a significant decrease in serum iron
and copper concentrations and in the copper/zinc ratio
in horses with pica compared with the control group.
Koted et al. (16) reported significantly decreased serum
iron concentrations in camels with pica compared with
healthy controls. Sahin et al. (27) found that the mean
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serum copper value for lambs with pica was lower than
that for healthy lambs. Icen et al. (13) reported signifi-
cantly decreased serum iron, zinc and copper levels in
lambs exhibiting wool-eating behaviour. Baydar et al.
(4) found that serum copper, zinc, iron and manganese
levels in wool-eating sheep were significantly lower.
Onmaz et al. (25) reported a statistically significant
decrease in serum copper, iron and selenium con-
centrations in feeder cattle. Elshahawy and Aly (10)
found a significant reduction in serum iron, copper,
cobalt and selenium levels in cattle with pica. Aytekin
and Kalinbacak (2) reported a significant decrease in
serum copper, iron and zinc levels in calves with pica.
Mosa et al. (22) found a decrease in serum iron and
copper concentrations in cows with pica. Nikvand et
al. (24) suggested that a low serum iron concentration
accompanied by low serum ferritin may be associated
with chronic iron deficiency, which plays an impor-
tant role in the development of pica in cattle. It has
been reported that trace element deficiencies cause
pica through their negative effects on the organism’s
antioxidant capacity (4). The findings of the present
study are consistent with the literature (2-4, 10, 13, 16,
24, 25, 27), and serum mineral concentrations were
found to be low in the animals with pica. However,
our results were not similar to the findings of a study
(4) that reported no significant changes in serum zinc,
manganese and selenium levels in animals with pica.
Such discrepancies in the results of studies on animals
with pica may be due to differences in the susceptibil-
ity to certain element/mineral deficiencies, variation in
breed and age of the animals, as well as differences in
their nutritional requirements (24).

In conclusion, it was determined that changes in
the haematological and biochemical parameters and
serum mineral concentrations observed in this study
were useful in the evaluation of the aetiology of pica
in buffalo calves, and serum manganese, iron, copper,
zinc and selenium deficiencies played an important
role in the aetiology of this disease. Since deleterious
effects of mineral deficiency caused by its negative
impact on the antioxidant capacity of the organism
lead to pica, the administration of mineral supplements
and antioxidants to buffalo calves will be useful in
preventing this condition.
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