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Abstract 
 
This study investigates influence of the anti-anthrax vaccination on blast transformation capacity of the leukocytes and 
also the possible in vitro influence of two, taxonomically different, autochthonous plants, Calendula officinalis and 
Vaccinium mirtyllus in promoting post-vaccinal proliferation. For that, blood was sampled on heparine (50 IU/ml) before 
and two weeks after the anti-anthrax vaccination (R 1190 Stamatin strain) of twenty-three dairy cows and 11 calves 
raised extensively. Blood samples were subjected to the in vitro blast transformation test, where glucose consumption 
was read after 72 hours of incubation at 37oC by the o-toluidine test. The experimental variants included samples treated 
with alcoholic extracts of the plants (7.5 µ/ml). There was a statistically significant increase in all the stimulation indices 
after the vaccination of the animals in cows, including those for Vaccinium myrtillus (48.57±13.27 to 53.53±12.49, 
p=0.02) and Calendulla officinalis (56.39±12.57 and 61.51±13.85, p=0.01). The increase induced in the growth of calf 
lymphocytes by the two plants was non-significant post vaccination.  
Both extracts could be used to enhance cell mediated immunity but there was an age dependent improvement of their in 
vitro response. 
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INTRODUCTION  
 
For both small and industrial farmers, cattle 
represent an important financial resource 
worldwide. Cattle farming proved to have a 
broad economic impact, also influencing the 
health and habitat of people (Thornton, 2010). 
Cattle farming was blamed for increase in CO2 
concentrations in the atmosphere and also for 
the green-house effect, which lead to the 
decrease of the ozon layer around the planet 
(Herrero et al., 2013; Rotz et al., 2013).  
Nevertheless, cow milk and products obtained 
from it along with beef, provide important 
nutritional resources to humans all over the 
world, supporting the development of local 
markets and rural communities. 
The herd health status is utmost important for 
obtainment of adequate productions from the 
farming process. To intensify the production 

potential of bovine and also provide a healthy 
environment to the animals and protection 
towards diseases, improved nutrition strategies 
and perfected preventive measures were applied to 
farmed animals.  
Cattle-farming is one of the main branches of 
animal production, which provides people and 
the processing industry with particularly 
valuable products and by-products such as milk 
and meat as food products, and hides, bones, 
hooves, horns and manure as by-products 
(Pawlak and Kołodziejczak, 2020), especially in 
developing countries. 
Within the epidemiological triangle represented 
by the pathogen, host and the environment for 
their interaction, the close proximity of people 
and bovine has enhanced the progression of a 
new host-pathogen relationship and jump over 
species for various microbes, mainly viruses but 
also zoonotic bacteria (Schiffman et al., 2002).  

Although non-contagious, anthrax is considered 
to be a zoonotic disease, Bacillus anthracis 
being transferred mainly from the soil but also 
from the diseased individual to healthy suscep-
tible ones to direct contact. Anthrax infection 
from animal sources is mainly “targeting” risk 
categories such as farmers, veterinarians, 
slaughterhouse workers, caretakers, or 
personnel involved in handling carcases or by-
products (Rume et al., 2020).  
Vaccination represented one of the important 
veterinary operations to provide protection 
against microbial diseases (Turnbull, 1991; 
Misra, 1996). Numerous diseases were eradi-
cated due to vaccination from the affected terri-
tories, anthrax included in the category (OIE 
Manual). In most countries, where the epide-
miological pressure is still existing (Africa, 
Asia, etc.) the anti- anthrax vaccination is in-
volved in preventive protocols designed by the 
governments. Depending on the epidemiological 
situation, the vaccination protocols applied in 
cattle farms are diversified, some of them being 
included in the national strategic programs. 
In spite of the positive impact on health and 
economy, vaccinations have revealed lately 
adverse effects, especially those which needed 
repeated shots; allergic mechanisms underlie the 
hypersensitivity, allergy or anaphylactic shock 
caused either by the included antigenic 
structures or adjuvants used in the vaccine to 
increase its immunogenicity (Fasanella et al., 
2001).  
The immune system, with a high variety of 
structures and mechanisms involved in 
providing protection against microbes, mainly 
relies on the intervention of antigen presenting 
cells, T helper lymphocytes and plasma cells in 
producing specific antibodies (Cesaretti et al., 
2020).  
The response of such cells could be enhanced, 
thus providing an increased antibody protection 
by chemical but also natural products, including 
plant extracts.  
This research aimed at investigating the in vitro 
response of the leukocytes from anti-anthrax 
vaccinated animals to various mitogens, 
including the alcoholic extracts of Vaccinium 
myrtillus and Calendula officinalis, to estimate 
their immune enhancing potential and eventual 
possibility to use those as immune stimulating 
products.  

MATERIALS AND METHODS  
 
Biological material. Thirty-three cattle (23 
dairy cows and 11 calves, both males and 
females), reared extensively were selected for 
the experiment. The animals were vaccinated 
according to the Strategic Program, with a live 
R 1190 Stamatin strain vaccine, which is 
acapsulogenic but edematogenic and showed an 
increased immunogenicity.   
Blood samples were collected from all the 
animals before and two weeks after the 
vaccination on heparine (50 UI/ml) and 
subjected to the in vitro blast transformation test 
for evaluating the mitogenic capacity of the 
extracts. 
Plant extracts (Dacia Plant, Romania). The 
two extracts used in vitro during the evaluation 
of the blastogenic capacity of bovine leukocytes 
were commercial ones for human use. Both were 
prepared from dried plant parts, leaves in case of 
blueberries and flowers for the marigold extract, 
according to the techniques described by the 
German Pharmacopoeia.  
The leukocyte blast transformation test 
(Khokhlova et al., 2004) 
The leukocyte blast transformation test 
measures the in vitro reactivity of mononuclear 
cells to sensitizing (in vivo encountered) 
antigens. Similarly, it can be used to identify the 
effects of various substances, including plant 
extracts on immunogenesis (Hume & 
Weidemann, 1979).  
Cell growth was quantified by means of the 
glucose consumption technique, using orto-
toluidine.  
Blood samples were diluted in a proportion of 
1:4 with RPMI 1640 culture medium (Sigma, 
USA). The amont of blood+culture medium 
mixture was calculated according to the number 
of envisaged cultural variants, performed in 
duplicate.  
The mixture was distributed in wells of a 96-
well sterile plate (200 µl per well). Six variants 
were tested for each individual animal, namely 
(1) untreated control culture, (2) 70o alcohol (2.5 
µl per well), (3) Con A treated culture (1 µl per 
well), (4) phytohaemagglutinin-M (PHA) (1 µl 
per well) treated culture, (5-6) alcoholic extracts 
of Vaccinium myrtillus and Calendula 
officinalis (2.5 µl per well) treated cultures. The 
quantities of both PHA and antigens were 
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established when using the same technique 
during preliminary studies as being the most 
effective in vitro for the tested species. The 
cultures were incubated for 72 h at 37°C and 5% 
CO2.  
The cell growth was estimated by quantifying 
the glucose consumption in the wells. Glucose 
concentrations were measured in the initial 
medium and at the end of the incubation period, 
using a standard glucose solution (100 mg %), 
by means of an orto-toluidine colorimetric test. 
For that, 12.5µl of the cultural supernatant were 
transferred to 0.5 ml of orto-toluidine reagent, 
boiled for 8 min, suddenly cooled in water and 
read in 96-well plates at 610 nm wavelength in 
a spectrophotometer (SUMAL PE2, Karl Zeiss, 
Jena), using the o-toluidine reagent as a blank. 
The stimulation index (SI %) was calculated as 
follows: SI%=[(MG–SG)/MG]×100, where 
TI=blast transformation index, MG=glucose 
concentration in the initial RPMI and 
SG=glucose concentration in the sample after 
incubation. 
Statistical processing of the data. Averages of 
SI% for both samplings, prior and after the 
vaccination, along with the standard deviations 
were calculated.  
The Excel program was used to calculate the 
significance of the differences between the SI in 
vaccinated animals during the two samplings by 
means of the t- Student test. 
 
RESULTS AND DISCUSSIONS  
 
Eradication of numerous communicable 
diseases was achieved by injecting the 
susceptible hosts with antigens processed as 
vaccines. The method is beneficial in general, 
but side effects (vaccinoses) have been 
mentioned along time for various antigens. This 
led to implementation of modern antigen 
processing methods (genetic engineering, 
deleted antigens, etc.).  
The analysis of the host's protective response to 
pathogens indicated that mostly T and B 
lymphocytes are accountable for the cell-
mediated immunity and are also responsible for 
antigenic information and antibody synthesis.  
The proliferative response of bovine 
lymphocytes following stimulation with various 
alcoholic extracts of a vegetal nature was 
demonstrated by means of the blast 

transformation test, according to the protocol 
proposed by Ghergariu et al. (2000). 
The technique has been used over time in the 
evaluation of bovine blastogenesis (Ishikawa & 
Shirahata, 1986) in the evaluation of prolifera-
ting cell metabolism (Hume and Weidemann, 
1979) but also more recently for the evaluation 
of the energy balance of circulating 
mononuclear cells (Schwarm et al., 2013). 
The results obtained in the experiment related to 
SI% pre- and post-vaccination against anthrax of 
adult and young cattle are presented in Figure 1 
and Figure 2. 
It can be seen that in the case of adult animals, 
the blastisation indices are increased post-
vaccination, both in the case of spontaneous and 
mitogen-induced responses, except for 
blueberry extract, which, although leads to 
increased post-vaccination indices, compared to 
the alcohol control has a weaker effect. 
Calendula extract has a stimulating effect. 
 

 
Figure1. SI% calculated for the two samplings: prior and 

post vaccination in cows (x±s), with an anti-anthrax 
vaccination history  

Legend: (Series 1 before, Series 2 - after the vaccination, cont=control, 
alc-alcohol, Con-concanavaline A, PHA-phytohaemagglutinine, Vacc- 

Vaccinium myrtillus alcoholic extract, Cal - Calendula officinalis 
alcoholic extract) 

 

 
Figure 2. SI% calculated for the two samplings: prior and 

post vaccination in calves (x±s), with an anti-anthrax 
vaccination history  

Legend: (Series 1 before, Series 2- after the vaccination, cont=control, 
alc-alcohol, Con-concanavaline A, PHA-phytohaemagglutinine, Vacc- 

Vaccinium myrtillus alcoholic extract, Cal - Calendula officinalis 
alcoholic extract) 
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In the case of the group of young animals, the in 
vitro cell-mediated response is weaker post-
vaccine (Figure 2) for all variants, except for the 
one treated with marigold extract, which proves 
to be stimulating in this case as well. 
A comparison of the values obtained post 
vaccination in cows and calves (Figure 3) 
indicated that the blueberry extract was more 
efficient in the calves while the marigold extract 
improved the blastogenesis in the adult animals. 
This stands for different active principles in the 
two taxonomically different plants and also for 
a difference in reactivity in different age 
categories of animals, although from the same 
species. 
 

 
Figure 3. Changes in SI% subsequent to vaccination 

(x±s) in cows and calves subject to vaccination 
Legend: (Series 1 before, Series 2- after the vaccination, cont=control, 

Vacc- Vaccinium myrtillus alcoholic extract, Cal - Calendula officinalis 
alcoholic extract) 

 
Table 1 shows the statistical significance of the 
stimulation observed after the vaccination, while 
calculating the differences between the two 
groups. All cultural variants used encountered 
an enhanced growth in cows, with higher SI% 
indices than those observed in calves. This 
phenomenon is probably due to the presence of 
the memory cells in the adult animals, subjected 
during their history to multiple vaccinations 
against anthrax.  
 

Table 1. The statistical significance of the comparison 
between cows and calves and the stimulation induced by 

the vegetal extracts 
t test 
BV - 
AV 

Contr Alc Con PHA Vacc Cal 

Cows 0.009 0.032 2x10-6 0.009 0.02 0.01 

calves 0.48 0.22 0.16 0.01 0.15 0.17 

Legend: (BV- before vaccination, AV-after vaccination, cont=control, 
Con – concanavalin A, PHA - phytohaemagglutinine, Vacc- Vaccinium 
myrtillus alcoholic extract, Cal - Calendula officinalis alcoholic extract) 

Similarly, the results obtained in this category 
were statistically ensured for both plant extracts. 
IN calves, only the standard mitogen PHA 
induced a sufficient increase post vaccination to 
be statistically supported, all the other variants, 
in spite of the recorded growth, proved to 
stimulate lesser the bovine immune cells. 
 
CONCLUSIONS  
 
The results supported the hypothesis that 
multiple vaccination, continuously triggering 
immune cell-mediated activity, could be 
responsible for the enhanced response to 
mitogens, but also to plant extracts. Therefore, 
further attempts should be made to identify the 
role not only of the age and plant taxonomy but 
also of the dosage in inducing immune 
stimulation at highest levels. Both extracts could 
be used to enhance cell mediated immunity but 
there was an age dependent improvement of 
their in vitro response. 
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This stands for different active principles in the 
two taxonomically different plants and also for 
a difference in reactivity in different age 
categories of animals, although from the same 
species. 
 

 
Figure 3. Changes in SI% subsequent to vaccination 

(x±s) in cows and calves subject to vaccination 
Legend: (Series 1 before, Series 2- after the vaccination, cont=control, 

Vacc- Vaccinium myrtillus alcoholic extract, Cal - Calendula officinalis 
alcoholic extract) 

 
Table 1 shows the statistical significance of the 
stimulation observed after the vaccination, while 
calculating the differences between the two 
groups. All cultural variants used encountered 
an enhanced growth in cows, with higher SI% 
indices than those observed in calves. This 
phenomenon is probably due to the presence of 
the memory cells in the adult animals, subjected 
during their history to multiple vaccinations 
against anthrax.  
 

Table 1. The statistical significance of the comparison 
between cows and calves and the stimulation induced by 

the vegetal extracts 
t test 
BV - 
AV 

Contr Alc Con PHA Vacc Cal 

Cows 0.009 0.032 2x10-6 0.009 0.02 0.01 

calves 0.48 0.22 0.16 0.01 0.15 0.17 

Legend: (BV- before vaccination, AV-after vaccination, cont=control, 
Con – concanavalin A, PHA - phytohaemagglutinine, Vacc- Vaccinium 
myrtillus alcoholic extract, Cal - Calendula officinalis alcoholic extract) 

Similarly, the results obtained in this category 
were statistically ensured for both plant extracts. 
IN calves, only the standard mitogen PHA 
induced a sufficient increase post vaccination to 
be statistically supported, all the other variants, 
in spite of the recorded growth, proved to 
stimulate lesser the bovine immune cells. 
 
CONCLUSIONS  
 
The results supported the hypothesis that 
multiple vaccination, continuously triggering 
immune cell-mediated activity, could be 
responsible for the enhanced response to 
mitogens, but also to plant extracts. Therefore, 
further attempts should be made to identify the 
role not only of the age and plant taxonomy but 
also of the dosage in inducing immune 
stimulation at highest levels. Both extracts could 
be used to enhance cell mediated immunity but 
there was an age dependent improvement of 
their in vitro response. 
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Abstract  
 
During storage, the aim is to keep the quality and quantity of agricultural products at a high level, without the risk of 
contamination. The most common storage pests are: Sitophilus granarius, Acarus siro, Caulophilus latinasus, 
Trimbolium consufusum and Trimbolium castaneum. Due to its multiple uses: in human and animal nutrition, winter 
wheat is one of the most valuable crops in the world. Seed quality can be influenced by the genetic factor also by the 
phytosanitary aspect during storage. Sitophilus granarius is one of the main storage pests that attacks wheat grains, 
barley and rye. During storage, the pests can greatly affect the quality of the seeds and also of the food. The flour 
resulting from the infested grains is unsuitable for consumption, having an unpleasant smell and bitter taste. The paper 
aimed to present the efficacy of four different concentrations (0.125%, 0.25%, 0.5% and 1%) of a modern liquid 
pyrethroid formulation against wheat weevil, in a three year experiment conducted in three different sizes grain 
warehouses. Also, the chemical composition of stored winter wheat seeds was determined using NIR spectroscopy, on 
unground samples. As expected, the highest percentage of dead insects, in a short period of time, was identified when 
the product was applied at the recommended dose (1%). Also small differences between studied parameters were 
revealed, but the quality of the samples was not lowered by the higher concentrations of insecticide.  
 
Key words: chemical composition, Sitophilus granarius, storage, winter wheat.  
 
INTRODUCTION  
 
Winter wheat is currently second to rice as the 
most important crop in the world (Abegunde et 
al., 2019), bread, the main human food being 
prepared especially from wheat flour (Pedersen 
and Eggum, 1983; Shewry, 2009; Keskin and 
Ozkaya, 2015; Nadarajah and Mahendran, 
2015).  
In order to appreciate the quality and 
digestibility specific to each winter wheat 
geotype (Ceapoiu et al., 1984) the most 
important parameters, such as: the protein 
content (%); the wet gluten (GU%); the ash 
content (%), the relative humidity (RH%); the 
fat content, the starch content (%); the fibre 
(%); NCDG (Enzymatic activity of cellulose, 
%); NDF (Neutral detergent fibre, %) and ADF 
(acid detergent fibre, %) have to be determined. 
Alveograph parameters determination is a way 
to assess the baking quality of wheat flour. One 
of the most important parameter, P, is an 

indicator of dough resistance to deformation 
being the maximum overpressure needed to 
inflate the dough bubble measured in mm H2O 
(Dubois et al., 2008; Jødal & Larsen, 2021). L 
is also called the extensibility, as it is a measure 
of how much the dough can be extended before 
it breaks and is strong and positive correlated 
with bread volume (Jødal & Larsen, 2021). The 
swelling index G is calculated from L and is 
considered dependent on the product of 
properties usually described as springiness and 
shortness (Rasper et al., 1986). Deformation 
energy, W, represents the energy required to 
inflate the dough bubble until rupture (Jødal & 
Larsen, 2021). 
Due to the demand for high quality and safe 
food by the consumers, there is necessary to 
eliminate the risk of contamination during 
storage. The wheat weevil (Sitophilus 
granarius L.) is the main pest of stored grain 
and other stored products in temperate climates 
(Nawrot et al., 2006; Yildirim et al., 2012). The 
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