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REPRODUCTIVE PERFORMANCE AND VIABILITY OF NEW-
BORNS IN BUFFALOES TREATED ANTEPARTUM WITH
VITESELEN AND/OR ULTRA-CORN

Hussein A. Amer*, Mohammed A. Hashem
Department of Theriogenology, Clinical Pathology, Faculty of Veterinary Medicine, Zagazig University, Zagazig, Egypt

*Corresponding author, E-mail: amer_vet@hotmail.com

Summary: This study aimed to determine the efficacy of prepartum administration of Viteselen (VS) and Ultra-corn (UC)
given at late gestation on IgG level, postpartum fertility, and viability of newborn calves. Forty five buffaloes were divided
into 4 groups. First group served as control (n=9), while the others served as experimental groups (n=12/group). Sec-
ond group received 30 ml of viteselen (1.7 mg sodium selenium and 150 mg vitamin E/ml). Third group was injected with
ultra-corn (2 ml/100 Kg body weight). Fourth group was injected with viteselen and ultra-corn. The drugs were injected
in 2 doses prior to anticipate date of parturition (60 days). The postpartum fertility was assessed. Colostrum from dams
and serum from calves were collected to estimate the level of immunoglobulin (IgG). Body weight, growth rate and viabil-
ity of calves were recorded. The periods required for fetal membrane expulsion and uterine involution were significantly
(P<0.05) reduced in VS group when compared to UC or control groups. Concomitantly, injection of VS or UC significantly
(P<0.05) reduced calving to first estrus interval and length of postpartum service period than control. The level of IgG was
significantly higher (P<0.05) in both dam colostrum and newborn serum after administration of VS or VS+UC. Moreover,
VS injection resulted in a significant (P<0.05) higher level of IgG in both dam colostrum (at parturition) and calves serum (at
day-4 and -14 old) than the other groups. Only one case of abortion was received from VS+UC treated dams, while VS or
UC treated dams delivered 100% healthy calves. The calves from treated dams showed higher body weight, growth rate/
day and better vitality than control group. Likewise, the best body weight and growth rate/day obtained from VS treated buf-
faloes. No mortality in the 15t month occurred between newborns from VS+UC treated buffaloes compared to other groups.
In conclusion, prepartum administration of VS or VS+UC appear to be beneficial, promising and improve the postpartum
reproductive performance and calf viability in Egyptian buffaloes, and additional work involving a larger number of animals
is suggested.

Key words: prepartum, buffaloes, viteselen, ultra-corn, IgG, calves, viability.

tunistic infection (1). Moreover, stress of pregnancy,
parturition and lactation cause suppression of the
host defense mechanism and increase susceptibil-

Introduction

A wide variety of antibacterial agents mainly an-

tibiotics are employed for the prevention and treat-
ment of infection in livestock, these antibiotics cause
various problems such as residue and the emer-
gence of bacterial resistance as well as suppression
to the host resistance. Depressed immune function
causes a marked increase in the incidence of oppor-

Received: 1 February.2008
Accepted for publication: 15 April 2008

ity of the animal to infection during pregnancy, par-
turition and lactation (2).

Recently, there are many drugs used to increase
the resistance of the animal by improving the hu-
moral and cell mediate immune response such as
Dihydroheptaprenol (3), vitamin B2 (4,5), selenium
(6), vitamin E (7), vitamin E and selenium (8,9), and
ultra-corn (10). Non-specific immunostimulants
have been received considerable attention in the
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vet-field. They appear to provide an efficient method
of stimulating the immune system in a non-specific
manner with few adverse side effects. Immunostim-
ulating compounds have the potential to counteract
the effect of environmental or microbial immuno-
suppressive factors. They may thus reduce morbid-
ity and economic losses resulting from sub clinical
or mild infectious diseases (11). Because they may
also act as adjuvant, they can also potentiate im-
mune responses to applied vaccine.

A great deal of interest has developed in imple-
menting biosecurity programs to prevent the trans-
mission of infectious disease to dairy replacement
calves. One potential method of transmission of in-
fectious diseases to dairy calves is through feeding
infective colostrum and milk. The immune status
of the newborn calves is dependent upon the pas-
sage of immunoglobulins from dams to the calves
through the ingestion of colostrum (12) and its
subsequent absorption from small intestine. Their
net effect may therefore be to improve weight gain,
and to lower mortality and morbidity rates among
animals. The major immunostimulants are usually
microbial preparations that are rapidly taken up by
macrophages (13). Successful attempts to improve
reproductive efficiency by administering immuno-
potentiators during late gestation in cows (14) and
sows (15) have been reported previously. However,
little information is available for buffaloes. The level
of selenium and vitamin E in the soil and surround-
ing environment are neglected and we consider all
the experimental animals are considered under
the same standard condition. Thus, the present in-
vestigation aimed to evaluate the efficacy of some
immunopotentiators (Viteselen and Ultra-corn) to
improve the IgG-level, postpartum reproductive per-
formance, as well as, viability of newborn calves in
the Egyptian buffaloes.

Material and methods
Animals

This investigation was conducted on forty five
buffaloes in the last trimester of gestation and be-
longing to a private farm at Sharkia Governorate,
Egypt. The animals were 5.47+1.14 years old, ap-
parently healthy (weighted 485.92+36.74) and free
from common infectious and contagious diseases
as proved by Veterinary Services Authorities. All the
animals were received prophylactic routine treat-
ment against internal, external and blood parasites.

The prophylactic immunization program included
biannual vaccination against FMD, Rift Vally Fever
and Hemorrhagic Septicemia. The last vaccination
was given 4 months before the beginning of the
experiment. All animals were dried off for 75 days
prior to parturition. Each animal was supplied daily
with 6 Kg concentrates, in addition to 25 - 30 Kg
Barseem clover during the green season or darawa
(green maize) during the dry season with suitable
amount of rice straw.

Treatment schedule

The animals were randomly divided into one of
four treatment groups. The first group served as
the untreated controls (n=9). Another three groups
served as experimental animals (each group includ-
ed 12 buffaloes). Those in second group were inject-
ed im. with 30 ml of viteselen (1.7 mg sodium sele-
nium and 150 mg vitamin E/ml) (Egyptian Co. for
Chemical and Pharmaceutical-ADWIA, 10" of Ram-
adan City). Each buffalo in third group received 10
ml s.c. (2 ml/100 Kg body weight) ultra-corn which
is a complete lysate of bacterial extract produced by
ultrasound treatment of Corynebacterium cutis. (Vir-
bac Co., France). In fourth group, the animals were
injected with viteselen and ultracorn. The immuno-
potentiators were given 2 doses one week apart, the
first injected on day 60 prior to the expected date of
parturition.

Analysis of IgG level

Colostral samples were collected within one hour
of parturition (first milking) from buffaloes (at partu-
rition) and at day-4 pp in all 5 groups. Blood samples
were collected from newborn calves (at day-4 and
day-14 old). Colostrum and serum samples were fro-
zen at —-20°C until determination of IgG. Frozen co-
lostrum was submitted to determination of IgG level
by using IgG Vet-RID (Radial Immunodiffusion) kit
(Bethyl Laboratories, Inc., Montgomery, TX) Analysis
was performed as previously reported (16). Due to
the very high levels of IgG, colostrum samples were
first diluted x10 with distilled water, and then 5 ul
of the diluted sample was tested. This initial 10-fold
dilution was taken into account when back-calcu-
lating colostrum IgG level for each sample. Serum
IgG concentrations were determined using the same
test kit and using the same general testing process.
Serum IgG concentrations were determined accord-
ing to kit instructions and using 5 pl of serum.
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After the samples were placed on the plates, they
were left at room temperature for a minimum of 18
h, and then the precipitation ring diameters meas-
ured and IgG values calculated. Three standards
with known values (625, 2500, and 5000 mg/dl)
were also tested for each run. The diameters of the
known standards were then used to calculate the
tested serum samples.

Reproductive performance

All the investigated buffaloes were kept under
close observation during parturition and in the
postpartum period until they were confirmed as
pregnant again. After calving, the animals were kept
individually in open pens and the period prior to the
expulsion of the fetal membranes was recorded in
hours. Rectal palpation was performed twice a week
to examine the time of uterine involution (return to
the non-pregnant size). Thereafter, estrus was con-
firmed in buffaloes by rectal palpation and they
were inseminated using frozen thawed semen from
a fertile bull.

Viability of the newborn calves
Calves born to the control and treated groups

were weighed and kept under close observation.
Their viability and health problems were examined

clinically and growth rate (Kg/day) was also record-
ed: (wt. at 3 months - wt. at calving)/90 days.

Statistical analysis

Data were analyzed using SAS analysis system
package (17). Significant differences between each
two means were evaluated utilizing Duncan’s Multi-
ple Range Test (DMRT) (18).

Results

The IgG level in colostrum of dams and serum of
newborn calves were estimated (Table 1). Generally,
the concentration of IgG was significantly (P<0.05)
higher in the groups injected with immunopotentia-
tors than control one. At parturition, the level of co-
lostral IgG was significantly (P<0.05) higher in the
group injected with VS than the other test or control
groups. At day-4 pp, the level of IgG was non-signif-
icant between the groups received immunostimu-
lants but significant compared to the control one.
Regarding the sera of newborn calves, they revealed
significantly (P<0.05) higher level of IgG in the group
administered VS than test or control group at day-4
old, and revealed a significant (P<0.05) higher level
with VS and VS+UC injected groups than UC inject-
ed group at day-14 old.

Table 1: Mean (+S.E.) level (mg/ml) of immunoglobulin in colostrum of dams and serum of newborn calves after vitese-

len and/or ultra-corn antepartum administration

Parameters Control Experimental groups
group VS ucC VS+UC
Parturient dams
N=9 N=12 N=12 N=12
At parturition 17.30+0.33 € 23.80+0.79 @ 21.27+0.88 b 20.55+0.83 b
Day-4 postpartum 13.60+0.87 b 20.14+1424a 17.93+0.87 a 17.79+0.62 &
Newborn calves
N=7 N=12 N=12 N=11
Day-4 old 6.36+0.63 € 13.18+0.83 a 9.22+0.44 b 9.12+0.67 b
Day-14 old 4.18+0.57 C 10.59+0.87 & 6.28+0.75 bc 7.58+0.87 b

Means with different superscripts in each row are significantly different at level (P<0.05)

VS=Viteselen; UC=Ultra-corn

The mean values (+S.E.) of various parameters
of pp reproductive performance of the buffaloes in
four groups are illustrated in Table 2. The immuno-
potentiators appeared to improve the reproductive
performance. Prepartum treatment with VS reduced

the period of fetal membrane expulsion compared to
the other groups. Both of VS and VS+UC treatments
had a significantly (P<0.05) shorter uterine involu-
tion period compared to the animals in the UC or
control groups. Additionally, the VS and UC treated



56 H. A. Amer, M. A. Hashem

groups had a significantly (P<0.05) shorter calving
to 1%t estrus interval and first service period com-
pared to the control groups. There was insignificant
number of services required per conception between
the control and experimental groups.

The control dams delivered only 7 calves be-
cause there was one case of abortion and one case
of stillbirth, while the group received VS+UC has
one case of abortion. Meanwhile, VS and UC treated

dams delivered 12 healthy calves. The calves from
treated dams showed higher body weight, growth
rate/day and better vitality in comparison with the
control. Likewise, body weight and growth rate/day
were higher in newly born calves from VS than UC
groups. Moreover, no mortality in the 1st month oc-
curred between the newborn calves resulted from
VS and UC treated buffaloes compared to the other
groups.

Table 2: Mean (+S.E.) values of postpartum reproductive performance of buffaloes treated with viteselen and ultra-corn,

and health status of their newborns
Items Control Experimental groups

group (n=9) VS (n=12) UC (n=12) | VS+UC (n-12)
Postpartum reproductive parameters
Placental expulsion (hr) 9.83+1.57 b 6.51+0.81 a 8.73+1.43b 8.72+1.03 b
Uterine involution (days) 48.91+4.17a 27.12+2.29b 37.22+2.39 ab 34.23+7.29 ab
Calving to 1%'estrus (days) 185.11+28.172a | 110.72+15.45b | 113.11+17.01 b | 167.50+22.90 ab
Service period (days) 225.31+33.032 | 143.71+16.49b | 153.76+13.08 b | 210.79+42.60 ab
Services per conception 2.36+0.39 a 1.62+0.19 2 1.81+0.154 2.00+0.17 a
Health status of delivered calves
Aborted feti 1 0 0 1
Still birth 1 0 0 0
BW at birth (kg) 34.7 38.3 34.5 35.9
BW 3 months pp (kg) 63.5 83.8 72.4 74.9
Growth rate (kg/day) 0.320 0.505 0.421 0.433
Mortality at 1 month 2/9 (22.2%) 0/12 (0%) 0/12 (0%) 1/11 (9.1%)
Survival rate 7/9 (77.8%) 12/12 (100%) 12/12 (100%) 10/11 (90.9%)

Means with different superscripts in each row are significantly different at level (P<0.05)
VS=Viteselen; UC=Ultra-corn; BW=Body Weight; pp=Postpartum

Discussion

Prepartum and early postpartum are critical pe-
riods for dairy animals. Proper nutrients intake in
these periods helps in keeping the animal in a good
condition and avoiding many problems. Vitamin-E
and selenium (19) and ultra-corn (10,43,44) are es-
sential nutrients for proper function of various re-
productive characteristics of mammalian female.
Moreover, pregnant animals are more susceptible
to selenium deficiency than non-pregnant animals,
which in turn increase the incidence of prepartum
and postpartum reproductive disorders (20).

The level of IgG was significantly higher in both
dam colostrum and newborn serum after adminis-
tration of immunopotentiating agents than the con-
trol group. Moreover, viteselen injection resulted in
a significant higher level of IgG in both dam colos-

trum and calves serum in comparison to the other
test or control groups. However, the immune status
of the newborn calves is dependent upon the pas-
sage of immunoglobulins from dams to the calves
through the ingestion of colostrum (12) and its sub-
sequent absorption from small intestine. When the
mean colostrum-serum IgG levels immediately after
birth and on Day 4 were evaluated, they were found
to be higher in the experimental group than in the
control group. When blood-serum IgG levels of the
calves were measured, they were found to be higher
after suckling colostrum (0-4 days after birth) than
at 14 days after birth in the experimental group or
the control group (21). On Day 4 and Day 14 after
birth, IgG levels were found to be higher in the ex-
perimental group compared to the control group.
Moreover, an important reason that calves have var-
iable blood IgG at 24 hours of age is due to variation
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in colostrum IgG content. Colostrum composition
is remarkably variable, as colostral IgG can range
from a low to high content (22). Subsequently, the
amount of IgG in dam’s colostrum depended mainly
upon prepartum administration of immunopoten-
tiators, and in calves depended mainly upon con-
sumption of colostrum directly after parturition.

The significant shorter placental expulsion pe-
riod in the viteselen treated buffaloes in the present
study may be due to improved uterine muscular
function. Both vitamin-E and selenium have anti-
oxidant functions that protect biological systems
from oxidative degradation (23-25). In addition to
their general antioxidant roles, selenium and vita-
min-E may be involved indirectly in prostaglandin
synthesis where proxy radicals are a normal part
of the metabolic pathways (24). Vitamin-E has been
implicated in the control of Phospholipase-A2 activ-
ity (26), which is responsible for cleaving arachidon-
ic acid from membrane phospholipids. Arachidonic
acid is the common precursor for all prostaglandins
and related compounds.

We expect that the levels of selenium and vitamin
E in soil are very low and neglected; therefore we had
positive influences on the reproductive performance
after injection of the viteselen into the experimental
animals.

The significant reduction in calving to first estrus
and shorter service period in the buffaloes treated
with VS compared with the control animals in the
present study supported a previous study (27), who
reported that the calving to the first estrus and the
length of the service period were significantly re-
duced in cows treated with prepartum injection of
vitamin-E and selenium. Contradirectorily, after
prepartum vitamin-E/selenium injection, there was
no improvement on the subsequent postpartum re-
productive performance of dairy cows (28). This dis-
crepancy might be attributed to differences in the
prepartum Se status of the animals and frequency
of the injections (19). A significant decrease in the
number of service per conception was obtained in
the present investigation following prepartum VS
injection. These findings reinforced those obtained
by others (29,30). Additional studies have shown
that supplementation with Se and vitamin-E re-
duces the incidence of retained placenta (29,31,32),
metritis, cystic ovaries (29), clinical signs of masti-
tis (33), and time of uterine involution in cows with
metritis (34). Selenium preferentially accumulates
in the placentoms, ovary, pituitary and adrenal
glands, suggesting specific requirements for Se in

those tissues (23,35). Several studies indicated that
both humoral and cellular immune response are
enhanced by vitamin-E/selenium treatment (27,36).
However, a highly significant elevation of gamma
globulins in the vitamin-E/selenium supplemented
buffaloes compared to the control was noticed (37).
Additionally, cows given vitamin-E and selenium in
late pregnancy produce large quantities of colos-
trum and milk, and have less difficulty in drop of
placenta (38).

Regarding preparatum ultra-corn (UC) treated
group, a significant decrease was observed concern-
ing uterine involution period, calving to first estrus
interval as well as the service period, but still less
than VS treated buffaloes. No available literature
for the effect of preparatum treatment with UC on
postpartum reproductive performance. However,
ultra-corn is a complete lysate of bacterial extract
produced by ultrasound treatment of corynebacte-
rium cutis. The effect of UC on the chicken immune
response to Newcastle disease virus vaccine was
studied (10). They found that administration of UC
induced marked effect on the immune response
developed by Newcastle disease virus vaccine espe-
cially when given simultaneously with the vaccine.
Administration of UC induced marked immuno-
potentiating effect in cattle, poultry and buffaloes
via increasing phagocytosis, lymphocyte transfor-
mation index, total leukocytic count, lymphocytes,
monocytes, antibody titre, immunoglobulin and
gave protection against mortality (10,39,40). Some
of these results are readily explicable on the basis
of the expected effects of these immunostimulat-
ing corynbacteria. Thus killed corynbacteria (ultra-
corn) are readily phagocytosed by macrophages and
stimulate the release of tumor necrosis factor and
inter-leukin I. These monokines may have a second-
ary effect on lymphocyte function and so stimulate
the immune system non-specifically (40). Concomi-
tantly, UC has several beneficial effects (41), where
it stimulated phagocytosis; cell-mediated immunity;
antibodies production and also it stimulated anti-vi-
rus defenses in increasing interferone production.

The control dams delivered only 9 calves be-
cause there was one case of abortion and one case
of stillbirth. Meanwhile, VS and UC treated dams
delivered 12 normal calves (in each group), except
a case of abortion in VS+UC group. The calves from
VS and treated dams showed higher body weight,
growth rate/day and better vitality in comparison
with the UC or control groups. Moreover, the con-
trol calves showed more severe pneumonia and
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enteritis as a result of which 2 (22.2%) calves died
within one month of birth. In contrast, the calves
born to the preparatum treated dams showed mild
disease symptoms and only one calf (9.1%) from UC
treated dams died. The present results support the
other views (10,40) who found that, UC treatment to
late pregnant dams induced better state of delivery
with no retained placenta or stillbirth in compari-
son with the control group. The newly born calves
were of heavier body weight, better healthy status
and highly resistance to disease. The pre and post-
partum supplementation with vitamin-E/selenium
combination improved the reproductive efficiency
and immune status of Egyptian buffaloes and re-
sulted in a significant elevation of gamma globulins
(37). Consequently, a high immunoglobulin-G con-
centration was observed in calves supplemented
with vit.E/Se (42). Circulating IgG has been related
to preweaning growth (43) as well as long term per-
formance of calves (44), thus some commercial calf
raisers will pay dairy producers a premium for pro-
viding calves with serum total protein that exceeds
some critical threshold (usually >5.2 to 5.5 g of total
protein/dl of serum). Others will reduce the amount
they pay to the producer if total protein is too low.
Although passive immunity has an important ef-
fect on calf health, there are a number of other fac-
tors that influence the overall cost of morbidity and
mortality on a calf raising operation. These other
factors include the level of exposure of calves and
level of stress to which calves are exposed. Another
critical control point during the calf’s life is the first
24 hours. Consumption of colostrum is essential to
provide animals with the antibodies and other pro-
teins that calves need to stay healthy. The amount of
colostrum (and immunoglobulin, or IgG) consumed
determines amount of passive immunity and resist-
ance to disease. When calves consume insufficient
amounts of IgG from colostrum within the first 24
hours of life, they are much more susceptible to de-
veloping disease and possibly dying. A major reason
that preweaning mortality is higher than optimum
(defined as less than 5% of calves born alive) is due
to inadequate IgG intake (22). Measuring a calf’s
level of passive immunity within the first week of life
allows the producer to know the effectiveness of the
colostrum management and calf feeding program.
Because this is so important to the health and sur-
vival of the calf, it is an essential part of monitor-
ing the overall heifer operation. However, the im-
portance of achieving adequate levels of colostral
immunoglobulins to protect the neonate from enter-

ic disease and septicemia has long been recognized
(45).

It would be anticipated that as a result of in-
creased health, the newly born calves would show
enhanced weight gain. The effect on newborn calves
is somewhat more difficult to understand. Clearly,
the killed bacteria given to pregnant cows will effec-
tively stimulate their macrophage function and the
release of cytokines. These cytokines are relatively
small proteins (with molecular weights on the or-
der of 20-30 Kda). Proteins of this size may readily
cross the placenta. Thus, any immunostimulating
effect on the dam should also be effective in the fe-
tus. Calves born to treated buffaloes may thus be
at a significant advantage over untreated calves in
the face of microbial challenge (in ultra-corn group).
Stimulation of non-specific defense mechanisms
has the potential to counteract at types of immu-
nosuppressive effects in animals. This is especially
true in a country such as Egypt, where there is a
high level of sub clinical diseases in reared animals.
Sub clinical virus infections, suboptimal nutrition,
intestinal parasitism, and so on may all result in
mild immunosuppression.

In conclusion, the buffaloes have been criticized
for its poor reproductive performance. Thus, it ap-
pears that a positive effect could be obtained by pre-
partum immuno-stimulation using viteselen, ultra-
corn or combination on postpartum reproductive
efficacy and viability of newborn calves. Additional
work involving a larger number of animals is sug-
gested to reach appropriate results.
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REPRODUKCIJSKA SPOSOBNOST IN VITALNOST NOVOROJENCEYV PRI BIVOLIH, TRETIRANIH
S PRIPRAVKOMA VITESELEN IN ULTRA-CORN V PREDPORODNEM OBDOBJU

H. A. Amerin M. A. Hashem

Povzetek: V raziskavi smo Zeleli ugotoviti vpliv pripravkov viteselen (VS) in ultra-corn (UC) na raven imunoglobulinov G, na
poporodno plodnost in vitalnost novorojencev. Imeli smo 45 bivoljih samic, ki smo jih razvrstili v 4 skupine. Prva (n=9) je bila
kontrolna, ostale pa eksperimentalne (n=12/skupino). Zivali druge skupine so prejele po 30 ml viteselena (1,7 mg sodium
selenium in 150 mg vitamina E/ml). Zivalim tretje skupine smo aplicirali ultra-corn (2 ml/100 kg telesne mase). Zivalim
Cetrte skupine smo dali oba pripravka. Pripravka smo vbrizgali v dveh odmerkih 60 dni pred pri¢akovanim dnevom poroda.
Po porodu smo ugotavljali telesno maso, prirastek in vitalnost telet, ocenjevali smo reprodukcijsko sposobnost mater ter v
mlezivu in serumu telet dolocili raven IgG. Pri skupini, ki je prejemala VS, je bil ¢as lusCenja posteljice in involucije mater-
nice bistveno krajsi kot pri UC in kontrolni skupini (P<0.05). Je pa aplikacija katerega koli od pripravkov bistveno skrajsala
poporodni premor do prve gonitve in poporodni premor do zabrejitve (P<0.05). Raven IgG je bila bistveno vecja (P<0.05)
tako v mlezivu mater kot v serumu novorojencev pri dajanju VS ali VS+UC. Dodajanje VS je vplivalo na bistveno visjo raven
IgG tudi Se pri stiridnevnih in dvotedenskih teletih. Pri eni od zivali, tretirani z VS+UC, je prislo do abortusa, ostale iz vseh
tretiranih skupin pa so povrgle popolnoma zdrava teleta. Teleta tretiranih mater so imela visjo povprec¢no telesno maso, vedji
dnevni prirastek in boljSo vitalnost kot teleta iz kontrolne skupine. Najboljsi prirastek smo zabeleZili pri teletih iz skupine VS.
V prvem mesecu po rojstvu ni poginilo nobeno tele. Zaklju¢imo lahko, da predporodno dajanje pripravka viteselen ali kom-
binacije viteselena in ultra-corna pozitivno vpliva na poporodno reprodukcijsko obdobje in vitalnost telet egiptovskih bivolov,
za natanénejSo opredelitev pozitivnih u¢inkov pa bi bile potrebne raziskave na vecjem stevilu zivali.

Klju¢ne besede: predporodno obdobje; bivoli; teleta; viteselen; ultra-corn; imunoglobulini G; vitalnost



Slov Vet Res 2008; 45 (2): 61-6
UDC 637.54:635.71:678.048

Original Research Paper

ANTIOXIDATIVE EFFECT OF OREGANO SUPPLEMENTED TO
BROILERS ON OXIDATIVE STABILITY OF POULTRY MEAT
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Summary: Effect of oil extract of oregano supplemented in diet, on growth and oxidative stability of poultry meat was stud-
ied. Broiler chickens fed with addition of oregano achieved higher weight (2563 + 140 g) in comparison with control group
(2462 + 195 g). Oxidative processes were investigated as changes of malondialdehyde content in breast and thigh meat
after 0, 3, 6, and 12 months of storage at-21 °C. Partition of defrost samples was stored at chilling conditions (4 °C) during
12 hours, ground and thermally treated at 80 °C during 15 minutes, to observe antioxidative effect of added oregano oil in
poultry meat after thermal treatment. Results showed that oregano essential oil was more effective in delaying lipid oxida-
tion compared to the control diet at all time points. Thigh meat was more susceptible to lipid oxidation compared to breast
meat (P < 0.05). Same effects of oregano extract were observed in meat after warm heating (P < 0.05).

Key words: broiler performance; lipid oxidation; oregano essential oils

Introduction

Poultry meat has some advantages from nutri-
tive aspect e.g. the high content of proteins, essen-
tial polyunsaturated fatty acids, minerals and the
low content of lipids (1). At average broilers have
from 3.5 to 5.0 % of fatty tissues (18). Poultry fat con-
tain higher amount of polyunsaturated fatty acids
(PUFA) than fatty tissues of other slaughtered ani-
mals. Exactly, PUFA are the most sensible fractions
to oxidation processes. Lipid oxidation in meat is
one of the reasons for quality degradation during
storage. This process is associated with the pres-
ence of free radicals that lead to the production of
aldehydes responsible for the development of rancid
flavours and changes in the colour of meat (5, 11).

Antioxidants are applied to protect food and avoid
oxidation processes. Antioxidants are defined as sub-
stances which occur in meat in very low concentra-
tions in comparison with substrate sensible to oxida-
tion and they inhibit or reduce its oxidation (2, 13, 16).

Important source of natural antioxidants are
plants. Rosemary (Rosmarinus officinalis L.) and sage

Received: 7 February 2008
Accepted for publication: 28 April 2008

(Salvia officinalis L.) were recognized as plants with
the highest antioxidation activity by many authors
(4, 5, 10, 14). Thyme (Thymus serpyllum vulgaris
L.) and marjoram Origanum majorana L.) have also
significant antioxidation effect and they reduce au-
tooxidation of fats (3).

Oregano (Origanum vulgare L.), is an aromatic
plant with a wide distribution throughout the Medi-
terranean area. The essential oil from oregano ob-
tained by steam-distillation process from leaves and
flowers is well known for its antioxidative activity
(7). Carvacol and thymol two main phenols that con-
stitute about 78 - 82 % of the essential oil of oregano
are principally responsible for this activity. The es-
sential oil derived from oregano is known to possess
also antimicrobial, antifungal, and insecticidal ac-
tivities. Antimicrobial activity of oregano has been
examined as an alternative grow promoter in broiler
chicken (6), broiler turkeys (17) and pigs.

A high oxidative stability of meat is important
when attempting to avoid or delay development of
rancid products or warmed-over flavour. In rela-
tion to character of process of lipid oxidation, effect
of antioxidants is the more significant, the sooner
they are applied. Ideal situation is the fats are pro-
tected immediately after slaughtering of animals (8,
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13). This protection can be achieved due to feeding
of antioxidants in live animals (12). Increased anti-
oxidative status in the living animal and the follow-
ing increased oxidative stability of the raw product
is considered beneficial the consumer and process-
ing industry.

The aim of our experiment was observation of
supplementation of feedstuff with oil extract of oreg-
ano on growth and oxidation stability of frozen and
thermally treated poultry meat.

Materials and methods

Animals and diets. Experiment was carried out
with 60 one-day-old ROSS 308 broiler chickens.
Broilers were stabled in approved animal quarters
in I. Internal clinic of University of Veterinary Medi-
cine in Kosice and they were divided into two groups:
First group (EO) was fed with standard diet supple-

Table 1: Composition of standard diet

mented with oil extract of oregano (Calendula Nova
Lubovna, Slovak republic) in concentration 0.05 %
per 1 kg. Essential oil of oregano, on rice substrate,
was mixed to expected daily dose of standard diet
every day. Control group (K) was fed with standard
diet without supplementation of antioxidants. Feed
and water were provided ad libitum during the 42
day on study.

Temperature was gradually decreased from 33 °C
on day 1 to 22 °C on day 21 and then kept constant.
The lighting regimen provided 24 h of continuous
light per day. The humidity of environment was 70
%. All chickens were individually weighted on the 1,
7, 14, 21, 28, 35, and 42 day of age. Animal handling
was according to the Guidelines established by the
European Union on Animal Care (Council Directive
86/609) as required by the ethical committee of the
University of Veterinary Medicine in KoSice (Slovak
republic).

Components gkg! feed Chemical analysis gkg! feed
Corn 590 Dry matter 860
Soybean meal 254 Crude protein 210
Full fat Soybean 65 Crude fibre 35
Wheat 11 Ash 70
Fish meal 25

Yeast 25 Calculated analysis

Limestone 15 Linoleic acid 10.0
DL-Methionine 2 Calcium 8.0
Monocalcium phosphate 8 Phosphorus (total) 6.0
Sodium chloride 3 Lysine 11.0
Vitamin premix! 1 Methionine+Cystine 7.5
Trace-mineral premix® 1 Metabolizable energy MdJ.kg™ 12.0

! Supplying per kg diet: vit. A, min. 10000 IU; vit. D3, min. 2000 IU; vit. E, 25 mg; vit. B2, min. 4 mg; vit B12 20 pg; folic acid, 1
mg. 2Supplying per kg diet: Zn, 50 mg; Mn, 50 mg; Fe, 60 mg; Cu, 6.0 mg, Se, 0.75 mg

Processing of chickens. On the 42" day of age
broiler chickens were slaughtered. Bleeding of
chickens followed after stunning in respect of rules
established for slaughtering of animals and it was
performed by responsible veterinary surgeon. After-
wards, all poultry carcasses were weighted, deboned,
skin was removed and chilled (4 °C). Packed samples
of breast and thigh muscles (in polyethylene sacks)
were stored in freezer at — 21 °C during 3, 6 and 12
months. Samples were defrost at chilling conditions
(4 °C) for the duration of 12 hours before analysis

and homogenized in grinder.

Partition of defrost samples (10 pieces) taken
from both groups was stored at chilling conditions
(4 °C) during 12 hours, ground (< 4,5 mm) and ther-
mally treated at 80 °C during 15 minutes, to deter-
mine antioxidative effect of added oregano oil in
poultry meat after thermal treatment.

Evaluation of Thiobarbituric acid assay. Decom-
position of fats is assessed by the thiobarbituric acid
(TBA) assay. This test is simple, fast and it is based
on the reaction of 1 molecule MDA with 2 molecules
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of TBA (15). The color of the final complex is pink and
the absorbance of the complex is measured spectro-
photometrically. MDA is major degradation product
of oxidation of polyunsaturated fatty acids. Evalua-
tion of TBA was performed according to Marcinc¢ak
et al. (14) and measured spectrophotometrically at
532 nm (Helios Y, v. 4.6, Thermo spectronic, Great
Britain).

Statistical analysis. Statistical processing of re-
sults was performed by Graph Pad Prism 3.0 (1999).
Results are expressed as arithmetic mean (x) and
standard deviation (sd). Comparison of results
among groups was statistically evaluated by Stu-
dent t-test. Advanced growth of malondialdehyde in
both groups during storage was compared by one-
way ANOVA test. Tukey comparison test was used to
compare statistical differences between values and
P < 0.05 was considering as statistically significant
difference.

Table 2: Average weight of broilers during feeding period

Results

Table 2 shows average weights during feeding pe-
riod in both groups of broilers. Addition of oil extract
of oregano in diet was manifested within 7 days of
feeding and for the duration of feeding broilers
from group EO achieved higher weight than control
group (K). At the end of feeding period (42"¢ day), av-
erage weight of broilers supplemented with extract
of oregano was 2563 g in comparison with control
group 2462 g. However, weight differences between
groups were not statistically significant (P> 0.05). No
differences in feed intake and feed : gain ratio were
observed in broilers fed with oregano essential oil in
comparison with control (data not presented).

Day of feeding
1. 7. 14. 21. 28. 35. 42.
K 64+7 192 + 22 353 + 29 696 + 74 1242 + 118 1944 + 210 2462 + 195
EO 68+ 6 215 £ 17 409 + 28 766 + 65 1326 £ 104 1972 + 142 2563 + 140

In table 3 are expressed results of determina-
tion of TBA value in meat samples stored in freezer
at -21 °C. Immediately after slaughter processing,
concentration of MDA was slightly lower in breast
muscles of broilers from group EO than in control
group (P > 0.05). Storage of samples in freezer (- 21
°C) for 3 months caused moderate growth of MDA in
control group (P > 0.05). MDA values in samples ob-
tained from broilers supplemented with oil extract
of oregano remained stable during this period. Sig-
nificant growth of MDA concentration in samples
of breast muscles became obvious in both groups
within 6 months of storage at freezing conditions
(- 21 °C). Growth was more significant in control

group (0.184 + 0.018 mg.kg-1) in comparison with
EO group (0,138 + mg.kg-1), what indicates higher
oxidation stability of poultry meat after addition of
oil extract of oregano (P < 0.05). The same phenom-
ena was observed within 12 months of storage.

Immediately after slaughter processing, MDA
concentrations in thigh muscles were higher than
in breast muscles in both groups (P < 0.05) and MDA
concentration in thigh muscles from control group
was significantly higher than in EO group (P < 0.05).
The same data were determined also within storage
of samples for 3, 6 a 12 months in freezer at - 21 °C
(P <0.05).

Table 3: Oxidation changes of fats expressed as amount of malondialdehyde (mgkg') during storage of samples in

freezer (- 21 °C)

Storage (months)

0 3 6 12
Breast 0.140 £ 0.014 0.151 + 0.015 0.184 + 0.018 0.496 + 0.088
K Thigh 0.235 £ 0.020 0.237 + 0.010 0.272 + 0.021 0,652 £ 0.102
Breast 0.121 + 0.009 0.122 + 0.011 0.138 £ 0.013 0.311 + 0.098
EO Thigh 0.177 £ 0.013 0.181 + 0.007 0.197 + 0.009 0.465 £+ 0.072
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Table 4: Oxidation changes of fats expressed as amount of malondialdehyde (mg.kg!) after thermal treatment (80 °C,

15 min).
Storage (months)
0 3 6 12
Breast 0.24 + 0.06 0.38 £ 0.07 0.46 £ 0.14 1.51 £+ 0.21
K Thigh 0.59 + 0.13 0.66 + 0.15 0.94 + 0.21 2.35+0.27
Breast 0.19 + 0.04 0.22 + 0.05 0.31 £ 0.17 0.79 £ 0.17
EO Thigh 0.34 £ 0.07 0.48 + 0.007 0.54 +0.14 1.72 + 0.14

Table 4 shows results of determination of TBA
value in breast and thigh muscles from both groups
after thermal treatment of samples. Thermal treat-
mentaccelerated oxidation processes in both groups
in comparison with untreated samples (P < 0.05).
Following storage and thermal treatment increased
MDA concentrations as a consequence of acceler-
ated oxidation processes. Addition of oil extract of
oregano had positive effect on delaying of oxidation
of fats in comparison with control samples (P < 0.05).
Thigh meat was again more susceptible to lipid oxi-
dation compared to breast meat.

Discussion

Obtained results indicated that addition of oreg-
ano in dose 0.05 % per kg of feed gently increased
the slaughter weight of chicken. These results cor-
respond with data (6, 14, 19), which indicate moder-
ate higher weight of broilers after feeding of plant
extracts. Plant extracts effects may be due to the
greater efficiency in the utilization of feed, resulting
in enhanced growth. There is evidence to suggest
that herbs, spices, and various plant extracts have
apetite- and digestion-stimulating properties and
antimicrobial effects (9).

Poultry meat contains less amount of fat than red
meat of slaughter animals. On average, broilers con-
tain from 3.5 to 5.0 % of fat. Poultry fat has higher
amount of unsaturated fatty acids (PUFA) than fat of
other slaughter animals. Regarding higher amount
of PUFA, poultry meat is more sensitive to oxida-
tive processes (17). Feeding and conditions used for
breeding and slaughtering can influence oxidative
stability of meat (2, 8). The most ideal situation is
when fats are protected immediately they are de-
rived. It means before slaughtering of animals. It is
possible gain this fact when tissues are saturated
with antioxidants as an additives during the life of
animals (6, 13). Govaris et al. (8) stated that, post-
mortem addition of antioxidants to the mince meat

also retarded lipid oxidation in the prepared patties
compared to control; however, this effect was inferior
to that of dietary supplementation even though the
post-mortem a-tocopherol supplemented meat con-
tained 90-fold more o-tocopherol than patties from
the dietary supplemented meat.

Immediately after slaughter processing, MDA
concentrations were low in both groups. However,
following storage caused growth of MDA in samples.
Obtained results indicate that addition of antioxi-
dants had significant effect on reducing of oxidation
processes in meat. Our results confirmed that thigh
meat samples suffered more intensive lipid oxida-
tion than breast meat samples, throughout the 12
months storage period. This is generally in agree-
ment with other research studies that have inves-
tigated the effects of oregano essential oils in meat
protection from oxidation through feeding (5, 6, 8,
17). Thigh meat was more susceptible to lipid oxida-
tion compared to breast meat. The greater suscepti-
bility of thigh to lipid oxidation has been attributed
to the higher content of PUFA in this tissue (15, 17).

Process of production of meat products (cutting,
grinding, and mixing) causes degradation of muscle
membrane system and has a strong influence on oxi-
dation of intracellular fat, primarily phospholipids (2).
In thermally treated meat products level of oxidation
depends on intensity of thermal treatment. Thermal
treatment accelerated oxidation expressed in both
groups as high TBA values in comparison with un-
treated samples (P < 0.05). Addition of oil extract of
oregano had positive effect on delaying of oxidation
of fats in comparison with control samples (P < 0.05).
Consistently with our results, Florou-Paneri et al. (6)
reported that both the oregano herb and essential oil
were effective in delaying lipid oxidation of breast and
thigh meat during refigerated storage, when they were
dietary supplemented to turkeys. Similar results were
described by Govaris et al.(8), who reported that addi-
tion of oregano oil in feed of turkeys and post mortem
in ground meat increases stability of fat oxidation.
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The lower MDA values found in tissues after diet
supplementation with oregano, are probably the
results of various antioxidants constituents that
entered the circulatory system, distributed and re-
tained in the tissues, exhibiting antioxidant activity

(6)
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ANTIOKSIDATIVNI UCINEK ORIGANA KOT PREHRANSKEGA DODATKA BROJLERJEM NA
OKSIDATIVNO STABILNOST PISCANCJEGA MESA

S. Marcinéak, R. Cabadaj, P. Popelka, L. Soltysova

Povzetek: Preiskali smo ucinek oljnega ekstrakta origana na prirastek pisCancev in oksidativno stabilnost njihovega mesa.
Brojlerii, ki smo jih krmili z origanom kot prehranskim dodatkom so dosegali vecjo telesno maso (2563 + 140 g) v primerjavi
s kontrolno skupino (2462 + 195 g). Oksidativni proces v mesu smo spremljali z ugotavljanjem vsebnosti malondialdehida
v prsnem fileju in stegenskem mesu na zacetku shranjevanja pri -21°C ter po treh, Sestih in dvanajstih mesecih. Da bi
ugotovili antioksidativni ucinek origana po termicni obdelavi, smo koS¢ke odmrznjenega mesa do 12 ur hranili pri 4 °C in
jih termi¢no obdelovali pri 80 °C petnajst minut. Rezultati kazejo, da esencialno olje origana ucinkovito zadrzuje oksidacijo
mascob v zamrznjenem mesu v vseh preiskanih ¢asovnih obdobjih. Stegensko meso je bolj podvrzeno oksidaciji masc¢ob,
kot pa prsi (P < 0,05). Enak ucinek ekstrakta origana je bil ugotovljen v mesu tudi po termi¢ni obdelavi (P < 0.05).

Kljuéne besede: brojleriji; prirastek; oksidacija mas¢ob; esencialno olje - origano
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Summary: A year-round study was carried out on 136 Bengal sheep and 224 Bengal goats with the aim to compare the
species diversity and prevalence of infections with protozoa, flukes, tapeworms and nematodes parasitizing gastrointestinal
tract and lungs of the small ruminants from various parts of Bangladesh. The prevalence of internal parasitic infections was
higher in goats (74.55%) than in sheep (55.88%). Liver fluke (F. gigantica) was more prevalent in goat (14.28 %) than in
sheep (8.82%) whereas tapeworm infection was more frequent in sheep (24.26%) in comparison to goat (16.52%). In ad-
dition, goats showed higher than sheep prevalence of protozoan (Eimeria spp.) and lungworm (Muellerius spp.) infections.
Goats (33.48%) showed eight times higher prevalence of Muellerius capillaris (lungworm) infections than sheep (4.41%)
did. Lungworm infection was more likely to occur in female goats where as other species were more prevalent in male.
The most prevalent gastrointestinal nematode in both host species was Trichostrongylus followed by the occurrence of
Haemonchus. A total of 10 different types of internal parasites were identified of which 9 were common for both species.
The most commonly occurring parasites in both species include Eimeria, Trichostrongylus, Haemonchus, Monizia and

Fasciola.

Key words: helminth; protozoa; parasitic; prevalence; species diversity; sheep; goat

Introduction

There are about 38.1 million small ruminants
(goat and sheep) in Bangladesh (1) which plays an
important role in the rural economy and earn sub-
stantial amount of foreign currency by exporting
skins and other by-products (2). Goat production is
becoming more and more popular in Bangladesh
and nowadays special emphasis is also given to the
raising of sheep. Helminthiasis, specially parasitic
gastro-enteritis (PGE) constitutes a serious health
problem and limitation to the productivity of small
ruminants throughout the world due to the associ-
ated morbidity, mortality and cost of treatment and
control measures (3). In Bangladesh parasitism has
been considered as one of the major constraints
of livestock production (4). The incidence of para-
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sitic diseases is usually very high and ranges from
30-80% in ruminants and the young crossbred
animals are severely affected (5). Losses arise from
deaths (10-15%) of young animals, stunted growth,
reduced milk and meat production and draft out-
put, delayed maturity and prolonged calving inter-
vals (5). Goats and sheep have numerous gastroin-
testinal parasites, many of which are shared by both
species. The most important include coccidia (pro-
tozoa), nematodes (roundworms), cestodes (tape-
worms), and trematodes (flukes). Gastrointestinal
nematodes of Trichostrongylidae family are perhaps
the most important parasites of small ruminants
world-wide, causing significant morbidity and loss
of production.

Owing to the growing demand for high qual-
ity animal proteins for human consumption, small
ruminants occupy a special place as they are ex-
tremely efficient in converting the indigestible cel-
lulose and hemicellulose to animal protein. As goat
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and sheep rearing in Bangladesh being popular
with days because these species are valuable for
economic, managerial and biological reasons, spe-
cial emphasis has to be employed regarding proper
health & production of them. Among the multitude
of problems hindering the livestock development in
Bangladesh, disease problems specially related to
endoparasitism constitute a serious threat to the
successful small ruminants’ industry. Despite the
special emphasis on the rearing small ruminants,
the development of the industry in Bangladesh is
seriously threatened.

So, it is essential to know the type of parasites in-
volved in the production of parasitic diseases in goat
and sheep industry for its treatment, prevention and
control under field condition. Though, some works
have been reported on the parasitism of livestock
in Bangladesh, no precise report has been found on
the prevalence and distribution of helmintic as well
as protozoan parasites of goat and sheep together.
To the best of our knowledge, this would be the first
time report on helminthic and protozoan parasites
of goat and sheep. The principal aim of this work
was to investigate prevalence of internal parasites of
goats and sheep in Bangladesh and to identify spe-
cies diversity of helminthes in goats and sheep so
that proper measure could be taken to help prevent
and control the small ruminant industry from the
devastating effect of parasitism accordingly.

Materials and methods
Animals and collection of samples

The study was carried out for one year from
March 2005 to February 2006 on 136 indigenous
Bengal sheep and 224 black Bengal goats from dif-
ferent parts of Bangladesh. The animals were reared
under free ranging system where they were allowed
for grazing on nearby pasture. Only concentrate was
supplied once or twice daily. Faecal samples were
collected randomly from the rectum of animals in
individual sterile polythene bag and carried on ice
to the laboratory and either used promptly or stored
at 4°C for a maximum of 24 hours.

Parasitological procedures

Prevalence of gastrointestinal parasites was
estimated using flotation in saturated NaCl and
sedimentation methods. In order to assess species
of gastrointestinal nematodes, infective (L3) larvae
were cultured using samples of faeces from indi-
vidual animals. Faecal samples weighing between 2
and 5 g from each goat or sheep in the study were
prepared into a faecal culture for third stage larvae
development (6). After 7 days of incubation larvae
from faecal cultures were harvested and identi-
fied to genera or species using light microscope.
The differential counts and identification of each
nematode species were performed according to the
descriptions of Soulsby (7) and Hansen and Perry
(8). Baermann'’s technique was used for detection of
lungworm infection.

Results

As many as 74.55% of examined goats was in-
fected with at least one genus/species of parasite.
The prevalence of parasitic infections was higher
in goats than in sheep (55.88%) reared in the same
conditions (Fig. 1).
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Figure1: Overall prevalence of parasitic infections in goat
and sheep

Liver fluke (F. gigantica) was more prevalent in
goat (with prevalence 14.28 %) whereas tapeworm in-
fection was more frequent in sheep (24.26%) (Fig.2).
In addition, goats showed higher than sheep preva-
lence of Eimeria spp. and Muellerius spp. (lungworm)
infections (Fig.2). With the later, goats were about 8
times more frequently infected than sheep.
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Figure2: Prevalence of protoza, trematode, tapeworms and
nematode infection in goats and sheep in Bangladesh

Female goats seem to be more susceptible to in-
fections with lungworms and males with the rest of
genus/species but the overall infection was higher
in females (Fig-3).
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Figure3: Extensiveness of parasitic infections in males
and females of goats

Table 1: Species diversity of internal parasites in goats
and sheep in Bangladesh

Goat % Sheep %
Parasites positive positive

(n=224) (n=136)
Eimeria spp. 47.76 30.88
Fasciola gigantica 14.28 8.82
Monizia spp. 16.52 24.26
Muellerius capillaris 33.48 4.41
Trichostrongylus spp. 51.58 34.55
Haemonchus contortus. 25.89 15.44
Cooperia spp. 5.35 2.94
Oesophagostomum spp. 4.01 1.47
Trichuris spp. 8.03 3.67
Nematodirus spp. 0 2.94

On the other hand, male sheep were found to be
more often infected than females (Fig.4). However,
the sex related incidence was not significant. The
most prevalent gastrointestinal nematode in both
species of hosts was Trichostrongylus sp. (Table-1).
The species diversity of various parasites found in
goat and sheep is given in table-1 which shows that
some species can be considered as common to both
species of host.
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Figure4: Extensiveness of parasitic infections in males
and females of sheep

Discussion

Theresults of the present study reveals that goats
acquire a lower level of immunity to gastrointestinal
parasites than sheep and those parasitic infections
are more prevalent in goats than in sheep in Bangla-
desh. This may be due to the gastrointestinal physi-
ology of sheep. Bengal sheep may be genetically
more resistant to GI parasites than goats.

About 48% of goats and 31% of sheep were in-
fected with Eimeria sp. (coccidia). Eimeria infections
can result in serious clinical signs of fluid diarrhea,
which may or may not contain mucous or blood, de-
hydration, emaciation, weakness, loss of appetite,
and death. Some goats may instead be constipated
and suddenly die without diarrhea (9). The rate of
incidence of this pathogenic protozoan species in
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small ruminants in Bangladesh is awfully high
though they couldn’t be compared due to unavail-
ability of available information regarding this. How-
soever, it has been found as one of the most devas-
tating protozoa for sheep and goat farming.

Fasciola gigantica is the only liver fluke found in
Bangladesh (10). In this study, the incidence of this
species was 14.28% and 8.82% in goat and sheep
respectively. Bhuyan (11) reported the incidence of
liver fluke in goat as 13%. No available information
was found for sheep in this regard. Although goat
showed more incidences of almost all parasites, in-
terestingly the incidence of tape worms was higher in
sheep (24.26%) than in goat (16.52%). The reason(s)
of such high prevalence in sheep is not clear, further
study may be of value to conclude it precisely.

One of the most prevalent infections in goats in
some part of Bangladesh seems to be Muellerius cap-
illaries (Table-1; figure-3), which was found 8 times
more infective to goat. Goat may be genetically more
vulnerable to lungworm infection. The development
of Muellerius spp. in the lung of goats is associated
with marked tissue damage and pronounced cellular
reaction (12). Infections due to Muellerius capillaris
tend to be cumulative over time, i.e. older goats are
more likely to exhibit clinical signs of coughing and
ill-thrift due to heavy infestations than are young
goats (12). Muellerius infection is more likely to be
pathogenic in goats than in sheep. Normal treat-
ment with anthelmintics may fail to clear infections,
although repeat dosing and/or increasing the dose
rate may clear some mild to moderate infections.

Out of Trichostrongylidae family the highest
prevalence of infections showed nematodes of ge-
nus Trichostrongylus. Most of the species of the
genus of Trichostrongylus actually live in the small
intestine. Only one T. axei lives in the abomasum.
The intestinal species cause more problems than T.
axei which lives in the abomasums . The presence
of the intestinal species cause diarrhea, weight loss
and loss of appetite. The worms suck blood from the
lining of the intestines which causes irritation and
swelling of the intestinal membrane. The damaged
mucosa results in malabsorption, impaired diges-
tion and protein loss. Heavy infestations may prove
to be fatal to the young animal (13).

The second most prevalent trichostrongylid nem-
atode both in sheep and goats was a blood sucking
nematode, Haemonchus contortus. Severe infesta-
tions can cause death of the animal within a week of
heavy infection without showing any clinical signs.
Animals with chronic infections show anemia and

weight loss. The worms tend to infect mostly young
animals, however, older animals can develop heavy
infections especially during lactation which may
prove fatal. In the late stages of infections, the ani-
mal develops a swelling beneath the lower jaw, called
bottle jaw (13).

The reason for absence of Nematodirus species
in goat in this study is not clear. Although Osterteg-
ia, cooperia and nematodirus were reported as most
prevalent genera found from pasture (14), present
study findings support previous two genera but not
last one for goat.

Conclusion

This study showed high incidences of GI para-
sites (helminth and protozoan) in goat and sheep
in Bangladesh. It was found that sheep and goat
share some species of GI parasites even though the
incidences vary significantly. It was also noted that
sheep acquires more resistance to common GI para-
sites than goat does. We do believe that this study will
help the researchers as well as the epidemiologist to
take the necessary steps regarding the control and
management of GI parasitic diseases of small rumi-
nants in Bangladesh since there is no/little concise
report on this issue. Although this study is not suffi-
cient and further extensive study should be carried
out through out the country, this study might serve
as a baseline for the followers.
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ZAJEDAVSKE INVAZIJE S PLOSKIMI CRVI IN PRAZIVALMI PRI NOMADSKI DROBNICI V
BANGLADESU

K. B. M. S. Islam in M. J. F. A. Taimur

Povzetek: Da bi primerijali raznolikost vrst in ugotavljali prevalenco zajedavskih invazij, smo v enem letu proucili 136 ovc in
224 koz iz Bangladesa. V prebavilih in dihalih smo iskali prazivali, metljaje, trakulje in valjaste ¢rve. Pogostnost invadiranosti
z notranjimi zajedavci je bila pri kozah vecja (74,55 %) kot pri ovcah (55,88 %). Veliki metljaj (F. gigantica) je bil pogosteje
najden pri kozah (14,28 %) kot pri ovcah (8,82 %), trakulje pa nasprotno bolj pogosto pri ovcah (24,26 %) kot pri kozah
(16,52 %). Koze so imele tudi ve¢ prazivali (Eimeria spp.) in pljucnih zajedavcev (Muellerius spp.). Pri kozah se je Muellerius
capillaris pojavil kar v 33,48 % primerov, pri ovcah pa samo v 4,41 %. Plju¢ni zajedavci so bili pogostejsi pri samicah, ostali
zajedavci pa pri samcih. Pri obeh vrstah drobnice je bil najpogosteje ugotovljen zelodéno-Crevesni zajedavec Trichostrongy-
lus spp., takoj za njim pa Haemonchus. Ugotovili smo 10 razli¢nih vrst notranjih zajedavcev in sicer se jih je 9 pojavljalo pri
obeh vrstah gostiteljev. Najpogosteje smo nasli vrste Eimeria, Trichostrongylus, Haemonchus, Monizia in Fasciola.

Kljuéne besede: helminti; prazivali; zajedavci; prevalenca; drobnica
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Case Report

RETROSPECTIVE STUDY OF CANINE PARVOVIROSIS IN

SLOVENIA
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Summary: The aim of this retrospective study, based on the data from the archive of the Institute of Pathology, Forensic
and Administrative Veterinary Medicine of Veterinary Faculty in Ljubljana, was to estimate the correlation between epide-
miological parameters such as gender, age and breed of dogs that died of canine parvovirosis, and the months of a year

in which they died.

84 dogs, aged 1 month to 4 years, of both genders and 27 different breeds, which died of canine parvovirosis from Janu-
ary 1987 to January 2005, were included in the study. Results of this descriptive study suggest that the age of dogs and
the time of year when death occurred were correlated with canine parvovirosis while there was no correlation between
gender or breed and incidence of death due to canine parvovirosis.

Key words: veterinary medicine; pathology; canine parvovirosis; parvoviral enteritis; dogs

Introduction

Canine parvovirosis is a contagious viral disease
of dogs. First cases of canine parvovirosis had been
almost simultaneously detected for the first time in
the USA, Australia and Europe in 1978 (1, 2, 3). In
the following three years the disease had spread to
all continents (4, 5, 6). The first case of canine parvo-
virosis in Slovenia was diagnosed in July 1980 (7).

The disease is caused by a virus belonging to the
group of parvoviruses, which also includes feline
panleukopenia virus (FPV; 6). It is presumed that
outbreak of parvovirosis in dogs was a consequence
of FPV mutation (6). Canine parvovirosis is caused
by two dog specific parvoviruses - canine parvo-
virus type 1 (CPV1) and canine parvovirus type 2
(CPV2). In contrast to low pathogenicity of CPV1,
which rarely causes canine parvovirosis, CPV2 is
highly pathogenic (6, 8, 9). Several species of wild
canids, e.g. coyotes, raccoons, foxes and wolves, are
also susceptible to canine parvovirus infection (6).
The most typical form of the canine parvovirosis is
exhibited in the form of enteritis, but the disease
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can also manifest as parvoviral myocarditis or as a
mixed form (6). All three forms have often fatal out-
come (6). Young dogs from six weeks to one year of
age are the most susceptible group for canine par-
vovirosis, afterwards the morbidity decreases. Pup-
pies younger than six weeks are protected by mater-
nal immunity (10).

Materials in methods

The necropsy reports from the archive of the In-
stitute of Pathology, Forensic and Administrative
Veterinary Medicine of Veterinary Faculty in Lju-
bljana were reviewed in order to find out causes of
death in dogs dissected in the last 18 years, from
January 1987 to January 2005. Eighty four dogs in
which parvovirosis was diagnosed by histopatho-
logical analysis were included in this study. In 18
dogs, parvovirosis was also confirmed by immuno-
cytochemistry.

Immunohistochemical staining

Polyclonal rabbit antibody against canine par-
vovirus was used for immunolabelling. Serum was
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raised in rabbits which were immunised with the
suspension of canine parvovirus, isolat LJ-80, which
was replicated on the cell culture of cell line FER (Fe-
line Embrional Kidney), ECACC, No 90031401. He-
magglutination titer of viral suspension was 1: 1024
(11).

Four micrometers thick, deparafinised tissue sec-
tions of jejunum, ileum, liver, kidney, spleen, thymus,
lymph nodes and lung were incubated in citrate buf-
fer (pH= 6.0) in the microwave oven for 15 minutes to
expose the antigens, cooled to the room temperature
and incubated in 3% hydrogen peroxide for 1 hour to
inhibite the endogenous peroxidase. Polyclonal rab-
bit antibodies against canine parvovirus, were dilut-
ed 1: 400 in 5% bovine serum albumin in phosphate
buffer saline (PBS). Tissue sections were incubated
with primary antibodies at room temperature for 30
minutes, followed by washing in PBS for 5 minutes,
incubated with biotinylated mixture of goat anti-
rabbit and goat anti-mouse secondary antibodies
(LSAB®2 HRP visualization system, DAKO) for 20
minutes, rewashed with PBS, incubated in strepta-
vidin conjugated with peroxidase (DAKO) and finally
incubated in 1% 3-diaminobenzidine tetrahydro-
chloride, containing 0.03% hydrogen peroxide, for 7
minutes. Sections were countrastained with haema-
toxylin, dehydrated and mounted with resin (11).

Statistical analyses

Data about gender, age and breed of dogs and
month of their death was determined from the
records about anamnesis.

For determination of effects of chosen epidemio-
logical parameters on canine parvovirosis, dogs were
divided into two groups by gender: 70 males and 14
females; in three groups by age: 50 puppies up to 6
months of age, 19 dogs from 6 months to 1 year and
5 dogs older than 1 year; into four groups by breed:
14 German Shepherds, 9 Rottweilers, 6 Labrador
Retrievers and 20 mixed breeds.

Regarding the month of the death, dogs were di-
vided into 12 groups, and by the year of death into
18 groups.

Relative ratio of deaths caused by parvovirosis
from the total number of dissected dogs (2486) was
calculated individually for each of the above groups.
The differences between groups for each epidemio-
logical parameter were determined using stand-
ard statistical methods: correlation and regression
analysis, t-test and chi test, with p < 0.05, which
were considered as statistically significant.

Results
Anamnesis and diagnosis of canine parvovirosis

In the last 18 years, 2486 dog carcasses under-
went pathological examination at the Institute of
Pathology, Forensic and Administrative Veterinary
Medicine of Veterinary Faculty in Ljubljana in the
last 18 years. Typical macroscopic lesions in the
small intestine (mostly hemorrhagic enteritis),
which were diagnosed as parvoviral enteritis using
histopathological examination, were found in 84
dogs (3.4 % of all examined dogs).

In 55 dogs that died due to parvovirus infection,
sudden onset with vomiting, bloody diarrhea, de-
pression and loss of appetite were noticed by their
owners or veterinarians. All these dogs died in one
or at most two days after the onset, or were eutha-
nized due to severe illness. Five dogs died suddenly,
without previous clinical signs. For 24 dogs there
was no anamnesis concerning the clinical status
prior to death.

Ten dogs were vaccinated against canine parvovi-
rus, three dogs were not vaccinated while for 71 dogs
there were no data concerning the vaccination.

Epidemiological analysis

Sex of dogs

Seventy dogs (83.3 %) that died due to canine par-
vovirosis were males and 14 (16.7 %) were females
(Diagram 1). Statistical analysis revealed significant
difference between sexes in dogs that died due to
parvovirosis (P < 0.01).
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Diagram 1: Sex ratio of dogs that died due to canine par-
vovirosis

The age of dogs
Fifty dogs (67.6 %) that died of canine parvoviro-
sis were younger than six months, 19 dogs (25.7 %)
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were aged from six months to one year, and only five
dogs (6.8 %) were older than one year. For 10 dogs
included in our study there were no data about their
age (Diagram 2). Comparison between age groups
and the death due to canine parvovirosis revealed
statistical significance between groups (P < 0.01).

The month of the death

The highest percentage of deaths due to canine
parvovirosis was noticed in August (16.7 %), followed
by September (11.9 %), October, December and Jan-
uary (10.7 % each), May (9.5 %) and November (7.1%).
The percentage of deaths ranged from 2.3 to 5.9 % in
other months of the year (Diagram 4). The difference

60 between months and deaths due to canine parvovi-
50 rosis was statistically significant (P < 0.001).
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The highest percentage of deaths, 23.8 % (20 month
dogs) was noticed in mixed breeds, followed by Ger-

man Shepherds with 16.7 % (14 dogs), Rottweilers
with 10.5 % (nine dogs), Labrador Retrievers with 7.1
% (six dogs) and Poodles with 5.9 % (five dogs). Single
cases of canine parvovirosis were diagnosed in oth-
er 21 pure breeds. The differences between different
breeds and the number of deaths due canine parvo-
virosis was not statistically significant (P> 0.05).

The year of the death

Twenty dogs died due to canine parvovirosis in
1991 (10.3 % of all dogs). In 1987 and from 2001 to
2003 there were no deaths due to canine parvoviro-
sis. The percentage of deaths in other years ranged
from 1.29 to 8.4 %.
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Diagram 3: Number of dogs that died due to canine parvo-
virosis in the last 18 years

Diagram 4: Number of dogs that died due to canine parvo-
virosis by the month in which they died.

Discussion

In the last 18 years, 2486 dogs were dissected
at the Institute of Pathology, Forensic and Admin-
istrative Veterinary Medicine of Veterinary Faculty
in Ljubljana and among them, 84 died or were eu-
thanized due to canine parvovirosis. In all cases,
canine parvovirosis was suspected due to clinical
signs and/or characteristic intestinal lesions, and
was confirmed by histopathological examination
of the intestine and in 18 dogs also with immuno-
histochemical reaction using polyclonal antibod-
ies against canine parvovirus (11). Several authors
described microscopic changes in small intestine,
i.e. necrosis of crypt’s epithelia with crypt’s dilata-
tion, atrophy of intestinal villi, necrotic enterocytes
with enlarged nucleus and focal mucosal collapse,
as typical for parvovirosis (6, 7, 18). Similar lesions
were found also in the small intestines of dogs in-
cluded in our retrospective study. Ruiz Romero et al.
(19) also found necrosis of crypts and atrophy of villi
in small intestine of dogs and confirmed parvoviro-
sis by immunohistochemical staining (19).

Since 1980, when the first case of canine parvo-
virosis has been diagnosed and described in Slov-
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enia (7), deaths due to canine parvovirosis were di-
agnosed almost every year. The number of deaths
increased in 1990, 1991 and in 1992, while a slow
fall was noticed afterwards until 2001, when no case
of death due to canine parvovirosis was diagnosed.
The first new outbreak occurred in November 2004.
There is no data in the literature concerning the
disease frequency in the world during the last dec-
ades.

The most likely reason for decreased number of
deaths due to canine parvovirosis is greater own-
er's awareness and regular preventive vaccination
against canine parvovirus. The new outbreak of
canine parvovirosis could be related to the new ca-
nine parvovirus mutant that has been just found
in Italy (12). This hypothesis is supported by the
facts that this was the first outbreak of disease after
three years and, that all three puppies were vacci-
nated with standard vaccine against canine parvo-
virus. The second possible explanation for the new
outbreak is inappropriate time of vaccination. It is
known that there is a critical period from two to four
weeks, when vaccination is fairly unsuccessful. In
this period, the maternal antibody titer is so high,
that a puppy is unsusceptible to preventive vacci-
nation, but at the same time too low to protect the
animal against infection. For that reason the vacci-
nation in the above cited period is ineffective. There-
fore it is suggested that the assessment of the titer
of antibodies against canine parvovirosis should be
determined before preventive vaccination (13).

83.3 % of dogs, which died due to canine parvo-
virosis, were males, and 16.7 % were females. The
difference between genders in the death ratio due
to canine parvovirosis is statistically significant. In
spite of this result we cannot conclude that males
are more susceptible for canine parvovirus infec-
tion. The major susceptibility of male dogs will be
confirmed, if there will be an equal number of male
and female dogs in the Slovenian dogs’ population.
Unfortunately, we don’t have the data about the ex-
act number of male and female dogs in Slovenia.
Other authors (4) reported that the canine parvovi-
rus infection was more frequent in male dogs, but
statistical analyses could not confirm significant
differences between sexes and morbidity (4, 5).

The highest percentage of deaths, 67.7 %, was
noticed in dogs younger than six months, and the
lowest, 6.7 %, in dogs older that one year. From six
months to one year 25.7 % of dogs died due to canine
parvovirosis. Comparison between the age groups
and death due to canine parvovirosis showed statis-

tical significance. We have demonstrated that age af-
fects the death due to canine parvovirosis. Very high
percentage of deaths, 80 %, was found in puppies
younger than six months by Pospischill and Yama-
ho (14) and 74.5 % morbidity was reported by Ernst
et al. (4) at the same age. The most likely reason that
dogs younger than six months are at the greatest
risk is very high affinity of canine parvovirus for tis-
sues with high mitotic activity (10). Puppy’s immune
system, which depends on the maternal antibodies,
alsohas animportantrolein the fight against canine
parvovirus (15). Maternal immunity which lasts two
to three months makes morbidity of puppies at this
age very low. Singular cases of canine parvovirosis
in puppies are probably a consequence of subclini-
cal form of canine parvovirosis during the mother’s
pregnancy (4). The mitotic activity in the cells de-
creases with age, therefore the percentage of older
dogs that die due to canine parvovirosis is very low.
Deaths in older dogs are mostly related to the high
invasions with intestinal parasites, bacterial and
viral infections that all cause immunosuppresion,
damage of intestinal mucosa and consequently pro-
voke increased mitotic activity of intestinal cells (4).
The statistically significant difference between the
age of dogs and morbidity due to canine parvoviro-
sis was reported in the study of Ernst et al. (4).

23.8 % of Slovenian dogs, which died due to ca-
nine parvovirosis, were mixed breeds, followed by
German Shepherds, Rottweilers, Labrador Retriev-
ers and Poodles. Using statistical analysis we found
that the deference between groups of different
breeds and the number of deaths due canine par-
vovirosis was not statistically significant. We have
demonstrated that breed does not have influence on
death due to canine parvovirosis. Several authors
wrote about greater susceptibility of some pure
breeds, i. e. Setters (4), Pointers (4), Doberman Pin-
schers (4, 16, 17) and Rottweilers (4, 16). Pospischill
and Yamaho (14) and Houston et al. (17) established
that German Shepherds are the most susceptible
breed for canine parvovirosis. According to statis-
tical data from the year 1996, we noticed that Ger-
man Shepherds and Rottweilers, followed by Labra-
dor Retrievers and Poodles were the most numerous
amongst pure breed’s offspring in Slovenian dog’s
population. In our study we found out that these are
breeds with the highest percentage of death due to
canine parvovirosis.

Most of Slovenian dogs died due to canine parvo-
virosis from August to January. The highest percent-
age of deaths was reported in August, which is one
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of the warmest months in Slovenia, followed by Sep-
tember. High daily temperatures induce loss of ap-
petite, decrease function of the immune system and
increase susceptibility to bacterial, parasitic and vi-
ral diseases. In the literature we found out that the
highest titer of the antibodies against canine parvo-
virosis was determined during summer months (4).
Pospischill and Yamaho (14) reported the highest in-
cidence of canine parvovirosis in November, Decem-
ber and January and the lowest number in June,
July and September. Increased number of deaths
during winter could be related to low temperatures
which also suppress immune system. Using statis-
tical analysis we demonstrated that the difference
between months and the number of deaths due to
canine parvovirosis was statistically significant. We
can conclude that very warm and very cold months
have influence on the death due to canine parvovi-
rosis Ernst et al. (4, 5) also demonstrated that the
difference between months and morbidity due to ca-
nine parvovirosis is statistically significant.
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RETROSPEKTIVNA STUDIJA PARVOVIROZE PRI PSIH V SLOVENLIJI
M. Gombag, Tanja Svara, M. Tadi¢, M. Pogaénik

Povzetek: Retrospektivno studijo parvoviroze pri slovenskih psih smo opravili z namenom, da bi ugotovili morebitno pov-
ezavo med spolom, starostjo, pasmo psov in mesecem, v katerem so psi poginili, ter parvovirozo. Anamnesti¢ne podatke
o raztelesenih psih, poginulih od januarja 1987 do januarja 2005, ter podatke o vzrokih njihovega poginov ali usmrtitev
smo vzeli iz arhiva Instituta za patologijo, sodno in upravno veterinarstvo Veterinarske fakultete v Ljubljani. Parvoviroza je
bila diagnosticirana s patohistolosko preiskavo ¢revesja, v katerem parvovirusi povzroc¢ajo za to bolezen patognomoni¢ne
spremembe, pri 18 psih pa smo bolezen potrdili tudi z imunohistokemiéno preiskavo ¢revesja in nekaterih parenhimskih
organov.

Od januarja 1987 do januarja 2005 je bila na Institutu opravljena raztelesba 2486 psov, od katerih jih je 84 (3,4 %) poginilo
zaradi parvoviroze. Najve¢ poginov zaradi parvoviroze je bilo zabelezenih v avgustu (16,7 %) in septembru (11,9 %), v okto-
bru, decembru in januarju pa je bilo poginov nekoliko manj (10,7 %). Najmanj psov je zaradi parvoviroze poginilo v februarju.
67,6 % psov je bilo ob poginu starih do 6 meseceyv, le 6,7 % psov pa je bilo starejSih od enega leta. 83,3 % psov je bilo
moskega spola, med Cistokrvnimi psi pa je bila parvoviroza najpogosteje diagnosticirana pri nemskih ovcarijih, rotvajlerjih
in labradorcih.

Na osnovi statisticnih analiz podatkov smo ugotovili, da so starost psov in meseci v letu v povezavi s poginom zaradi parvo-
viroze, spol in pasma pa ne.

Kljuéne besede: veterinarska medicina, patologija; parvoviroza; parvovirusni enteritis, psi
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consist of an introduction, sections logically titled according to the con-
tent, and references. Information on fund-providers and other matters im-
portant for the paper (e.g. technical assistance) should be supplied under
‘Acknowledgements’, which should be placed before the references. Figure
legends should follow the references.

Tables, graphs and diagrams should be logically incorporated in the
text file. Original photographs or drawings should be sent as separate files
in bmp, jpg or tif format. They should be referred to by type and using
Arabic numerals (e.g. Table 1:, Figure 1:, etc.). The colon should be followed
by the text or title. All references cited in the text should appear in the
References. They should be numbered in the text in the order in which
they appear, marked with Arabic numerals placed in parenthesis. The
first reference in the text should determine the number and order of the
respective source in the References. If the author refers again to a source
which has already been used in the text, he should cite the number the
source had when it was referred to for the first time. Only works which
have been published or are available to the public in any other way may
be referred to. Unpublished data, unpublished lectures, personal commu-
nications and similar should be mentioned in the references or footnotes
at the end of the page on which they appear. Sources in the References
should be listed in the order in which they appear in the text. If the source
referred to was written by six authors or less, all of them should be cited;
in the case of seven or more authors, only the first three should be cited,
followed by ‘et al.”.

Any errata should be submitted to the editor-in-chief in good time af-
ter publication so that they may be published in the next issue.
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Book: Hawkins JD. Gene structure and expression. Cambridge: Uni-
versity Press, 1991: 16.

Chapterorar ticle in a book: Baldessarini RJ. Dopamine receptors and
clinical medicine. In: Neve KA, Neve RL, eds. The dopamine receptors.
Totowa: Human Press, 1996: 475-98.

Article in a journal or newspaper: Fuji J, Otsu K, Zorzato F, et al. Identi-
fication of mutation in porcine ryanodine receptor asociated with malig-
nant hyperthermia. Science 1991; 253: 448-51.

Article in proceedings of a meeting or symposium: Schnoebelen CS,
Louveau I, Bonneau M. Developmental pattern of GH receptor in pig skel-
etal muscle. In: the 6th Zavrnik memorial meeting, Lipica: Veterinary Fac-
ulty 1995: 83-6.

NAVODILA AVTORJEM

Slovenski veterinarski zbornik (Slovenian Veterinary Research)
objavlja izvirne prispevke, ki Se niso bili objavljeni oz. poslani v objavo
drugam. Za vse navedbe v prispevkih so odgovorni avtorji. Uredniska poli-
tika obsega publiciranje znanstvenih ¢lankov, preglednih znanstvenih
¢lankov, strokovnih ¢lankov, povzetkov disertacij in drugih prispevkov, kot
so kriti¢ne presoje o vsebini razprav, objavljenih v zborniku, kratke znan-
stvene prispevke, pisma uredniku in drugo. Avtorji posljejo prispevke na
naslov urednistva. Glavni urednik pregleda vse prispevke. Za vse ¢lanke je
obvezna strokovna recenzija, za katero poskrbi urednistvo.

Prispevki naj bodo napisani v angleSskem jeziku, z naslovom, pov-
zetkom in kljuénimi besedami tudi v slovens¢ini. Obsegajo naj najve¢ 12
strani, kar pomeni 27 vrstic na stran s pribliZzno 75 znaki v vrstici. Pris-
pevki naj bodo poslani v elektronski obliki v katerem koli urejevalniku
besedil za okensko okolje. ZaZeljena je uporaba elektronske poste (slove-
tres@vf.uni-lj.si) in avtorji naj predlagajo tri moZne recenzente. Besedilo
naj ima dvojni razmik med vrsticami, pri ¢emer naj bodo vrstice na levi
strani oSteviléene. Besedilo naj bo na levi strani od roba oddaljeno 4 cm.

Naslovna stran prispevkov se za¢ne z naslovom, sledi ime in priimek
avtorja. Kadar je avtorjev veg, jih lo¢imo z vejicami. V naslednjih vrsticah
je vrubriki Addresses of authors: za dvopi¢jem treba navesti polno ime in
priimek ter naslov(e) avtorja(ev), tj. ustanovo, ulico s hisno Stevilko, posto
in kraj. Vse navedene podatke loc¢ujejo vejice. Sledi vrstica, kjer je treba
navesti ime ter elektronski (E-mail:) in postni naslov ter telefonsko stevilko
(Phone:) odgovornega avtorja.

Sledi besedilo povzetka Summary v obsegu 200 do 300 besed. V
naslednji rubriki Key words: se za dvopi¢jem navedejo kljuéne besede.
Posamezne besede ali sklopi besed morajo biti lo¢eni s podpi¢jem.

Znanstveni ¢lanki in tisti, ki so prikaz lastnih raziskav in dognanj,
morajo vsebovati Se naslednje obvezne rubrike, s katerimi avtor sam
naslovi ustrezne dele besedila v prispevku: Introduction, Material and
methods, Results, Discussion in References. Pregledni ¢lanki naj vsebu-
jejo uvod, poglavja, ki so glede na vsebino smiselno naslovljena, in liter-
aturo. Podatke o financerjih ali drugih zadevah, pomembnih za prispevek,
npr. o tehni¢ni pomo¢i, avtorji navedejo v rubriki Acknowledgements, ki
se uvrsti pred rubriko References. Za rubriko References sledijo spremna
besedila k slikam.

Priloge, kot so tabele, grafikoni in diagrami naj bodo smiselno
vkljucene v besedilo. Slikovni material naj bo poslan posebej v obliki bmp,
jpg. ali tif.

Priloge in slike morajo biti poimenovane z besedami, ki jih opredelju-
jejo, in arabskimi Stevilkami (npr. Table 1:, Figure 1: itn.). Za dvopic¢jem sle-
di besedilo oziroma naslov. Vsi navedki (reference), citirani v besedilu, se
morajo nanasati na seznam literature. V besedilu jih je treba ostevil¢iti po
vrstnem redu, po katerem se pojavljajo, z arabskimi Stevilkami v oklepaju.
Prvi navedek v besedilu opredeli Stevilko oziroma vrstni red ustreznega
vira v seznamu literature. Ce se avtor v besedilu ponovno sklicuje na ze
uporabljeni vir, navede tisto Stevilko, ki jo je vir dobil pri prvem navedku.
Citirana so lahko le dela, ki so tiskana ali kako drugace razmnoZena in
dostopna javnosti. Neobjavljeni podatki, neobjavljena predavanja, osebna
sporocila in podobno naj bodo omenjeni v navedkih ali opombah na koncu
tiste strani, kjer so navedeni. V seznamu literature so viri urejeni po vrst-
nem redu. Ce je citirani vir napisalo §est ali manj avtorjev, je treba navesti
vse; pri sedmih ali ve¢ avtorjih se navedejo prvi trije in doda et al.

Da bi se morebitni popravki lahko objavili v naslednji Stevilki, jih
morajo avtorji pravoé¢asno sporo¢iti glavnemu uredniku.
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