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Editorial

 With the inception of semen freezing technology, it has become possible to dissemi-
nate the superior germplasm through artificial insemination, which really revolutionized the 
dairy industry. However, production of high quality sperm insemination dose is crucial to the 
survival of this technology. Cryopreservation of sperm is a damaging phenomenon resulting in 
about 50% drop in the quality from pre-freeze to post-thaw.1 One of the pre-dominant contribu-
tor to this damage is the presence of dead sperm which act as a source of free radical genera-
tion in the semen. The Reactive Oxygen Species (ROS) cause an oxidative injury to the viable 
sperm, hence removal of such sperm from the semen could lead to improvement in the quality. 
To this, nanotechnology based semen purification offers an efficient way to eliminate the dead 
and/or prematurely capacitated spermatozoa from the semen.

 Nanotechnology utilizes nanoparticles with size ranging from 1-100 nm. Ubiquitin 
protein under normal physiological conditions, is added to the dead and defective spermatozoa 
while their transit down the epididymis through a process that has been termed as protein ubiq-
uitination.2 Magnetic nanoparticles are prepared by coating them with either antibodies against 
ubiquitin or lectin labels such as Pisum Sativum Agglutinin (PSA) or Peanut agglutinin (PNA) 
which can bind to glucosidic residues that become exposed on the outer surface of a sperm with 
either inherently compromising or prematurely activated acrosome.3 These labeled nanopar-
ticles are mixed with the semen sample and a strong magnet is then applied to concentrate 
the dead and defective spermatozoa at the bottom, that either bind to lectin coated or antibody 
coated nanoparticles. In this way dead or defective sperm are removed from the sample and a 
high quality semen sample is obtained. 

 The preliminary research on nanobased semen purification has produced some excel-
lent results in boar and bull.4 So far no toxic or teratogenic effect of nanoparticles have been 
reported in dam or new born and a significant increase in conception rates after artificial in-
semination with nanopurified semen has been documented.4 However, this technology awaits 
further investigation to become a part of semen freezing technology in future. The nanotech-
nology based semen purification looks simple but has a tremendous potential to improve the 
quality of semen and can turn an infertile semen into a fertile one through the removal of dead 
and defective sperm from the semen sample. It is going to create a thrill among andrologists in 
near future.
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ABSTRACT

 A total of 1480 calving records from crossbred cattle maintained at Instructional 
Dairy Farm of the University covering a period of 9 years (1994-2002) were used to study 
the genetic parameters of replacement rate and its components. The Heritability estimates for 
sex ratio, abortion, still birth, mortality, culling, replacement rate on female calf bases and on 
total pregnancies bases were observed very low for all the traits. The genetic and phenotypic 
correlations among all these traits were observed from medium to very high. Out of total losses 
about 71.50% of the cows were died and 28.50% were culled during the entire period of study. 
Quantification of different components of replacement rate showed that range of incidence of 
prenatal losses was 0.0-17.18 and 0.0-11.69% respectively. In case of male birth, mortality and 
culling were ranged from 0.0-100%. Quantification of replacement rate on the bases of female 
calves born and on the bases of total pregnancies were observed 0.0-60%. The replacement 
index in this study during different periods ranged from 0.90 (1999) to 2.39 (2002). The 
replacement index was found more than one during all periods from 1994 to 2002 except 1999 
which indicate that the herd size increased during these periods. This showed that the number of 
heifers calving compensated the loss of cows from the herd. However, the ratio of the number 
of heifers calving to the number of cows lost was found to be little higher than one (i.e. 1.37) 
which showed addition in the herd size.

KEYWORDS: Replacement rare; Sex ratio; Culling; Mortality; Heritability; Quantification; 
Replacement index.

INTRODUCTION

 The replacement rate is an important parameter in dairy cattle breeding. It is function 
of number of births, sex ratio, prenatal losses and loss of young females due to their death 
and culling till they attain maturity. Replacement rate in a cow herd is the function of calf 
production, which is influenced by incidences of abnormal births, sex ratio, post natal mortality 
and culling of heifers from birth to the age at first calving.1 The number of replacements heifers 
is the most important aspect to the advantage of culling inferior females. The genetic gain to 
a great extent depends on the heritability of the trait and intensity of selection which mainly 
depends on the number of replacement heifers entering the herd.2

 The culling of low producing cows depends upon the number of heifer replacements 
becomes available in many years. The number of cows lost from the herd due to their death and 
culling for various reasons should be replaced each year by equal number of heifers entering 
in the milking herd so as to maintain the herd size. The information on the maintenance of 
herd size in an organized herd of zebu cattle is not available. Formulation and operating the 
breeding plan for genetic improvement require such information. But even that information is 
scanty on these aspects. The present investigation was therefore, conducted to study the genetic 
parameters of replacement components, quantification of replacement rate and replacement 
index in a herd of crossbred cattle.

http://openventio.org/Volume1_Issue1/Selective_Value_Quantification_and_Genetic_Parameters_of_Components_of_Replacement_Traits_in_Crossbred_Cattle_VMOJ_1_101.pdf


VETERINARY MEDICINE

Open Journal
http://dx.doi.org/10.17140/VMOJ-1-101

Vet Med Open J

ISSN 2475-1286

Page 2

METHODS AND MATERIALS

 The data used in this study was collected from records 
of 1480 crossbred cows maintained at the Instruction Dairy 
farm of the University during the period of 1994 to 2002. The 
management practices regarding feeding schedule, housing, and 
breeding policy were more or less standardized at the farm. The 
data were classified into 9 years and each year was again divided 
into three seasons viz. winter (November-February). Summer 
(March-June) and Rainy (July-October) based on climatic 
conditions. The different components of the replacement rate 
were considered as losses due to abnormal births, frequency 
of male births, mortality, culling rate and reaching to herd. 
The animals expressing the trait, i.e. showing susceptibility to 
reproductive disorder were assigned the value of one, while 
to those which were not affected to the reproductive disorder/
components of replacement rate were assigned the value as 
zero. The data were analyzed to study the effect of different 
factors on all the components of replacement rate through the 
least squares analysis of variance.3 The Heritability, genetic and 
phenotypic correlations were estimated from paternal half sib 
correlation method.4 For Quantification of the traits all the calves 
were grouped sire wise. The chi square test was used to test 
the significance of differences for observed frequency of sires 
among different classes. The replacement index was worked out 
after Ram and Tomar from the following formula:5

 

RESULTS

 The Heritability estimate for the sex ratio was found 
to be very low (0.020±0.031). The heritability estimates for 
abortion and still birth were found to be 0.031±0.033 and 
0.063±0.039 (Table 1) respectively. The heritability estimate 
for mortality rate upto age at first calving was found very low 
(0.096±0.046). The heritability estimate for culling rate was 
found to be very low (0.038±0.034). The heritability estimates 
for replacement rate on two bases, first is on female calf basis and 
second on total pregnancies bases were found to be 0.087±0.044 
and 0.047±0.036, respectively.

 The genetic correlation of sex ratio with abortion was 
observed positive with higher standard error (Table 1). The 
genetic correlation of sex ratio with still birth was also observed 
positive. The genetic correlation of sex ratio with mortality upto 
age at first calving was recorded negative with lower magnitude 
and with higher standard error. The genetic correlation of sex 
ratio with culling rate was recorded positive with high standard 
error. The genetic correlation of sex ratio with replacement rate 
on female calf bases was positive while on total pregnancies 
bases were observed negative. 

 The genetic correlation of abortion with still birth 
was found negative, which indicates that abortion do not have 
association with still birth. The genetic correlation of abortion 
and mortality and culling rate were observed positive with 
low magnitude, while the genetic correlation of abortion with 
replacement rate on female calf basis and on total calf bases 
were observed negative.

 The genetic correlations of still birth with mortality 
and calling were found positive, while with replacement rate 
on female calf basis and on total pregnancies bases were highly 
negative. The genetic correlations of mortality with culling and 
replacement rate on female calf bases and on total pregnancies 
basis were observed negative. The genetic correlations of culling 
rate with replacement rate on female calf bases and on total 
pregnancies bases were observed negative with high standard 
error. The genetic correlations between replacement rate on 
female calf basis and on total pregnancies basis were positive.

 The phenotypic correlations of sex ratio with abortion, 
mortality and replacement rate on the bases of female calf and on 
the basis of total pregnancies were found to be positive. While 
with still birth and culling rate, the phenotypic correlations were 
observed negative (Table 1). The phenotypic correlation of 
abortion with still birth, culling rate and replacement rate were 
found negative with low magnitude, while with mortality was 
found positive with medium magnitude. Still birth has negative 
phenotypic correlations with culling and replacement rate 
(Table 1), however, with mortality phenotypic correlation was 
observed positive. The phenotypic correlations of mortality with 
culling rate and replacement rate were observed negative. The 
phenotypic correlations between culling rate and replacement 

                                 Number of heifer calving in any year or period
Replacement Index:  
                                 Number of cows which left the herd in any year or period

Traits Sex ratio Abortion Still birth Mortality Culling
Reaching to herd

A B

Sex ratio 0.020±0.031 0.910±1.217 1.074±0.922 -0.184±0.642 0.187±1.00 -0253±0.720 0.089±0.641

Abortion 0.097±0.157 0.031±0.033 -0.448±0.643 0.060±0.525 0.142±0.752 -0.377±0.734 -0.151±0.571

Still birth -0.027±0.158 -0.087±0.158 0.063±0.039 0.555±0.334 0.216±0.573 -0.298±0.528 -0.563±0.433

Mortality 0.021±0.158 0.319±0.149 0.234±0.154 0.096±0.046 -0.100±0.526 -0.524±0.576 -0.843±0.497

Culling -0.370±0.147 -0.145±0.156 -0.116±0.157 -0.418±0.144 0.038±0.034 -0.612±0.752 -0.328±0.579

Reaching 
to herd

A 0.528±0.134 -0.162±0.156 -0.107±0.157 -0.512±0.136 -0.261±0.153 0.047±0.036 0.853±0.165

B 0.318±0.149 -0.215±0.154 -0.151±0.156 -0.680±0.116 -0.356±0.148 0.746±0.105 0.087±0.044

Table 1: Heritability (on the diagonal), genetic (above the diagonal) and phenotypic (below the diagonal) correlations among different components of replacement rate.



VETERINARY MEDICINE

Open Journal
http://dx.doi.org/10.17140/VMOJ-1-101

Vet Med Open J

ISSN 2475-1286

rate were observed negative with medium magnitude. The 
phenotypic correlation between replacement rate on the female 
calf bases and on total pregnancies bases was observed positive.

 The results presented in the Table 2 showed that the 
mates of 21 sires out of 42 total sires (50%) used for breeding 
had incidence of abortion. The incidence of abortion among the 
mates of 21 sires averaged 7.77% with a range from 0.0-17.18%. 
The overall birth was observed to be 4.73 with a range from 0.0-
11.69% among the progeny of different sires. The overall sex ratio 
(% male birth) was observed to be 100% with a very wide range 
from 0-100% among the progeny of different sires. The mates of 
38 sires out of the total 42 sires (90.48%) used for breeding had 
incident of mortality. The mortality among the mates of 38 sires 
averaged 45.60% with a range from 0.0 to 100%. The mates of 
31 sires out of the total 42 sires (73.81%) used for breeding had 
showed incident of culling. The average culling rate among the 
mates of 31 sires was 18.18% with a range from 0 to 100%. The 
overall replacement rates on bases of female calves born and on 
total pregnancies were observed as 26.60 and 36.49% with range 
of 0 to 60% and 0 to 60% respectively.

 The average mortality rate was observed 42.66% which 
ranged between 29.79 to 58.19% over the years. However, the 
differences were not significant. The average culling rate was 
observed 16.28% in this herd and ranging from 0.0 to 30.97% 
among periods.

 The overall replacement index in the herd over 9 years 

period based on 1295 heifers calving and 944 cows which left 
the herd due to their death or culling was found to be 1.37. 
However, the ratio of the number of heifers calving to the 
number of cows lost was found to be little higher than one (i.e. 
1.37). The reduction in herd size was observed only during the 
period 1999. (Table 3)

DISCUSSION

 The heritability estimates for the sex ratio was found 
to be very low (0.020±0.031) and hence the additive genetic 
variability was very less in this trait and sex ratio cannot be 
changed by genetic manipulation. The low estimate of heritability 
of sex ratio cannot be changed by genetic manipulation. The low 
estimate of heritability of sex ratio has also been reported by 
Arun et al., Rawal, Arun et al., Lathwal and Arun and Singh and 
Singh in case of cattle.6-10 The heritability estimates for abortion 
and still birth were found to be very low (0.031±0.033 and 
0.063±0.039) respectively. These estimates indicated that there 
was no additive genetic variability in abortion and still birth. 
The low heritability estimates of abortion and still birth have 
also been reported by Rawal and Singh and Singh in crossbred 
cattle.7,10

 The heritability estimate for mortality rate upto age 
at first calving was found very low (0.096±0.046). Parekh and 
Singh and Singh et al also reported zero heritability of mortality 
during calf hood and Lathwal and Arun from birth to age at 
first calving.9,11,12 Rawal for Sahiwal and Tharparkar, and Singh 

Traits No. of sires whose progeny/mates No. of records Range of incidence 
(%) among progeny of 

different sires
Expressed the traits Not Expressed the 

traits Expressed the traits Not Expressed 
the traitsNo % No % No %

Abortion 1 50.0 21 50.0 115 7.77 1365 0.0-17.18
Still birth 8 42.86 24 57.14 70 4.73 1410 0.0-11.69
Male birth 2 100.0 00 00 762 51.49 718 0.0-100.0
Mortality 8 90.48 4 9.52 675 45.60 805 0.0-100.0
Culling 1 73.81 11 26.19 269 18.18 1211 0.0-100.0

Reaching to 
herd

A 5 17 17 40.48 394 26.62 1086 0.0-60.0

B 9 13 13 30.95 540 36.49 940 0.0-60.0

Period Heifer 
calving 

Total normal 
birth 

No. of cows
Total loss Replacement 

IndexDied Culled

1994 40 47 14(29.79) 5(10.69) 19(40.43) 2.11

1995 168 184 56(30.43) 57(30.97) 113(61.41) 1.49

1996 224 250 128(51.2) 27(10.8) 155(62.0) 1.46

1997 152 161 49(30.43) 29(18.02) 78(48.45) 1.95

1998 186 106 107(51.94) 47(22.82) 154(74.76) 1.21

1999 169 232 135(58.19) 52(22.41) 187(80.60) 0.90

2000 121 143 73(51.05) 25(17.48) 98(68.53) 1.23

2001 192 209 95(45.45) 27(12.92) 122(58.37) 1.57

2002 43 48 18(37.5) 0(0) 18(37.5) 2.39

Overall 1295 1480 675 269 944 1.37

Table 3: Average rate of mortality and culling of adult crossbred cows, calvings of heifer and replacement index in different periods.
Figures in parenthesis are the percentage

Table 2: Selective value and quantification of different components of replacement traits.
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and Singh for crossbred and Sahiwal cattle were also reported 
low heritability of mortality while Mukherjee and Tomar and 
Kulkarni et al reported moderate heritability of mortality in case 
of crossbred cows.10,13,14 The heritability estimate for culling 
rate was found to be very low (0.038±0.034). Mukharjee and 
Tomar and Lathwal and Arun Goshu and  Singh reported higher 
heritability estimates than the present study.9,13,15

 The heritability estimates for replacement rate 
on two bases, first is on female calf bases and second on 
total pregnancies bases were found to be 0.087±0.044 and 
0.047±0.036, respectively. Lathwal and Arun reported that the 
heritability estimate for replacement rate based on female calf 
bases was higher (0.235) than based on total pregnancies (0.103) 
for Red Sindhi herd. Mukharjee and Tomar also reported same 
trend.9,13

 The genetic correlation of sex ratio with abortion was 
observed positive with higher standard error, which indicates 
that type of sex affected the incidence of abortion. The genetic 
correlation of sex ratio with still birth was also observed positive. 
The genetic correlation of sex ratio with mortality upto age at 
first calving was recorded negative with lower magnitude and 
with higher standard error. The genetic correlation of sex ratio 
with culling rate was recorded positive with high standard error. 
The genetic correlation of sex ratio with replacement rate on 
female calf basis was positive while on total pregnancies basis 
was observed negative.
 
 The genetic correlation of abortion with still birth 
was found negative, which indicate that abortion do not have 
association with still birth. The genetic correlation of abortion 
with mortality and culling rate were observed positive with 
low magnitude, which indicates that abortion have positive 
association with these traits while the genetic correlations of 
abortion with replacement rate on female calf basis and on total 
calf bases were observed negative.

 The genetic correlations of still birth with mortality and 
calling were found positive while with replacement rate on female 
calf basis and on total pregnancies bases were negative. The 
genetic correlations of mortality with culling and replacement 
rate on female calf basis and on total pregnancies bases were 
observed negative. The genetic correlations of culling rate with 
replacement rate on female calf basis and on total pregnancies 
basis were observed negative with high standard error. The 
genetic correlations between replacement rate on female calf 
bases and on total pregnancies bases were positive. These results 
are in close agreement with the reports of Singh and Singh.10

 The phenotypic correlations of sex ratio with abortion, 
mortality and replacement rate on the basis of female calf and on 
the bases of total pregnancies were found to be positive. While 
with still birth and culling rate, the phenotypic correlations were 
negative.

 The phenotypic correlations of abortion with still birth, 
culling rate and replacement rate were found negative with low 
magnitude, while with mortality was found positive with medium 
magnitude. Still birth have negative phenotypic correlations with 
culling and replacement rate. However, with mortality phenotypic 
correlation was observed positive. The phenotypic correlations 
of mortality with culling rate and replacement rate were observed 
highly negative. The phenotypic correlations between culling 
rate and replacement rate were observed negative with medium 
magnitude. The phenotypic correlations between replacement 
rate on the female calf basis and on total pregnancies basis were 
observed highly positive. These results indicate that mostly 
components of replacement rate have negative correlation which 
reveals that these traits do not have influence on each other. Singh 
and Singh, Sneha et al and Singh et al also reported that out 
of total loss of 675(28.5%) cows were culled due to various 
reasons.10,16,17 Reddy and Nagarcenkar reported 19 percent of the 
total losses in adult cows due to the death in Sahiwal cows.18 
Rawal et al reported that out of the total losses during a period of 
39 years, 13.1% were attributed to the death of cows and 86.9% 
were due to their culling in Sahiwal herd.19

 The average mortality rate was observed 42.66% which 
ranged between 29.79 to 58.19% over the years. However, the 
differences were not significant. The average culling rate was 
observed 16.28% in this herd and ranging from 0 to 30.97% 
among periods. The variation in culling rates due to periods 
was not significant. Lathwal reported the annual mortality and 
annual culling rate as 2.1 and 20.7%, respectively in a herd of 
Red Sindhi cows for a period of 36 years with significant effect 
of years on culling rate.20 It can also be further seen that the 
total losses including death and culling of cows amounted 
59.12%. Menjo et al concluded that 25% of the Holstein 
Friesian cattle born on the Kenyan large scale farms were lost 
before reaching to a productive age, indicating the limitations 
of such animals’ adaptability to the prevailing environmental 
conditions.21 Moreover, Moran reviewed 17 studies documented 
on mortality of calves in Asia, tropical Africa and south America 
and summarized that pre-weaning calf mortality ranged from 15 
to 25% and often as high as 50%.22 This showed that about half 
of the total cows left the herd each year due to their death or 
culling.

 The overall replacement index in the herd over 9 years 
period based on 1295 heifers calving and 944 cows which left 
the herd due to their death or culling was found to be 1.37. This 
showed that the number of heifers calving compensated the 
loss of cows from the herd. However, the ratio of the number of 
heifers calving to the number of cows lost was found to be little 
higher than one (i.e. 1.37) which showed addition in the herd 
size. The reduction in herd size was observed only during the 
period 1999. The replacement index in this study during different 
periods ranged from 0.90 (1999) to 2.39 (2002). However, the 
overall replacement index has been reported as 0.84 in Red 
Sindhi herd by Lathwal  and overall replacement index was 
nearly one reported by Rawal et al and Sneha et al.16,19,20
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CONCLUSION

 The Heritability estimates for sex ratio, abortion, still 
birth, mortality, culling, replacement rate on female calf bases 
and on total pregnancies basis were observed very low for all 
the traits. The genetic and phenotypic correlations among all 
these traits were observed from medium to very high. Out of 
total losses about 71.50% of the cows were died and 28.50% 
were culled during the entire period of study. Quantification of 
different components of replacement rate showed that range 
of incidence of prenatal losses were 0.0-17.18 and 0.0-11.69% 
respectively. In case of male birth, mortality and culling were 
ranged from 0.0-100%. Quantification of replacement rate 
on the bases of female calves born and on the bases of total 
pregnancies were observed 0.0-60%. The replacement index 
during different periods ranged from 0.90 (1999) to 2.39 (2002). 
These results indicate that mostly components of replacement 
rate have negative correlation which reveals that these traits do 
not have influence on each other. 
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ABSTRACT 

This study was aimed to update knowledge on the prevalence and antimicrobial resistance 
characteristics of Salmonella spp. isolated from ostriches in the North-west of Iran. All 140 
samples were collected from feces, feeds and different segments of gastrointestinal tract (GIT) 
of 5 healthy adult ostriches. Diagnostic methods used during this study allowed isolation of 
sixteen Salmonella strains, belonging to different serotypes. The most frequent serotypes were 
S. typhimurium (37.5%) followed by S. enteritidis (31.25%). Among the 16 Salmonella isolates 
tested for resistance to 12 different antimicrobials, 8 (50%) isolates belonging to four different 
serotypes were multidrug resistant. The first critical component to comprehensive farm-to-fork 
strategies in reducing the burden of foodborne illness in the identification of the pathogenic 
bacteria in foodstuff with animal source. The different serotypes and antibiotic resistance 
profiles that were observed highlights the substantial diversity of Salmonella spp. in Iran, the 
contribution of poultry isolates to human salmonellosis and the capacity of Salmonella spp. to 
colonize all types of environment worldwide.

KEYWORDS: Salmonella; Antibiotic resistance; Ostriches; Foodborne.

INTRODUCTION

In recent years, increasing attention has been developed for ostrich breeding in Iran. This interest 
has focused on application of ostriches as meat producers. Ostriches farming in Iran plays a 
major role in agriculture, economy and meat production system. Ostriches are susceptible to 
numerous diseases of bacterial, fungal or parasitic origin.1

 Enteric diseases are important concern in the poultry industry because of decreasing 
productivity, increased mortality and the associated hazard of poultry products for human food 
safety. Prebiotics and probiotics are two of several approaches with the potential to reduce 
enteric diseases and subsequent contamination of poultry products.1,2

 The first critical component in comprehensive farm-to-fork strategies is to reduce the 
burden of foodborne illnesses by identification of the pathogenic bacteria in foodstuff with 
animal source and reduction of human pathogen contamination in the food production.3,4

 The gastrointestinal tract (GIT) is the main digestive and absorbing organ which 

http://openventio.org/Volume1_Issue1/Identification_of_Ostriches_Struthio_camelus_Gastrointestinal_Bacterial_Flora_and_Characterization_of_the_Antibiotic_Resistance_Profile_of_Salmonella_Serovars_Isolated_from_North_West_of_Iran_VMOJ_1_102.pdf
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plays an important role in animal growth and health. The lower 
GIT of most poultry species including ostrich is normally 
populated by large numbers of microorganisms. On the other 
hand identification of multi drug resistance (MDR) in various 
species and in food has led to concerns about the role of animals, 
especially livestock, in the epidemiology of drug resistance and 
bacterial colonization in humans. Some groups of individuals 
who work closely with animals, including veterinarians, farmers, 
and slaughterhouse workers might have high MDR species 
colonization rates.5-8

 However, there is a lack of published research 
characterizing the bacterial flora of digestive tract of food producer 
animals especially domesticated ostriches. The aims of this study 
were to identify the resident gram-negative bacteria in the GIT 
of ostriches and determine the antimicrobial susceptibility of 
Salmonella spp. isolates from north-west of Iran.
 
MATERIAL AND METHODS 

Ostriches and Sampling Procedure

Samples were collected from feces (40), feeds (20) and different 
parts of GIT of 5 healthy adult ostriches (80). All birds in each 
sampled farms were healthy with no clinical sings of GIT 
disease; likely, they had no time to suffer immunodepression 
due to the mulnutritional-associated stress and, in consequence, 
no signs for spreading any subclinical infection in the studied 
farm. In the slaughterhouses, the carcasses were immediately 
opened and sections from the preventriculus to the anus were 
taken, the samples were transported in an insulated ice bag to the 
laboratory without delay.

Isolation and Identification

The samples were isolated and identified by conventional 
techniques, GIT (small intestine and large intestine) were 
separated under sterile conditions, it was opened up and 
repeatedly washed with sterile distilled water to collect the entire 
contents and intestinal content was homogenized in a storage 
medium using a vortex mixer. One ml of the gut homogenate 
suspension, feces and feed samples was pipetted and spread 
with 9 ml sterile double strength PBS onto Nutrient, Rappaport-
Vassiliadis, MacConkey and peptone water (BPW) in a ratio of 
1:10 (w/v) (Merck Co., Darmstadt, Germany). In brief, isolation 
of bacteria was carried out using XLD Medium, SS Agar, EMB 
Agar, Brilliant Green Agar, Violet red bile agar, KF streptococcus 
agar, Baird Parker agar and Mannitol salt agar (Merck Co., 
Darmstadt, Germany). All the plates were incubated at 37 °C 
for 24h-48h and the number of grown colonies was determined. 
Then suspected colonies were sub-cultured and further identified 
by biochemical tests. In these tests the following properties or 
activities were recorded: gram stain, motility, oxidase activity, 
catalase activity, oxidation/fermentation, glucose acid, glucose 
gas, pigment production and citrate utilization. Only the bacterial 
isolates that were confirmed to be Salmonella spp. based on the 

results of the biochemical tests were selected for antimicrobial 
agent sensitivity testing. Serological testing was performed for 
obtained Salmonella spp. according to generally accepted rules 
by a slide agglutination test according to the Kauffmann-White 
scheme.

Antimicrobial Susceptibility Testing

The antibiotic resistance was determined by Kirby-Bauer 
disc diffusion technique using Mueller-Hinton agar (Difco), 
according to the recommendations of National Committee for 
Clinical Laboratory Standards (CLSI 2011). After overnight 
incubation at 37 °C, the diameter in millimetres of the zones of 
inhibition around each of the antimicrobial discs was recorded 
and categorized as resistant or sensitive in accordance with 
company recommendations. Salmonella isolates were tested 
for sensitivities to (12 of routine and practical antibiotics) 
ampicillin (10 mμ/g), amoxicillin-clavulanate (30 mμ/g), 
cefixime (5 mμ/g), polymyxin E (10 mμ/g), ceftriaxone (30 
mμ/g), ciprofloxacin (5 mμ/g), chloramphenicol (30 mμ/g), 
gentamicin (10 mμ/g), kanamycin (30 mμ/g), and tetracycline 
(30 mμ/g). The disks were purchased from national company. 
The results were interpreted by special manufacturer’s tables. 
Stringent criteria were adopted for defining multi-antibiotic 
resistance (MAR), including resistance to at least four classes of 
antimicrobial agents.

Statistical Analysis

Data were analyzed using SPSS version 21. The chi-square (X2) 
test was used to assess statistical differences between the groups. 
A p-value less than 0.05 were statistically considered significant.

RESULTS

A total of 200 bacteria isolates were obtained from the 120 
(140) samples and the mean numbers of bacterial species were 
summarized in Table 1. Bacterial isolates belonged to 12 genera 
and predominant isolates were: Escherichia coli (15%), Proteus 
spp. (12.5%), Pseudomonas spp. (10%), Corynebacterium spp. 
(8.5%), Salmonella spp. (8 %) and Enterobacter spp. (7.5%). 
The total obtained bacteria in the cecum were higher than 
other parts. Among Salmonella isolates, S. typhimurium was 
the most predominant isolate following by S. enteritidis. From 
the 16 Salmonella isolates tested for resistance to 12 different 
antimicrobials, 8 (50%) isolates belonging to different serotypes 
were multi-antibiotic resistant. This multi-resistance concerned 
3 isolates of S. enteritidis that exhibited decreased susceptibility 
to AMP, STR, CEFTRO, CIP. Five isolates of S. typhimurium 
were resistant to five antimicrobials (AMP, CEF, KA, TET, KA, 
CHL). The most commonly encountered resistant panel was 
AMP, AMO, COL, TET and STR (Tables 1 and 2).

 The results of antibiotic testing are summarized in Table 
2. As many as 15 (93.75%) isolates were resistant to at least one 
antimicrobial agent tested. Fifty percent (n=8) belonging to five 
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different serotypes were resistant to at least four antimicrobial 
agents. Ampicillin and tetracycline were the most common 
resistance property encountered (68.75%; n=11), followed by 
colistin resistance (50%; n=8), and amoxicillin-clavulanate 
resistance (43.75%; n=7). The highest susceptible rates were 
noted for ciprofloxacin (93.75%; n=15).

DISCUSSION 

Before our study, there was no recent information available on 
Iranian ostriches GIT bacterial flora. The ostrich is an important 
animal in the commercial farming sector. Like other livestock, 
productivity of this bird is at threat from diseases.9 Ostrich chicks 
are particularly susceptible to bacterial diseases especially 
salmonellosis. Meat-producing farm animals, including poultry, 
pigs and ostriches, can be carriers of Salmonella and can shed 
them fecally without any signs of disease, which leads to their 
further spread along the meat chain.2,10

 The lower GIT of most animal species including 
poultry and ostriches is normally populated by large numbers 
of microorganisms.11 Historically, the microbial composition of 

the GIT of ostriches has not been extensively defined compared 
to what is known about microorganisms in poultry. On the other 
hand the presence of a microbiota has several impacts on the 
digestive system of the host. However, review in literature 
showed there are limited data on the bacterial flora of ostriches 
GIT also these organisms antibiotic resistance.12-14

 In this study, a range of bacterial flora was isolated 
from the GIT samples, indicating the presence of these 
organisms in the healthy ostriches GIT that living in arid regions 
of northwestern Iran. A total of two-hundred bacteria obtained 
from ostriches samples. The majority of the bacterial species 
isolated in this work are ubiquitous and most of the genera 
match with those reported in human GIT and in the GIT of other 
avian and mammalian species.4,5,15 Over 200 different bacteria 
have been isolated and these bacteria are known to be influenced 
by various factors including diet, health, and age. These findings 
are in accordance with some report about birds and ruminant that 
reported as potential pathogens for humans and animals.4,8

 In our study, the comparison between the obtained 
bacteria from different parts of GIT showed the cecum of  

Table 1: Frequency of bacteria species isolated from different parts of gut tract of ostriches.

Bacteria Small intestine
No. (%)

Large 
intestine
No. (%)

Cecum
No. (%)

Rectum
No. (%) Feces Feed Total

No. (%)

Bacillus spp. 0 2(1) 6(3) 3(1.5) 0 0 11(5.5)

Citrobacter koseri 2(1) 3(1.5) 5(2.5) 3(1.5) 0 0 13 (6.5)

Corynebacterium Spp. 4(2) 4(2) 4(1.5) 3(1.5) 2(1) 0 17(8.5)

Escherichia coli 5(2.5) 7(3.5) 6(3) 5(2.5) 4(2) 3(1.5) 30(15)

Enterobacter spp. 2(1) 3(1.5) 5(21.5) 2(1) 3(1.5) 0 15(7.5)

Proteus spp. 4(2) 5(2.5) 6(3) 3(1.5) 4(2) 3(1.5) 25(12.5)

Pseudomonas spp. 3(1.5) 2(1) 5(2.5) 4(2) 2(1) 4(2) 20(10)

Shigella spp. 2(1) 3(1.5) 5(2.5) 2(1) 3(1.5) 0 15 (7.5)

Yersinia spp. 2(1) 3(1.5) 4(2) 1(.5) 1(.5) 1(.5) 12(6)

Salmonella spp. 2(1) 3(1.5) 4(2) 4 (2) 2(1) 1(.5) 16(8)

Staphylococcus 
gallinarum 2(1) 2(1) 5(2.5) 3(1.5) 0 0 12(6)

Klebsiella spp. 0 4(2) 5(2.5) 3(1.5) 2(1) 0 14(7)

Total 28(14) 41(20.5) 60(30) 36(18) 23(11.5) 12(6) 200(100)

Salmonella 
isolates

Small intestine
No. (%)

Large intestine
No. (%)

Cecum 
No. (%)

Rectum
 No. (%) Feces Feed Total No. 

(%)
Antimicrobial resistance 

phenotypes

S. typhimurium 1(6.2) 1(6.2) 2(12.5) 2(125) 1(6.25)  0 7(43.75)
AMP,CEF,KA,TET,KA,CHL, 

CIP,AMO

S. enteritidis 1(6.2) 2(12.) 2(12.5) 2(12.5) 1(6.25) 1(6.25) 9(56.25) AMP, STR,CEFTRO, CIP, 
GEN, TET

Total 2(12.) 3(18.75) 4(25) 4(25) 2(12.5) 1(6.25) 16(100) -

AMP: ampicillin; AMO: amoxiclov; CEF: Cefixime; COL: colistin; CEFTRO: ceftriaxone; CIP: ciprofloxacin CHL: chloramphenicol; GEN: gentamicin; KAN: kanamycin; STR: streptomycin; 
ENR: enrofloxacin; TET: Tetracycline.
Pan-susceptible means susceptible to all antibiotics (12) tested.

Table 2: Antibiotic susceptibility of 16 Salmonella strains isolated From under study ostriches. 
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ostriches had a major number of bacteria than the ileum. 
However, the literature contains discrepancies with respect 
to the genera and species that dominate the different areas of 
the animals GIT. On the other hand, our study results showed 
ostriches are potential reservoirs for Klebsiella spp., Shigella spp. 
and Yersinia spp. that, these bacteria are important pathogens for 
human and other animals.

 The most common isolated Salmonella stereotype in 
this study was S. enteritis (9/56.25%) followed by S. typhimurium 
(7/43.75%). These results were in agreement with other reports 
in poultry and animals. It is estimated that Salmonella serotypes 
cause 93.8 million human infections and 155,000 deaths annually 
through the world.16,17

 Salmonellosis is the main zoonotic disease associated 
with ostriches, as well as several other meat producer animals. 
Occurrences of Salmonella spp. have been previously reported 
in poultry and birds by other authors.18-20

 Animal-to-human transmission occurs when bacteria, 
such as Salmonella, are introduced into the food preparation 
process or through direct contact with infected animals and 
fecally contaminated environments.21,22

 In the last years, predictive microbiology has focused 
on foodborne pathogens, whereas predictive modeling of 
bacterial flora in ostriches GIT had not received the same level 
of attention.22,23 

 Recently, increasing concern on the antibiotic resistance 
in bacteria has led to greater interest in the use of probiotics in 
poultry production to control bacterial infection and reduce the 
use of antibiotics. Full understanding of bacterial flora of the 
bird GIT is required for the development of probiotics.24

 There are several factors that influence the microbe 
population such as different feed ingredients and subtherapeutic 
levels of antibiotics in their diets. Also, we know during dressing 
of slaughtered animals, bacteria can be transferred from the most 
heavily contaminated parts (hides, gut content) onto carcass meat 
via: a) direct fecal contamination of meat due to spillage from 
guts or contact with hides; b) indirectly, due to hand/equipment 
contaminated from hides/guts and consecutively used on meat; 
and c) through airborne transfer of contaminated dust (e.g. from 
hides) or droplets (e.g. from washing).23,25

. 
 In the present study, among different obtained isolates, 
Salmonella spp. was one of the most frequent species isolated 
from different parts of ostriches GIT, in particular in intestine. 
The isolation of Salmonella spp. has been recorded earlier; also 
its involvement in foodborne pathogens and GIT infection in 
human is well documented.25,26 

 The bacteria isolated in this study, and their relative 
frequency, both demonstrate the similarity between healthy 

digestive tract of these birds and those of other animal species.
 
 Our results showed a high prevalence of E. coli species 
(15%) in GIT, feces and feed samples of examined ostriches. 
The predominance of the enterobacteriacea was expected, 
since their role as members of GIT flora has been reported as a 
natural condition of humans and animals such as other poultry 
and birds. There are evidences that animal meat production 
can be the source of pathogenic bacterial infections in humans. 
Based on the reports, it would appear that Salmonella spp. 
are substantially represented in the total microbial ecology of 
spoiled poultry carcasses.27-29 

 Regarding to the above mentioned points, intestinal 
microbiota are referred to as commensal as they coexist without 
initiating inflammatory or infectious responses. It is becoming 
clear that these bacteria provide at least three key functions in 
the poultry intestine including epithelial cell health, nutrient 
metabolism and breakdown, and indirect mucosal defense 
against pathogenic bacterial strains.5,8

 There are several studies of microbiota carried out with 
samples from domestic animals, like ruminant and poultry that 
in all these studies, the most frequently isolated bacterial genera 
were classified as gram negative (mainly E.coli, Proteus and 
Salmonella) which is competent by our studies.23,28,29

 Household, workers, veterinarian and persons 
with specific medical conditions such as a chronic illness, 
immunodeficiency and pregnancy may be at higher risk of 
developing disease or complications from a zoonotic bacterial 
disease by contact with poultry and ostriches at the household 
and the industrial level.25

CONCLUSION

The results collected during this study provide the first baseline 
data on the prevalence of contamination by Salmonella spp. 
in ostriches in Iran. In conclusion, our study provides the 
information on the GIT bacterial flora of domestic ostriches in 
Iran, demonstrating a large number of bacteria and antibiotic 
resistance Salmonella spp. in different parts of GIT. In order 
to obtain the exact GIT bacterial flora in ostriches, this study 
should be continued by high population in different farms with 
defined variable into the future. 
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ABSTRACT

The goal of this research is to show the relationship between the duodenum morphology of 
laying hens (Gallus domesticus) of ISA Brown cross and typological peculiarities of autonomic 
tonus in the poultry organism. To achieve the goal a group of adult chickens (aged one year) 
was investigated to determine an aggregate tonus of their autonomic centers based on the study 
of heart rate variability (variation pulsometry). According to the results all the poultry was 
divided into two groups: sympatheticotonic chickens (hereinafter referred to as ST chickens)  
and sympathetico-normotonic chickens (hereinafter referred to as ST-NT chickens)  The first 
group of poultry is characterized by a clear predominance of sympathetic centers tonus while 
within the second group there is a slightly increased tonus of parasympathetic centers. Using 
a set of various morphological methods a comparative analysis of the duodenum structure in 
these groups was made. The analysis revealed that ST chickens unlike ST-NT chickens are 
characterized by a higher value of the duodenum absolute length (by 1.6 cm) and its relative 
length (by 1.4 %) as well as lower values   of its internal perimeter (by 0, 25 cm). Apart from 
this, an increase of absorption surface of the duodenum mucous membrane is observed in ST-
NT chickens. Increase in villus height (by 143.7 micrometers) and their quantity (by 61.5) per 
1sm2 contribute greatly to it. In the duodenum muscle membrane the thickness of both layers 
has larger values under a distinct sympathetic tonus in ST-NT chickens. In a circular layer 
difference between poultry groups reaches 21 micrometers while in a longitudinal it approaches 
4.9 micrometers. Investigating a connective tissue it was found that the relative area of   its fibers 
near the   mucosal crypts of ST chickens is larger by 0.21 % than that of the ST-NT chicken. In 
the muscle layer area a superiority of ST chickens according to this indicator reduces to 0.15%.

KEYWORDS: Autonomous tone; Chicken; Intestinal wall; Morphometry.

ABBREVIATIONS: ST Chickens: Sympatheticotonic Chickens; ST-NT Chickens: Sympathetico-
Normotonic Chickens.

 The results of morphological studies indicate that a different combination of autonomic 
centers tonus causes the development of an entire complex of duodenum structural changes. 
This is obviously aimed at ensuring the optimal digestive system functioning under various 
regulatory influences.

INTRODUCTION

Being characterized by a determined cellular and tissue structure the intestine wall is a very 
dynamic structure of the poultry organism. Adaptation processes that adjust its morphological 
peculiarities and functional characteristics constantly take place there.1-6 These processes 
are influenced by a variety of internal and external environment factors that are mutually 
intertwined and exert a complex impact on the organism. Genetic factor occupies a dominant 
position in determining the morphological and functional intestinal wall profile.7-9 Nervous, 
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endocrine and immune systems generate regulatory influence on 
the intestine in the process of its growth and development.10-15 

They help form the phenotypic expression of genetic potential 
according to individual living conditions of the poultry. 
Forage base and climate are of primary importance here too. 
Living conditions as well as artificial formation of productive 
qualities through the development of new breeds and crosses 
become increasingly important for domestic poultry. The use 
of different feed supplements, growth promoters, antimicrobial 
and antibacterial drugs, probiotic preparations and many other 
compounds exerts a significant impact on the intestinal wall.16-21 
Constantly adapting intestinal mucosa that supports necessary 
digestion parameters and performs the barrier function responds 
to these factors in the most sensitive way.22-24 All this eventually 
impacts the poultry health and productivity.

 Autonomic nervous system centers are characterized by 
a different tonic activity in different organisms. That’s why their 
cumulative effect on the organs will have some differences too. 
This study was aimed at showing the relationship between the 
chickens duodenum morphology and typological peculiarities of 
the autonomic tonus.

MATERIALS AND METHODS

The study was conducted on laying hens (Gallus domesticus) 
of ISA Brown cross, aged one year. All poultry was a subject 
of electrocardiographic investigation. ECG recording was 
performed with the aid of R4-02 rheograph and N338-6P 
recording device at a belt speed of 250 millimeters per second. 
Received cardiograms allowed to analyze a heart rate variability 
(variation pulsometry) of poultry organism.25-27 The research 
enabled to describe the aggregate tonus of the autonomic centers 
and divide all the poultry into two groups: sympatheticotonic 
chickens (ST) and sympathetico-normotonic chickens (ST-NT). 
The first group is characterized by a distinct predominance of 
sympathetic centers tonus. The second group has a slightly 
increased tonus of parasympathetic centers. Sympathetico-
normotonic chickens are an intermediate type between two 
known types of autonomic tonus that are typical for mammals: 
sympatheticotonics and normotonics.

 For the different types of research a certain number 
of specimens was selected from each group. Euthanasia was 
performed by an inhalation overdose of chloroform. Intestinal 
wall tissue samples were taken from the middle third of the 
duodenum.

 To determine the duodenum size 12 ST chickens and 
13 ST-NT chickens were selected. With the aid of a caliper an 
inner intestine perimeter was defined in each investigated group. 
Absolute duodenum length was determined using a measuring 
tape. Comparing the latter value with the entire intestine length a 
relative length of the duodenum was defined (in %). Combining 
the indicators of absolute duodenum length and its perimeter the 
area of duodenum mucosa was calculated.

 To conduct the study of the duodenum blood supply 
4 ST chickens and 5 ST-NT chickens were selected. For the 
specimens of each group an arterial injection of mesentery with 
a 10% solution of gelatin colored with red or green pigment 
(gouache) was performed. After the gelatin hardening a number 
of intestinal arteries within the duodenum wall was determined.

 The research of the fibers number was conducted on 
12 ST chickens and 13 ST-NT chickens. The number of fibers 
per 1 cm2 of mucosa and the total number of fibers of the entire 
mucosa was determined.

 For morphometric studies the tissue samples were 
fixed in Carnoy and Bouin fluids, further embedded in paraffin. 
Paraffin sections were stained according to the methods of 
Van Gieson and Pacini.28 Villus height and crypt depth were 
determined due to the histological slides received from 10 
ST chickens and 12 ST-NT chickens. The thickness of the 
epithelium and mucosa muscle plate as well as thickness of both 
muscle membrane layers was determined due to the histological 
slides received from 16 ST chickens and 17 ST-NT chickens. 
The same quantity of poultry was used to examine a relative area 
(expressed in %) of the connective tissue fibers in the area of   the 
muscle membrane and mucosa crypts.

 Morphometric study was conducted using the Leica 
DM-2500 microscope equipped with Leica DFC450C camera 
and software Leica Application Suite Version 4.4 as well as 
stereoscopic microscope MBS-10 with Konus №5829 camera 
and software Image-Tool 3 and WCIF ImageJ.

 Research was conducted in a full compliance with 
the general principles of work with experimental animals 
(Strasbourg, 1986; Kyiv, 2001).

Statistical Analysis

The received data was processed using a standard software 
StatPlus 2008. Validity difference of each indicator was measured 
for ST chickens and ST-NT chickens. Differences between two 
poultry groups were considered valid when p<0,05.

RESULTS AND DISCUSSION

The discovered typological peculiarities of autonomic tonus 
are manifested with both functional and structural signs in the 
chickens’ organism. The investigated duodenum morphological 
features are a perfect proof of it (see Table 1).

 Characterizing the duodenum size and its blood supply it 
was found out that the absolute duodenum length in ST chickens 
is 1.6 cm (p<0,05) higher comparing to the ST-NT chickens. A 
similar situation is observed with the duodenum relative length. 
In this case the first group of poultry dominates over the second 
one by 1.4%. The inverse relationship on autonomic tonus 
is typical for the internal perimeter of the duodenum. On the 
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contrary, its value is 0.25 cm (p<0,001) higher in ST-NT chickens. 
Thus, we see the formation of compensation processes between 
the length and perimeter of the duodenum in different poultry 
groups. This is also indicated by literally the same mucosa area 
which is determined considering two previous indicators and is 
only 1.4 cm2 higher in ST-NT chickens. Practical significance 
of these indicators is that the decrease in the relative length of 
the duodenum may indicate an increase in the body mass of the 
poultry.29,30

 Small arterial vessels (see Figure 1) entering the 
duodenum are an offshoot of the right branch of the abdominal 
artery. The number of such arteries was 4.3 higher (p<0,05) in 
ST chickens. Still, we can’t claim that the increase in autonomic 
centers tonus enhances the duodenum blood supply. To receive a 
full picture it is necessary to explore the diameter of these blood 
vessels and intensity of blood flow in a specified area.

 

 The next stage of our study reveals the peculiarities of 

relationship between the separate membranes of the duodenum 
wall and aggregate autonomic tonus.

 It is known that the functional characteristics of the 
intestinal mucosa are closely related to the number of fibers, their 
size and structure.31-33 Our study established that the increase in 
parasympathetic centers tonus in ST-NT chickens also increases 
the number of fibers per 1 sm2 of duodenum mucosa. In ST 
chickens the number turned out to be 61.5 villi (p<0,01) lower 
(see Figure 2). Combining this figure with the total mucosa 
area it was determined that the total number of villi was 5051.3 
higher for ST-NT chickens.

 The same regularity is typical for the villus height. For 
ST chickens this figure was 143.7 micrometers (p<0,05) higher 
comparing to ST-NT chickens (see Figure 3). However, increase 
in sympathetic tonus exerts a stimulating influence on the depth 
of crypts which causes a 28.3 micrometers (p<0,05) higher value 
of this indicator in ST chickens. 

Indexes ST chickens ST-NT chickens

Absolute length of intestine, cm 25,0±0,57* 23,4±0,50

The relative length of the intestine, % 13,8±1,84 12,4±1,22

The inner perimeter intestine, сm 2,92±0,150 3,17±0,156***

Area mucosa, сm2 73,0±3,12 74,2±3,46

Number intestinal arteries, pieces 29,5±0,96* 25,2±0,66

number of fibers, piece /сm2 415,4±22,05 476,9±29,92*

The total number of fibers, piece 30324,2±568,97 35375,5±649,19

villus height, mkm 1252,4±23,19 1396,1±26,02*

The depth of the crypts, mkm 289,6±11,68* 261,3±8,94

The ratio, villus height / crypt depth 4,3±0,34 5,3±0,47*

The thickness of the epithelium villi, mkm 33,7±0,30 33,6±0,43

The thickness of the muscle plate mucosa, mkm 36,8±0,35 37,2±0,45

The thickness of the layer of circular muscle layer, mkm 276,5±3,62 255,5±1,81

The length of the longitudinal muscle layer shell, mkm 58,5±0,87* 53,6±0,94

The relative area of connective tissue fibers in the field of mucosal crypts, % 5,80±0,110** 5,59±0,128
The relative area of the fibers of the connective tissue in the area of the 

muscle layer, % 9,62±0,135* 9,47±0,165

Values expressed as mean±SD.
* – p<0,05;**– p<0,01;***– p<0,001.

Table 1: Morphological indicators of chickens duodenum.

Figure 1: Intestinal vessels of chicken ST-NT, pour gelatin. The 
arrows show intestinal artery duodenum.

Figure 2: Villi mucosa of ST chicken.
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 Since the absolute values of villus height and crypt depth 
belong to different types of autonomic tonus, the relationship 
between these parameters is also different. For ST chickens it is 
1.0 micrometers (or 19.2%) lower compared to ST-NT chickens.

 Thus, the increase in parasympathetic centers tonus 
positively affects the increase in absorption surface of the 
duodenum mucous membrane rising the number and size of the 
villi. The indicated regularity should promote a better digestion 
and absorption of food nutrients, since it is widely known that 
the growth of these indicators is combined with a greater mass 
of the poultry.34-36

 The thickness of the epithelium and mucosa muscle 
plate appeared to be the least dependent upon the tonic features 
of autonomic centers. Meanwhile, in different groups of poultry 
the epithelial layer thickness differed by only 0.1 micrometers 
with advantage in ST chickens. However, ST chickens had a 
somehow greater advantage (0.4 micrometers) in the thickness 
of the mucosa muscle plate.

 Describing the duodenum muscle membrane, first of all 
it should be noted that the thickness of its two layers becomes 
larger under a distinct sympathetic tonus in ST chickens. In the 
circular layer of the membrane differences between the poultry 
groups reach a value of 21 micrometers. Longitudinal muscle 
layer of the membrane is much thinner than the previous one 
(see Figure 4). That’s why its advantage in thickness is 4.9 
micrometers (p<0,05) for ST-NT chickens.

 The represented morphological characteristics of the 
muscle membrane within the explored groups of poultry, of 
course, must be characterized by some functional manifestations. 
The main purpose of both layers is to provide a duodenum motor 
activity in the form of peristaltic, anti-peristaltic and segment 
contractions.37,38 Obviously, each type of autonomic tonus 
adjusts the very character and intensity of the duodenum motor 
activity, therefore affecting the intensity of feed mixing and its 
passage speed.

 The amount of connective tissue within the duodenum 
wall structure is a direct evidence of its functional, adaptive and 
protective properties. Our research established that in the area 
of duodenum mucous membrane crypts of the ST chickens the 
relative area occupied by the connective tissue fibers is 0,21% 
(p<0,01) higher than the same indicator for ST-NT chickens. 
In the area of   the duodenum muscle membrane the percentage 
of the area occupied by connective tissue fibers increases in 
both poultry groups. Herewith, the advantage of ST chickens 
over ST-NT chickens still preserves but is less expressed and 
accounts for about 0,15% (p<0,05).

 It should also be mentioned that for each type of 
autonomic tonus the amount of connective tissue fibers increases 
significantly around blood vessels and nerve nodes. It looks like 
some “connective tissue membranes” are formed around these 
structures.

CONCLUSION

Summarizing all the research material we can conclude that the 
increase in the sympathetic or parasympathetic tonus which is a 
characteristic feature of the selected groups of chickens causes 
the formation of structural changes complex in the duodenum 
wall. These morphological adjustments are inextricably linked 
with functional processes both in the intestine and the whole 
organism and are aimed at ensuring the optimal dissimilation 
and assimilation parameters in the organism of the poultry.
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ABSTRACT

Various eosinophilic lesions and their association with diseases have been described in horses. 
Multisystemic Eosinophilic Epitheliotropic Disease (MEED) characterized by eosinophilic 
granulomas in various organs represent the most diffuse manifestation. In the present study, we 
describe the gross and microscopic lesions of idiopathic eosinophilic pneumonia with associat-
ed pulmonary vasculitis in 11 horses without systemic involvement. Lungs were enlarged, pale 
pink, poorly collapsed with white-reddish nodules, randomly distributed throughout the paren-
chyma. Histologically the lesions ranged from mild eosinophilic bronchointerstitial pneumo-
nia to severe eosinophilic lobular bronchopneumonia associated with eosinophilic necrotizing 
vasculitis affecting small to medium-size vessels. There was no histologic evidence of parasites 
within the lesion of any of these horses. Eosinophilic pneumonia with vasculitis and without 
intralesional parasites have not been previously reported in horses. The current histologic find-
ings are similar to pathologic lung findings observed in Churg-Strauss syndrome of man.

KEYWORDS: Equine; Lungs; Eosinophils; Eosinophilic pneumonia; Vasculitis.

ABBREviATiOnS: MEED: Multisystemic Eosinophilic Epitheliotropic Disease; HES: Hy-
pereosinophilic syndrome; HE: Hematoxylin and Eosin; PAS: Periodic Acid-Schiff; BALT: 
Bronchus-associated lymphoid tissue; RAO: Recurrent Airway Obstruction; ICEP: Idiopathic 
Chronic Eosinophilic Pneumonia; CSS: Chrug-Strauss Syndrome; IL-4: Interleukin-4; IL-5: 
Interleukin-5; IL-13: Interleukin-13; CEP: Chronic Eosinophilic Pneumonia.

inTRODUCTiOn

Various eosinophilic disorders have been described in horses and Multisystemic Eosinophilic 
Epitheliotropic Disease (MEED), also known as Hypereosinophilic syndrome (HES) due to 
the abundant eosinophils infiltrating many organs, although rare, is the most reported.1,2 Other 
disorders characterized by prevalent eosinophilic infiltrates affecting specific organ systems, as 
small and large intestine, skin and lung have been rarely described.3-7 Eosinophilic infiltrates 
of equine lungs are observed during parasitic infections or allergic condition8,9 but eosinophilic 
pneumonia with vasculitis, which are not associated with parasitic infection and without the 
evidence of involvement of other organs have not been previously reported in horses. In the 
present study, we describe the gross and microscopic lesions of idiopathic eosinophilic pneu-
monia with associated vasculitis in 11 horses. 

MATERiALS AnD METHODS

During a 3-years period, lungs from 125 horses with gross signs of pulmonary disease were 
collected at different slaughterhouses in Italy. Representative tissues were fixed in 10% neutral 
buffered formalin, routinely processed, and embedded in paraffin. Tissue sections of 4 µm were 
stained with Hematoxylin and Eosin (HE), Giemsa, Gram, Periodic Acid-Schiff (PAS), Gro-
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cott’s Methenamine Silver (GMS), toluidine blue, Ziehl-Neelsen 
acid-fast and examined microscopically.

RESULTS

In 11 horses (ages ranged from 4 to 18 years; mean 9 years), 
lungs were moderately enlarged, pale pink, poorly collapsed and 
showed variable to high numbers of randomly distributed nod-
ule switch were 0.4-4.0 cm-diameter, firm and white-reddish in 
color (Figures 1A and 1B). The pulmonary lymph nodes were 
mildly to moderately enlarge. At gross exam no macroscopic 
lesion were seen in small and large intestine, liver, spleen and 
kidney. Histologically lung lesions ranged from mild to moder-
ate eosinophilic bronchointerstitial pneumonia (Figure 2A), to 
severe eosinophilic lobular bronchopneumonia with edema and 
fibrinous exudate (Figure 2B). In the bronchointerstitial pat-
tern the bronchioles appeared mildly to moderately hyperplas-
tic, with variable numbers of intraepithelial eosinophils (Figure 
3A), often the underlying lamina propria appeared moderately 
expanded by numerous eosinophils and low number of lympho-

cytes (Figure 3B), sometimes the Bronchus-associated lymphoid 
tissue (BALT) were hyperplastic (Figure 3C). In the lobular pat-
tern of pneumonia, large number of eosinophils filled the alveo-
lar spaces with admixed few lymphocytes, sloughed necrotic 
cells and fibrin (Figure 3D). In this pattern, frequently the inter-
lobular septa and the pleura appeared expanded by fibrin, edema 
and many eosinophils (Figures 3E and 3F). The other part of 
parenchyma was occasionally emphysematous with mild inter-
stitial fibrosis. In all this cases, within the inflammatory foci as 
well as at the periphery, small to medium-size vessels had de-
generative and necrotic changes with concomitant eosinophil-
ic inflammation. The small arteries appeared surrounded by a 
densely cellular eosinophilic infiltrate, with admixed numerous 
erythrocytes (hemorrhages), while the vascular wall had trans-
mural infiltration of eosinophils and severe vacuolar degenera-
tion of smooth muscle cells of tunica media (Figures 4A and 
4B). The arterioles appeared thickened, distorted and surround-
ed by a severe perivascular eosinophilic infiltrate together with 
edema and hemorrhages, also the wall appeared infiltrated and 
disrupted by eosinophils, together with deposition of fibrin and 

Figure 1: Lung multifocal white-grey to red nodules randomly distributed. (A) Few 
small nodules (arrow); (B) Numerous nodules; (C) Large nodules; (D) Cut section; 
(E) Hemorrhagic appearance on cut section.

Figure 2: (A) Mild eosinophilic bronchointerstitial pneumonia. (B) Severe eosino-
philic lobular bronchopneumonia with edema (HE, A & B: 20X).

Figure 3: Different microscopic features of eosinophilic pneumonia: eosinophilic 
bronchiolitis and peribronchiolitis. (A, B) BALT hyperplasia. (C) Eosinophilic al-
veolitis. (D) Interlobular fibrinous exudate. (E) Eosinophilic pleuritis. (F) (HE, A: 
20X; B-C-D-E-F: 10X).
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presence of karyorrhectic debris and pyknotic endothelial cells 
(fibrinoid necrosis) (Figures 4C, 4D, 4E and 4H). There was no 
histologic evidence of parasites or inorganic material within the 
lesion of any lung tissues examined. Histochemical stains for 
fungi (PAS and GMS), bacteria (Gram, Giemsa) and acid-fast 
bacteria (Ziehl-Neelsen) were negative. 

DiSCUSSiOn

In horse, pulmonary disorders associated with eosinophilic in-
filtrate include: MEED, parasitic infection, allergic condition 
during Recurrent Airway Obstruction (RAO) or idiopathic eo-
sinophilic pneumonia (Table 1).1,2,7,8 MEED is histologically 
characterized by eosinophilic and lymphoplasmacytic infiltrates 
and the formation of typical eosinophilic granulomas in multiple 
organs.1,2 Granulomas are most commonly found in the gastro-
intestinal tract and skin, but also in pancreas, salivary glands 
and lungs. Histologic findings observed in our case series do 
not resemble the eosinophilic pulmonary granulomas generally 
described in horses with MEED. Moreover prominent vasculitis 
involving small to medium size vessels, as detected here, is a 
pathological finding never described in horses with MEED.

 

 Bronchiolitis with associated variable amount of eosin-
ophils is an occasional feature of RAO or heaves in adult horses, 
but the severe infiltration of eosinophils within alveoli associ-
ated with vasculitis, detected in these cases, are not a finding of 
RAO.9 In RAO the most typical histological findings involve 
small bronchioles as accumulation of mucus and neutrophils in 
lumina, thickening of the bronchiolar wall by goblet cells hyper-
plasia and infiltration of lamina propria by lymphocytes, plasma 
cells, mast cells and occasionally eosinophils.9

 Nodular pulmonary lesions with associated tissue eo-
sinophilia may be caused by larval migration of Parascarisequo-
rum in young horses.9 Also, Dictyocaulus arnfieldi is occasional-

ly responsible for eosinophilic bronchiolitis in horse and only in 
young foals the infection is patent.8,9 Larval migration of Stron-
gylus vulgar is has been associated with eosinophilic pneumonia 
in experimentally infected foals but spontaneous pulmonary dis-
eases caused by S. vulguaris or Strongylus edentatus infections 
are considered unusual and caused by aberrant migration.10

 In our cases, serial sections did not ever allow identify-
ing remnants of adult worms, or larvae or eggs neither foci of 
mineralization within the lesions and the older ages of the horses 
together with the fact that no other organs had lesions related to 
parasitic infection make a parasitic aetiology unlikely.

 Bell et al11 reported clinical signs, clinicopathological 
data, radiographic and histopathological findings in 7 horses 
with eosinophilic pneumonia of unknown etiology. The authors 
highlighted the similarity between their cases and Idiopathic 
Chronic Eosinophilic Pneumonia (ICEP) in humans. The his-
tophatological findings were consistent with interstitial eosino-
philic infiltrates in lungs but detailed descriptions of the histo-
logical lesions were available only for two horses included in 
the study.7 Also, Uhlhorn et al6 described a case of idiopathic 
eosinophilic pneumonia in a pony characterized by multiple 
eosinophilic granulomas. In both studies, vasculitis was not re-
ported.6,7

 In the present case series based on histologic findings 
and the absence of an etiologic agent, a diagnosis of idiopathic 
eosinophilic pneumonia with associated vasculitis was made. 
Interestingly vasculitis has not been described in lungs of horse 
with eosinophilic pneumonia before this study.

 In human medicine eosinophilic pneumonia with as-
sociated necrotizing vasculitis affecting small to medium-sized 
vessels and extra vascular granulomas are classically described 
findings in Chrug-Strauss Syndrome (CSS), also known as Eo-
sinophilic granulomatosis with polyangiitis (EGPA).12-14 This 
syndrome differs from other small-vessel vasculitis by the pres-
ence of severe asthma and blood and tissue eosinophilia. CSS-
EGPA is considered an idiopathic condition and various authors 
suggest that a T-helper-2 and B-cell immune responses with 
up-regulation of Interleukin-4 (IL-4), Interleukin-5 (IL-5) and 

Figure 4: Various features indicating vasculitis: perivascular eosinophilic infiltrate, 
hemorrhages, transmural vasculitis, edema, disruption, (A-B-C-D) Fibrinoid necrosis 
of the vascular wall. (E) Necrosis and inflammation. (F) (HE, A-B-C-F: 10X; D-E: 
20X).

MEED (Multisystemic eosinophilic epitheliotropic disease) or hypereosinophilic syndrome

RAO (respiratory airway obstruction)-hypersensitivity reaction

Parasitic bronchopneumonia (Parascarisequorumm, Dictyocaulusarnfieldi)

Idiopathic eosinophilic pneumonia

Table 1: Pulmonary disorders of horse with associated tissue eosinophilia.
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Interleukin 13 (IL-13) and subsequent differentiation and activa-
tion of eosinophil play a major role in its pathogenesis.15-17 The 
vasculitis observed in the horses in this case series share many 
similarities with that described in CSS-EGPA, namely, the size 
of vessel involved and the pattern of inflammation with fibrinoid 
necrosis.

COnCLUSiOn

In veterinary medicine, eosinophilic disease in horse primarily 
affecting the pulmonary system and not associated with parasitic 
infection or MEED is rarely described. The etiology of the le-
sions observed in these cases remains undetermined, but based 
on the findings described here, especially the vasculitis with fi-
brinoid necrosis, an immune-mediated reaction directed at tar-
get antigens of various origins (for example drugs, pathogens or 
vaccines) along with high levels of IL-4, IL-5 and IL-13 leading 
to a Chronic Eosinophilic Pneumonia (CEP) and severe vasculi-
tis seems a likely explanation.
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ABSTRACT

The aim of this study was to investigate Seroprevalence of Bovine Viral Diarrhea Virus (BVDV) 
infection in cattle in the state of Selangor, Malaysia and associated risk factors. A total of 407 
blood samples were collected from five selected farms within Selangor. Sampled animals were 
identified for their breed, age, lactation and pregnancy status. The plasma extracted from blood 
samples were used for detection of antibody against BVDV using an ELISA test kit (Prio-
CHECK® BVDV antibody) following the manufacturer’s protocol. Results demonstrated an 
overall 33.2% (135/407) prevalence of BVDV antibody; with four of the farms tested positive. 
Prevalence in one farm reached 75.9% (66/87) which was higher than the other four farms with 
a prevalence of 26.0% (66/254), 13.3% (2/15), 2.8% (1/36) and 0% (0/15). Animals grouped 
according to breed, age, lactation and pregnancy status showed significant variation in BVDV 
prevalence. Higher number of adults (36.7%) than young calves (15.2%), pregnant (42.9%) 
than non-pregnant (31.1%) and more lactating (51.1%) than non-lactating (25.8%) cows, were 
affected (p<0.05). Friesian-Sahiwal and Jersey cattle were the most affected while the local 
Kedah-Kelantan cattle were the least affected. In conclusion, the study revealed immense ex-
posure of cattle in Selangor to BVDV infection that varied with breed, age, lactation, and 
pregnancy status of the animals. As to our knowledge, this is the first report on BVDV status 
in cattle in Malaysia and the seroprevalence result would serve as a baseline data for further 
investigation on the disease.

KEYWORDS: Bovine Viral Diarrhea Virus (BVDV); Cattle; ELISA; Prevalence; Risk factors.

ABBREVIATIONS: BVDV: Bovine Viral Diarrhea Virus; BVD: Bovine Viral Diarrhea; CP: Cy-
topathic; NCP: Non-cytopathic; MD: Mucosal Disease; PI: Persistently Infected; OIE: World 
Organization for Animal Health or Office International des Epizooitic; TPU: Taman Perta-
nian Universiti; PKC: Palm Kernel Cake; FMD: Foot and Mouth Disease; HS: Hemorrhagic 
Septicemia; OD: Optical Density; Pi: Percentage inhibitions; AI: Artificial Insemination; KK: 
Kedah-Kelantan.

INTRODUCTION 

Bovine Viral Diarrhea (BVD) disease is caused by BVD virus (BVDV) which is a small, en-
veloped, single-stranded RNA virus.1 The virus belongs to the genus Pestivirus (Flaviviridae 
Family) and primarily infects cattle.2 There are two known genotypes of BVDV (BVDV-1 and 
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BVDV-2) that differ, in their antigenic and genetic properties. 
According to Houe,3 either of the genotypes of BVDV is able to 
cause acute and persistent infection, but BVDV-2 causes much 
more severe and acute symptoms when infecting susceptible ani-
mals compared to BVDV-1. Based on cytopathogenicity, BVDV 
is further divided into two different biotypes: cytopathic BVDV 
(CP) and non-cytopathic BVDV (NCP). The CP BVDV is able 
to cause cell damage in a cell culture and shows vacuolization 
and cell lyses while NCP BVDV does not cause any changes in 
cell culture.

 In nature, NCP BVDV is the most common biotype 
that causes damage while CP BVDV is responsible for muco-
sal disease (MD) in persistently infected (PI) animals. Pregnant 
cows which are exposed to NCP BVDV between 42 and 125 
days of gestation may produce a PI calves if born alive.4 Persis-
tently infected calves basically are immunotolerant to the virus 
strain and perfect carriers that keep shedding the virus for their 
entire lives.5 Infection to BVDV during the pregnancy period 
may also lead to early embryonic death where the animal will 
return to estrus cycle, calf born with congenital diseases, or born 
weakened. If naive non-pregnant cattle with no vaccination for 
BVDV come in contact with the agent, it may result in transient 
viremia that leads to short-term leucopenia, immunosuppres-
sion, agalactia, lymphopenia, pyrexia, and diarrhea. Antibodies 
against the virus are produced about 3 weeks post-infection and 
the animal may recover if no concurrent infection during that 
period, but the animal however still carries and continues to shed 
the virus but at much lower concentration as compared to what 
PI animal’s do.2

 The virus causes significant economic losses to the 
farming industry due to its effect on reproductive performance 
of the infected animal and immunosuppression that leads to sec-
ondary infection.6 The farmer also suffers from a severe eco-
nomical impact as a result of repeat breeding problems, abor-
tion, increased neonatal mortality, and increased death among 
young stock.7,8 BVDV infection in ruminant has been reported 
by many countries worldwide and is listed by the World Orga-
nization for Animal Health or Office International des Epizoo-
itic (OIE) as a notifiable and priority cattle disease for interna-
tional trade due to its economic importance.9,10 In Australia, the 
prevalence of BVDV exposed cattle herds was reported to be 
high varying from 82-100%.11,12 Although reports varied across 
states, a seroprevalence of 75-85% of BVDV antibody in adult 
cows was documented in Australia.13 Thailand and Argentina 
have also reported a BVDV prevalence of 73% and 70% respec-
tively,1,14 while a prevalence of 24.7% is reported recently from 
smallholder dairy units in India.15 In Malaysia, despite partial-
ly restricted movement of cattle and importation from BVDV 
endemic countries such as Thailand and Australia, the disease 
seems to have been overlooked with no investigation and report 
on BVDV infection in domestic animals so far. Thus, the objec-
tives of this study were to investigate the seroprevalence of the 
BVDV infection and risk factors in five cattle farms in Selangor, 
Malaysia.

MATERIALS AND METHODS

Animals and Management

A total of 407 cattle were sampled for BVDV prevalence from 
five farms in Selangor, Malaysia. The farms were Taman Perta-
nian Universiti (TPU) that belongs to the Universiti Putra Ma-
laysia and four private farms adopted by the University for Stu-
dent Practical training. For the purpose of reporting, the farms 
were identified as Farm A, B, C, D and E with a total estimated 
cattle population of 250, 70, 50, 80, and 300, respectively. The 
privately owned farms were involved in dairy production while 
TPU farm ran both beef and dairy units. Calves in the dairy farms 
were raised in cattle pens separated from their dams whereas in 
the beef unit, calves were allowed to run with their dams until 
weaning at 7 months of age. The predominant breeds of cattle 
found in the farms include Friesian, Friesian-Sahiwal and Jersey 
for dairy production and local Kedah-Kelantan, Brangus, Bra-
ford and Simmental for beef production.

 Farms A, B and D were managed semi-intensively 
whereby cattle were allowed to graze during the day and housed 
during the night whereas farms C and E were managed under 
an extensive system whereby cows were left to graze on pasture 
in the field. Animals were also provided with feed supplements 
such as soybean and palm kernel cake (PKC) during the time 
of milking as well as with freshly cut Napier grass. Water was 
provided ad libitum. Animals in all the farms were vaccinated 
against Foot and Mouth Disease (FMD) and Hemorrhagic Septi-
cemia (HS). There was no history of vaccination for BVDV and 
the owners did not know about the disease. All the animals at the 
time of sampling looked apparently healthy.

Blood Sampling and Storage

A total number of 407 animals (87 from Farm A, 36 from Farm 
B,15 from Farms C&D each, and 254 from Farm E) were used 
for blood sampling. Samples from the private farms were ob-
tained randomly based on the total number of animals allowed 
for bleeding while almost all the animals from farm E were sam-
pled. The samples from the private farms were obtained from 
November 2014 to January 2015 while majority of the samples 
from Farm E were obtained and stored earlier. The time length 
for both archived and newly collected samples is estimated to 
be one year. Animals were identified for their sex, age (as calves 
with less than 9 month old age or adults), breed, production type 
(dairy or beef), lactation and pregnancy status.
 
 Blood samples were collected using EDTA tubes (BD 
Vacutainer®, USA) via venipuncture of either from the jugular 
vein or coccygeal vein. In adult animals, most samples were ob-
tained from coccygeal vein due to lack of proper cattle restrain-
ing facility in the farms except farm E. Most of the blood sam-
plings in calves however were obtained via the jugular vein. The 
fresh blood samples were transported to the laboratory on the 
same day in icebox and centrifuged at 1800 rpm for 10 minutes 
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(Kubota, Japan) to separate the plasma from the whole blood. 
The collected plasma portion was stored at -20 °C in a refrigera-
tor (Acson, Malaysia) in labeled microtubes (Eppendorf®, Ma-
laysia) with individual animal ID.

Detection of Antibody using ELISA 

 The ELISA procedure to detect antibody against BVDV 
was done according to the protocol provided by the manufac-
turer (PrioCHECK® BVDV Ab, Prionics AG, Switzerland). The 
test kit is an inhibition ELISA method giving a signal that is re-
ciprocal to the sample antibody concentration. The test employs 
two monoclonal antibodies (mAb) that recognize two different 
epitopes, which are found, located at the highly conserved non-
structural protein NS-3 (p80) of BVDV. One of the mAb was 
coated to the plate while the other mAb used as a conjugate. 

 A 50 µl of samples were incubated with the inactivated 
BVDV antigen in the wells that came coated with the first mAb. 
After incubation for one hour and washing, the second mAb 
conjugated with an enzyme that generated a color signal was 
added. Then, subsequent to a second incubation for one hour 
and washing, the chromogen 3,3’, 5,5; -tetramethylbenzidine 
(TMB) substrate was dispensed to all wells. After 15 minutes of 
incubation, color development was stopped by addition of sulfu-
ric acid that acted as a stop solution for the TMB reaction. The 
color signal was measured by using ELISA microplate reader 
(TECAN, Switzerland) at 450 nm using data analysis software 
MagellanTM.

 Each of the optical density (OD) result of the sample 
was recorded and the percentage inhibitions (Pi) of the optical 
density were calculated by using the formula given by the manu-
facturer’s protocol as indicated below for interpretation of the 
result.

450

450

corrected OD  test samplePercentage inhibition=100 100
corrected OD  Max value

 
− × 
 

 A Pi result <50% was considered as test negative with 
absence of BVDV specific antibody in the sample indicating that 
the animals are either free from the agent or immunotolerant. 
While results with Pi≥50% were considered as test positive indi-
cating the presence of BVDV – specific antibody in the samples 
reflecting that the animals’ current or previous infection by the 
virus. The sensitivity and specificity of the test kit were 98% and 

99% respectively.

Data Analysis

Data obtained were analyzed for the seroprevalence of the virus 
infection for the total sample population and at individual herd 
level according to Bonita et al16 by dividing the total number of 
animals tested positive to the total number of animals tested, 
multiplied by 100%. A non-parametric statistical tests (Kruskal-
Wallis and Mann-Whitney U test) using a Statistical Package 
for Social Sciences (SPSS) v.20 (IBM Inc, USA) were used to 
compare the differences in BVDV seroprevalence among breeds 
while a chi-square test was conducted to determine the associa-
tion between the BVDV status of the animals and the risk factors 
(age, sex, production type, pregnancy and lactation status). Dif-
ferences among groups of each factor were considered signifi-
cant at p<0.05 for all parameters tested.

RESULTS 

Overall and individual farm seroprevalence of BVDV disease in 
cattle in the study area are shown in Table 1. The overall preva-
lence of BVDV antibodies found was 33.2%. Looking at indi-
vidual farm level, farm A showed the highest prevalence with 
75.9% of the animals tested were seropositive against BVDV 
infection. Farm A accounted for almost half of the BVDV sero-
positive samples out of the total 407 animals investigated; it rep-
resented 66 samples out of 135 total seropositive BVDV sam-
ples found. This is followed by farm E, C and B with prevalence 
rate of 26%, 13.3% and 2.8%, respectively. However, there was 
no any detectable antibody against BVDV was found in samples 
collected from farm D (0%).

 During sampling, animals were identified according 
to their sex, age, breed, pregnancy status, lactation status, and 
purpose to investigate their association with BVDV prevalence. 
As shown in Tables 2 and 3, results showed significant effects 
of named risk factors on the seroprevalence of BVDV. It was 
found that higher (p<0.05) number of females (35.5%) than 
males (16.3%), adults (36.7%) than young calves (15.2%), dairy 
cattle (52.6%) than beef cattle (7.9%); pregnant (42.9%) than 
non-pregnant cows (31.1%), lactating (51.1%) than non-lactat-
ing (25.8%) cows, were sero-positive to antibody against BVDV 
(Table 3). 

 Moreover, as shown in Table 3, breed was also found 
to affect significantly (p<0.05) the seroprevalence of BVDV 

Table 1: Overall and individual farm prevalence of BVDV exposure in cattle in Selangor.

Farm Total No. of Animals 
Tested

No. of Animals Tested  
Seropositive 

Prevalence of 
BVDV exposure

A 87 66 75.9%
B 36 1 2.8%
C 15 2 13.3%
D 15 0 0%
E 254 66 26.0%

Total 407 135 33.2%
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found among the different breeds of cattle investigated. Accord-
ing to the result, the highest prevalence of BVDV is found in 
Jersey breed of cattle (75.6%) followed by the Friesian (51.9%), 
Friesian-Sahiwal (45.1%), Braford (13.9%), Brangus (11.9%), 
Simmental (6.1%), while the lowest prevalence was recorded in 
Kedah-Kelantan (KK) (3.0%). 

DISCUSSION

The overall prevalence of BVDV infection obtained from the 
present study is 33.2% which is a little higher, compared to a 
report from Saudi Arabia (26%)8 and Kerala, India (24.7%)15 
but less compared to other places such as Thailand (73%)14 and 
Australia (75-85%) varying according to states.12,13 The finding 
is also in agreement with previous reports of worldwide BVDV 
antibody prevalence in cattle ranging from 0-90%.9

 All of the grouping factors which were investigated 
for their interaction with the BVDV prevalence in the current 
study have shown significant association. These factors include 
sex, breed, age, lactation and pregnancy status of the animals. It 
was found that significantly more females (35.5%) than males 
(16.3%), more adults (36.7%) than young calves (15.2%), more 
pregnant (42.9%) than non-pregnant (31.1%) cows, and more 
lactating (51.1%) than non-lactating (25.8%) cows were af-
fected. Although the actual mechanism by which these factors 
biologically interact with BVDV infection needs a more detail 
investigation, the data obtained suggests that these factors might 
have important role in BVDV occurrence and hence they may 
be considered as risk factors. Risk factors to BVDV occurrence 
in cattle might vary from place to place. For example, a study 

by Almeida et al17 in Southern Brazil had hypothesized that ar-
tificial insemination (AI) technicians as contributing factors to 
introduce the virus into farms through clothes, shoes and con-
taminated equipment. However, this factor is only important in 
countries where AI practice is very popular such as most Western 
countries, but not in Malaysia’s cattle industry where AI service 
is very limited. While a study by Humphry et al18 reported that 
vaccination, suspicion of BVD by the farmer, housing pregnant 
cows with calves, herd size and proportion of herd that is dry are 
all associated with higher percentage of seropositive result.

 The higher prevalence of BVDV in female cattle com-
pared to males might be due to most of the Ladang Angkat farms 
in this study are dairy farms which depend on imported breeds 
of cattle such as Jersey and Friesian from disease endemic coun-
tries such as India and Brazil with BVDV prevalence of 16.3-
24.7% and 56% respectively,15,19 as well as from neighboring 
country like Thailand.20 Australia with high seroprevalence of 
BVDV as documented by Taylor et al13 could also be one of the 
contributing factors as most Jersey cows were imported from 
there. Moreover, in dairy cattle production, male calves are not 
usually kept longer within the farm as the farmers usually sell 
them as veal.21

 The higher seroprevalence of BVDV found in adult an-
imals compared to young calves (<9 months) is consistent with a 
recent report from Ireland10 who also reported higher prevalence 
of BVDV antibody in cattle beyond 270 days old age compared 
to younger calves. An increase in seroprevalence from 10% in 
heifers to 75-85% in cows aged 10 years has been also reported 
possibly due to an increase in an animal’s risk of having been 

Table 3: Distribution of BVDV prevalence among the different breeds of cattle investigated.

Risk Factors Group Total 
Test Result

BVDV Ab Prevalence (%) P-value
(P<0.05)Positive Negative

Sex
Male

Female
49
358

8
127

41
231

16.3
35.5

0.008

Age Group
Adult
Calf

341
66

125
10

216
56

36.7
15.2

0.001

Lactation Status
Lactating

Non-lactating
135
217

69
56

66
161

51.1
25.8

0.000

Pregnancy Status
Pregnant

Non-pregnant
133
219

57
68

76
151

42.9
31.3

0.025

Production Type
Beef
Dairy

177
230

14
121

163
109

7.9
52.6

0.000

Breeds Total No. of Animals 
Tested Tested Positive Tested Negative BVDV Ab Prevalence (%)

Braford
Friesian-Sahiwal

Simmental 
Brangus

Kedah-Kelantan
Friesian 
Jersey

36
133
33
42
66
52
45

5
60
2
5
2

27
34

31
73
31
37
64
25
11

13.9a 

45.1b 

6.1ac 

11.9ac 

3.0c 

51.9b 

75.6d 

Note: p values <0.05 indicate significant difference between the groups under the same category. 
Table 2: Prevalence of BVDV exposure and its association with grouping factors.

Note: values with different superscripts across column varies significantly (p<0.05).
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exposed to BVDV over time.12,13 The lower seroprevalence in 
calves could also be due to some of the calves investigated might 
be PI animals which are known to be immunotolerant to the vi-
rus and do not produce antibody against the virus to be detected 
by the ELISA Ab test. According to Fulton et al4 the prevalence 
of PI animals in South Central United States was revealed to be 
0.55%, while Houe et al22 recorded the prevalence of PI animals 
in Michigan (USA) to be 0.13%. The prevalence of PI animals 
worldwide has been reported between 0.13% and 2%.23 Further 
systematic investigation using antigen-based ELISA should be 
conducted to determine the prevalence of PI animals in Selan-
gor, which are very important sources of infection.

 The significantly higher prevalence of BVDV found 
in pregnant cows compared to non-pregnant cows might be at-
tributed to peripartum immunosuppression effect24 that can be 
associated with the change in the stress hormone (cortisol) level 
in the body which is well known to increase about few weeks 
before parturition. But, this explanation only applies to cattle 
about a few weeks before parturition. In the present study, at-
tention was not given to determine the exact stage of pregnancy. 
Hence, further study on the association considering the various 
stages of pregnancy is needed to explain the difference in preva-
lence of BVDV in term of pregnancy status of the animal. The 
possible explanation for the observed significant association be-
tween seropositivity and lactation might be due to the higher risk 
of getting infection from the workers that milked the cows as the 
virus can easily be transmitted through fomites such as contami-
nated cloth or equipment17,25 which are used during the milking 
process. 

 Furthermore, the difference in prevalence from farm to 
farm might be attributed to the difference in management of the 
farms, the source of animals, as well as the type of production. 
For example, farm A has the highest prevalence of seropositive 
BVDV (75.9%) and according to the owner, most of the ani-
mals were imported from endemic countries such as Thailand 
and Australia. According to Salina et al20 and the Malaysian De-
partment of Veterinary Services, the list of countries from which 
Malaysia imports cattle either for breeding or slaughtering in-
cludes, Thailand, Myanmar, Australia, India, New Zealand and 
Brazil. Each of these countries has reported variable degree of 
BVDV prevalence in their cattle population. Moreover, there is 
no also any BVDV specific restriction on importation of cattle to 
Malaysia currently. Therefore, if the farm imports more animals 
from Thailand with prevalence of 73%, it is likely to have higher 
BVDV seropositive animals in the farm. On the other hand, if 
importation of cattle is from countries like India where BVDV 
prevalence is relatively lower (15.3-24.7%), it might result in 
low prevalence of BVDV.15,19 While farm D, with no detected se-
ropositive animals found, it has been noted that the owner most-
ly relies on the farm itself to breed and rear its own replacement 
heifers instead of importation from outside. Trade is known as 
one of the epidemiological determinants for the introduction and 
spread of BVDV in cattle herds.26 In addition to animal source, 
farm size could also be another factor for the difference in sero-

prevalence as higher numbers of seropositive animals have been 
reported to be detected in larger herds.10,18 Additionally, larger 
herds have more susceptible animals available to maintain in-
fection and herd size is a cluster variable for several biosecurity 
risks such as increased purchase of animals and increased visi-
tors (veterinary practitioners, technicians, contract workers), all 
of which will increase the risk of disease introduction and main-
tenance.10

 Breed of cattle investigated has shown to have also a 
significant association with BVDV prevalence in the current 
study. Based on the data obtained, dairy breeds such as the 
Jersey breed (75.6%), Friesian (51.9%) and Friesian-Sahiwal 
(45.1%) breeds showed higher prevalence rates. Most of these 
dairy breeds were imported which might reflect the importance 
of importation as a possible contributing factor to the observed 
prevalence of BVDV in the State of Selangor. Meanwhile, for 
beef cattle which comprises mainly the local Kedah-Kelantan 
(KK) breed showed the least prevalence (3%). The low preva-
lence in KK breeds might imply that the animal’s freedom of 
the disease originally but get infected as a result of rearing them 
in contact with other imported cattle breeds that showed high-
er prevalence. This also might explain why farms with dairy 
production which consists of Jersey and Friesian breeds have 
showed higher prevalence (which is up to 75.9%) compared to 
the other breeds of cattle. However, this assumption could be 
explained better by extending the study further to other states of 
Malaysia.

 The use of PrioCHECK® BVDV antibody testing in 
this study generally revealed the first evidence that the BVDV 
exposure is prevalent in the state of Selangor, Malaysia. How-
ever, based on the current study it is not possible to confirm PI 
status and tell the genotype of BVDV that might be predomi-
nant, whether BVDV-1 or BVDV-2. Knowing the genotype and 
sub-type of BVDV is very important in term of control of the 
infection via vaccination approaches. BVDV distribution re-
ported globally has shown variation in genotype and sub-type. 
For example, the study by Lanyon et al2 stated that BVDV type 
1 is predominant in Australia with subtype 1c being the most 
prevalent, while in a study by Fulton et al4 revealed that the most 
prevalent BVDV subtype in affected beef cattle in south central 
of USA is type 1b followed by subtype 1a and 2a. 

CONCLUSION 

The study revealed a high rate of exposure of cattle in Selangor 
to BVDV as demonstrated by a seroprevalence of 33.2%. Fur-
ther study needs to be done to evaluate and determine the over-
all prevalence status of BVDV in different states of Malaysia. 
This will help to evaluate the extensiveness and impact of the 
disease to the cattle industry, as well as to other ungulates that 
can be cross infected by the virus. This study also suggests the 
importance of sex, age, breed, production type (dairy or beef), 
lactation status, and pregnancy status as contributing factors to 
the prevalence of BVDV. Despite some of the explanations pro-
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vided, full understanding of the biological association between 
these risk factors and BVDV prevalence requires further detail 
investigations. Breed differences in the sero-positivity of BVDV 
demonstrated by higher prevalence among the dairy cattle that 
mainly comprises imported Friesian and Jersey breeds compared 
to the beef cattle breeds that were mainly composed of the local 
Kedah-Kelantan breed, might reflect the importance of importa-
tion as crucial route of introduction of the disease to the country 
while the indigenous population could have been free or at a low 
rate of occurrence. 
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ABSTRACT

Brazil has regions located at the largest dairy production and milk derivate industry concentra-
tion, supplying the major consumer markets, represented by São Paulo, Rio de Janeiro and Belo 
Horizonte Cities. The milk is the most important product of Brazilian agriculture, because it is 
always presents in daily diet. The aim of this research was evaluating the occurrence of myco-
toxins in the feed of dairy cattle and the occurrence of AFM1 in milk under field conditions in 
farms from Rio de Janeiro State, Brazil. The results revealed that, total fungal counts was found 
in 67% of feed samples which exceeded the recommended limit recommended (1×104 UFC.g-1) 
and the incidence of AFM1 in all milk samples was 26.7% at concentrations ranging from 
0.010 to 1.500 μg.L-1. The study revealed toxigenic fungi and their mycotoxins were present in 
feed intended for bovine feeding in Rio de Janeiro farms. Evaluations of mycotoxin levels are 
important to provide information so that the assessments of risk for animal feed and livestock 
environment can be done.

KEYWORDS: Mycotoxins; Aflatoxin M1; Brazil feeds; Dairy farms; Toxigenic fungi.

ABBREVIATIONS: Afs: Aflatoxins; IARC: International Agency for Research on Cancer; 
DRBC: Dichloran Rose Bengal Chloranphenicol; CFU: Colony-forming units; MEA: Malt Ex-
tract Agar; CLA: Carnation Leaf Agar; OTA: Ochratoxin A; HPLC: High Performance Liquid 
Chromatography. 

INTRODUCTION

Brazil is a largest milk producer, growing at annual rate of 4% and higher than in countries 
occupying the first positions: It generates 66% of the total volume of milk produced in the 
countries comprising the MERCOSUR.1 The country has regions that are located at the largest 
dairy production and milk derivate industry concentration, supplying the major consumer mar-
kets, represented by São Paulo, Rio de Janeiro and Belo Horizonte Cities. The milk is the most 
important product of Brazilian agriculture, because it is always presents in daily diet, enhancing 
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the quest for product quality shall be continuous.2

 Mycotoxins are metabolites produced by certain spe-
cies of filamentous fungus and can cause various toxic effects in 
animals.3 Human and animal exposure to aflatoxins (AFs) can 
occur primarily by ingesting contaminated food and feed, main-
ly cereals and grains, such as corn, wheat, and peanuts, among 
others. Eighteen (18) different types of AFs were identified, but 
only aflatoxin B1(AFB1), B2(AFB2), G1(AFG1) and G2(AFG2) 
were detected as natural contaminants and feed ingredients and 
AFB1 toxin has a great toxicity.4-6 A continuous intake of AFB1 
for lactating animals leads to excretion of aflatoxin M1(AFM1).

7 
Toxic effects related to this carcinogen have been extensively 
demonstrated,8 therefore, the International Agency for Research 
on Cancer (IARC)9 classified it as a probable human carcinogen 
factor. 

 The occurrence of AFM1 in pasteurized milk in Bra-
zil and MERCOSUR is variable,10-15 but the observed levels are 
usually below the tolerance limit of 0.5 μg.L-1 determined by 
current standards.16 The occurrence of AFB1 and other myco-
toxins in feed ingredients for dairy cattle is relatively common 
in Brazil.17-20 However, there are few studies on the incidence of 
AFM1 in milk in South America, mainly in milk Brazilian pro-
duction regions.

 The aim of this study was to evaluate the occurrence 
of mycotoxins in the feed of dairy cattle and the occurrence of 
AFM1 in milk under field conditions in farms from Rio de Ja-
neiro State, Brazil.

MATERIALS AND METHODS

Sampling

The samples were collected in Rio de Janeiro State, from Janu-
ary 2011 to 2014 in basins that produce milk at different scales 
(≤150 L/day, from 150-300 L/day and ≥300 L/day), from the 
prevalent areas of milk production. The periods established for 
sampling were two semi-annual collections in order to evalu-
ate the seasonal influences in samples. A total of 240 raw milk 
samples (80 samples of each production level), 120 pasteurized 
milk samples and 160 samples of feed provided to the animal, 
were collected. 

 All sampled dairy farms used diets with soybean and 
corn, purchased and stored locally. Other ingredients included 
cottonseed, sorghum silage, forages, corn silage, sugar cane, cit-
rus pulp, barley and wheat. Five aliquots of 500 g of feed were 
collected from different points of the trough feeding, homog-
enized and used sterile polypropylenes packaging for a final 
sample of each basin. Samples for AFM1 determination were 
collected during milking of the animals, from the milk cooling 
tank and after process of pasteurization on the industrial process. 
Two sterile vials with 500 mL of milk were collected to com-
pose the final sample for each basin from selected region. These 
samples were transported in an isothermal box to laboratories of 

PESAGRO-RJ and Núcelo de Pesquisa Micológica e Micotoxi-
cológica (NPMM) da UFRRJ for final (24 h). 

Physical Evaluation of the Samples 

Dry matter percentage (DM%) and pH of the samples were 
evaluated21 and Water activity (aW) was determined using an 
AQUALAB CX2 (Decagon Devices, Inc., USA) appliance.

Mycological Survey 

Total fungal counts from each sample were performed onto three 
different culture media: Dichloran Rose Bengal Chloranpheni-
col (DRBC) agar, a general medium used for estimating total 
culturable mycobiota22; Dichloran 18% Glycerol agar (DG18), 
a low aW medium that favours xerophilic fungi development23; 
and Nash and Snyder agar (NSA), a selective medium for Fu-
sarium spp. counts.24 Quantitative enumeration was done using 
the surface-spread method. Ten grams of each sample were ho-
mogenized in 90 mL 0.1% peptone water solution for 30 min in 
an orbital shaker. Serial dilutions (10-2 to 10-3) were made and 
0.1 mL aliquots were inoculated in duplicates onto the culture 
media. Plates were incubated at 25 °C for 7-10 days in darkness. 
Nash-Snyder plates were incubated at 24 °C for 7 days under a 
12 h cold white⁄12 h black fluorescent light photoperiod. Only 
plates containing 10-100 colony-forming units (CFU) were used 
for counting. The results were expressed as CFU per gram of 
sample (CFU.g-1). Representative colonies of Aspergillus and 
Penicillium spp. were transferred for sub-culturing to tubes con-
taining malt extract agar (MEA) and Fusarium spp. were trans-
ferred to carnation leaf agar (CLA). Fungal species were identi-
fied according to taxonomic specific protocols.25-27 The results 
were expressed as isolation frequency of the fungal genera (% of 
samples in which each genera was present) and relative density 
of each fungal species (% of isolation of each species among 
strains of the same genera).23

Toxigenic Profile of Fungal Isolates

The ability to produce ochratoxin A (OTA) by potentially pro-
ducer strains isolated from samples (A. carbonarius, A. niger 
aggregate and A. ochraceus) was tested.28 Aflatoxins production 
was evaluated in all Aspergillus section Flavi isolates.29 Fusari-
um-toxins: primarily fumonisin B1(FB1) and zearalenone (ZEA), 
produced by the isolates.30

Mycotoxins Analysis in Feed

For mycotoxins determination in the feed, the samples were 
evaluated for screening method to qualify toxigenic condi-
tions and make a quantitative previous evaluation. The Vicam® 
fluorometer (4ex series) engaged with specific immunoaffinity 
columns (Vicam®, Watertown, MA, USA). All positive samples 
were confirmed by a High Performance Liquid Chromatography 
(HPLC) evaluation. 

 The AFB1 determination in the feed samples was done 
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in parallel of screening method, following the procedures rec-
ommended by the manufacturer of solid phase and cleanup 
phase columns Mycosep (Romer® Labs, Inc., Union, MO, USA) 
and evaluated by HPLC. 

 All feed samples were previously crushed and homoge-
nized. Then, the analytical sample was placed in a blender along 
with specific solvent. The extract was filtered and collected for 
passage through the columns. The separation and quantification 
of mycotoxins was conducted on a HPLC system (JASCO LC 
2000, Tokyo, Japan) equipped with a fluorescence detector (ex-
citation: 360 nm and emission: 440 nm). The quantification of 
mycotoxins in the samples was performed by interpolation of 
the areas of the chromatographic peaks obtained in the samples 
in the calibration curve regression equation with specific exter-
nal standards (Sigma-Aldrich, St. Louis, MO, USA). 

Analysis of aflatoxin M1: The extraction and purification of sam-
ples for the determination of AFM1 were performed in duplicate 
according to the recommendations,31 with adjustments proposed 
by the manufacturer of immunoaffinity columns (Aflatest®, Vi-
cam, Watertown, MA, USA) as described by Oliveira et al.32 In 
summary, the analytical sample (25 mL) was preheated to 37 °C, 
added with 1 g of NaCl, and subject to centrifugation (2.500 g, 
15 min), after which it was directly passed through immunoaffin-
ity column connected to a vacuum system (flow 2-3 mL.min-1). 
After the sample elution, the column was washed by passing 20 
mL of ultrapure water (Milli Q, Millipore) and methanol (9:1, 
v.v-1). The final purified elute was diluted with ultrapure water 
to form a solution of methanol-water (7:3, v.v-1), similar to the 
HPLC mobile phase. The identification and quantification of 
AFM1 residues were conducted with the injection of 20 μL of the 
extracts of the samples in the HPLC system (JASCO LC 2000) 
of methanol-water (7:3, v.v-1) at a flow rate of 0.8 mL.min-1. Un-
der these conditions, the retention time for approximately 3.7 
min. The calibration curve was prepared using AFM1 standard 

(Sigma, St. Louis, MO, USA) previously solutions evaluated ac-
cording to Scott (1990), at doses of 0.5, 1.0, 2.5, 5.0 and 10.0 
ng.mL-1.

Statistical Analysis

Data analysis were performed by analysis of variance (ANO-
VA). The test of least-significant differences (LSD) was used to 
determine the significant differences between means. Analysis 
was conducted using PROC GLM in SAS (SAS Institute, Cary, 
NC, USA). Statistical significance was indicated by p≤0.05.

RESULTS

Physical evaluation of the samples did not show significant dif-
ferences in DM%, pH and aW values for seasonal samples. The 
mean (DM%) of 47.17±5.76%, pH values varied from 3.88 to 
4.89 and aW varying between 0.729 and 0.985.

 The total Fungal Counts are specified at Table 1 
(7.3*105-1.4*103 CFU.g-1). The profiles of isolated strains, Table 
2, approximately sixty percent of A. flavus and A. parasiticus 
(79 out of 136 isolates), were able to produce AFB1 and AFB2 at 
ranges from 0.02 to 25.0 µg.kg-1. Of twenty five strains of A. ni-
ger aggregate isolates (23%) showed ability to produce at ranges 
from 0.05 to 10.0 µg.g-1 of OTA. All strains of F. verticillioides 
able to produce FB1 at ranges from 0.2 to 8.0 µg.g-1.

 When the samples of feed contaminated with AFB1were 
compared, the range levels (0.2-50.0 μg.kg-1) and the frequency 
of the contaminated milk samples showed in 75% with AFM1 
at range levels (0.05-1.50 μg.L-1). The quantification limits for 
AFB1 and AFM1 were 0.02 and 0.05 μg.L-1, respectively, consid-
ering the minimum amount of toxin that could produce a chro-
matographic peak three times the baseline standard deviation. 
The Table 2 shows data on milk yield level, the number of posi-

Samples Season

Total fungal counts (CFU g-1) Mean ± SD

Culture media

DRBC DG18

Corn and Corn meal

Su 5.8x105 ± 1.0x104 ab 5.8x104 ± 1.0x104 ab

Au 4.3x104 ± 1.6x104 a 4.3x104 ± 1.6x104 a

Wi 3.4x105 ± 1.5x104 b 4.4x105 ± 1.5x104 b

Sp 5.7x105 ± 1.5x104 b 5.7x105 ± 1.5x104 b

Corn Silage and 
Wheat Brew Silage

Su 7.3x105 ± 2.8x105 a 3.4x104 ± 1.4x104 a 

Au 9.2x104 ± 9.1x103 ab 3.6x104 ± 1.0x104 a

Wi 7.3x104 ± 1.0 x 104 ab 3.6x104 ± 1.3x104 a

Sp 1.3x104 ± 8.5x103a 3.8x104 ± 1.1x104 a

Table 1: Total fungal counts (CFU g-1) found in feed samples collected from different farms in four (4) 
seasonal periods of the year and evaluated on DRBC and DG18 media.

*Referring to DRBC culture medium; SD: Standard deviation; Detection limit: 102 CFU.g-1. a,b Values 
indicated with different letters are significantly different according to LSD test (p<0.05 for seasonal 
period samples). Su: Summer, Au: autumn, Wi: winter, Sp: spring.
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tive samples, the range and the average concentrations of AFs in 
the milk and the animal feed samples.

 The incidence of AFM1 in all milk samples was 25.45% 
at concentrations ranging from 0.05 to 1.500 μg.L-1. This fre-
quency was consistent with the detection of AFM1 at all times 
of milk samples selected. Farm samples with milk production 
between 150 and 300 L/day showed also positive samples for 
AFM1 (38.90%).

DISCUSSION

The results of differences in DM%, pH and aW values for sea-
sonal samples are comparable to those obtained by Keller et al33 

in Brazil and González Pereyra et al34 in Argentina. 
 
 Total fungal counts present in 67% of feed samples, 
Table 1, exceeded the limit recommended as quality standard 
(1×104 UFC.g-1) proposed by GMP16 and Brazilian reglamenta-
tion.35 The total fungi isolated were increased during rainy sea-
son and temperature rise similar as those reported for other re-
gions.36,37 Mycobiota isolated from several feed samples were 
comparable to species found by other researchers from the same 
substrate in Brazil, Argentina, France and Egypt being potential-
ly toxigenic species A. flavus, A. parasiticus, A. fumigatus, A. ni-
ger aggregate, P. citrinum, F. verticillioides and F. graminearum 
prevailed on this substrate. Aspergillus flavus and A. fumigatus 
relative density in post- fermentation silage samples was higher 
than in pre-fermentation samples.38-40 

 The screening of feed samples allowed evaluating a 
concurrence of several mycotoxins. The AFB1 contamination 
was detected in all samples, areas and seasonal periods, many of 
them were exceeded the recommended limit for AFB1 in cattle 
feed (20 µg.kg-1) proposed by GMP. Also, OTA, FB1, and ZEA 
were detected. However, when the increase of the mycotoxin 
level on severe seasonal conditions was evaluated, the statistical 
differences were not found.

 This evaluation suggests that mycotoxins contamina-
tion was enhanced during storage.41 The ensiling process sup-
poses control fungal contamination since pH is reduced to an ex-
tremely acid condition and oxygen is consumed to anaerobiosis. 
However, bad storing condition and practices during the ensiling 
process or even after the silo is opened for feeding-out, can lead 
to this kind of contamination.42

 The AFB1 levels observed in the feed samples remained 
below the tolerance limit recommended (50.0 μg.kg-1) for feed 
ingredients in Brazil.43 The research reveals that toxigenic fungi 
and their mycotoxins are present in feed intended for bovine fed 
in Rio de Janeiro farms, as occurs in other Brazilian States. Sub-
sequent evaluations of mycotoxin levels are important to pro-
vide information, so that the assessments of risk for animal feed 
and livestock environment can be made.

 Sabino et al44 found 18% positive samples at levels 
from 0.10 to 1.68 μg.L-1 in the San Pablo State. Recently, Sas-
sahara et al45 and Oliveira et al46 found AFM1 at levels from 0.29 

Milk production 
scale Season

Aflatoxin levels range (μgKg-1/μgL-1 )

AFB1
AFM1

(no processed milk)
AFM1

(processed milk)

   %      Mean±SD %       Mean±SD %       Mean±SD

≤150 L/ day

Su 100       1.1±0.2 12       0.039±0.01 10       0.03±0.01

Au 100       3.4±0.3 13       0.041±0.01 11       0.01±0.01

Wi 100       4.1±0.2 16       0.042±0.01 10       0.02±0.01

Sp 100       2.2±0.3 14       0.031±0.01 14       0.01±0.01

150-300 L/day

Su 100       5.5±1.5 24       0.28±0.12 19       0.02±0.01

Au 100       6.3±1.3 26       0.31±0.13 17       0.04±0.01

Wi 100       4.2±1.1 30       0.52±0.21 29       0.04±0.02

Sp 100       5.2±1.2 28       0.41±0.21 27       0.03±0.01

300 L/ day

Su 100       5.9±1.5 44       0.29±0.22 34       0.03±0.01

Au 100       7.3±1.3 42       0.41±0.10 32       0.04±0.01

Wi 100       5.2±1.1 49       0.62±0.13 31       0.06±0.01

Sp 100       6.2±1.2 47       0.41±0.21 32       0.04±0.02

Table 2: Incidence range of aflatoxin B1 and M1 in farms of Rio de Janeiro State and categorized on three milk production 
scales.

*SD: Standard deviation; Detection limit: AFB1 and AFM1 were 0.02 and 0.10 μg.L-1; Su: Summer; Au: autumn; Wi: winter; 
Sp: spring.
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to 1.97 μg.L-1 in 24% of raw milk samples collected from farms 
in the Paraná and São Paulo States, respectively. The process of 
modernization of the milk chain production in order to conform 
to current standards regulations in Brazil, has promoted a sig-
nificant increase in milk production, enabling the export of dairy 
products. This increase is due in part to the extensive supply of 
rations to animals, especially in the off season months (autumn 
and winter), which may have contributed to obtain detectable 
levels of AFM1 in milk of the studied regions.
 
 Sampling performed during the months of spring and 
summer obtained all samples with AFM1 above 0.5 μg.L-1. How-
ever, 10% of the milk samples collected on other mouths had 
higher levels of AFM1 tolerance limit adopted by the European 
Union (0.050 μg.L-1). 

 This study shows the need to revise the legislation for 
AFs in rations and AFM1 in raw milk in Brazil to prevent the 
occurrence of AFB1 and other mycotoxins in feed ingredients 
for dairy cattle and consequently human toxicity. On addition 
reinforces the importance of the revision of standard, in order 
to establish consistent limits for mycotoxins in feed ingredients 
intended for dairy cattle. 
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