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The Comparison of Milk Composition and Quality of Dairy 
Crossbred Simmental and Holstein Cows for One Year
Kristina de Vitte1, Ramutė Mišeikienė2, Rolandas Stankevičius1, Marius de Vitte3

1Department of Animal Nutrition, Lithuanian University of Health Sciences, Lithuania, 
2Institute of Animal Rearing Technologies, Lithuanian University of Health Sciences, Lithuania,

3Coventry, England (Coventry University, Priory St, Coventry CV15FB)

Keywords: cow, Simmental, Holstein, milk, composition, SCC. 

Abstract. The research was conducted to ascertain the positive benefits of crossbreeding for the 
quantitative and qualitative indicators of livestock production. The aim of the research was to perform 
a comparative analysis of the composition and quality rate of the milk produced by dairy Simmental 
crossbreeds and Holstein cows during the year.

The experiment involved the purebred Holstein cows of dairy breed and F1 generation crossbred 
Holstein x Simmental cows of dual purpose. Twenty cows of each breed were observed for one year. The 
research revealed that the yield (Simmental crossbreeds: 8,951 l, Holstein 8,665.7 l) during the year 
was similar in both breeds, but the average annual fat content in the milk (0.32 percent) and protein 
(0.2percent) was higher in crossbred Simmentals’ milk. The lactose content in the milk of both cow 
breeds differed by 0.075 percent, and no essential differences during the year were observed. The aver-
age amount of urea in Holstein cows’ milk was 2.65 mg/100 mL, i.e., higher compared with crossbred 
Simmentals. The quantity of somatic cells in Holstein cows’ milk during the year was by 97.85 thou-
sand/mL higher than in the milk of crossbred Simmentals (P < 0.05). 

Correspondence to Kristina de Vitte, Department of Animal 
Nutrition, Faculty of Animal Science, Veterinary Academy, 
Lithuanian University of Health Sciences, Tilžės 18, LT‑47181 
Kaunas, Lithuania E‑mail: kristina.devitte@lsmuni.lt

Introduction
The period, when rapid freezing of bull semen 

was introduced 50 years ago, during that period, a 
new sire was evaluated taking into account the genet‑
ic progress of the first lactation daughters. Negative 
consequences of such an evaluation have long been 
known; however, it was only in recent years that this 
fact was taken seriously. It was during that period that 
the Holstein breed of livestock (Schonmunth, 1963; 
Malchiodi, 2014) was developed; thus, all the mis‑
takes made during such breeding are best seen and 
analyzed while studying this particular breed popula‑
tion (Herinngstad et al., 2001). Looking for a way out 
of the situation (Fleischer at al., 2001), two strategies 
are currently being discussed and used: one suggests 
including “the functional values of the animal (such 
as the exterior, life expectancy, hoof wellness, etc.)” 
into the evaluation of breeding and taking them into 
account while executing the selection of purebred 
Holsteins. Another strategy is to exploit the heterosis 
effect while crossbreeding cattle with other breeds, 
which has long been known and used for breeding 
pigs and hens (Hein’s et al., 2012; Karamfilov and 
Nikolov, 2019).

Cattle crossbreeding is of great significance (Konig 
et al., 2005; Simianer et al., 2006) in Lithuanian dairy 
farms. The positive effects of crossbreeding make 
farmers expect higher economic cost‑effectiveness by 
improving cattle health, reproductive characteristics 

and calf survival rates. In recent years, such problems 
(cattle health, reproductive characteristic, calf surviv‑
al rates and so on) have been increasing in the herds 
of Holstein cows.

Simmental breed of dairy cows ranks second in 
Europe (taking into account the number of livestock 
as well as the amount of milk and meat produced) after 
Holstein (SGG, 2018; Perišić et al., 2009). The Global 
Dairy Simmental Association states that, in some Eu‑
ropean countries, dairy Simmental breed is dominant, 
with Germany (about 3.5 million cattle, which ac‑
counts for slightly less than 30 percent of all dairy cow 
population in Germany), Austria (1.6–1.7 million, 
i.e., about 80 percent of all dairy cow population in
Austria) and Serbia (850 thousand, i.e., about 80 per‑
cent of all dairy cow population in Serbia) taking the
lead. A similar situation also occurs in the Czech Re‑
public, Switzerland and Slovenia (Perišić et al., 2009).

The milk production and milk quality of crossbred 
cows has been extensively characterized (Heins et al., 
2006; Dechow et al., 2007; Prendiville et al., 2010). 
The aim of the research was to perform a comparative 
analysis of the composition and quality rate of milk 
produced by dairy Simmental crossbreeds and Hol‑
stein cows during one year of production.

Material and Methods
Twenty Holstein cows and 20 F1 generation cross‑

bred Simmental‑Holstein cows were used for the re‑
search. All of the cattle were from the second lacta‑
tion and were calved in November 2017. Livestock 
was observed and the productivity data were regis‑
tered and evaluated for one year: from 1 January to 
31 December 2018. The cow milk was analyzed once 
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per month, during the morning and evening milk‑
ing. The milk quantity was checked and written down 
during both milkings. Milk samples were taken in 
an alternating pattern: one month they were taken 
during the morning, and the following month –they 
were taken during the evening. Milk indicators were 
rated using the records accounts of a controlled herd 
of cattle from 2016–2018. The contents of the milk 
(fat, protein, lactose and urea) and the indicators so‑
matic cell count in the milk were graded by PE “Pi‑
eno tyrimai”. Fat, protein, lactose and urea amounts 
were analyzed using the mid‑infrared detector Lac‑
toScopeFTIR. The somatic cell count was rated us‑
ing a Somascope detector, which operates using the 
flow cytometry principle. The influence of differ‑
ent breeds on profitableness was evaluated using the 
checks for meat sales/purchases and milk price sta‑
tistical indexes, which are announced every month 
on the website of the Ministry of Agriculture of the 
Republic of Lithuania.

The primary collected information was catego‑
rized, grouped, analyzed, and presented in the Mi‑
crosoft Excel 20 program. Mathematical statistics 
were used to process the obtained research results 
and interpretation of the obtained data. The paper 
presents the following statistical indicators: arith‑
metic mean and its error (SE, standard deviation, 
minimum (Min), maximum (Max) and statistical re‑
liability indicator – Student’s t criterion with a signif‑
icance level P < 0.05: when P < 0.05, the differences 
between the two comparator groups are considered 
statistically significant at a 95.0% reliability level; 
when P > 0.05, the differences between the groups 
are considered statistically unreliable (not statistically 
significant).

Results
In December, second lactation cows that were se‑

lected for the research were dry (Fig. 1). Most dairy 
crossbred Simmentals and Holsteins calved in Janu‑
ary, and the rest did it at the beginning of Febru‑
ary. In January, the cows of both breeds produced 
on the average a similar amount of milk (P = 0.652; 
P > 0.05), i.e., dairy crossbred Simmentals produced 
17.8 ± 5.62 L, and Holsteins produced 15.5 ± 4.47 L 
(Fig. 1). In February, the average quantity of milk per 
cow was a few liters greater than in January, i.e., dairy 
crossbred Simmentals produced 21.1 ± 6.66 L, and 
Holsteins produced 18.4 ± 5.31 L.

In 6 weeks after calving, the productivity of most 
cows becomes the highest. This has also been observed 
during the research. In March, dairy crossbred Sim‑
mental cattle produced an average of 33.5 ±  0.60 L of 
milk (min = 28.4; max = 40.8;), and Holsteins pro‑
duced an average of 11.1 L less than dairy crossbred 
Simmentals (i.e., average 24.4 ± 7.04, min = 6.5; 
max = 40.8;). However, statistically significant dif‑
ferences were not observed (P = 0.139; P > 0.05). At 
the end of April, the grazing period was commenced, 
which helped maintain high yields of livestock. Both 
breeds produced more than 33 L per cow. Due to pre‑
vailing hot weather in May of 2018, the yield per cow 
decreased significantly and reached a little more than 
27 L per cow. Such an average yield remained until 
August. Most of the observed cows were successfully 
inseminated at the beginning of lactation; thus, the 
milk yield decreased. From October to December, 
the average yield of the dairy crossbred Simmental 
cows declined, and the lowest was in November, i.e., 
17.4 ± 5.52 L. A similar trend was typical of the yield 
of Holstein cows. However, the lowest amounts of 

Fig. 1. Milk yield of dairy crossbred Simmental and Holstein cows
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milk were produced in December, i.e., an average of 
16.4 ± 4.73 L.

The higher protein content in the milk of dairy 
crossbred Simmental cows, as compared with other 
varieties, is inherited from generation to generation, 
and this is one of the reasons for choosing these cows. 
During the entire period of the research, the protein 
content in the milk of dairy crossbred Simmental cows 
was higher than that of Holsteins (Fig. 2). However, 
statistically significant differences were observed only 
in November (P = 0.006; P < 0.05), when the pro‑
tein content in the milk of dairy crossbred Simmentals 
was statistically significantly higher by 0.5 percent: for 
dairy crossbred Simmentals, it was 4.1± 0.41 percent, 
and for Holsteins, it was 3.6 ± 1.04 percent. During 
other months, the difference in the protein content in 
the milk of the two breeds was 0.1–0.3 percent. How‑
ever, statistically the protein content in the milk of 
dairy crossbred Simmentals was not higher (P < 0.05). 
The comparison of the tendencies of variation of pro‑
tein content in the milk of crossbred Simmentals and 
Holstein cows reveals that the changes in the protein 
content in the milk of both breeds of cows were very 
similar, i.e., from January (dairy crossbred Simmen‑
tals’, with an average of 4.0 ± 0.45 percent, and Hol‑
steins’ ‑ 39 ± 0.49 percent) it gradually decreased, 
while between April and June, it reached the lowest 
rates (an average of 3.1% to 3.2% in dairy crossbred 
Simmentals, of, and 3.0% in Holsteins). This was due 
to the commencement of the grazing period and ad‑
aptation to different forage. In June, having stabilized 
and balanced the changes of forage, the protein con‑
tent started to grow again, and in October through 
December it reached the highest average values again, 
i.e., dairy crossbred Simmentals ranged from 4.0 to 
4.1 percent, and Holsteins from 3.6 to 3.8 percent.

The fat content in the milk of the observed cows of 
both breeds ranged and varied throughout the study 
unevenly (Fig. 3). The highest average fat content 
in the milk of dairy crossbred Simmental cows was 
5.7 ± 1.01 percent (min = 4.45; max = 7) in March; 
5.4 ± 0.75 percent (min = 4.45; max = 6.43) in April; 
and 5.4 ± 0.86 percent (min = 4.02; max = 6.75) in 
November. The highest average fat content in the 
milk of Holstein cows was in January, 5.4 ± 0.90 per‑
cent (min = 4.31; max = 6.62) (Fig. 3). The low‑
est average fat content in the milk of dairy crossbred 
Simmental cows was observed in October, 4.2 ± 1.19 
percent (min = 2.05; max = 6.57), and that of Hol‑
steins in September, 3.9 ± 0.84 percent (min = 2.60; 
max = 5.43) and 4.2 ± 0.77 percent (min = 2.96; 
max = 5.20), respectively.

The comparison of the average fat content in the 
milk of the observed cows of both breeds reveals that 
throughout the study, except for a few months (Janu‑
ary, February and December), the milk fat content 
of dairy crossbred Simmentals was higher. Key dif‑
ferences were observed in June and July, when the 
average fat content in the milk of Simmentals was 
0.5 percent per piece (P = 0.017, P < 0.05) and 0.8 
percent per piece higher (P = 0.001, P < 0.05) than in 
the milk of Holsteins. In March, the average fat con‑
tent in the milk of dairy crossbred Simmentals was 
5.7 ± 1.01 percent (min = 4.45; max = 7.24), and 
4.7 ± 1.63 percent in the milk of Holsteins (min = 
1.68; max = 6.52), i.e., 1.0 percent higher. However, 
the difference was not statistically significant.

The amount of lactose in the milk of dairy cross‑
bred Simmentals reached the highest values (4.6 per‑
cent) in January through March and December, 
while in the milk of Holsteins (4.6 ± 1.27 percent), 
it was highest in December (Fig. 4). The lowest aver‑

Fig. 2. The protein content in the milk of dairy crossbred Simmental and Holstein cows
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Fig. 4. The amount of lactose in the milk of dairy crossbred Simmental and Holstein cows

Fig. 3. The fat content in the milk of dairy crossbred Simmental and Holstein cows

age amount of lactose was observed in the milk of 
Holstein cows in November, i.e., 4.2 ± 1.22 percent 
(min = 2.48; max = 4.65).

During the entire period of research, the differ‑
ence in the average amount of lactose in the milk of 
dairy crossbred Simmental and Holstein cows varied 
negligibly (0.1–0.3 percent), except in June, when 
the average lactose content in Simmentals’ milk was 
statistically significantly higher by 0.1 percent than in 
Holsteins’ milk (P = 0.023; P < 0.05).

The comparison of the amount of urea in the milk 
throughout the study reveals that usually the aver‑
age amount of urea in the milk of the Holstein breed 
was higher than that in the milk of dairy crossbred 
Simmentals, with the exception of a few months, i.e., 
January, April and August (Fig. 5). In January, the 
amount of urea in the milk of dairy crossbred Sim‑
mental cows reached 23.2 mg/100 mL, or was statis‑
tically significantly greater by 2.1 mg/100 mL than 
that of Holsteins (P = 0.049; P < 0.05). In February, 
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the average urea amount in the milk of dairy cross‑
bred Simmentals was 0.7 mg/100 mL, i.e., statisti‑
cally significantly lower (P = 0.023; P < 0.05), and in 
March, it was 4.2 mg/100 mL (P = 0.028; P < 0.05) 
lower than in the milk of Holsteins. However, in 
April, the urea amount in the milk of dairy crossbred 
Simmental cows was statistically significantly higher 
by 0.8 mg/100 mL in comparison with the average 
urea amount in the milk of Holstein cows in the same 
month (P = 0.042; P < 0.05).

The study of the established maximal indicators 
of urea throughout the entire research reveals that the 
average urea content, more than 40 mg/100 mL, was 
observed in May, September and October in the milk 

of Holstein cows, 40.5 ± 8.00 mg/100 mL, 42.0 ± 
9.53 mg/100 mL and 43.7 ± 7.98 mg/100 mL, re‑
spectively. In comparison with dairy crossbred Sim‑
mental cows’ milk, urea rates in Holsteins’ milk dur‑
ing these months were significantly higher (10.3, 4.2 
and 4.7 mg/100 mL, respectively), but the differences 
were not statistically significant (P > 0.05).

The comparison of the average somatic cell counts 
(SCC) in the milk of dairy crossbred Simmental and 
Holstein cows reveals that only in January and Feb‑
ruary the SCC in the milk of dairy crossbred Sim‑
mentals was higher than that in Holsteins’ milk by 93 
and 44 thousand/mL (Fig. 6). During other months, 
a higher SCC, 5 thousand/mL (December) up to 

Fig. 5. The amount of urea in the milk of dairy crossbred Simmental and Holstein cows

Fig. 6. The somatic cell count in the milk of dairy crossbred Simmental and Holstein cows
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280 thousand/mL (June) was observed in the milk of 
Holstein cows. However, during the entire period, the 
differences in the SCC in the milk of the two breeds 
of cows were not statistically significant, with the 
exception of September, when the SCC in the milk 
of dairy crossbred Simmental cows was significantly 
lower than that in Holsteins’ milk by 220 thousand/
mL (P = 0.034; P < 0.05). 

Discussion
During all months, the protein content in the milk 

of dairy crossbred Simmental cows was by 0.2 percent 
higher than that in the milk of Holstein cows. The 
quantity of cow milk depends on many factors: the 
time of lactation, intensity of feeding, animals’ health, 
genetics, keeping conditions, etc. The research re‑
vealed that the milk yields of both breeds were very 
similar, and no statistically significant differences 
were observed. The milk yield of Holstein cows aver‑
aged 24.5 L per day per cow, while dairy crossbred 
Simmental cows produced 23.7 L per day per cow (P 
> 0.001). The lowest milk yield of Holstein cows was
8.9 L per cow, and the largest was 59.9 L per cow.
The lowest milk yield of dairy crossbred Simmental
cows was 12.3 L per cow, the largest was 50.8 L per
cow. Similar results were also found in the research
conducted by Muller et al. (2005), where the quan‑
tity of milk produced by Holstein and dairy cross‑
bred Simmental cows was not significantly different
(P > 0.05). In Toledo‑Alvarado et al. (2017) studies,
lower average milk yield of dairy crossbred Simmen‑
tal cows was observed.

Lower average milk yield of Holstein cows was 
observed by Pintić et al. (2007), and Abdouli et al. 
(2008). In the research conducted by Marenjak et al. 
(2004), the cows of Simmental breed produced more 
milk than Holstein cows.

During all months, the protein content (3.6 per‑
cent) in the milk of dairy crossbred Simmental cows 
was higher than that in the milk of Holstein cows 
(3.4 percent). However, substantial differences were 
observed in November only (P = 0.006; P < 0.05). 
Significant differences in milk fat content were ob‑
served in June and July, when the average fat content 
in the milk of dairy crossbred Simmental cows was 
0.5 percent (P = 0.017, P < 0.05) and 0.8 percent 
respectively higher (P = 0.001, P < 0.05) than in the 
milk of Holstein cows. During the year, the average 
fat content was 4.75 percent in the milk of Holstein 
cows, and 5.0 percent in the milk of dairy crossbred 
Simmental cows. In the research conducted by Muller 
et al. (2005), lower quantities of protein and fat were 
observed in the milk of Holstein cows than in the 
milk of dairy crossbred Simmental cows. In the study 
conducted by Toledo‑Alvarado et al (2017), among 
dairy crossbred Simmental cows, the difference in 
protein and fat content in the milk has not been es‑
tablished. The study conducted by Pintić et al. (2007) 
also revealed that no substantial differences in fat and 

protein content in the milk of Holstein and Simmen‑
tal breeds were identified. Johnson and Young (2003) 
as well as Abdouli et al. (2008) estimated that fat and 
protein content in the milk of Holstein cows was sub‑
stantially lower as compared with that in the milk of 
cows of the Simmental breed.

There was no significant difference in the amount 
of lactose in the milk of both breeds; it ranged from 
3.86 percent to 5.59 percent. The lactose content in 
the milk of dairy crossbred Simmental cows varied 
little, and the average yearly amount was 4.5 percent, 
whereas the amount of lactose in the milk of Holstein 
cows varied greater, with the average of 4.4 percent. 
Similar results were also obtained in the study con‑
ducted by Bendelja et al. (2011).

The average urea amount in Holstein cows’ milk 
was 29.15 mg/100 mL, while in the milk of dairy 
crossbred Simmental cows it was 26.5 mg/100 mL. 
Such results fall within the recommended amount of 
urea in milk defined by most authors (Marenjak et 
al., 2004). Lower concentration of urea (15.5 mg/100 
mL) was found in the milk of Holstein cows in the 
study conducted by Johnson and Young (2001). How‑
ever, a 40 percent higher urea amount was observed 
in Holstein cows’ milk as compared with Jersey cows’ 
milk (Rodriguez et al., 1979).

In this study, the quantity of somatic cells in the 
milk of Holstein cows was statistically significantly 
higher (P < 0.001). The average somatic cell count 
is 307 thousand/mL. Such an SCC is close to the 
average somatic cell count characteristic to the breed, 
which reaches 316 thousand/mL (Hojman et al., 
2005). The average SCC in the milk of dairy cross‑
bred Simmental cows was 234 thousand/mL. The 
study conducted by Toledo‑Alvarado et al. (2017) re‑
vealed that the somatic cell count was higher in the 
milk of Holstein cows as compared with the milk of 
dairy crossbred Simmental cows.

Conclusions
Milk yield during the year was similar in both 

breeds: Simmental crossbreeds produced 8,951 L, 
and Holstein cows produced 8,665.7 L. Average an‑
nual fat and protein content, 0.32 and 0.2 percent, 
respectively, was higher in crossbred Simmentals’ 
milk, while the average amount of urea in Holstein 
cows’ milk was 2.65 mg/100 mL, i.e., higher in 
comparison with crossbred Simmentals. Significant 
differences were found in November ‑ Simmental 
crossbreeds: 4.1 ± 0.41 percent, Holstein 3.6 ± 1.04 
percent (P < 0.05)). Average annual fat content in 
the milk (0.32 percent) was higher in crossbred Sim‑
mentals’ milk. Significant differences were found in 
June and July (Simmental crossbreeds’ 0.5 percent 
(P = 0.017; P < 0.05) and 0.8 percent higher (P = 
0.001; P < 0.05) some Holstein cows). Lactose con‑
tent in the milk of both cow breeds differed by 0.075 
percent, and no essential differences during the year 
were observed (P > 0.05). The average amount of 
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urea in Holstein cows’ milk was 2.65 mg/100 mL, 
i.e., higher in comparison with crossbred Sim‑
mentals (both stocks were fed the same). Statisti‑
cally significant differences were found in January
(23.2 mg /100 mL) (P = 0.049; P < 0.05) and April
(0.8 mg/100 mL) (P = 0.042; P < 0.05), the milk
urea content was higher in the milk of dairy Simental
crossbred cows than in Holstein cows. The mean urea
levels in milk of Simmental crossbreeds in February
(0.7 mg/100 mL) (P = 0.023; P < 0.05) and March

(4.2 mg/100 mL) (P = 0.028; P < 0.05), the quan‑
tity was significantly lower than that of the Holstein. 
These results suggest a conclusion that dairy cross‑
bred Simmentals use nutrients better for production. 
The quantity of SCC in Holstein cows’ milk during 
the year was by about 100 thousand/mL higher than 
in the milk of crossbred Simmentals. In September, 
the somatic cell count in milk of crossbreed Sim‑
mentals was 220 thousand/mL, statistically lower 
than in Holsteins’ milk (P = 0.034; P < 0.05).
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Summary. The demand for high-quality safe meat products has been increasing. In the study, the 
effects of chosen antioxidants (rosemary, coenzyme Q10, taurine, and creatine) on minced pork meat 
quality were evaluated. The pork was obtained from Lithuanian producer X without any added water 
or spices. The study assessed the effects of selected antioxidants in combination with bacterial cultures 
(Staphylococcus xylosus and Pediococcus pentosaceus) on microbial, physical, chemical and sensory 
indicators as well. Testing was done on day 1 to day 5 of the study at a 2–4°C temperature, under aero-
bic conditions. Samples with mixtures of rosemary and other natural additives reduced the pH, amount 
of yeast and mould, and amount of biogenic amines, acids, and peroxides compared with control. The 
visual quality of the meat was also improved; therefore, rosemary, in addition to other natural additives, 
could be used in preparation of new meat products. 

  
Introduction 
Meat and meat products occupy one of the most 

important places in nutrition in terms of their high‑
quality proteins, essential amino acids, vitamins, 
minerals and other nutrients (Zhang et al., 2010). 
Therefore, more and more consumers and scientists 
have recently been discussing the quality and healthi‑
ness of meat products. Producers are being urged by 
consumers to create more natural, safer and higher‑
quality meat products. Consumers want products to 
be made of high‑quality raw materials using fewer 
artificial preservatives that do not cause allergies or 
increase the sensitivity of the body (Mariutti et al., 
2011). Due to synthetic antioxidants that cause toxic 
effects, there is an increased demand for natural an‑
tioxidants by consumers and the meat industry (Fer‑
nandes et al., 2018). Currently, there is a high interest 
in natural antioxidants as many plants (and their ex‑
tracts) that have antioxidant activity and at the same 
time health benefits are usually used as spices (Fer‑
nandes et al., 2017; Poojary et al., 2017; Putnik et al., 
2017). Anti‑oxidative properties of spices are particu‑
larly interesting because of their impact on oxidative 
stress suppression which could lead to the prevention 
of inflammatory, cardiovascular, neurodegenerative 
diseases and cancer (Srinivasan et al., 2016). Natural 
antioxidants in products postpone oxidative lipid deg‑
radation, improve food nutritional value, quality and 
replace synthetic antioxidants (Fadda et al., 2010). 
They also have a positive impact on health by protect‑
ing biologically important cellular structures, such as 
membrane lipids and proteins, DNA, from reactive 

oxygen attacks (Su et al., 2007). Phenolic compounds 
are major components of most plant extracts that de‑
termine the anti‑oxidative properties (Munekata et 
al., 2017). They act as free radical inhibitors and as 
chelating agents for metal ions, e.g., iron and copper 
(Chan et al., 2014). Natural food additives are also 
useful in attempting to reduce the amount of biogenic 
amines (Lee et al., 2018; Wang et al., 2019), which 
are toxic nitrogenous compounds and are often used 
as indicators of food spoilage (Fiddes et al., 2014; Li 
et al., 2014). Biogenic amines can also be converted 
into nitrosamines, which are known to be carcinogens 
(National Toxicology Program, Department of Health 
and Human Services, 2016), in the presence of nitrite 
and nitrate. (De Mey et al., 2017). Therefore, elimi‑
nating biogenic amines as much as possible seems to 
be an important challenge.

Another alternative that can ensure effectiveness 
of the technological process and safety meat products, 
are bacterial cultures which usually contain lactic acid 
bacteria. Lactic acid bacteria are naturally found in 
many food products during fermentation. Studies 
have shown that using bacterial cultures improved 
meat product colour and taste properties (Bourdichon 
et al., 2012). In addition to being non‑toxic, bacteria 
can be digested with proteases and thus have no effect 
on the gut microbiota (Zendo, 2013). 

In minced pork meat production, bacterial cul‑
tures are usually not used, but in order to ensure the 
quality of the product during the marketing period 
without preservatives, the use of bacterial cultures is 
being looked into.

The aim of this research was to evaluate the ef‑
fect of added antioxidants and bacterial culture mix‑
tures in minced pork meat on microbiological and 
physical‑chemical factors in order to select the most 
appropriate supplement.
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Materials and Methods. Pork tenderloin and 
notch were purchased from the Lithuanian manu‑
facturer X without added water or spices. At the be‑
ginning of the technological process, the meat was 
minced using a sterile 3 mm sieve. The minced meat 
was divided into 0.5 kg batches and kept under aero‑
bic conditions at +4°C temperature. Chemical sub‑
stances and their selected concentration relied on 
a literature review of previous studies and analyses. 
During the study, the effect on microbiological, phys‑
icochemical and organoleptic characteristics of select‑
ed antioxidants with bacterial cultures (S. xylosus, P. 
pentosaceus) in minced pork was evaluated. The tests 
were carried out on day 1 to day 5, under aerobic 
conditions, at 2–4°C temperature.

Combinations of compounds used in study were as 
follows: group 1 samples – rosemary extract 0.05% + 
taurine 0.01% + bacterial cultures; group 2 samples – 
rosemary extract 0.05% + creatine 0.01% + bacterial 
cultures;group 3 samples – rosemary extract 0.05 % 
+ coenzyme Q10 0.05 % + bacterial cultures; group 
4 samples – rosemary extract 0.05 % + bacterial cul‑
tures; group 5 samples – coenzyme Q10 0.05% + bac‑
terial cultures; group 6 samples – creatine 0.01 % + 
coenzyme Q10 0.05% + bacterial cultures; and group 
7 samples – control without tested chemicals and bac‑
terial cultures.

The microbiological and physical‑chemical analy‑
sis of the samples were performed after 24, 72 and 
120 h of storage. 

pH measurement 
The pH of the sample was measured according 

to the standard method for determination of meat 
pH: EN ISO 2917:2002 (EN ISO, 2002). pH meas‑
urements were carried out using a PP‑15 pH‑meter 
(Sartorius Professional meter for pH Measurement, 
Germany). 

Microbiological analysis 
Samples of 10 g were taken at random for each 

sample and aseptically weighed into a sterile stom‑
acher bag with 90 mL of sterile buffered peptone wa‑
ter 0.1% (m/V) (REF 611014, Liofilchem, Italy) and 
homogenized for 1 min in a model 400 Stomacher 
(Seward Medical, London, UK). The total number of 
beta‑glucuronidase‑positive Escherichia coli (E. coli) 
with a positive beta‑glucuronidase reaction was deter‑
mined using a pour plate technique on the tryptone, 
bile, and glucuronide medium, incubating for 24 h 
at 44 °C in accordance with LST ISO 16649‑2:2002 
(LST ISO, 2002). The number of colonies of yeasts 
and moulds were determined on a Dichloran Rose 
agar (DRBC; REF 17147, Sigma‑Aldrich, Italy) with 
chloramphenicol selective supernatant, incubating for 
120 h at 25 °C in accordance with LST ISO 21527‑
1:2008 (LST ISO, 2008). The total count of meso‑
philic bacteria was determined on plate count agar 
(PCA, Sigma‑Aldrich, Merck) after incubation at 30 

°C for 72 h in accordance with LST EN ISO 4833‑
1:2013 (LST ISO, 2013). After incubation, colonies 
were counted according to LST ISO 7218:2007 (LST 
ISO, 2007). The microbiological data were trans‑
formed into the logarithm of the number of colony 
forming units (CFU/g).

Biogenic amines content 
A reversed‑phase high‑performance liquid chro‑

matography (RP‑HPLC) method was used for the 
quantitative analysis of biogenic amines: tryptamine, 
putrescine, cadaverine, histamine, tyramine, and 
spermine. The whole cured samples were cut into 
small pieces and mashed mechanically using a ho‑
mogenizer (Moulinex Masterchef 20, Nieune, 
France). Biogenic amine content was extracted from 
the homogenized sample with 0.4 mol/L perchloric 
acid. The derivatization of samples was carried out 
using the modified methodology of Ben‑Gigirey et 
al. (2000). The extract was derivatized for 45 min 
with dansyl chloride (5‑dimethylaminonaphtalene‑1‑
sulfonylchloride) solution in acetone at 40 oC. The 
samples were filtered through a 0.45 μm membrane 
filter (Millipore Co., Bedford, MA, USA), and 10 μL 
was injected into a chromatographic system (Aligent 
1200 Series, Waldbronn, Germany). The analysis was 
performed using LiChro column CART® 95 125‑4 
(Merck, Darmstadt, Germany). 

Free radical scavenging activity (DPPH assay)
The method used by Takao et al. (1994) was adopt‑

ed with suitable modifications from Kumarasamy et 
al. (2007). DPPH (2, 2‑dephenyl‑1‑picrylhydrazyl) 
(8.0 mg) was dissolved in MeOH (100.0 mL) to ob‑
tain a concentration of 80 μg/mL. Serial dilutions 
were carried out with the stock solution (1mg/mL) 
of the samples extract. Solutions (2.0 mL each) were 
then mixed with DPPH (2.0 mL) and left to stand for 
30 min for any reaction to occur, and the absorbance 
was measured at 515 nm.

Acid value 
Acid value of the extracted lipids was determined 

according to EN ISO 660:2009 (EN ISO, 2009) pro‑
cedure.

Peroxide value 
Peroxide value of the studied lipids was deter‑

mined according to EN ISO 3960:2010 (EN ISO, 
2010) iodometric method and was presented as meqv 
O2/kg lipids (Latimer GWJr).

Fatty acids content 
The amount of fatty acids was determined by the 

method of gas chromatography using a flame ioni‑
zation detector. For the analysis of fatty acids, the 
samples were prepared according to the standard EN 
ISO 12966‑2:2011 (EN ISO, 2011). Fatty acids were 
methylated using anhydrous KOH methanol solu‑

The Effect of Rosemary and Other Natural Food Additives on the Quality of Minced Pork Meat
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tion. Chromatographic analysis of fatty acid methyl 
esters was performed using gas chromatograph Shi‑
madzu GC – 17A, using BPX – 70, 120 m column, 
following the methodology determined in EN ISO 
15304:2003/AC:2005 2 (EN ISO, 2005). The fatty 
acid methyl esters (FAME) were identified by com‑
parison of each retention time with the Supelco 37 
Component FAME mix (catalog No‑47885‑U).

Colour determination 
Meat surface colour was measured using a reflec‑

tance spectrophotometer (Minolta CM‑2002; Osaka, 
Japan). Parameters measured in the reflection mode 
were L*, a* and b* (corresponding to brightness, 
redness and yellow coordinates according to the CIE 
scale) (C.I.E. 1978).

Statistical Analysis of the Data 
Data were analyzed using the SPSS 20.0 software 

(SPSS Inc., Chicago, Illinois, USA). Differences be‑
tween data were evaluated by tGhe analysis of the 
variance method (one‑way ANOVA) with a signifi‑
cant level of p < 0.05. Multiple comparisons were 
estimated by the Fisher’s least significant difference 
method, and the Dunnet test was applied when the 
control group was present. The Student t test was 
used to determine average values of indicators, stan‑
dard deviations and linear correlations. The correla‑
tion was considered reliable when p < 0.05.

 
Results and Discussion 
The initial pH of minced pork was 5.35 ± 0.02. In 

all groups of examined samples, the pH was evenly 
reduced (Table 1). The results showed a statistically 
significant difference between control and samples 
with bacterial cultures after 72 and 120 h (p < 0.05). 
The lower pH values in inoculated samples could be 
related to the fact that the inoculation of the bacterial 
cultures resulted in a stronger acidification during the 
storage process.

The number of E. coli, which depends on the qual‑
ity of the raw material and hygiene conditions during 
the process, was similar after 24 h in all tested sam‑
ples: from 0.64 ± 0.25 to 1.78 ± 0.24 log10 CFU/g (Ta‑
ble 2). After 3 days, a decrease in E. coli was observed 
in all samples with bacterial cultures compared with 
control (p < 0.05). This outcome is in agreement with 
those reported previously by other authors (Lorenzo 
et al., 2014; Dominguez et al., 2016) who observed 
lower E. coli counts in inoculated samples compared 
with a control batch. The decrease on E. coli counts 
could be explained by the pH decrease and the growth 
of lactic acid bacteria (Lorenzo et al., 2014).

The total number of mesophilic aerobic bacte‑
ria found in Group 3 (5.23 ± 0.31 log10 CFU/g) and 
Group 4 (5.14 ± 0.50 log10 CFU/g) samples of minced 
pork, containing rosemary extract, showed a statisti‑
cally significant reduction in the total bacterial count 
compared with the rest of the samples (p < 0.05) af‑
ter 24 h. After 72 h, the total number of bacteria in‑
creased significantly in all the samples compared with 
the samples after 24 h, and there were no statistically 
significant differences compared with the control 
group (p > 0.05). 

A slight increase in the number of yeasts and 
moulds was observed from 24 h during storage. There 
were no significant differences between control and 
samples with added antioxidants and bacterial cul‑
tures (p > 0.05).

Biogenic amine accumulation (expressed as mg/kg) 
is shown in Table 3. Generally, tyramine, cadaverine and 
putrescine are the main amines found in meat products 
(Dominguez et al., 2016). 

In our study, the main biogenic amine in the samples 
was spermine (between 14 and 20 mg/kg), followed 
by cadaverine (about 11 mg/kg), spermidine (about 
10 mg/kg) and tyramine (between 6 and 8 mg/kg). 
The total amount of biogenic amines after 24 h was sta‑
tistically higher in Group 6 (98.55 ± 3.67 mg/kg) and 
control (101.66 ± 4.63 mg/kg) samples (p < 0.05). Bio‑

Samples t (storage)/hours
After 24 After72 After120

Group 1 5.46 ± 0.09a 4.97 ± 0.02a 5.36 ± 0.07a

Group 2 5.51 ± 0.02a 5.08 ± 0.05a 5.30 ± 0.02a

Group 3 5.49 ± 0.08a 5.05 ± 0.09a 5.21 ± 0.03a

Group 4 5.50 ± 0.05a 5.09 ± 0.05a 5.23 ± 0.08a

Group 5 5.45 ± 0.06a 5.18 ± 0.05a 5.47 ± 0.06a

Group 6 5.42 ± 0.05a 5.11 ± 0.06a 5.35 ± 0.10a

Control 5.39 ± 0.02a 5.48 ± 0.05b 5.77 ± 0.06b

Results are expressed as mean value ± standard deviation. Different letters in superscript indicate significant differences 
between the samples in the same row. Group 1 samples – rosemary extract 0.05 % + taurine 0.01 % + bacterial cultures; 
Group 2 samples – rosemary extract 0.05 % + creatine 0.01 % + bacterial cultures; Group 3 samples – rosemary extract 
0.05 % + coenzyme Q10 0.05 % + bacterial cultures; Group 4 samples – rosemary extract 0.05 % + bacterial cultures; 
Group 5 samples – coenzyme Q10 0.05 % + bacterial cultures; Group 6 samples – creatine 0.01 % + coenzyme Q10 0.05 
% + bacterial cultures; and Group 7 samples – control without tested chemicals and bacterial cultures.
a, b – Means in the same column with different letters are significantly different, P < 0.05

Table 1. Effects of antioxidants and bacterial cultures on acidity (pH) during storage in minced pork

Sonata Gustienė, Gintarė Zaborskienė, Anita Rokaitytė‑Stepankevičienė, et al.
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Microbiological profile Samples
t (storage)/hours

After 24 After  72 After  120

Escherichia coli

Group 1 1.05 ± 0.32a 0.04 ± 0.01a 0.00 ± 0.00a

Group 2 0.64 ± 0.25a 0.00 ± 0.00a 0.00 ± 0.00a

Group 3 0.77 ± 0.18a 0.00 ± 0.00a 0.00 ± 0.00a

Group 4 0.82 ± 0.27b 00.00 ± 0.00a 0.00 ± 0.00a

Group 5 1.65 ± 0.19b 0.21 ± 0.02b 0.00 ± 0.00a

Group 6 1.75 ± 0.11b 0.14 ± 0.03b 0.00 ± 0.00a

Control 1.78 ± 0.24b 1.35 ± 0.29c 0.66 ± 0.14b

Total mesophilic aerobic 
bacteria

Group 1 6.32 ± 0.44 a 6.50 ± 0.32 a 7.63 ± 0.44 a

Group 2 6.41 ± 0.69 a 6.31 ± 0.24 a 7.55 ± 0.30 a

Group 3 5.23 ± 0.31 b 6.17 ± 0.37 a 7.10 ± 0.25 a

Group 4 5.14 ± 0.50 b 6.10 ± 0.41 a 7.13 ± 0.72 a

Group 5 6.54 ± 0.67 a 6.41 ± 0.62 a 7.55 ± 0.41 a

Group 6 6.76 ± 0.36 a 6.89 ± 0.57 a 7.82 ± 0.40 a

Control 6.78 ± 0.51 a 6.53 ± 0.74 a 8.03 ± 0.62 a

Sum of yeasts and moulds

Group 1 1.11 ± 0.29 a 2.06 ± 0.29 a 2.52 ± 0.29 a

Group 2 1.85 ± 0.12 a 2.19± 0.34 a 2.36 ± 0.31a

Group 3 1.10 ± 0.21 a 1.63 ± 0.26 a 2.36 ± 0.31a

Group 4 1.23 ± 0.29 a 1.87 ± 0.31a 2.06 ± 0.17 a

Group 5 1.05 ± 0.21 a 1.94 ± 0.35 a 2.25 ± 0.25 a

Group 6 1.95 ± 0.34 a 2.11 ± 0.21a 2.15 ± 0.41 a

Control 1.13 ± 0.29 a 2.21 ± 0.29 a 2.75 ± 0.23 a

Results are expressed as mean value ± standard deviation. Different letters in superscript indicate significant differ‑
ences between the samples in the same row. Sample abbreviations are given in Table 1.
a, b – Means in the same column with different letters are significantly different, p < 0.05.

Table 2. Effects of antioxidants and bacterial cultures on microbiological profile (log10 CFU/g) 
during storage in minced pork

Biogenic amines Samples
t(storage)/hours

After 24 After  72 After  120

Total biogenic amine 
content

Group 1 53.82 ± 6.51 a 95.72 ± 3.24 a 187.30 ± 5.18 ab

Group 2 60.05 ± 5.38 a 97.27 ± 4.48 a 176.02 ± 7.60 a

Group 3 32.23 ± 3.59 c 69.34 ± 8.61 b 109.49 ± 6.31 b

Group 4 20.34 ± 2.55 c 51.04 ± 5.79 b 114.81 ± 5.17 b

Group 5 51.81 ± 1.38 a 94.85 ± 9.72 b 158.49 ± 8.28 b

Group 6 98.55 ± 3.67 b 159.27 ± 4.33 a 180.32 ± 9.07 a

Control 101.66 ± 4.63 b 194.57 ± 7.41 a 201.72 ± 7.65 a

Biogenic amine index 

Group 1 46.62 ± 2.51 a 85.93 ± 6.82 a 163.52 ± 8.36 a

Group 2 50.95 ± 4.26 a 80.87 ± 5.37 a 161.21 ± 7.22 a

Group 3 27.93 ± 2.39 b 58.23 ± 6.05 ab 97.39 ± 7.31 ab

Group 4 17.96 ± 3.15 b 47.03 ± 5.39 a 100.05 ± 8.25 a

Group 5 45.95 ± 2.62 a 79.75 ± 4.38 a 150.47 ± 5.11 a

Group 6 85.58 ± 6.33 c 106.35 ± 4.36 a 173.86 ± 9.50 a

Control 86.16 ± 3.08 c 170.91 ± 3.25 a 184.61 ± 8.74 a

Results are expressed as mean value ± standard deviation. Different letters in superscript indicate significant difference 
between the samples in the same row. Sample abbreviations are given in Table 1.
a, b, c – Means in the same column with different letters are significantly different, p < 0.05.

Table 3. Effects of antioxidants and bacterial cultures on total biogenic amine content (mg/kg) 
and biogenic amine index during storage in minced pork

The Effect of Rosemary and Other Natural Food Additives on the Quality of Minced Pork Meat
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genic amines increased in all samples during storage, 
but a significantly smaller amount was found in Group 
3 sample (109.49 ± 6.31 mg/kg) and IV (114.81 ± 5.17 

mg/kg) after 120 h (p < 0.05). Biogenic amines form 
from the enzymatic decarboxylation of amino acids 
by microbial enzymes (Li et al., 2014). Therefore, the 
higher the amount of spoilage microorganisms, the 
higher the amount of biogenic amines.

The same trend of increase can be seen in the 
control group when taking into account the bio‑
genic amine index as well. The biogenic amine in‑
dex (BAI) takes histamine, putrescine, cadaverine, 
and tyramine into account and is the sum of these 
four biogenic amines (Özogul and Özogul, 2019). 
Cadaverine and putrescine are precursors to N‑ni‑
trosopyrrolidine, a carcinogenic nitrosamine, as well 
as other nitrosamines (Drabik‑Markiewicz et al., 
2011). High levels of tyramine and histamine have 
many adverse effects on human health, such as high 
blood pressure caused by tyramine, and allergy‑like 
reactions due to histamine (Latorre‑Moratalla et al., 
2017). Because of these effects to human health, it 
is ideal to have a low biogenic amine index. After 
120 h, a statistically lower BAI, compared with the 
rest of the samples, was only found in samples 3 and 
4 (p < 0.05). Taking into account both the results of 
the total amount of biogenic amines and the BAI, 
it seems that samples 3 and 4 with rosemary extract 
and bacterial cultures were the best at reducing bio‑

genic amines and are a valuable additive to prevent 
the accumulation of high levels of toxic biogenic 
amines. 

Research has shown that rosemary extract has high 
antioxidant activity and can be used in the meat in‑
dustry. In the tested minced pork, the highest DPPH 
free radical binding was in samples with a mixture of 
rosemary extract and coenzyme Q10 (42.26 ± 0.03%) 
(Table 4). The study showed that the number of acids 
and the number of peroxides were effectively reduced 
compared with control samples. This ensures the re‑
duction in oxidation of lipids during the production 
and storage of minced meat. In a sample of minced 
pork with rosemary extract (Group 4), a statistically 
significant (p < 0.05) low number of acids (1.77 ± 0.01 
mg KOH/g) and statistically significant (p < 0.05) low 
acidity based on oleic acid (0.89 ± 0.01%) were found. 
Antioxidants have a positive effect on the reduction of 
acid and peroxides during minced pork storage.

Interest in the composition of fatty acids in meat 
has increased due to the need to find ways to produce 
healthier meat and meat products. That is to produce 
meat and its products with a higher content of poly‑
unsaturated fatty acids compared with saturated fatty 
acids, and the adjusted ratio between Omega‑6 and 
Omega‑3 fatty acids (Wood et al., 2004). The sup‑
plementation of minced pork with antioxidants and 
bacterial cultures additives in the samples tested was 
different (Table 5). 

Indicators Samples t (storage)/hours
After 24 After  72 After  120

DPPH (%)

Group 1 38.51 ± 6.82 ab 24.86 ± 2.47 ab 53.52 ± 8.36 ab
Group 2 40.15 ± 3.71 ab 26.80 ± 4.21 b 56.21 ± 7.22 ab
Group 3 42.26 ± 4.36 a 38.11 ± 6.33 b 43.86 ± 9.50 a
Group 4 40.21 ± 3.25 a 27.13 ± 3.06 ab 44.61 ± 8.74 a
Group 5 32.07 ± 4.38 b 26.15 ± 2.62 a 30.47 ± 5.11 b
Group 6 39.18 ± 6.05 ab 31.35 ± 2.31 a 37.39 ± 7.31 ab
Control 32.03 ± 5.39 a 29.15 ± 3.16 a 37.05 ± 8.25 a

Acid value
(mgKOH‑kg)

Group 1 0.68 ± 0.21 a 2.52 ± 0.34a 2.81 ± 0.21a
Group 2 1.23 ± 0.17 a 3.09 ± 0.26 a 3.20 ± 0.16 a
Group 3 0.94 ± 0.25 a 1.96 ± 0.20 a 2.14 ± 0.17 a
Group 4 1.11 ± 0.16 b 1.68 ± 0.31 b 2.32 ± 0.25 b
Group 5 2.02 ± 0.32 b 2.81 ± 0.15 b 3.21 ± 0.13 b
Group 6 1.45 ± 0.19 b 2.73 ± 0.28 b 2.92 ± 0.15 b
Control 1.95 ± 0.22 b 2.91 ± 0.34 ab 3.22 ± 0.37 ab

Peroxide value
(meqvO2‑kg)

Group 1 0.73 ± 0.04 ab 0.82 ± 0.02 ab 1.52 ± 0.06 ab
Group 2 0.84 ± 0.03 ab 0.91 ± 0.03 b 1.21 ± 0.02 ab
Group 3 0.67 ± 0.03 a 0.69 ± 0.02 b 0.86 ± 0.05 a
Group 4 0.51 ± 0.01 a 0.62 ± 0.01 ab 0.91 ± 0.04 a
Group 5 0.91 ± 0.03 b 0.97 ± 0.01 a 1.47 ± 0.11 b
Group 6 0.56 ± 0.02 ab 0.65 ± 0.02 a 1.39 ± 0.03 ab
Control 0.73 ± 0.03 a 0.88 ± 0.03 a 1.05 ± 0.05 a

Results are expressed as mean value ± standard deviation. Different letters in superscript indicate significant differences 
between the samples in the same row. Sample abbreviations are given in Table 1.
a, b – Means in the same column with different letters are significantly different, p < 0.05.

Table 4.  Effects of antioxidants and bacterial cultures on antioxidant activity during storage in minced pork
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Most of the saturated fatty acids were found in 
Group 4 (43.54 ± 0.05) and the least in Group 2 
(35.5 ± 0.03). The highest amount of monounsatu‑
rated fatty acids was found in sample 2 of minced 
pork (52.60 ± 0.04). Most polyunsaturated fatty acids 
were found in samples with coenzyme Q10. Fatty acid 
trans‑isomers were detected in very small amounts in 
all tested samples. Omega‑3 fatty acids were detected 
in similar amounts in minced pork from 0.23 ± 0.17 
up to 0.76 ± 0.52. From this study, we can conclude 
that the largest ratio was in Group 2 with rosemary 
extract and creatine.

Color is a very important factor in the quality of 
meat. Consumer perception of the product is often 
influenced by the color of the product. Color gives 
meat not only an aesthetic appearance, but also is re‑
lated to qualities. Minced pork redness (a*) increased 
(p < 0.05) in all samples after day 1 (Table 6). 

Muscle color refers to the amount of protein 
myoglobin and its form in the muscle. Due to 
the effect of oxygen, myoglobin (purple) turns 
into oximyoglobin, which gives the meat a red‑
dish‑red color. At the end of the minced pork 
storage, we found a statistically significant dif‑

 

Samples

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Control
Saturated fatty 
acids 39.59 ± 0.03 a 35.59 ± 0.03 b 40.63 ± 0.06 b 43.54 ±  0.05 a 37.25 ± 0.08 b 40.00 ± 0.03 ab 40.09 ± 0.24 b

Monounsaturated 
fatty acids 45.63 ± 0.45 a 52.60 ± 0.04 a 48.57 ± 0.40 a 43.93 ± 0.03 b 44.21 ± 0.10 b 44.08 ± 0.00 a 42.58 ± 0.15 ab

Polyunsaturated 
fatty acids 11.30 ± 0.03 a 9.71 ± 0.11 ab 7.21 ± 0.03 b 11.47 ± 0.85 a 13.74 ± 0.05 a 11.99 ± 0.14 b 11.01 ± 0.16 a

Trans isomers 2.84 ± 0.06 a 1.24 ± 0.28 b 2.35 ± 0.03 a 2.65 ± 0.02 a 2.75 ± 0.18 ab 2.88 ± 0.16 a 2.90 ± 0.25 b

Omega‑3 fatty 
acids 0.55 ± 0.03 b 0.65 ± 0.01 b 0.76 ± 0.52 b 0.43 ± 0.01 a 0.25 ± 0.21 b 0.23 ± 0.17b 0.55 ± 0.23b

Omega‑6 fatty 
acids 9.91 ± 0.01 b 8.62 ± 0.03 b 6.09 ± 0.40 a 10.58 ± 0.08 a 12.71 ± 0.14 a 11.25 ± 0.18a 9.57 ± 0.45 a

Ratio omega‑6 / 
omega‑3 fatty 
acids

17.89 ± 0.63 a 13.19 ± 0.02 a 7.98 ± 1.18 a 24.72 ± 0.12 ab 51.04 ± 0.09 b 49.57 ± 0.26b 17.50 ± 0.38b

Results are expressed as mean value ± standard deviation. Different letters in superscript indicate significant differences 
between the samples in the same row. Sample abbreviations are given in Table 1.
a, b – Means in the same column with different letters are significantly different, p < 0.05.

Table 5.  Effects of antioxidants and bacterial cultures on fatty acid content during storage (after 72 hours) 
in minced pork

Colour Samples t (storage)/hours
After 24 After  72 After  120

L *

Group 1 44.43± 2.21ab 41.73 ± 2.11ab 39.68 ± 2.14ab
Group 2 42.80 ± 1.09b 41.93 ± 1.41a 40.03 ± 1.19b
Group 3 45.60 ± 1.67b 42.24 ± 2.11a 32.87 ± 1.71b
Group 4 44.84 ± 1.48ab 39.71 ± 1.38ab 36.10 ± 1.12ab
Group 5 45.60 ± 1.67a 42.24 ± 2.11a 40.20 ± 1.89a
Group 6 42.76 ± 1.48b 34.61 ± 1.17a 31.46 ± 1.17a
Control 39.11 ± 2.14b 35.63 ± 1.18a 33.65 ± 1.85b

a *

Group 1 12.77 ± 1.39b 15.18 ± 1.31a 14.15 ± 0.31ab
Group 2 10.21 ± 1.21b 11.82 ± 1.01a 10.80 ± 1.88a
Group 3 11.08 ± 0.96b 13.80 ± 0.92a 12.25 ± 1.92b
Group 4 12.81 ± 1.85b 15.20 ± 0.88a 13.74 ± 1.18ab
Group 5 12.23 ± 1.45ab 13.81 ± 0.58ab 11.63 ± 1.10ab
Group 6 10.02 ± 0.96ab 13.70 ± 0.92ab 12.45 ± 0.83ab
Control 11.08 ± 0.96b 12.80 ± 0.92a 12.70 ± 0.92a

b *

Group 1 11.94 ± 1.68a 10.98 ± 1.52b 9.47 ± 1.49b
Group 2 12.23 ± 1.45b 11.81 ± 0.53a 10.82 ± 0.39a
Group 3 10.25 ± 2.11a 9.31 ± 0.32a 8.96 ± 0.67b
Group 4 11.27 ± 1.57b 9.92 ± 1.61a 9.92 ± 1.61a
Group 5 14.01 ± 1.32ab 10.98 ± 1.52ab 8.74 ± 0.74ab
Group 6 12.26 ± 1.52b 11.25 ± 1.06ab 10.23 ± 1.06b
Control 11.94 ± 1.68a 10.98 ± 1.51b 9.34 ± 1.87a

Results are expressed as mean value ± standard deviation. Different letters in superscript indicate significant differences 
between the samples in the same row. Sample abbreviations are given in Table 1.
a, b – Means in the same column with different letters are significantly different, p < 0.05.

Table 6. Influence of antioxidants on colour change during storage in minced pork

The Effect of Rosemary and Other Natural Food Additives on the Quality of Minced Pork Meat



14

Veterinarija ir Zootechnika 2020;77(99)

ference between the samples with the added an‑
tioxidants and the control (p < 0.05). The effect 
of rosemary extract on minced pork (Fig. 1) was 
also noticeable as the extract had an effect on red 
color stability.

The yellow color (b*) of minced pork decreased 
rapidly, but there was no statistically significant dif‑
ference between control and samples with added bac‑
terial cultures (p > 0.05).

Conclusion 
The results of the study confirmed that rosemary 

extract has antioxidant activity and can be used in the 

development of new food products. Rosemary paired 
with coenzyme Q10 reduced pH the most out of the 
studied samples, and yeasts and moulds were best re‑
duced in a sample with rosemary extract. The additives 
also reduced the amount of acids and peroxides, as well 
as the amount of biogenic amines. The effect of rose‑
mary extract on minced pork color was also noticeable 
as it affected the pink color stability. Because minced 
pork gets pink, which is the preferred indicator, con‑
sumers appreciate it as the product looks more attrac‑
tive.

The effect of each antioxidant is different when 
used in different meat matrices, e.g., the antioxidant 
effect of coenzyme Q10 in minced pork is signifi‑
cantly higher in mixtures with other antioxidants, and 
may not work, e.g., in marinated thighs. Therefore, 
not only the chosen concentration but also the com‑
plex components of the meat product influence the 
effect of the antioxidant on the safety and quality of 
the meat product. To conclude, rosemary extract, 
with not only strong antibacterial but also antioxida‑
tive properties, can be used as an antioxidant.
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Abstract. This research aimed to determine the effect of gonadotropin-releasing hormone (GnRH) 
in improving semen quality and hormone testosterone in Nubian goats. The experimental design was 
a 3x3 Latin square with the experimental animals that received a physiological NaCl injection as a 
control (T0), 50 μg GnRH (T1), and 100 μg GnRH (T2). The semen samples were collected using 
an artificial vagina at 24 hours after treatment, and then semen characteristics were evaluated both 
macroscopically and microscopically. Subsequently, the blood samples were collected at 60 minutes 
after the injection of GnRH for the analysis of testosterone concentration using the enzyme-linked 
immunosorbent assay (ELISA) method. The observations showed a cream coloration with thick 
consistency in the semen collected from all treatment groups. In addition, the average (±SD) of se-
men volume (mL), concentration (106), motility (%), viability (%), abnormality (%) of spermatozoa 
and testosterone levels (ng/mL) in the T0 vs T1 vs T2 groups were 1.8 ± 0.52 vs 1.5 ± 0.70 vs 
2.6 ± 1.63 (P > 0.05), 807 ± 409.98 vs 895 ± 509.73 vs 1,215 ± 270.14 (P > 0.05), 37.00 ± 0.333 
vs 34.00 ± 0.309 vs 65.00 ± 0.110 (P > 0.05), 63.00 ± 0.144 vs 59.00 ± 0.121 vs 57.00 ± 0.145 
(P < 0.05), 33.00 ± 0.382 vs 15.00 ± 0.199 vs 7.00 ± 0.040 (P > 0.05), 13.16 ± 9.37 vs 28.13 ± 1.21 
vs 33.13 ± 2.30 (P < 0.05), respectively. It was concluded that GnRH treatment is capable of reducing 
spermatozoa abnormalities and increasing the testosterone concentrations of Nubian goats.
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Introduction
Semen and hormonal concentrations are important 

indicators of the quality of male reproduction (Novita 
et al. 2006). Several studies have shown a lower qual‑
ity of spermatozoa in Nubian goats, compared with 
the Peranakan Etawah (PE), and similar to the Kacang 
goat. Hastono et al. (2013) reported that spermatozoa 
of Anglo‑Nubian goats show the creamy coloration, 
thick consistency, semen volume of 0.43 ± 0.05 mL, 
concentration of 2.77 ± 0.27 million/mL, motility 
++, and viability of 58.30 ± 27.30%, while the PE 
spermatozoa present with a creamy‑yellow color, wa‑
tery consistency, semen volume of 0.86 ± 0.40 mL, 
concentration of 3.10 ± 0.57 million/mL, motility 
+/+++++, and viability of 75.98 ± 4.61. In Kacang 
goats, the number of spermatozoa was 2.763 ± 395.0 
million/mL with motility of 3.7 (Armansyah et al. 
2018). The testosterone levels of Nubian goats at pu‑
berty range around 5.4 ng/mL (Souza et al. 2011), 
which is relatively lower than recorded for Kacang 
goats. Armansyah et al. (2018) reported an average 
testosterone level of Kacang goats in the control, 

prostaglandin F2 alpha, and seminal vesicle extracts 
treatment groups to be 10.27 ± 5.42, 18.51 ± 19.46, 
and 29.57 ± 12.96 ng/mL, respectively.

Improving the quality of Nubian semen involves 
processes that increase the volume and concentration 
of spermatozoa, increasing the gonadotropin‑releas‑
ing hormone (GnRH) circulation in blood. This com‑
pound has a decapeptide in the structure and is syn‑
thesized in the arcuate nucleus of the hypothalamus 
(Suparman and Suparman 2016) with a basic function 
of regulating adenohipofisa activity, subsequently 
stimulating the release of follicle‑stimulating hor‑
mone (FSH) and luteinizing hormone (LH) (Isnaini 
and Wahjuningsih 2014). FSH is the main gonado‑
tropin hormone affiliated with the process of sper‑
matogenesis (Akmal et al. 2015), while LH, which is 
secreted by the anterior pituitary, controls the devel‑
opment of germ cells. Collectively, they have been 
associated with the release of androgens by interstitial 
cells, necessary in the production of mature sperm, 
and also in the stimulation of Leydig cells to secrete 
testosterone (Andalusia et al. 2008), which assist in 
the formation of spermatozoa (Hasbi and Gustina 
2018). 

The GnRH hormone is often used to increase the 
reproductive capacity of male animals, including buf‑
falo (Sajjad et al. 2007), PE goats (Hamdan 1999), 
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and sheep (Azawi et al. 2012; Kiyma et al. 2000). 
However, there has been no research on its applica‑
tion for similar a purpose on Nubian goats. Azawi et 
al. (2012) stated that the breed and area of origin in‑
fluence the reproductive activity of sheep. Therefore, 
research is needed to determine the effect of GnRH 
in improving the quality of semen and the hormone 
testosterone in Nubian goats.

Materials and Methods
This research required the use of three male Nu‑

bian goats aged 2–3 years, with a 3 × 3 latin square 
design. The male goats were raised in individual cag‑
es, were fed 3–4 kg of king grass and 0.5–0.7 kg of 
concentrate daily, and had water consumption ad libi-
tum. The experimental animals received physiological 
NaCl injections as controls (T0), 50 μg gonadorelin 
(Fertagyl, BV Boxmer, Holland, T1), and 100 μg go‑
nadorelin (T2), and each treatment was performed 
three times and on alternate weeks. This procedure 
was conducted according to the instructions of Ham‑
dan (1999), as schematically presented in Table 1.

Research Procedures
Semen collection
Semen was collected using an artificial vagina, 

previously dried and cleaned alongside the rubber 
and reservoir tubes, in order to prevent contamina‑
tion. The sample was collected in one ejaculation/
week for three weeks, while the time interval between 
treatment and collection was in accordance with Aza‑
wi et al. (2012).

Semen quality examination  
Semen macroscopic examination 
After collection, the quality was macroscopically 

evaluated based on volume, color, consistency, and 
pH.

Semen microscopic examination
Spermatozoa motility 
Spermatozoa motility was evaluated by dripping 

the sample on a glassslide, then one drop of physi‑
ological NaCl was added, followed by observation 
through a microscope with 40 x 10 magnification. 
The number of motile sperm was calculated based 
on the movement, categorized as fast progressive (A), 
slow progressive (B), circular (C) and fibration (D). 
The percentage was determined using the following 
formula:

%  motility =            
A

             × 100 %
                      A + B + C + D

Spermatozoa concentration 
Spermatozoa concentrations were calculated using 

a haemocytometer pipette and a Neubauer counting 
chamber, and the semen was sucked up to a scale of 
0.5, followed by the addition of a 3% NaCl solution, 

until 101 was reached. Subsequently, the solution 
was  gently homogenized using an “8” pattern for 2–3 
minutes, then a few drops were discarded, followed 
by another round of homogenization. The sample 
was filled into the Neubauer counting chamber, and 
closed with a glass cover. Spermatozoa counting was 
performed in five chambers, and observed under a 
microscope with 40 x 10 magnification. The concen‑
tration obtained was Y x 5 x 106 (Y = the number of 
spermatozoa in 5 boxes) (Indriani et al. 2013).

Spermatozoa Viability 
The examination of viability was performed by in‑

troducing one drop of spermatozoa on a glass slide, 
followed by the addition of one staining eosin drop. 
A smear preparation was made and fixed on a spri‑
tus lamp, and then was evaluated using a microscope 
of 40 x 10 magnification. The dead cells absorb red 
pigmentation, while the live spermatozoa tend to not 
absorb any color, leading to a white appearance. The 
spermatozoa were then counted and divided by the 
total visible, and  presented as a percentage value 
(Masir et al. 2017; Padrik et al. 2010).

%  Live =        Total of live spermatozoa            × 100% 
           Total live and dead spermatozoa

Spermatozoa Abnormalities 
This observation was performed by dripping sper‑

matozoa and eosin on the object glass, fixed on a spri‑
tus lamp, and observed in a microscope with 40 x 
10 magnification (Klimas et al. 2012; Rahmiati et al. 
2015). The morphological examination identified de‑
formities that are categorized as primary (small/large 
head size, double head or double tail, and abnormal 
head shape) and secondary abnormalities (head rup‑
ture, tail breaking at the neck or middle, and folded 
tail). The minimum spermatozoa observed were 200 
cells, and the calculations was conducted using the 
following formula:

% Abnormality =         
Abnormality         

 × 100%
                      Abnormality + Normal 

Blood sampling
A total of 3 mL blood samples without antico‑

agulants were collected through the jugular vein 
using a syringe, 60 minutes after administering the 
GnRH injection (Hamdan 1999). The blood was then 
placed into a centrifuge tube and left for 60 minutes 
to freeze, and the serum was subsequently separated 
from blood objects (clots), followed by centrifugation 
at 1200 rpm for 10 minutes. The collected serum was 
transferred into a microtube and stored in the freezer 
at −20°C (Gholib et al. 2016).

Hormone testosterone analysis
Hormone analysis was performed according to the 

procedure from the testosterone catalog from DRG 
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diagnostic (EIA‑1559, DRG Instruments GmbH, 
Germany). Briefly, a standard solution of 0.2 ng/mL 
to 16 ng/mL was prepared. A total of  25 μL of each 
standard solution and samples were transferred into 
the micro‑plate well. Subsequently, 200 μL of con‑
jugate enzyme was added and the mixture was in‑
cubated for 60 minutes at room temperature, and 
then the micro‑plate was washed three times using a 
300 μL washing solution in each well. Furthermore, 
200 μL of substrate solution was added to each well 
and incubated for 15–20 minutes at room tempera‑
ture, followed by the termination of enzyme reaction 
with a stop solution of 100 μL 0.5 M H2SO4. The 
absorbance was read using an ELISA reader (Pratomo 
and Yudi 2016).

Data Analysis
Data resulting from the quality examination of se‑

men and testosterone were analysed using ANOVA 
followed by the Duncan multiple range test.

Results
The results of volume, concentration, motility, vi‑

ability and abnormalities examination on Nubian goat 
spermatozoa in the three treatment groups, including 
the physiological NaCl group (A), 50 μg GnRH (B), 
and 100 μg GnRH (C), are presented in Table 2.

Discussion
The color of semen collected from Nubian goats 

in all treatments was cream with thick consistency. 
This was in accordance with Ax et al. (2000), who re‑
corded milky white or cream in color of goat semen, 
while Tambing et al. (2003) reported on the inter‑
relatedness of both characteristics, indicating an asso‑
ciation between a thinner semen and paler coloration. 

The average semen volume obtained was 1.50–
2.60 mL, while the spermatozoa volume at T0, T1, 
and T2 were 1.80 ± 0.52, 1.50 ± 0.70, and 2.63 ± 1.63 
mL (P>0.05), respectively. The semen volume tends 
to increase in goats treated with 100 μg, although no 
statistically significant effect was recognized. In ad‑
dition, the semen volume in the 100 μg treatment 
group was higher than the value obtained with PE 
goat as reported by Hamdan (1999), who capped at 
1.30 mL, using a similar GnRH dose level. 

The semen volume was included in the normal 
category, although Garner and Hafez (2000) report‑
ed that a normal range was from 0.80 to 1.20 mL. 
Hafizuddin et al. (2020) report that semen volume 
in Anglo‑Nubian x PE (Anpera) crossbred goats in 
the age groups of 24 months, 30 months, 36 months, 
and more than 48 months were 0.60 ± 0.08 mL, 
0.78 ± 0.05 mL, 0.84 ± 0.18 mL, and 0.75 ± 0.03 
mL, respectively. Meanwhile, the occurrence of an 
increase per ejaculation is often associated with the 
optimal working capacity of the testes and the acces‑
sory glands, resulting from the influence of GnRH 
(Hamdan 1999). However, the variation between high 

and low volume is affiliated with the frequency of 
ejaculation, species, age, season, nutrition, libido, and 
animal condition (Tambing et al. 2003). According to 
Pamungkas et al. (2008), besides the differences in 
goat species, the collection method and frequency as 
well as the age have also been identified as influenc‑
ing factors. 

The result of microscopic semen examination 
indicated that a spermatozoa concentrations in T0, 
T1, and T2 were 807 ± 409.98, 895 ± 509.73, and 
1.215 ± 270.14 (106/mL) (P > 0.05), respectively. Nu‑
merically, the average concentration tends to increase 
in the treatment group, with no statistically significant 
effect. This was possibly due to an elevation in the 
levels of FSH and testosterone, which have been im‑
plicated in spermatogenesis activities of goat (Hamdan 
1999). However, the spermatozoa concentration ob‑
served in this study (range  807–1.215 (106/mL)) was 
lower than  the normal value observed in goat, which 
is 3.50 x 109 to 6.00 x 109/mL (Ax et al. 2000). These 
were lower than the values recorded for PE, as report‑
ed by Hamdan (1999), using similar dosages. Husin 
et al. (2007) reported on the influence of differences 
in species, as the concentration of spermatozoa was 
assumed to be due to its genetic quality (Situmorang 
2002). This has also been affiliated with variations in 
the age of the male, which increases up to the 22nd 
month (Heriyanta et al. 2014).

Spermatozoa motility levels in T0, T1, and T2 
were 37.00 ± 0.33, 34.00 ± 0.30, and 65.00 ± 0.11%, 
respectively, with a quality ranging from 34% to 65% 
(P > 0.05). Meanwhile, the average value tends to in‑
crease more in those treated with GnRH at a dose of 
100 μg, although no statistically significant effect was 
observed. The minimal elevation in motility was pos‑
sibly related to the increased concentration of sper‑
matozoa per mL of semen (Hamdan 1999), which is 
known to accelerate the depletion of food. This in‑
creases the metabolic waste products in semen liquid, 
subsequently reducing the durability and capability of 
spermatozoa present (Garner and Hafez 2000).

The results in this study were lower than those re‑
ported by Hamdan (1999) on PE goats at the same 
treatment dose of  0, 50, and 100 μg, which were 
69.00 ± 7.76, 75.00 ± 2.64, and 73.66 ± 3.51%, re‑
spectively, although the normal motility according to 
Garner and Hafez (2000) is 60–80%. These values are 
used as the simplest benchmark in assessing the qual‑
ity of semen (Pamungkas et al. 2008), and Suyadi et 
al. (2012) affiliates a high motility with a greater oc‑
currence of fertilization.

The average spermatozoa viability ranges from 
57% to 63%, with the specific values at T0, T1, and T2 
being 63.00 ± 0.14, 59.00 ± 0.12, and 57.00 ± 0.14% 
(P > 0.05), respectively. Furthermore, the result for 
Nubian goats in this study was relatively lower com‑
pared with the PE species as reported by Hamdan 
(1999), designating 81.33 ± 3.05, 85.67 ± 1.53, and 
86.33 ± 0.58%, at the similar treatment dose. Accord‑

Syafruddin Syafruddin, Faris Iryandi, Riska Asria Sa’adatur Rahmi, et al.



19

Veterinarija ir Zootechnika 2020;77(99)

ing to Hastono et al. (2013), the live spermatozoa in 
Anglo‑Nubian goats was 58.30 ± 27.30%, with less 
than 15% sperm (Bintara 2011). Moreover, the occur‑
rence of living and dead forms is often influenced by 
nutritional and environmental factors. This is in line 
with the study by Wahyuningsih et al. (2014), who 
indicated age, genetic, temperature, season, and feed 
as the factors influencing the quality of fresh semen 
obtained from superior males. According to Hamdan 
(1999), the high and low percentage recorded as alive 
on examination is dependent on the time interval be‑
tween the ejaculation and completing the object.

Spermatozoa abnormalities in T0, T1, and T2 were 
33.00 ± 0.382, 15.00 ± 0.199, and 7.00 ± 0.040% 
(P < 0.05), respectively, characterized by an average 
decline in those treated with GnRH. The nature of 
abnormality evaluated in this research include folded 
tail, broken head, and broken tail. Sajjad et al. (2007) 
reported the possibility for treating buffaloes to de‑
crease the incidence of spermatozoa abnormalities, 
directly or indirectly influenced by the increase in the 
testosterone level (Ronayne et al. 1993; Sajjad et al. 
2007). This is in accordance with the results obtained 
in the current study, with the blood serum testos‑
terone levels T0, T1, and T2  reaching 13.16 ± 9.37, 
28.13 ± 1.21, and 33.13 ± 2.30 ng/mL, respectively.

The provision of GnRH in Nubian goats conferred 
no significant effect (P > 0.05) on the semen quality, 
except for abnormalities, possibly due to variation in 
species, age, season and nutrition; hence, its effect is 
categorized as sub‑optimal. This is in line with  Pa‑
mungkas et al. (2008), who recorded the influence 
of the collecting method and frequency, as well as 
the age, besides by the diversity in species.  Accord‑
ing to Monaco et al. (2015), a GnRH injection does 
not significantly affect volume, motility, and viability, 
although an increase in sperm concentration was ex‑
pressed in treated camels.

In this research, it was observed that GnRH pos‑
sesses the capacity to enhance testosterone concen‑
tration, and the statistical analysis result on the effect 
of treatment in all groups after 60 minutes showed 
significant differences (P < 0.05). Furthermore, the 
groups administered with 50 μg and 100 μg had rela‑
tively higher values compared with the control. This 
is associated with the high level of GnRH in the plas‑
ma and is possibly due to the capacity of hormones 
to increase its content released by the hypothalamus, 
which subsequently influences the pituitary to release 
gonadotropin hormone (GtH) (Dewantoro et al. 2017).

Sanford et al. (1977) reported the increase of tes‑
tosterone concentrations  in sheep aged 2–3 years af‑
ter  injecting 50 μg GnRH compared with controls. 
This occurs for 3–4 hours after administration, with 
the peak value recorded at 1 hour after administra‑
tion, with 4.08 ± 0.54 and 7.97 ± 1.25 ng/mL, re‑
spectively. Ronayne et al. (1993) observed that the 
administration of 250 μg GnRH for cows in India 
increased testosterone levels 10–15 times compared 

with the controls at 60 minutes post‑administration. 
Hamdan (1999) also reported elevation of the tes‑
tosterone level in PE goats injected with 50 μg and 
100  μg GnRH (8.28 ± 0.99 and 9.84 ± 1.97 ng/mL, 
respectively), using blood samples that were collected 
after 60 minutes. Moreover, Elkhawagah et al. (2011) 
reported an upsurge in the blood serum testoster‑
one concentrations of 1.73 ± 0.57, 4.61 ± 1.28, and 
4.79 ± 1.21 ng/mL on buffaloes aged 15–18 months, 
using three different GnRH doses of 8, 12, and 16 μg, 
respectively. In contratry, Kumar et al. (2016) report‑
ed the inability of a 10 μg GnRH injection in bulls 
aged 6–16 months to increase overall testosterone 
concentration, although this value increased in cows 
aged 14–16 months (from 0.97 ± 0.08 to 11.4 ± 2.22 
ng/mL) after two hours of administration. This was 
due to the fact that cows under 14 weeks of age are 
not yet undergoing puberty, resulting from the im‑
perfect hormones present in the body. 

Based on aforementioned facts, the highest con‑
centration of the hormone testosterone was generally 
observed at 60 minutes or 120 minutes after admin‑
istering GnRH. Also, an increased blood serum level 
is affiliated with the elevated amount of LH, resulting 
from the stimulation of the anterior pituitary. This 
upsurge subsequently promotes the production of 
testosterone through interstitial cells (McLachlan et 
al. 1995).

The results show the tendency for an increase in 
the dose of GnRH to elevate testosterone concen‑
tration. This is evidenced by the values recorded in 
groups of 50 μg and 100 μg, being 28.13 ± 1.2 and 
33.13 ± 2.30 ng/mL, respectively. Dewantoro et al. 
(2017) have stated that the hormone mechanism is 
highly dose‑dependent, as it works normally (opti‑
mal) at a certain level; otherwise, the biological po‑
tential toward its target is diminished. Meanwhile, 
there is a possibility that the injected treatment is un‑
able to efficiently stimulate the target release at lower 
(suboptimal) doses. 

The testosterone concentration in Nubian goats evalu‑
ated in the control group was 13.16 ± 9.37 ng/mL, in‑
dicating a higher value, compared with the Anglo‑
Nubian species (5.4 ng/mL), as reported by Souza et 
al. (2011). Also, the record on other types of goats, 
including the two‑year‑old white variety, showed 
a concentration of 4.30 ± 0.47 ng/mL (Polat et al. 
2011), while PE showed 6.82 ± 4.18 ng/mL, Kejo‑
bong showed 12.00 ± 6.56 ng/mL, and Bligon showed 
9.23 ± 4.73 ng/mL (Rachmawati et al. 2014). In addi‑
tion, the differences were assumed to have occurred as 
a result of genetic and breed factors. 

The mechanism of testosterone elevation due to 
the higher dose of a GnRH injection is associated 
with its ability to stimulate the pituitary neurons to 
release gonadotropin hormone (GtH‑I and GtH‑II). 
These are subsequently released systemically, caus‑
ing an increase in the serum concentration of both 
hormones (Kusuma et al. 2012), known to play a role 
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in spermatogenesis. Furthermore, they have been af‑
filiated with the stimulation of gonads in the produc‑
tion of steroid hormones, including testosterone and 

17ß‑estradiol. Specifically, GtH‑I encourages the de‑
velopment and proliferation of Sertoli cells respon‑
sible for the production of androgen binding protein 
(ABP), needed for arousing the spermatogonium to 
initiate the process of spermatogenesis. In addition, 
GtH‑II stimulates interstitial or Leydig cells to secrete 
the hormone testosterone, while the interstitial cell 
stimulating hormone (ICSH) influences the develop‑
ment of seminiferous tubules and Sertoli cells needed 
in the production of ABP. This conjoins with testos‑
terone to incite spermatogenesis, alongside the col‑
lective function of stimulating sperma development.

Conclusion
Based on the result and discussion, it was con‑

cluded that GnRH treatments possess the capacity to 
reduce spermatozoa abnormalities and also increase 
testosterone concentrations in Nubian goats. 
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Subject
Period

I II III
1 A B C
2 B C A
3 C A B

A – physiological NaCl (control, T0); 
B – 50 μg gonadorelin (T1); C – 100 μg gonadorelin 
(T2)

Table 1. Treatment patterns in experimental animals 

Treatment
Group

Control (T0) 50 μg (T1) 100 μg (T2)
Volume 
(mL) 1.8 ± 0.52 a 1.5 ± 0.70 a 2.6 ± 1.63 a

Concentra‑
tion 
(106/mL)

807 ± 409.98 a 895 ± 509.73 a 1,215 ± 270.14 a

Motility (%) 37.00 ± 0.33 a 34.00 ± 0.30 a 65.00 ± 0.11 a

Viability 
(%) 63.00 ± 0.14 a 59.00 ± 0.12 a 57.00 ± 0.14 a

Abnormal‑
ity (%) 33.00 ± 0.38a 15.00 ± 0.19 b 7.00 ± 0.040 b

Testosterone 
(ng/mL) 13.16 ± 9.37a 28.13 ± 1.21b 33.13 ± 2.30b

abDifferent superscripts in the same row showed signifi‑
cant difference (P < 0.05)

Table 2. The average (± SD) volume, concentration, 
motility, viability, abnormality of spermatozoa, and 

testosterone levels of Nubian goats 
with GnRH treatment
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Abstract. The aim of the study was to investigate some of the probiotic characteristics and safety 
aspects of selected Lactococcus lactis strains intended to be used in food or feed and isolated from 
raw cow milk samples. Antibacterial, hemolytic, gelatinase and enzymatic activities, resistance towards 
seven antibiotic as well as acid and bile salt were examined. In general, all strains were acid and bile 
salt tolerant, expressed good antibacterial activity against tested food spoilage and pathogenic bacteria 
such as Listeria monocytogenes, Escherichia coli, Brochotix thermosphacta and others. Tested L. lactis 
strains expressed acid resistance up to 80%, whereas the highest resistance was observed in strain 8 
where after 3 h of incubation at 30°C under an acidic condition the growth of the isolate decreased from 
7.47 ± 0.02 to 6.71 ± 0.16 log10CFU/mL expressing resistance of 90%. All isolates were resistant at 
0.3% bile salt with resistance of more than 50%, whereas strains 8 and 25 expressed a growth decrease 
from 6.81 ± 0.03 to 6.74 ± 0.02 log10CFU/mL and from 7.06 ± 0.03 to 6.56 ± 0.04 log10CFU/mL 
showing resistance of 99% and 93%, respectively. The highest antibacterial activity was expressed by 
L. lactis strains 24 and 25 against spoilage bacteria Brochothrix thermosphacta. With regard to hemo-
lytic activity, one strain showed α-hemolysis; thus, this strain could not be used as a probiotic culture. 
Moreover, one strain (L. lactis 25) expressed strong activity of harmful enzyme α-chymotrypsin; thus, 
this strain also could not be applied as a probiotic strain. Only L. lactis strain 8 exhibited probiotic 
characteristics in vitro and was evaluated as safe.
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Introduction
According to the definition by the World Health 

Organization (WHO), probiotics are defined as live 
microorganisms which, when administered in ad‑
equate amounts, provide a health benefit to the host 
(FAO/WHO, 2001). Some of the potential benefits 
are maintenance or improvement of the intestinal 
microbiota, prevention of various gastrointestinal 
disorders, protection against mucosal infections, and 
regulation of lactose intolerance (Zhang et al., 2020). 
Products containing probiotics are beneficial for hu‑
man nutrition and as animal feed supplements (Duc, 
Hong, Barbosa, Henriques, Cutting, 2004). For this 
reason, probiotics have been receiving special atten‑
tion from farmers that search for alternatives to the 
use of traditional antibiotics as growth promoters 
(Sandes et al., 2017; Schofield et al., 2017) and from 
the food industry for functional food production. The 
interest is reasonable as numerous conducted stud‑
ies show that probiotics have increased milk yields 
and meat production (García‑Hernández et al., 2016; 
Schofield et al., 2017) as well as could have health 
benefits for humans (Sandes et al., 2017).

In recent years, a tendency of increased use of pro‑
biotic bacteria in various food products like cheese 
and yoghurts has been observed (Kumar and Kumar, 
2015). Food products containing probiotics, the so‑

called functional foods, have several therapeutic ben‑
efits like anticancer, hypoglycemic properties, anti‑
oxidant, and immunomodulatory effects; therefore, 
isolation of new probiotic strains with health promot‑
ing benefits is of big interest (Abushelaibi, Al‑Maha‑
din, El‑Tarabily, Shah, Ayyash, 2017). 

The main criteria used for a strain to be used as 
probiotic is generally recognized as safe (GRAS) sta‑
tus, ability to survive under unfavorable conditions 
such as low pH and bile salt condition (Zhang et al., 
2020), antimicrobial activity against pathogenic bac‑
teria and antibiotic resistance (Abouloifa et al., 2019).  

A large group of probiotic microorganisms used 
in medicine and food production belongs to the lac‑
tic acid bacteria (LAB) (Das, Khowala, Biswas, 2016; 
Han, Kong, Chen, Sun, Zhang, 2017; Kumar, Ku‑
mar, 2015). LAB are usually employed in food manu‑
facturing and preservation processes being generally 
recognized as safe to their host’s health (Sandes et 
al., 2017). Among the LAB group, Lactococcus lactis 
is included in the Qualified Presumption of Safety 
(QPS) list and authorized for use in the food and feed 
chain within the European Union (EFSA, 2012). The 
source of L. lactis is diverse and, although L. lactis 
may naturally be found in different environments, 
it is most widely known for its association with the 
milk environment (Cavanagh, Fitzgerald, McAuliffe, 
2015).

New LAB isolates have to express several proper‑
ties including tolerance to bile and acid conditions to 
be considered as probiotic. Moreover, to ensure the 
safe use of strains as probiotic cultures, it is necessary 
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to evaluate their safety properties like resistance to 
antibiotic, antibacterial activity, hemolytic and enzy‑
matic activities. Therefore, the aim of the study was 
to evaluate bile and acid tolerance of potential probi‑
otic L. lactis strains, as well as to evaluate their safety 
aspects.

Materials and Methods
Lactococcus lactis strains
Three tested Lactococcus lactis strains were pre‑

viously isolated and identified from raw cow milk 
samples (Kondrotiene et al., 2018). Before conduct‑
ing any experiments, strains were revitalized in MRS 
broth (Biolife, Milano, Italy) by growing for 18 h at 
30°C. 

Antibacterial activity of L. lactis strains
Antibacterial activity of L. lactis strains was eval‑

uated using an  agar spot test (Schillinger, Lücke, 
1989). 3 µL of revitalized strains were spotted on 
the surface of MRS agar (Biolife) and incubated an‑
aerobically in a jar with Anaerogen (Oxoid) for the 
generation of anaerobic conditions for 24 h at 30°C. 
Plates were then overlaid with 7 mL soft agar (0.7%) 
inoculated with 100 µL of the indicator strain and in‑
cubated for 24 h at an optimal growth temperature 
and atmosphere for the indicator strain. All indicator 
strains used in the study (Table 1) were revitalized 
before the experiment in the appropriate medium and 
temperature. Antibacterial activity was evaluated by 
measuring a clear inhibition zone diameter around 
the colony of the tested strain.

Antibiotic resistance evaluation
Antibiotic susceptibility was evaluated using MIC 

Test Strips (Liofilchem) following the manufacturer’s 
instructions. Tested L. lactis strains were revitalized 
on MRS agar plates (Biolife) by growing for 48 h at 
37°C. The inoculum suspension of the tested L. lactis 
strains was prepared by selecting a couple of well‑iso‑
lated L. lactis colonies and preparing McFarland 0.5 

standard suspension. Each Mueller‑Hinton agar (Ox‑
oid, England) plate was streaked with a sterile swab 
that was previously soaked in the inoculum suspen‑
sion. Etest strips of tested antibiotics were placed on a 
dried plate and incubated for 20 h at 37°C. Minimum 
inhibitory concentrations (MIC) were determined 
from the MIC reading scale and expressed in µg/mL. 

Enzymatic profile evaluation
Enzymatic profiles of three L. lactis (8, 24 and 25) 

strains were assessed using the API ZYM kit (bioM‑
erieux, Marcy‑l’Étoile, France). Each well of the API 
ZYM strip was inoculated with 65 µL of the McFar‑
land 5 standard suspension of overnight cultures of 
the strains and incubated at 30°C for 4 h. After in‑
cubation, ZYM‑A and ZYM‑B reagents were added 
to each well and then incubated at 30°C for 5 min.  
Results were interpreted according to the manufac‑
turer’s instructions. Changes of color were scored 
from 0 to 5. Color reaction grade 0 was interpreted 
to correspond to a negative reaction, grades 1 and 2 
corresponded to a weak reaction, and grades 3, 4, and 
5 corresponded to a strong reaction.

Bile and acid tolerance
For evaluation of bile salt tolerance, tested strains 

were revitalized and 1 mL of culture was transferred 
into 9 mL of MRS broth containing 0.3% bile salt. 
Incubation was carried out at 30°C, and the number 
of viable bacteria counts was determined after 0 h and 
24 h incubation on MRS agar plates. Acid tolerance 
was evaluated using 1 mL of a revitalized strain that 
was transferred to 9 mL of PBS adjusted to pH 2.5 
(with 5M HCl) and incubated at 30°C. The number 
of viable bacteria counts was evaluated after 0 h and 3 
h incubation periods on MRS agar plates (Thirabun‑
yanon, Boonprasom, Niamsup, 2009).

Hemolytic activity
Hemolytic activity was evaluated using plates con‑

taining sheep blood agar. After incubation for 48 h at 

Strains Growth 
Media

Incubation Temperature (°C) Incubation 
Conditions

Listeria monocytogenes ATCC 35152 BHI 37 Aerobic
Staphylococcus aureus ATCC 9144 BHI 37 Aerobic
Escherichia coli ATCC 8739 BHI 37 Aerobic
Pseudomonas aeruginosa NCTC 6750 BHI 37 Aerobic
Bacillus cereus ATCC 11778 BHI 30 Aerobic
Salmonella Typhimurium ATCC 13311 BHI 37 Aerobic
Pseudomonas florescens ATCC 13525 BHI 30 Aerobic
Brochotix thermosphacta ATCC 11509 BHI 25 Aerobic
ATCC – American Type Culture Collection; NCTC – National Collection of Type Cultures, 
a Culture Collection of Public Health England; BHI – Brain Heart Infusion medium. 

Table 1. Food spoilage and pathogenic strains used in the study and their revitalization conditions

Characterization of Lactococcus Lactis for Probiotic Properties in Vitro
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30°C, hemolytic activity was recorded as β‑hemolysis, 
α‑hemolysis and γ‑hemolysis (considered as negative 
hemolysis) represented as clear zones, green zones or 
halos around the colonies, respectively (Maragkouda‑
kis et al., 2009).

Gelatinase production
Gelatinase production was evaluated using Luria 

Bertani agar (Liofilchem). Of each revitalized strain, 
1 µL was spotted on the surface of LB agar (Lio‑
filchem) supplemented with 3% (w/v) gelatin (Sigma) 
and incubated at 37°C and 42°C for 48 h, 25°C for 72 
h, and 10°C and 15°C for 10 days. After incubation, 
the plates were kept at 4°C for 4 h, and the hydrolysis 
of gelatin was indicated by the formation of opaque 
halos around the colonies (Perin, Miranda, Todorov, 
Franco, Nero, 2014).

Results
Enzymatic activity evaluation is presented in Ta‑

ble 2. The evaluation revealed that all tested L. lactis 
strains (8, 2 and 25) had strong activities of esterase (C4) 
and leucine arylamidase. Besides, all tested L. lactis 
strains had weak activity of valine arylamidase. Strain 
8 produced high activities of esterase lipase (C8), cys‑
tine arylamidase, acid phosphatase and Naphthol‑AS‑
BI‑phosphohydrolase. Other L. lactis strains had weak 
or no activities of these enzymes. No or weak activi‑
ties were determined for alkaline phosphatase, lipase 
(C14), valine arylami dase, trypsin, α‑galactosidase, 
β‑galactosidase, β‑glu  cu ronidase, α‑glucosidase, 
β‑glucosidase, N‑acetyl‑β‑glucosaminidase, α‑man‑
no sidase and α‑fuco sidase. L. lactis strain 25 produced 
high activity of α‑chymotrypsin, while other strains 
produced no activity of this enzyme.

Table 2 presents results of selected L. lactis strains 
to acid and bile salts. The survival of LAB in low pH 
of the stomach is important for tolerating the initial 
acid stress (Kumar, Kumar, 2015). All L. lactis strains 
were resistant to acid pH value 2.5. Strains 8, 24 and 
25 expressed acid resistance up to 80%. The high‑
est resistance was observed in strain 8 where after 3 
h of incubation at 30°C under the acidic condition 
the growth of the isolate decreased from 7.47 ± 0.02 
to 6.71 ± 0.16 log10CFU/mL expressing resistance of 
90%. Strains 24 and 25 expressed a growth decrease 

from 7.55 ± 0.01 to 6.64 ± 0.04 log10CFU/mL and 
from 7.96 ± 0.00 to 6.71 ± 0.07 log10CFU/mL show‑
ing resistance of 88% and 84%, respectively.

Tolerance to bile salts is an important property for 
any potential probiotic bacteria and is one of the cri‑
teria for a strain to be used as a probiotic culture (Ku‑
mar, Kumar, 2015). All isolates were resistant at 0.3% 
bile salt with resistance more than 50%. Minimum 
resistance was observed in strain 24 where after 24 h 
of incubation at 30°C the growth of isolate decreased 
from 7.15 ± 0.05 to 3.64 ± 0.04 log10CFU/mL ex‑
pressing resistance of 51%. Strains 8 and 25 expressed 
a growth decrease from 6.81 ± 0.03 to 6.74 ± 0.02 
log10CFU/mL and from 7.06 ± 0.03 to 6.56 ± 0.04 

Enzyme Strains
8 24 25

Alkaline phosphatase 1 0 1
Esterase (C4) 4 3 3
Esterase lipase (C8) 3 2 2
Lipase (C14) 0 0 0
Leucine arylamidase 4 3 4
Valine arylamidase 2 2 2
Cystine arylamidase 3 2 2
Trypsin 0 0 0
α‑chymotrypsin 0 0 3
Acid phosphatase 4 1 2
Naphthol‑AS‑BI‑phosphohy‑
drolase

3 2 0

α‑galactosidase 0 0 0
β‑ galactosidase 0 0 0
β‑ glucuronidase 0 0 0
α‑glucosidase 0 0 0
β‑glucosidase 0 0 0
N‑acetyl‑β‑glucosaminidase 0 0 0
α‑mannosidase 0 0 0
α‑fucosidase 0 0 0

Table 2. Enzymatic activities of L. lactis strains evaluated 
by the API‑ZYM test

L. lactis strains
Media

MRS
MRS+0.3% bile salt

MRS
PBS pH 2.5

log10CFU/mL log10CFU/mL
8 6.81 ± 0.03 6.74 ± 0.02 7.47 ± 0.02 6.71 ± 0.16
24 7.15 ± 0.05 3.64 ± 0.04 7.55 ± 0.01 6.64 ± 0.04
25 7.06 ± 0.03 6.56 ± 0.04 7.96 ± 0.00 6.71 ± 0.07

The presented values are means of three replicates ± standard deviation.
*%: final (CFU/mL)/control (CFU/mL) × 100. 

Table 3. Tolerance of L. lactis strains to acid and bile salt

Kristina Kondrotienė, Neringa Kašėtienė
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log10CFU/mL showing resistance of 99% and 93%, 
respectively.

Antibacterial activity evaluation of L. lactis 
strains using the agar spot test method is 
presented in Table 4 and Fig.1 a. The strains 
showed an antagonistic capacity against all tested 
food spoilage and pathogenic bacteria such as 
Listeria monocytogenes, Escherichia coli, Brochotix 
thermosphacta and others. All the diameters of the 
inhibition zones were higher than 10 mm, except 
for strains 8 and 25. Strain 8 showed the smallest 
zone of inhibition against Pseudomonas aeruginosa 
and Bacillus cereus with diameters of 4 and 7 mm, 
respectively. Strain 25 showed the smallest zone 
of inhibition against Salmonella Typhimurium and 
Pseudomonas florescens with diameters of 6 and 9 
mm, respectively. The highest antibacterial activity 
was expressed by strains 24 and 25 against spoilage 
bacteria Brochothrix thermosphacta with inhibition 
zones being 22 and 23 mm, respectively.

Table 5 and Fig. 1 b present results of antibiotic 

resistance of the tested L. lactis strains. None of the 
tested strains showed resistance to tested antibiotics 
such as chloramphenicol, clindamycin, streptomycin, 
gentamicin, tetracycline, erythromycin and ampicil‑
lin above the breakpoints provided by the European 
Food Safety Authority (European Food Safety Au‑
thority, 2012). 

Table 6 shows the results of hemolytic activity (also 
see Fig. 1 c) and gelatinase production. In this study, 
two tested L. lactis strains displayed γ‑hemolysis, and 
in contrast one strain (L. lactis strain 24) displayed 
harmful α‑hemolysis; therefore, this strain could not 
be used as a probiotic culture. Phenotypic testing of 
gelatinase production revealed that none of the tested 
L. lactis strains presented this activity.

Discussion
Regardless of the interest to examine LAB as start‑

er cultures or biopreservatives for their technologi‑
cal properties, there is a growing tendency to evalu‑
ate them for probiotic properties (Perin et al., 2014). 

Indicator strains Source L. lactis strains
8 24 25

The diameters of the inhibition zones around the colonies 
on agar plate, mm

Listeria monocytogenes ATCC 35152 13 ± 1.41 12 ± 0.00 16 ± 1.41
Staphylococcus aureus ATCC 9144 15 ± 1.41 14 ± 0.00 11 ± 1.41
Escherichia coli ATCC 8739 12 ± 0.00 11 ± 1.41 12 ± 0.00
Pseudomonas aeruginosa NCTC 6750 4 ± 0.00 10 ± 0.00 10 ± 0.00
Bacillus cereus ATCC 11778 7 ± 0.00 10 ± 0.00 12 ± 0.00
Salmonella Typhimurium ATCC 13311 10 ± 0.00 17 ± 1.41 6 ± 0.00
Pseudomonas florescens ATCC 13525 10 ± 0.00 10 ± 0.00 9 ± 1.41
Brochothrix thermosphacta ATCC 11509 17 ± 1.41 22 ± 1.41 23 ± 1.41

Table 4. Antibacterial activity of Lactococcus lactis strains

Fig. 1. a) Antibacterial activity evaluation of L. lactis strains. Clear zones around the colonies show antibacterial activity 
against tested microorganisms; b) Antibiotic susceptibility testing of L. lactis strains using MIC test strips. 

Clear zone around the strip show minimum inhibitory concentration; c) Hemolytic activity of L. lactis strains 
(showing γ‑hemolysis, which is considered as negative hemolysis).

a) b) c) 

Characterization of Lactococcus Lactis for Probiotic Properties in Vitro
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The effectiveness of a probiotic strain is species or 
strain dependent; thus, it is necessary to evaluate each 
candidate for safety (isolation from suitable habitats, 
correct identification and antimicrobial susceptibil‑
ity), functional (resistance to gastrointestinal environ‑
ment) and beneficial (antagonism against pathogens) 
properties (FAO/WHO, 2002; García‑Hernández et 
al., 2016). In this study, the probiotic properties of 
three L. lactis strains, previously isolated and identi‑
fied from raw cow milk samples, were evaluated by in 
vitro tests.

One of the main indicators for a strain to be used 
as probiotic is its ability to inhibit microbial patho‑
gens (Kumar, Kumar, 2015). The highest antibac‑
terial activity was expressed by two tested L. lactis 
strains 24 and 25 against spoilage bacteria Brochothrix 
thermosphacta. This spoilage organism is associated 
with spoilage characterized by cheesy, buttery, or 
sour odors and shares its environmental niche with a 
member of its sister taxon, Listeria monocytogenes, the 
foodborne pathogen and causative agent of listerio‑
sis (Stanborough, Fegan, Powell, Tamplin, Chandry, 
2017). All tested L. lactis strains showed good anti‑
bacterial activity against this pathogen.

Enzyme production is also one of the main in‑
dicators when selecting probiotics (Ji, Jang, Kim, 
2015). Strains should not produce harmful enzymes 
like β‑glucosidase, β‑glucuronidase (Ji et al., 2015)
α‑chymotrypsin and N‑acetyl‑β‑glucosaminidase 
(Abouloifa et al., 2019). Enzymes α‑chymotrypsin, 
N‑acetyl‑β‑glucosaminidase and β‑glucuronidase 

are associated with intestinal diseases (Abouloifa et 
al., 2019). The possible presence of these enzymes 
was investigated in this study and strong activity of 
α‑chymotrypsin in L. lactis 25 strain was detected; 
therefore, this strain could not be considered as pro‑
biotic. In contrast, β‑galactosidase production would 
be favorable, as this enzyme is considered a benefi‑
cial enzyme for a probiotic strain, supporting the re‑
duction of lactose intolerance and milk acidification 
(Leite et al., 2015); however, none of the tested L. 
lactis strains were producers of this enzyme.

The pH in the human stomach ranges from 1.5 to 
4.5, and it has been reported before that acidity has the 
most negative effect on bacterial growth and viability 
(Ji et al., 2015). Our study showed that tested L. lactis 
strains 8, 24 and 25 expressed acid resistance up to 
80%. These results demonstrate good acid resistance.

Moreover, strains must have good bile tolerance. 
Physiological concentrations of human bile range 
from 0.3% to 0.5% (García‑Ruiz et al., 2014). It is 
known that bile salts dissolve membrane lipids lead‑
ing to the cell’s death because of the leakage of the cell 
contents (Choi, Chang, 2015); therefore, it is impor‑
tant to evaluate the ability of potential probiotic cul‑
tures to survive in the presence of bile in order for a 
probiotic strain to arrive alive in the small intestine or 
the colon (Kim, Kim, Lee, Kim, Kim, 2012). As it was 
stated before, all tested L. lactis strains were able to 
resist 0.3% bile salt with resistance above 50%, which 
reflects a good bile tolerance (Mathara et al., 2008). 
These results are in accordance with García‑Ruiz et 

Strains Hemolytic 
activity*

Gelatinase production (°C)
10 15 25 37 42

8 γ‑hemolysis ‑ ‑ ‑ ‑ ‑
24 α‑hemolysis ‑ ‑ ‑ ‑ ‑
25 γ‑hemolysis ‑ ‑ ‑ ‑ ‑

*α hemolysis means partial hemolysis, γ‑hemolysis means absence of hemolysis.
− negative result; + positive result.

Table 6. Results of hemolytic activity and gelatinase production of L. lactis strains

Antibiotics
Strains

Breakpoints*8 24 25
Minimum inhibitoryconcentration (MIC), µg/ml

Chloramphenicol 8 3 3 8
Clindamycin 0.047 0.047 0.064 1
Streptomycin 12 3 0.38 32
Gentamicin 0.25 0.50 0.094 32
Tetracycline 0.19 0.19 0.38 4
Erythromycin 0.094 0.094 0.094 1

Ampicillin 0.094 0.094 0.19 2
*Breakpoints provided by EFSA (2012).

Table 5. Antibiotic susceptibility of L. lactis strains

Kristina Kondrotienė, Neringa Kašėtienė
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al., 2014 and Kumar & Kumar, 2015. They detected 
good bile resistance to a variety of LAB strains.

In the antibiotic resistance test, all L. lactis strains 
were susceptible to tested antibiotics. This is a com‑
mon feature of a probiotic strain (Kumar, Kumar, 
2015). However, antibiotic resistance could be con‑
sidered as an advantage if an antibiotic resistant strain 
is given during antibiotic treatment. On the other 
hand, if resistance genes are present on plasmids, 
they could be transferred to other bacteria including 
pathogens (Briggiler Marcó, Zacarías, Vinderola, Re‑
inheimer, Quiberoni, 2014). 

Hemolytic activity is a typical feature of pathogenic 
bacteria. This harmful effect may only happen if the 
ingested bacteria end up in the blood; however, this 
is an unlikely situation. Nevertheless, this test pro‑
vides an important information about tested strain’s 
pathogenicity (Miquel et al., 2015). In this study, two 
tested L. lactis strains desplayed γ‑hemolysis, and in 
contrast one strain displayed harmful α‑hemolysis; 
therefore, this strain could not be used as probiotics.

Conclusions
Although strain 24 expressed good antibacterial 

activity against tested food spoilage and pathogenic 
bacteria, was acid and bile salt resistant, susceptible to 
tested antibiotics and was not a producer of harmful 
enzymes, the strain displayed α‑hemolysi; therefore, 
this strain could not be applied as a probiotic culture. 
L. lactis strain 25 was a producer of α‑chymotrypsin; 
thus, this strain also could not be applied as a probi‑
otic culture.

Only strain 8 exhibited probiotic characteristics in 
vitro and was evaluated as safe. 

Results of this study showed that although LAB 
are generally recognized as safe organisms and are 
widely used as probiotics, newly isolated strains have 
to be properly characterized for safety aspects in order 
to be applied for food or feed production. 

More studies are needed to examine probiotic 
potential of selected a strain and to evaluate its 
possible beneficial effect and application in food or 
feed.
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Abstract 
Enzootic bovine leukosis (EBL) has a severe impact on bovine health and leads to significant eco-

nomic losses in affected herds. The aim of this case study is to analyze possible sources of repeated 
occurrence of an EBL infection in a dairy cattle farm in Lithuania. Lithuania is EBL free since 2012; 
however, increased numbers of disease cases were notified during annual national surveillance in 2017–
2019. This case report documents an assessment of a dairy herd with 2 EBL cases within 3 years: EBL 
was confirmed in 2017 and, after regaining disease free status one year later in 2018, EBL re-entered the 
same herd in 2019. The most common bovine leukemia virus infection routes were discussed according 
to the available official data, and iatrogenic transmission was considered as the most plausible reason. 
There is a constant EBL risk for cattle herds in southwest Lithuania, and this study highlights the need 
of knowledge about the reasons of confirmed EBL outbreaks to stop the spread of the disease.

Introduction 
Enzootic bovine leukosis (EBL) is a disease of 

cattle caused by bovine leukemia virus (BLV), a 
member of Deltaretrovirus in the family Retroviridae 
(Frie et al., 2015). BLV causes a persistent, life‑long 
infection, induces immune dysregulation with in‑
creased susceptibility to other infections and, lastly, 
may progress to lymphomas in various internal or‑
gans (OIE, 2018). Cattle may be infected at any age, 
including the embryonic stage. Most infections are 
subclinical, but a proportion of cattle (~30%. Around 
60% of infected animals remain asymptomatic and 
EBL cases in cattle are usually detected during ac‑
tive surveillance of the disease by using serologi‑
cal tests (Kabeya, Ohashi and Onuma, 2001). The 
modes of transmission of BLV are both vertical and 
horizontal. The main BLV transmission is horizon‑
tal, and any mechanism able to transmit blood or 
infected lymphocytes between animals can be con‑
sidered, including the most frequent iatrogenic route 
with contaminated equipment (EFSA AHAW Panel, 
2015) lifelong infection in a subset of B cells. Ma‑
lignant tumours lymphomas. It has been estimated 
that movement of infected cattle plays a primary role 
in the EBL spread between herds, regions or coun‑
tries (Kobayashi et al., 2014). Vertical transmission 
via in utero and ingestion of colostrum from BLV‑
infected cows may account for 10–25% of infections 
(Mekata et al., 2013). EBL is not a vector‑borne dis‑
ease, but hematophagous insects such as horse flies 

may contribute to the spread of BLV within a herd 
by mechanically transferring lymphocytes via biting 
(Kobayashi et al., 2014). 

EBL is a notifiable disease at a national and inter‑
national level. In the European Union, 22 countries, 
including Lithuania, have successfully demonstrated 
freedom from EBL (EC, 2017). After Lithuania 
officially gained an EBL‑free country status in 2012, 
20% of bovine herds each year are tested. The annual 
sampling includes cattle ≥24 months old, which 
should be tested at least once every five years. Risk‑
based sampling for serological EBL surveillance has 
been suggested in order to increase the sensitivity 
of surveillance detecting infected herds (Reist, 
Jemmi and Stärk, 2012). However, EBL still occurs 
sporadically in Lithuania, but the prevalence of 
infected herds does not exceed 0.2% annually. There 
were 21 EBL infected bovine herds in 2017, 27 in 
2018, and 21 in 2019. They all were located in south 
west of Lithuania. 

Methodology 
The data regarding a confirmed EBL outbreak in 

a dairy cattle farm including herd structure, animal 
movement, laboratory diagnostics, and control and 
management strategy were used from the National 
Veterinary Information Management System and 
from the EU Animal Disease Notification System 
(ADNS). Laboratory testing was carried out from 
cattle blood by performing an enzyme‑linked 
immuno sorbent assay (ELISA) test at the National 
Food and Veterinary Risk Assessment Institute, 
which is the reference laboratory for animal diseases 
in Lithuania.
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nary Pathobiology, Faculty of Veterinary Medicine, Veterinary 
Academy, Lithuanian University of Health Sciences, Tilžės 18, 
LT‑47181 Kaunas, Lithuania E‑mail: egle.rapaliute@lsmu.lt
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EBL Case presentation 
During 2017–2019, 41 of 69 EBL infected herds 

were found in Marijampolė county in the southwest‑
ern part of Lithuania. Since 2017 when risk‑based 
surveillance for EBL was implemented, 100% of bo‑
vine herds in affected municipalities of Marijampolė 
county, including all cattle aged ≥12 month in a herd, 
were tested, and increased numbers of BLV‑positive 
animals were confirmed. 

The bovine herd taken for this case study was test‑
ed for EBL since 2011. The first occurrence of EBL 
in this herd was in 2017, where 1 animal of 5 tested 
was confirmed as being positive (Fig. 1). The cow 
was introduced into the herd in 2008 and since then 
until 2017 was tested 3 times with negative results. 
After slaughtering the positive animal, the herd was 
tested BLV‑negative 3 times and regained its disease‑
free status in April 2018. During the next herd test in 
February 2019, EBL was confirmed again. The test 
showed that 1 of 7 tested cows was positive for EBL. 
A BLV‑positive cow was born in the herd in 2008 
(Table 1). Between the outbreaks in 2017 and 2019, 
this cow was tested negative for EBL 3 times. During 
the period between the last herd test for EBL and the 
outbreak in 2019, no animals were introduced into 
the herd. During both EBL outbreaks, positive cows 

did not show any clinical symptoms of the disease. 
Both positive animals from the outbreaks in 2017 and 
2019 as well as their calves were slaughtered under 
the supervision of veterinary authorities. All animals 
in the infected herd that were more than 12 months 
old were tested serologically at least 2 times within 
the year. The herd regained its official disease‑free 
status in 2020. 

Discussion  
According to the scientific literature, bovine move‑

ment, iatrogenic transmission, role of hematophagous 
insects are the most commonly discussed routes of 
BLV transmission (EFSA AHAW Panel, 2015)lifelong 
infection in a subset of B cells. Malignant tumours 
(lymphomas. These possible routes were observed ac‑
cording to the available official data, and the findings 
suggest the following hypothesis: 

1) Hypothesis of EBL spread with the bovine 
movement
BVL spread between herds is believed to be fa‑

cilitated by the movement of infected animals (EFSA 
AHAW Panel, 2015)lifelong infection in a subset of 
B cells. Malignant tumours (lymphomas. In our case 
study, after tracing all possible contacts of both in‑

Fig. 1. EBL testing timeline of the outbreak herd.
A – total number of animals, T – tested animals, P – BLV‑positive

EBL positive cattle characteristics Case of 2017 Case of 2019
Age (in years) 8.6 11.2
Movement 1 time 0 times 
Born in the herd / moved into the herd Moved into the herd Born in the herd 
Number of offspring and their EBL status 7 (4 not tested, 3 negative) 7 (3 not tested, 4 negative) 
Duration between the last negative EBL test and 
outbreak 4 years 1 month 9 months 

Table 1. Descriptive information of EBL infected animals in 2017 and 2019 EBL outbreaks in the farm

Eglė Rapaliutė, Evelina Stončiūtė, Marius Masiulis, et al.
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fected cows, no connections between them and other 
BLV‑positive cows from other herds were detected. 
The owner could not have brought BLV in with in‑
fected cows as the purchased cows originated from of‑
ficially disease‑free herds and had several EBL nega‑
tive tests after movement.

2) Hypothesis via iatrogenic transmission 
a. Via diagnostics and treatment. Often the virus is 

transmitted using blood‑contained needles, dehorn‑
ing instruments or  contaminated gloves during rectal 
palpation (EFSA AHAW Panel, 2015)lifelong infection 
in a subset of B cells. Malignant tumours (lymphomas. 
In our case study, there was no accessible information 
about the treatment or the procedures that were car‑
ried out in this farm during the studied period. Con‑
sidering the fact that the herd is being serviced by a 
visiting veterinarian who also manages other herds in 
the same region, iatrogenic transmission between herds 
through contaminated appliances cannot be excluded.  

b. Via artificial insemination.  The positive cow 
from the outbreak in 2017 was artificially insemi‑
nated in 2015 only. Since the calf of that cow was 
tested and was negative for EBL, this infection 
route for the 2017 EBL‑positive cow was not like‑
ly. The positive cow from the outbreak in 2019 
was artificially inseminated in March 2018. Since 
then, the cow was tested serologically for EBL be‑
ing about 2 months pregnant and the result was 
negative. There is no available information about 
the calf since it was slaughtered soon after the 
birth without being tested for EBL due to not relevant 
age for testing.

Hypothesis of the role of horse flies 
(Tabanus spp.) in BLV transmission 
There is a lack of research regarding the impact of 

hematophagous  insects to BLV transmission within 
and between cattle herds in natural conditions (Panei 
et al., 2019)the most common neoplastic disease in 
cattle. The horn fly, a major hematophagous pest of 
cattle, is able to transmit different diseases in cattle. 
However, its implication in BLV transmission under 
a natural environment is still discussed. The objec‑
tives of this work were to determine the presence of 
BLV in horn flies (by sequencing. According to the 
recent study of entomologists, Tabanus spp. insects 
are present in Lithuania, but the investigated EBL 
cases occurred during the time when horse flies 
are still in the stage of larvae (Turčinavičienė, 2018; 
Mehlhorn et al., 2010). Nevertheless, we have 
to point out that the possible infection via a me‑
chanical vector could happen during the time be‑
tween cattle testing. We also assume that, in the case 
of Tabanus spp. involved in the spreading of EBL as 
a source of infection, there would possibly be more 
than one individual EBL case in the herd during an 
outbreak.

Conclusions
In our case study, no connection was found be‑

tween the EBL outbreak in 2017 and the outbreak in 
2019. We assume that in this particular case vertical 
transmission, mechanical vectors such as horse flies, 
animal movement or trade cannot be confirmed as 
being the causes of EBL cases. The most probable 
cause of EBL in this bovine herd could be related 
to iatrogenic transmission. This case report could en‑
courage veterinarians and veterinary epidemiologists 
to perform a precise outbreak investigation of EBL 
cases considering all possible infection routes, in or‑
der to identify the most plausible source of infection 
and stop the spread of the disease within the regions 
at risk and at a national level. 
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Abstract. The aim of this study was to analyse and compare the fatty acid profile of intramuscular 
fat (IMF) in the Longissimus lumborum (LL) muscle from the bulls of Black-and-White Holstein-
Friesian (HF) and their cross with the Belgian Blue (BB) breed (HF x BB). HF and HF x BB bulls 
were raised on the same farm, in a tie-stall barn, under identical conditions. The animals were fed 
farm-made feed. In autumn and winter, they received hay ad libitum, maize silage and ground cereal 
grain (approx. 2 kg). In summer, they were fed green forage ad libitum, ground cereal grain and hay. 
In comparison with HF bulls, the IMF in the LL muscle of crossbred HF x BB bulls was characterized 
by higher concentrations of polyunsaturated fatty acids (PUFAs) and a higher ratio of PUFAs to satu-
rated fatty acids (SFAs) (PUFA/SFA), which indicates that the BB breed with muscular hypertrophy 
is suitable for commercial crossing. The IMF of crossbred bulls had a higher content of nutritionally 
important n-3 and n-6 PUFAs, and eicosapentaenoic acid (EPA). The IMF of HF bulls had a higher 
concentration of conjugated linoleic acid (CLA) with health-promoting properties, but its content in 
both groups of bulls was comparable with that determined in other cattle breeds. 
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Introduction
High‑quality beef can be produced by tradition‑

al beef cattle breeds and commercial crossbred cat‑
tle (Cuvelier et al., 2006). Commercial crossing with 
beef breeds contributes to progress in beef produc‑
tion in both quantitative and qualitative terms. A beef 
cattle breed ideally suited for crossing is difficult to 
find because each breed has its own advantages and 
disadvantages. One of such breeds is the Belgian Blue 
(BB), characterized by muscular hypertrophy known 
as double muscling. The recessive muscular hypertro‑
phy (mh) allele that determines double muscling is a 
mutant form of the myostatin gene (MSTN) (Charlier 
et al., 1995).

Research shows that the meat of double‑muscled 
cattle and their crosses has a lower percentage of fat 
(Cuvelier et al., 2006; Moreno et al., 2008), and a 
higher content of protein (Keady et al., 2013) and un‑
saturated fatty acids (UFAs) (Aldai et al., 2008; Wie‑
ner et al., 2009). In the opinion of consumers from 
many countries, visible fat in meat is unacceptable 
and has adverse health effects (Wood et al., 2008). 
However, fatty acids accumulated in subcutaneous 
adipose tissue, intermuscular and intramuscular fat 
(IMF) considerably influence the processing suit‑
ability, sensory attributes and nutritional value of 
meat (Webb and O’Neill, 2008). The concentrations 
of individual fatty acids in lipids and phospholipids 
are determined by animal species (Litwińczuk et al., 

2012), feed (Scollan et al., 2006; Aldaiet al., 2010), 
carcass fat content (Wood et al., 2008), the animal’s 
age (Warren et al., 2008), breed and genotype (Ekine‑
Dzivenuet al., 2014).

Black‑and‑White Holstein‑Friesians are the most 
common and the highest‑yielding dairy cattle breed 
in the world. A viable alternative could be crossbreed‑
ing between dairy and beef cattle breeds, contribut‑
ing to the production of high‑quality beef. Holstein‑
Friesians, in particular bulls, have been increasingly 
used for beef production in recent years. However, 
it is generally believed that the meat of HF cattle is 
characterized by lower eating quality than the meat of 
beef cattle and dairy‑beef crosses. Therefore, the HF 
breed is used mostly for crossing with beef cattle in 
many countries.

The aim of this study was to analyse and com‑
pare the fatty acid profile of IMF in the Longissimus 
lumborum (LL) muscle from the bulls of Black‑and‑
White Holstein‑Friesian and their cross with the Bel‑
gian Blue breed (HF x BB).

Material and Methods. The experimental ma‑
terials comprised 10 carcasses of Black‑and‑White 
Holstein‑Friesian bulls and 10 carcasses of F1 bulls 
produced by commercial crossing of HF and Bel‑
gian Blue breed (HF x BB). HF x BB bulls were the 
offspring of double‑muscled sires. HF and HF x BB 
bulls were raised on the same farm, in a tie‑stall barn, 
under identical conditions. The animals were fed 
farm‑made feed. In autumn and winter, they received 
hay ad libitum, maize silage and ground cereal grain 
(approx. 2 kg). In summer, they were fed green forage 
ad libitum, ground cereal grain and hay.
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The bulls were slaughtered in September, at 21 
months of age, at a meat processing plant located 
at a distance of around 90 km from the farm. They 
were tied during transport. The bulls were weighed 
on arrival at the meat processing plant. The average 
body weight of HF and HF x BB was 650 ± 30 kg 
and 750 ± 33 kg, respectively. Before slaughter, the 
animals stayed in lairage, in individual pens with free 
access to water, for around 20 h. They were stunned 
with the Radical stunning device. The slaughtering 
and post‑slaughter handling were carried out in ac‑
cordance with the current meat industry regulations 
(Council Regulation (EC) No 1099/2009 of 24 Sep‑
tember 2009 on the protection of animals at the time 
of killing). After slaughter and post‑slaughter process‑
ing, the carcasses were weighed and classified in the 
EUROP system. The pH of the LL muscle was mea‑
sured approximately 45 min post mortem, between 
the 1st and 2nd lumbar vertebrae. Weighed carcasses 
were chilled at a temperature of 1–4°C for 72 h. After 
chilling, the pH of the LL muscle was measured be‑
tween the 1st and 2nd lumbar vertebrae. The carcasses 
were divided into primal cuts. Segments of the LL 
muscle were collected from the right half‑carcasses 
between the 1st and 2nd lumbar vertebrae. The samples 
were vacuum‑packaged and transported in isothermal 
containers to the laboratory.

Intramuscular fat was extracted by Soxhlet extrac‑
tion with diethyl ether as the solvent in the SoxtecTM 
Avanti 2050 Auto Fat Extraction System (FOSS Ana‑
lytical, Hilleroed, Denmark) (AOAC 2010). Fatty acid 
methyl esters were obtained by dissolving the ex‑
tracted fat in a methanol‑chloroform‑H2SO4 mixture 
(100:100:1 v/v), followed by methylation according to 
the Peisker method (Żegarska et al., 1991). Fatty ac‑
ids were identified by comparing their retention times 

with those of commercially available reference stan‑
dards purchased from Supelco, Inc. The percentage 
share of fatty acids was determined by gas chroma‑
tography, using the VARIAN CP‑3800 system with a 
split/splitless injector and a flame‑ionization detector 
(FID). Samples (1 µL) of fatty acid methyl esters were 
placed on a CP‑Sil88 capillary column (length: 50 m, 
inner diameter: 0.25 mm). Analyses of samples and 
reference standards were performed under identical 
conditions, i.e., carrier gas – helium, carrier gas flow 
rate 1.2 mL/min, injector temperature 225°C, detec‑
tor temperature 250°C, column temperature 200°C. 
The fatty acids were divided into the following cat‑
egories: saturated fatty acids (SFAs), unsaturated fatty 
acids (UFAs), including monounsaturated fatty acids 
(MUFAs) and polyunsaturated fatty acids (PUFAs), 
desirable hypocholesterolemic fatty acids (DFAs) 
(UFAs + C18:0) and undesirable hypercholester‑
olemic fatty acids (OFAs) (SFAs ‑ C18:0). The fol‑
lowing ratios were calculated: DFA/OFA, UFA/SFA, 
MUFA/SFA, PUFA/SFA, n‑6/n‑3 PUFA. 

The results were processed statistically using STA‑
TISTICA software ver. 13.3 (StatSoft, Inc., 2017). 
Arithmetic means (x) and standard deviations (s) for 
all analysed parameters are presented in the Tables. 
The mean values were compared by the Student’s 
t‑test for independent variables. The significance of 
differences between means was reported at P ≤ 0.01 
and P ≤ 0.05.

Results and Discussion
Table 1 presents hot carcass weight, the percent‑

age content of IMF in the LL muscle and the propor‑
tions of individual SFAs in the IMF of HF and HF x 
BB bulls. In the present study, the average hot carcass 
weight of HF bulls (350 ± 13 kg) was significantly low‑

Parameter HF bulls HF x BB bulls Significance

Hot carcass weight 350 ± 13 438 ± 28 **
IMF content of the LL muscle 2.72 ± 1.12 2.01 ± 0.98 NS

C10:0 0.059 ± 0.003 0.057 ± 0.008 NS
C12:0 0.064 ± 0.005 0.085 ± 0.025 *
C14:0 2.968 ± 0.270 2.979 ± 0.216 NS
C15:0 0.399 ± 0.023 0.459 ± 0.115 NS
C16:0 31.102 ± 0.779 31.779 ± 1.229 NS
C17:0 1.066 ± 0.050 1.097 ± 0.139 NS
C18:0 18.374 ± 0.987 16.950 ± 2.195 NS
C20:0 0.141 ± 0.007 0.148 ± 0.039 NS
C22:0 0.073 ± 0.014 0.141 ± 0.034 **

Saturated fatty acids (SFAs) 54.245 ± 0.926 53.695 ± 2.079 NS
NS: non‑significant differences (P > 0.05).
*Mean values in rows differ at P ≤ 0.05. **Mean values in rows differ at P ≤ 0.01.

Table 1. The hot carcass weight (kg), the intramuscular fat (IMF) content (%) of the Longissimus lumborum muscle and 
the concentrations of saturated fatty acids (SFAs) in IMF (% of total fatty acids) (means ± SD)

The FA Profile in the Longissimus Lumborum Muscle from the Bulls of B&W Holstein‑Friesian and their Cross
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er (P ≤ 0.01) than that of HF x BB bulls (438 ± 28 kg). 
No significant (P > 0.05) differences in the IMF con‑
tent of the LL muscle were found between the groups.

Both carcass fat content and the ratio of subcu‑
taneous adipose tissue to IMF and intermuscular fat 
affect meat quality because the two types of adipose 
tissue differ in the proportions of lipids and phospho‑
lipids, and in the concentrations of individual fatty 
acids (Wood et al., 2008). The percentage of fatty ac‑
ids in adipose tissue, regardless of its location, is de‑
termined by total body fat percentage (fatness). The 
percentage of adipose tissue in the carcass increases 
with age, leading to changes in the proportions of 
fatty acids. The changes in fatty acid composition are 
also associated with an increase in carcass lean con‑
tent in beef cattle (Raes et al., 2004). Dairy cattle 
have a higher content of IMF and intermuscular fat 
than beef cattle such as BB since the latter deposit 
fat mostly within subcutaneous adipose tissue (Wood 
et al., 2008). According to the literature, the meat of 
double‑muscled cattle (Wiener et al., 2009) and their 
crosses has considerably lower fat content (Keane and 
Moloney, 2009; Keane, 2010a, 2010b). In a study by 
Gotoh et al. (2009), the IMF content of the Longis-
simus dorsi (LD) muscle was only 0.6% in BB cattle, 
compared with 4.7% in HF cattle.

In the present study, the concentrations of lau‑
ric acid (C12:0) (P ≤ 0.05) and behenic acid (C22:0) 
(P ≤ 0.01) in the LL muscle were significantly higher 
in HF x BB crosses than in HF bulls. The content of 
the remaining SFAs was similar (P > 0.05) in both 
groups. Moreover, an analysis of the fatty acid profile 
of IMF in the LL muscle revealed (P > 0.05) similar 
percentages of SFAs in both groups of bulls.

In a study by Schiavon et al., (2011), who ana‑

lysed the Longissimus thoracis (LT) muscle of dou‑
ble‑muscled Piemontese bulls, the content of C14:0 
fatty acid was similar, the content of C16:0 fatty acid 
was lower, and the content of C18:0 fatty acid was 
higher than the respective values determined in both 
groups in our study. Warren et al. (2008) compared 
the concentrations of SFAs in the Longissimus mus‑
cle of Aberdeen Angus and HF cattle and found that 
the content of C14:0, C16:0 and C18:0 fatty acids 
in IMF was significantly higher in Aberdeen Angus 
bulls (slaughtered at 24 months of age) than in HF 
bulls. Sobczuk‑Szul et al. (2014) reported no signifi‑
cant differences in the content of C12:0 and C22:0 
fatty acids in the LT muscle of HF bulls and HF x 
Limousin crosses. In the cited study, the concentra‑
tions of C14:0, C15:0 and C16:0 fatty acids in IMF 
were higher in HF x Limousin crosses than in HF 
bulls. Brugiapaglia et al. (2014) analysed the con‑
centrations of SFAs in the LT muscle of Piemontese, 
Friesian and Limousin bulls, and found significant 
(P ≤ 0.05) differences in the content of C15:0 and 
C16:0 fatty acids. The effect of breed on the levels 
of SFAs in the LD muscle of Simmental, Hereford 
and Charolais cattle was also observed by Ugarković 
et al. (2013) who reported significant differences in 
the content of C14:0, C15:0, C16:0 and C17:0 fat‑
ty acids among the analysed groups. Horcada et al. 
(2016) compared the proportions of SFAs in IMF in 
the LD muscle of young Charolais, Limousin and Re‑
tinta cattle and found no significant differences in the 
content of C12:0 and C14:0 fatty acids, whereas the 
concentrations of C16:0, C22:0 and C18:0 fatty acids 
were influenced by breed.

Table 2 presents the percentages of individual 
UFAs in IMF in the LL muscle of HF and HF x BB 

Fatty acids HF bulls HF x BB bulls Significance
C14:1 0.586 ± 0.087 0.555 ± 0.169 NS
C16:1 3.459 ± 0.313 4.061 ± 0.919 NS
C17:1 0.884 ± 0.042 1.011 ± 0.124 **

C18:1 cis‑9 38.155 ± 0.584 36.559 ± 2.005 **
C20:1 0.078 ± 0.001 0.065 ± 0.009 **

C18:2 n‑6 1.881 ± 0.218 3.139 ± 1.228 **
CLA cis‑9, trans‑11 0.192 ± 0.009 0.159 ± 0.021 **

C18:3 n‑3 0.375 ± 0.044 0.429 ± 0.099 NS
C20:2 n‑6 0.028 ± 0.004 0.031 ± 0.019 NS
C20:4 n‑6 0.065 ± 0.012 0.172 ± 0.107 **

C20:5 n‑3 (EPA) 0.054 ± 0.026 0.149 ± 0.102 *
Unsaturated fatty acids (UFAs) 45.755 ± 0.926 46.331 ± 2.085 NS

Monounsaturated fatty acids (MUFAs) 43.160 ± 0.729 42.251 ± 2.788 NS
Polyunsaturated fatty acids (PUFAs) 2.595 ± 0.262 4.079 ± 1.402 **

NS: non‑significant differences (P > 0.05).
*Mean values in rows differ at P ≤ 0.05.**Mean values in rows differ at P ≤ 0.01. 

Table 2. The concentrations of unsaturated fatty acids (UFAs) in intramuscular fat (IMF) (% of total fatty acids) 
in the Longissimus lumborum muscle (means ± SD)

Katarzyna Śmiecińska, Dorota Kubiak
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bulls. IMF in the LL muscle of HF x BB crosses con‑
tained significantly (P ≤ 0.01) higher concentrations 
of margaroleic acid (C17:1), linoleic acid (C18:2 n‑6), 
arachidonic acid (C20:4 n‑6) and EPA (C20:5 n‑3) 
(P ≤ 0.05), whereas IMF in the LL muscle of HF bulls 
had a higher (P ≤ 0.01) content of oleic acid (C18:1 
cis‑9), gadoleic acid (C20:1) and CLA (C18:2 cis‑
9, trans‑11). In the present study, an analysis of the 
fatty acid profile of IMF in the LL muscle revealed 
(P > 0.05) similar percentages of UFAs and MUFAs 
in both groups of bulls, whereas the proportion of 
PUFAs was significantly (P ≤ 0.01) higher in HF x 
BB crosses than in HF bulls.

In a study by Litwińczuk et al. (2012), the CLA 
content of the LL muscle was 0.09% in HF bulls and 
0.32% in HF crosses sired by Limousin bulls, and 
these values are lower and higher, respectively, than 
those noted in the present experiment. The concen‑
trations of C14:1, C16:1 and C17:1 fatty acids in 
IMF in the LT muscle were lower in double‑muscled 
Piemontese bulls analysed by Schiavon et al. (2011) 
than in HF x BB bulls evaluated in this study. Schia‑
von et al. (2011) reported a higher content of C18:2 
fatty acid, and a similar content of CLA, compared 
with the values noted in HF x BB crosses in the cur‑
rent experiment. In a study by Aldai et al. (2010), 
the content of CLA (C18:2 cis‑9, trans‑11) in the 
LD muscle of double‑muscled Asturiana cattle was 
0.097 mg/100 g of meat. Heterozygous animals had 
a higher percentage of CLA in IMF (0.178 mg/100 g 
of meat), whereas CLA content in cattle with normal 
muscling was comparable (0.125 mg/100 g of meat) 
with that noted in double‑muscled cattle. Wood et al. 
(2008) observed a greater increase in carcass fat con‑
tent with age in beef cattle (Aberdeen Angus) than in 
dairy cattle (Jersey), accompanied by an increase in 
the percentage of CLA. Sobczuk‑Szul et al. (2014) 
found no significant differences in the concentrations 
of C18:2, C22:2 and EPA in IMF in the LD muscle 

of HF and LM x HF bulls, whereas CLA content was 
significantly higher in crossbred bulls. Warren et al. 
(2008) analysed the concentrations of fatty acids in 
the Longissimus muscle of Aberdeen Angus and HF 
cattle and found that breed had no significant effect 
on the content of C18:2 n‑6 fatty acid. Brugiapaglia 
et al. (2014) reported a higher percentage of CLA in 
IMF in the LT muscle of Friesian bulls, compared 
with Piemontese and Limousin bulls, and no signifi‑
cant differences in EPA content.

The higher content of PUFAs contributed to a 
more desirable PUFA/SFA ratio (P ≤ 0.01) in the 
meat of crossbred (HF x BB) bulls (Table 3). In com‑
parison with HF bulls, HF x BB crosses had also sig‑
nificantly higher concentrations of n‑3 (P ≤ 0.05) 
and n‑6 (P ≤ 0.01) PUFAs, and a higher (P ≤ 0.01) 
n‑6/n‑3 PUFA ratio. No significant (P > 0.05) differ‑
ences in the concentrations of desirable hypocholes‑
terolemic fatty acids (DFAs) and undesirable hyper‑
cholesterolemic fatty acids (OFAs) or the DFA/OFA, 
UFA/SFA and MUFA/SFA ratios were observed be‑
tween the groups.

Cattle with muscular hypertrophy and low IMF 
content have higher levels of PUFAs (Aldaiet al., 
2008; Wiener et al., 2009; Fiems, 2012), which was 
also observed in this study in HF x BB bulls. As a 
result, the PUFA/SFA ratio in double‑muscled cattle 
is also high, ranging from 0.5 to 0.7 (Cuvelier et al., 
2006; Scollan et al., 2006; Wiener et al., 2009), com‑
pared with approximately 0.25 in animals with nor‑
mal muscling (Kołczak, 2008). 

In our study, the percentage of SFAs was lower 
and the percentage of UFAs was higher in the LL 
muscle of HF x BB bulls than in the LT muscle of 
double‑muscled Piemontese bulls evaluated by Schi‑
avon et al. (2011), and in the LT muscle of double‑
muscled BB bulls analysed by de Smet et al. (2000). 
In a study by Sobczuk‑Szul et al., (2014), the pro‑
portions of SFAs (53.110%) and UFAs (46.846%) in 

Parameter HF bulls HF x BB bulls Significance

Hypocholesterolemic fatty acids
DFAs (UFAs + C18:0) 64.129 ± 0.988 63.281 ± 2.099 NS

Hypercholesterolemic fatty acids
OFAs (SFAs – C:18:0) 35.871 ± 0.977 36.745 ± 2.455 NS

DFA / OFA ratio 1.788 ± 0.985 1.722 ± 239 NS
UFA / SFA ratio 0.844 ± 0.032 0.863 ± 0.096 NS

MUFA / SFA ratio 0.796 ± 0.027 0.787 ± 0.079 NS
PUFA / SFA ratio 0.048 ± 0.006 0.076 ± 0.019 **

n‑3 0.429 ± 0.544 0.578 ± 0.187 *
n‑6 1.974 ± 0.845 3.342 ± 1.119 **

n‑6 / n‑3 PUFA ratio 4.601 ± 0.853 5.782 ± 0.598 **
NS: non‑significant differences (P > 0.05).
*Mean values in rows differ at P ≤ 0.05.
**Mean values in rows differ at P ≤ 0.01. 

Table 3. The fatty acids groups and ratios in the Longissimus lumborum muscle (means ± SD)

The FA Profile in the Longissimus Lumborum Muscle from the Bulls of B&W Holstein‑Friesian and their Cross
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the LD muscle of HF bulls were very similar to those 
noted in the present experiment. In comparison with 
our findings, Litwińczuk et al. (2012) noted a lower 
percentage of SFAs (52.24%) and PUFAs (2.62%), and 
a higher percentage of UFAs (47.75%) and MUFAs 
(45.135%) in the LT muscle of HF bulls. The cited 
authors also demonstrated that cattle breed exerted a 
significant effect on the content of CLA and PUFAs, 
and the PUFA/SFA ratio in IMF. Aldai et al. (2008) 
compared the concentrations of n‑6 and n‑3 PUFAs 
in the LT muscle of Asturiana bulls with and without 
the double‑muscling phenotype and found that the n‑
6/n‑3 PUFA ratio was significantly higher in double‑
muscled bulls than in animals with normal muscling. 
In a study by Sobczuk‑Szul et al. (2013), who inves‑
tigated the fatty acid profile of IMF in the LD mus‑
cle of crossbred HF x Limousin bulls, the percentage 
of DFAs was higher (67.89%) and the percentage of 
OFAs was lower (32.13%) than the values determined 
in the current experiment in both groups of bulls.

In the present study, the PUFA/SFA ratio in the 
LL muscle of HF x BB bulls was similar to that noted 
by Moreno et al. (2008) in the LD muscle of the same 
crosses. In our study, the PUFA/SFA ratio was higher 
and the UFA/SFA and MUFA/SFA ratios were lower 
than those reported by Sobczuk‑Szul et al. (2014) in 
IMF in the LD muscle of HF bulls and HF x Limousin 
crosses. Cuvelier et al. (2006) noted a higher PUFA/
SFA ratio in IMF in the LT muscle of BB bulls (0.80), 
compared with Limousin (0.29) and Aberdeen Angus 
(0.21) bulls. De Smet et al. (2000) demonstrated that 
a desirable PUFA/SFA ratio and a desirable fatty acid 
profile of beef were related to a low content of fat in 
the carcass and in individual muscles. According to 
the Food and Agriculture Organization of the United 
Nations (FAO) and the World Health Organization 

(WHO), the optimal PUFA/SFA ratio in the human 
diet is 0.45, and the recommended n‑6/n‑3 PUFA 
ratio is 5:1 (Kołczak, 2008). Wijendran and Hayes 
(2004) estimated the optimal n‑6/n‑3 PUFA ratio in 
the diet of healthy adults at around 6:1. The present 
findings confirm that beef has a highly desirable n‑
6/n‑3 PUFA ratio. 

It appears that the observed differences in the fatty 
acid composition of beef may be due to the progress 
in analytical methods, effective detection and reliable 
quantitative analysis of fatty acids, in particular long‑
chain PUFAs. The different proportions of fatty acids 
in IMF, reported by various authors, result from the 
fact that they can be modified by many factors such as 
animal species, breed, age and diet as well as muscle 
type. The results of studies conducted by Cuvelier et 
al. (2006), Wiener et al. (2009) and Aldai et al. (2010)
as well as the present findings suggest that double 
muscling is yet another factor influencing the fatty 
acid profile of beef. 

Conclusions
It can be concluded that, in comparison with HF 

bulls, the IMF in the LL muscle of crossbred HF x 
BB bulls was characterized by higher concentrations 
of PUFAs and a higher PUFA/SFA ratio, which in‑
dicates that the BB breed with muscular hypertro‑
phy is suitable for commercial crossing. The IMF of 
crossbred bulls had a higher content of nutritionally 
important n‑3 and n‑6 PUFAs, and EPA. The IMF 
of HF bulls had a higher concentration of CLA with 
health‑promoting properties, but its content in both 
groups of bulls was comparable with that determined 
in other cattle breeds. The use of the BB breed with 
muscular hypertrophy for commercial crossing may 
affect the fatty acid profile of IMF in the LL muscle.
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Abstract. Bacterial conjunctivitis is the most common ocular pathology in veterinary medicine. The 
aim of this study was to identify the conjunctival microbiota in dogs with conjunctivitis and to evaluate 
the antimicrobial susceptibility of the isolated strains. The research was performed at Dr. L. Kriauče-
liūnas Small Animal Clinic of Lithuanian University of Health Sciences Veterinary Academy (LUHS 
VA) in 2018. Samples were tested at the microbiology laboratory of Microbiology and Virology Insti-
tute, LUHS VA. Dogs (n = 31) with symptoms of conjunctivitis were selected for primary ophthalmo-
logical assessment and research. Samples for bacterial testing were collected from the conjunctival sac. 
Susceptibility to antibiotics was tested using the Kirby-Bauer disc diffusion method. The investigation 
revealed that the most frequently isolated bacteria from the conjunctival sac were Gram+ bacteria 
(89.5%). The identified bacteria belonged to the families Staphylococcaceae, Corynebacteriaceae, En-
terobacteriaceae and Bacillaceae. The most efficient antibacterials against Staphylococcaceae family 
bacteria were represented by amoxicillin, cephalexin, Corynebacteriaceae by amoxicillin, amoxicillin/
clavulanate, Enterobacteriaceae by amoxicillin, amoxicillin/clavulanate, enrofloxacin, gentamicin, te-
tracycline, trimethoprim/sulfamethoxazole compound, and Bacillaceae by amoxicillin, amoxicillin/
clavulanate, cephalexin, cefoxitin, enrofloxacin, erythromycin and gentamicin.
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Introduction
Vision is the most important sense that provides 

survival superiority for many animals. Eye diseases 
are common in humans and animals. Therefore, the 
supply of medications is vast, but only in human 
medicine. In veterinary medicine, due to the lack of 
other options, medications designed for human use 
are the treatment of choice. However, not all human 
medications are suitable for animals: some of them are 
really effective, but irritate the eye. In such cases, a 
human patient simply waits until the irritation fades, 
whereas an animal immediately starts scratching and 
rubbing the eye, thus aggravating the inflammation 
and sometimes spreading it to surrounding tissues.

In a healthy animal, the epithelial barrier, mu‑
cin and tears help to rinse the palpebral conjunctiva. 
Antibacterial components in tears (lysozyme, beta 
lysine, lactoferrin, blood cells, IgA) protect the eye 
and its surrounding tissues from bacteria (Nadas et 
al., 2019). 

Bacteria can be cultured from the conjunctival sac 
of about 70%–90% of normal dogs. The microbiota 
from the conjunctival sac is represented by mainly 
Gram+ species, with Staphylococcus spp. (57–70%), 
Streptococcus spp. (6–43%), Bacillus spp. (6–18%) 
and Corynebacterium spp. (30–75%) predominat‑
ing. Predominant Gram− isolates that were recovered 
from the conjunctival sac in 7%–8% of normal dogs 

were  Pseudomonas spp., Moraxella spp., and small 
quantities of Klebsiella spp., Neisseria spp. and Fuso‑
bacterium spp., and anaerobes were extremely rare. It 
was found that conjunctival microflora is also related 
to age, breed, climate, geology and geography and 
sampling method (Ollivier, 2003, Williams, 2017, 
Nadas et al., 2019). 

Microbiota in the conjunctival sac can be divided 
into resident and opportunistic pathogenic organisms. 
Resident bacterial populations are usually isolated 
from bacteriologic samples of the canine conjunc‑
tiva in large numbers. They consist of noninvasive 
organisms that play an important homeostatic role 
by competing with pathogenic species for space and 
nutrients, and also by secretion of active substances 
that limit their ability to colonize the ocular surface 
(Williams, 2017). 

In animals, conjunctivitis is usually caused by vari‑
ous infectious agents. Sometimes, there are mixed in‑
fections caused by several bacterial species or strains. 
Because non‑pathogen bacteria can also be found in 
the conjunctival sac, the causative agent of inflamma‑
tion is sometimes difficult to identify. Conjunctivitis is 
often accompanied by swelling and chemosis, result‑
ing in blinking, sensitivity to light and pain. Animals 
start rubbing their eyes against surrounding objects, 
which may lead to traumatic corneal ulcers, and tissues 
become prone to infection. In dogs with conjunctivi‑
tis, the conjunctiva is irritated leading to a decrease 
in antibacterial enzymes (lactoferrin, lysozyme, and 
peroxidase). Moreover, the accompanying loss of epi‑
thelial integrity, depending on the degree and inten‑
sity of the trauma and tear film modifications, favors 
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the colonization of ocular structures by opportunistic 
bacteria (Pereira et al., 2019).

Often bacterial conjunctivitis for dogs is second‑
ary. The primary cause is usually mechanical irrita‑
tion from eyelid abnormalities, such as entropion and 
ectropion, skin wrinkle contact with the cornea of the 
eyes in dogs of brachycephalic breeds, lash or hair 
abnormalities, such as ectopic cilia. Distichiasis or 
trichiasis can also be a cause of the conditions men‑
tioned above. Impaired protective properties of the 
conjunctiva can lead to infection, and microorgan‑
isms of the normal flora can be potential pathogens. 
Another very probable cause of conjunctivitis is indis‑
criminate use or long‑term application of antimicro‑
bials because it may disrupt the normal conjunctiva 
microbiota balance and predispose to over‑growth of 
pathogens. Most often, the ongoing infectious pro‑
cess is difficult to control (Athanasiou et al., 2018). 

The common type of bacteria cultured from dam‑
aged eyes included Staphylococcus spp. (40%), Strep-
tococcus spp. (64% – β‑hemolytic streptococci, and 
36% – α‑hemolytic streptococci), P. aeruginosa (9%), 
E. coli (5%), and Corynebacterium spp. (4%). There 
are Klebsiella spp., Neisseria spp. and Moraxella spp. 
often found in the samples of the eyes, which are the 
saprophytic nasopharyngeal microbiota (Haghkhah et 
al., 2005, Marina et al., 2018, Pereira et al., 2019). 

Medications containing gentamicin, chlortetra‑
cycline and cloxacillin have been already included 
in Lithuanian Veterinary Drug Register. Frequent‑
ly, dog owners practice self‑treatment and use eye 
medications without a veterinarian’s prescription. 
Hence, bacterial strains resistant to antibacterials 
can develop. In the course of the last 10 years, 
this has been not only a Lithuanian, but a global 
problem as well. Although similar research has 
been performed in Lithuania (Kudirkienė et al., 
2006), the number of conjunctivitis cases among 
dogs is increasing, including the difficult to treat 
ones. Due to the development of resistant bacteria 
strains, it is necessary to check the susceptibility 
of conjunctival isolates to drugs that are used in 
small animal veterinary medicine in Lithuania.

Many strains of bacteria can be isolated from the 
conjunctiva. Therefore, a question arises: does the ac‑
tivity spectrum of 3 antibiotic groups ensure the ef‑
fective treatment of infections caused by Gram+ and 
Gram− bacteria?

Considering the importance of bacterial conjunc‑
tivitis in dogs, the aim of the study was to identify the 
microorganisms present in dogs with conjunctivitis 
and evaluate the antimicrobial susceptibility to anti‑
bacterials of the identified bacterial species.

 
Materials and Methods
The research was performed at Dr. L. Kriaučeliūnas 

Small Animal Clinic of Lithuanian University of 
Health Sciences Veterinary Academy in 2018. For the 
study purposes, 31 dogs diagnosed with conjunctivi‑

tis were evaluated. Samples for bacteriological test‑
ing were collected from the conjunctival sac. Before 
sampling, a full ophthalmic examination was carried 
out. The research was performed following the legis‑
lation acts of the European Union and the Republic 
of Lithuania.

Commercial bacteriological swabs were used to 
sample from the affected eyes into disposable tubes 
with a transport medium (Transwab, United King‑
dom). Samples were tested at a microbiology labora‑
tory of Microbiology and Virology Institute.

The clinically obtained material was disseminated 
on blood agar (CBA, EO Labs, United Kingdom). Pla‑
tes with cultures were incubated at 35 ± 2 ºC tempera‑
ture for 24 hours in an aerobic and anaerobic environ‑
ment. If there was no growth, plates were incubated for 
48 hours more. 

In case it was suspected that the number of bac‑
teria in the sample was too small, the tested material 
was disseminated into a semi‑liquid growth medium 
(Thioglycollate medium, Oxoid, United Kingdom), 
kept at +35°C temperature for 24 hours and then re‑
introduced into Colombia blood agar (EO LAB). 

In order to identify the genus of staphylococci, the 
grown cultures were stained by Gram; their growth 
on Blood and Mannitol salt agar (Mannitol Salt Agar, 
Liofilchem, Italy) was evaluated. A catalase test was 
performed. In order to identify Staphylococcus spe‑
cies, identifying systems STAPH ID (Microgen, Unit‑
ed Kingdom) were used. The results were read using 
computer program MID Ver1.2. Enterobacterales were 
identified by their colonial morphology, Gram’s stain‑
ing technique, typical growing characteristics on Mac‑
Conkey agar (Liofilchem, Italy), and SIM medium, 
where bacteria mobility, hydrogen sulfide, and indole 
production were evaluated. Preliminary identification 
of Corynebacteriaceae and Bacillaceae was performed 
based on rapid growth on blood agar and morphologi‑
cal properties stained by Gram. Corynebacteriaceae ‑ 
Gram+ rods are seen in pairs in a smear. Bacillaceae 
‑ Gram+ spore rods. 

Susceptibility to antibiotics was determined using 
the Kirby‑Bauer disc diffusion method (EUCAST, 
2020). Antibacterial discs were used: amoxicillin 
(AML; 10 µg), amoxicillin/clavulanate (AMC; 30 µg), 
cephalexin (CL; 30 µg), cefoxitin (FOX; 30 µg), clin‑
damycin (CD; 2 µg), enrofloxacin (ENR; 5 µg), eryth‑
romycin (E; 15 µg), gentamicin (CN; 10 µg), tetracy‑
cline (TE; 30 µg), and sulfametoxazole/trimethoprim 
compound (SXT; 30 µg).

Susceptibility of Staphylococcus to amoxicillin and 
amoxicillin/clavulanic acid compound was evaluated 
according to susceptibility to cefoxitin and penicillin. 
The results were evaluated based on EUCAST (Euro‑
pean Committee on Antimicrobial Susceptibility Test‑
ing) 2020 guidelines for Enterobacterales, Staphylococ-
cus spp.

Enterobacterale susceptibility to tetracycline was 
evaluated based on CLSI M100 standard (CLSI 
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M100‑ED29:2019). Susceptibility to enrofloxacin was 
evaluated according to CLSI VET08 standard (CLSI 
VET08 ED4:2018). Corynebacteriaceae susceptibility 
to tetracycline and clindamycin was evaluated accord‑
ing to EUCAST standard (EUCAST, 2020). Suscep‑
tibility to other antibiotics was evaluated by marginal 
values for Staphylococcus spp. Bacillaceae susceptibil‑
ity was determined based on susceptiblity/resistance 
criteria for Staphylococcus because there are no estab‑
lished clinical breaking points using the disc method. 

Results
Gram+ organisms (89.5%) were more common 

than Gram− organisms in dogs with conjunctivitis. In 
a total of 31 samples, there were 57 isolates; the most 
commonly isolated organisms were Staphylococcaceae 
(64.9%), followed by Corynebacteriaceae (15.8%), En-
terobacterales (10.5%), and Bacillaceae (8.8%). 

In the samples where bacteria of the family Staphy-
lococcaceae were isolated coagulase‑negative species 
were predominant (Staphylococcus spp. 73.0%, Staph-
ylococcus chromogenes 2.7%), followed by coagulase‑
positive species (Staphylococcus aureus 18.9%, Staphy-
lococcus intermedius 5.4%). Escherichia coli (33.3%), 
Proteus mirabilis (33.3%), and Enterobacter spp. 
(33.4%) were identified in the samples where bacteria 
of the family Enterobacterales were isolated.

Bacterial associations due to a chronic infectious pro‑
cess were identified in 61.2% of the samples; the most 
common polymicrobial infection was represented by the 
association between two different pathogens (41.9%), 
followed by three pathogens in 16.1%, and four patho‑
gens in 3.2% samples (Table 1). Infections caused by 
only one pathogen were found in 38.8% of cases.

Amoxicillin and cefalexin showed the greatest ef‑
ficacy against the Staphylococcaceae family bacteria 
(91.2%), and the least susceptibility was established 
to amoxicillin/clavulanate (67.6%) (Figure 1). The 
susceptibility of the identified species of staphylococci 
to antibacterials differed from the average susceptibi‑
lity of microorganisms of the Staphylococcaceae family 
(Figure 2). The most efficient antibacterials against 
Staphylococcus aureus were represented by gentamicin, 
enrofloxacin, clindamycin, and tetracycline (100%), 
followed by cephalexin, cefoxitin, erythromycin, 
amoxicillin, and amoxicillin/clavulanate (85.7%). The 

most efficient antibacterials against Staphylococcus in-
termedius were represented by amoxicillin, amoxicil‑
lin/clavulanate, cephalexin, tetracycline, clindamycin, 
and sulfamethoxazole/trimethoprim (100%), followed 
by cefoxitin, enrofloxacin, erythromycin, gentami‑
cin, and clindamycin (50%). The most efficient an‑
tibacterials against Staphylococcus chromogenes were 
represented by cephalexin, cefoxitin, clindamycin, 
enrofloxacin, erythromycin, gentamicin, tetracycline 
and amoxicillin, and sulfamethoxazole/trimethoprim 
(100%), while and Staphylococcus chromogenes was re‑
sistant to amoxicillin/clavulanate.

Amoxicillin and amoxicillin/clavulanic acid com‑
pound showed the greatest efficacy against the Co-
rynebacteriaceae family isolates (100%), and the least 
susceptibility was established to clindamycin (33.3%). 

Amoxicillin, tetracycline, amoxicillin/clavulanate, 
enrofloxacin, gentamicin, and sulfamethoxazole/tri‑
methoprim showed the greatest efficacy against the 
Enterobacterales isolates (100%), and the least suscep‑
tibility was established to cephalexin and cefoxitin 
(83.3%) (Figure 2). Proteus mirabilis isolates were 
susceptible to all tested antibacterials (100%). Amoxi‑
cillin, amoxicillin/clavulanate, tetracycline, gentami‑
cin, and sulfamethoxazole/trimethoprim showed the 
greatest efficacy against the E. coli isolates (100%), 
followed by cephalexin (50%).

Amoxicillin, amoxicillin/clavulanate, cephalexin, 
enrofloxacin, gentamicin, and erythromycin showed 
the greatest efficacy against the Bacillaceae family 
bacteria (100%), and the least susceptibility was esta‑
blished to tetracycline (40%) (Figure 3).

Discussion 
The diagnosis and treatment of ocular diseases in 

dogs are influenced by clinical examination of the 
eye and the identification of the ocular microbiota. 
In some cases, empirical treatment can be applied: an‑
tibacterial medications are then prescribed suspecting 
what the causative agent may be and anticipating its 
susceptibility. Therefore, it is important to know the 
susceptibility of bacteria that prevail in the region/
country, the probability of developing resistance, and 
its consequences.

The results of our study showed that of all tested 
samples from the conjunctival sac Gram+ bacteria were 

Bacteria Cases Bacteria Cases

Staphylococcus spp., Proteus mirabilis, 
Corynebacterium spp. 1 Staphylococcus spp., S. intermedius, Corynebacterium 

spp. 1

Staphylococcus spp., S. aureus 4 Staphylococcus spp., Proteus mirabilis, 
Corynebacterium spp, S. intermedius 1

Staphylococcus spp., S. aureus, S. chromogenes 1 Enterobacter spp., Bacillus spp., Staphylococcus spp. 1
Staphylococcus spp., Corynebacterium spp. 4 E.coli, Staphylococcus spp. 1
Staphylococcus spp., Bacillus spp. 3

Table 1. Isolates from mixed bacterial infections

Dovilė Svetikienė, Aidas Grigonis, Gintaras Zamokas, et al.
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Fig. 1. Susceptibility of Staphylococcacea ir Corynebacteriaceae family bacterial isolates to antibacterials 
AML – amoxicillin, AMC – amoxicillin/clavulanate, CL – cephalexin, FOX – cefoxitin, CD – clindamycin, 

ENR – enrofloxacin, E – erythromycin, CN – gentamicin, TE – tetracycline, SXT – sulfamethoxazole/trimethoprim.

Fig. 2. Susceptibility of the coagulase‑positive (S. aureus and S. intermedius) and coagulase‑negative 
S. chromogenes and Staphylococcus spp.) staphylococcal isolates to antibacterials (AML – amoxicillin, 

AMC – amoxicillin/clavulanate, CL – cephalexin, FOX – cefoxitin, CD – clindamycin, ENR – enrofloxacin, 
E – erythromycin, CN – gentamicin, TE – tetracycline, SXT – sulfamethoxazole/trimethoprim.

Fig. 3. Susceptibility of Enterobacterales and Bacillaceae bacterial isolates to antibacterials
AML – amoxicillin, AMC – amoxicillin/clavulanate, CL – cephalexin, FOX – cefoxitin, CD – clindamycin, 

ENR – enrofloxacin, E – erythromycin, CN – gentamicin, TE – tetracycline, SXT – sulfamethoxazole/trimethoprim.
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isolated in 89.5% of cases. Different study reports show 
a high prevalence of Gram+ bacteria in the conjuncti‑
val sac of dogs with conjunctivitis, and it ranges from 
56.5% to 67% (Williams, 2017, Pereira et al., 2019). 
There are some data indicating that up to 44% of con‑
junctival microbiota consist of Gram− bacteria (Wil‑
liams, 2017). These results suggest that both Gram+ 
and Gram− bacterial agents play an important role in 
the pathogenesis of dogs with conjunctivitis. Previo‑
us investigations of the bacterial types associated with 
conjunctivitis in dogs have shown that Gram+ isolates 
predominate: Staphylococcus spp. (64.8%), Streptococ-
cus spp. (18.9%), Corynebacterium spp. (0.8–3.5%), 
and Bacillaceae (2.7–4.7%) (Nadas et al., 2019, Pereira 
et al., 2019). In our research, the most frequent isolates 
were Staphylococcus spp. (64.9%) and Corynebacterium 
spp. (15.8%). However, some authors (Williams, 2017, 
Das et al., 2019) say that staphylococci are isolated 
much less frequently, in only about 35.3% of cases. In 
our research, enterobacteria were isolated in 10.5% of 
cases, much more often than other authors have repor‑
ted. The most frequently isolated Gram− bacteria are 
Enterobacterales (2.7–14.4%), as well as Pseudomonas 
spp. (2.7%) (Williams, 2017, Nadas et al., 2019). No 
Pseudomonas spp. were isolated in our research. 

Since the eye surface contains not only one single‑
‑family of bacteria, infection is also caused by several 
families of isolates. Our research revealed mixed infec‑
tions in 61.2% of cases. Research data worldwide show 
similar results ranging from 29.7% to 53.3%. Staphy-
lococcus spp. is a predominant bacterium of this type of 
infections (Williams, 2017, Nadas et al.,  2019). In our 
research, mixed infections were caused by staphylo‑
cocci (29.4%), and staphylococci with corynebacterias 
(29.4%) were most frequently found.  Less frequen‑
tly mixed infections were caused by staphylococci to‑
gether with Bacillus spp. (17.6%). 

Amoxicillin/clavulanate totally inhibited the 
growth of Corynebacteriaceae, Enterobacterales, and 
Bacillaceae bacterial isolates, and showed a weaker 
growth‑inhibiting effect on Staphylococcaceae family 
isolates (67.6%). Research data by Das et al. (2019) 
indicate that potentiated amoxicillin had a stronger 
inhibitory effect on the growth of Staphylococcus spp. 
by 24–26.4%.  There are certain data that there is 
almost no resistance against amoxicillin/clavulanate 
and exceptions are relatively rare (Pereira et al., 2019). 

Our research revealed that non‑potentiated amoxi‑
cillin acted against conjunctival isolates in 91.2–100% 
cases. The lowest effect of amoxicillin on the growth 
of the Staphylococcaceae family isolates was revealed. 
This antibiotic is very popular in clinical practice and, 
unfortunately, is used not reasonably; hence, there is 
a possibility of developing bacterial resistance because 
staphylococci produce beta‑lactamases that inhibit 
the action of antibiotics against beta‑lactam bacteria. 

Our research showed 83.3–100% of bacteria sus‑
ceptibility to cephalexin. Cephalexin totally inhibited 
the growth of the Bacillaceae family bacteria, and was 

slightly weaker against the Staphylococcaceae family 
isolates (91.2%). Meanwhile, research data by Auten 
(2019) and Das et al. (2019) indicate that cephalexin 
showed the strongest inhibitory effect on the growth 
of Staphylococcaceae isolates from the dogs’ eyes. Data 
showing lesser activity of cephalexin may possibly be 
due to frequent use of this antibiotic and developing 
resistance. The lowest inhibitory effect of cephalex‑
in on the growth of the Enterobacterales isolates was 
found. 

Fluoroquinolones can penetrate the cornea and 
get into hyaloid and eye liquid (Chung et al., 2013). 
In our research, enrofloxacin inhibited the growth of 
staphylococci in 83.3% of cases. However, other au‑
thors report different data. Das et al. (2019) indicate 
that susceptibility of staphylococci to fluoroquinolo‑
nes reaches 100%, while Pereira et al. (2019) report 
only a 62.5–69.3% effect. Kang et al. (2014) report 
relative resistance of Staphylococcus spp. to fluoro‑
quinolones: only 38.8% of isolates were susceptible 
(Pereira et al., 2019). 

Erythromycin showed a growth‑inhibiting action 
against Gram+ isolates in 71.4–100% of cases. It is 
one of the safest antibiotics. Other authors report 
similar data: Awosile et al. (2018) report that suscepti‑
bility of staphylococci to erythromycin reaches 62.8–
90.7%. Most macrolides show a post‑antibiotic effect 
because they penetrate into phagocytes (neutrophils, 
macrophages, fibroblasts): their antibacterial activity 
remains present even when therapeutic concentration 
decreases (Steel et al., 2012).

Gentamicin was active against isolated bacteria in 
44.4–100% of cases. It showed the strongest growth‑
inhibiting action against Enterobacterales and Bacil-
laceae isolates. Its weakest growth‑inhibiting action 
was against the Corynebacteriaceae family bacteria. 
Research of Pereira et al. (2019) reports that amino‑
glycosides can be used empirically or for preventive 
treatment of eye infections in dogs. The research re‑
vealed that staphylococci were susceptible in 78.4% 
of cases, slightly more than the research by Williams 
indicates, i.e., 63%  (Williams, 2017). Similar results 
were obtained by Pereira et al. (2019); meanwhile, 
Das et al. (2019) indicate more marked susceptibility 
of staphylococci to gentamicin (85%). 

Susceptibility of Enterobacterales isolates to gen‑
tamicin is not equal. Various studies showed that 
gentamicin inhibited E. coli growth in 100% of cases. 
Pereira et al. (2019) report it to be 62.5%, whereas 
Proteus mirabilis were susceptible only in 50% of cases 
(Williams, 2017). Other researchers’ data indicate that 
E. coli was resistant in 80% of cases. However, the 
testing was performed in Taiwan, where gentamicin 
is the antibiotic of the first choice and is widely used.  
This might be the reason for such resistance (Wil‑
liams, 2017), although similar results were obtained 
by Das et al. (2019). In this case, E. coli suscepti‑
bility to gentamicin was only 33%, while the growth 
of Proteus mirabilis was completely inhibited by gen‑
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tamicin. Corynebacteria isolated from the conjunc‑
tiva of sick dogs demonstrated lesser susceptibility to 
gentamicin than the data by Pereira et al. (2019) and 
Williams (2017) indicate, where gentamicin demon‑
strated 100% growth‑inhibiting activity. Our research 
showed that gentamicin totally inhibited the growth 
of Bacillus spp. and Enterobacterales isolates. This 
data correspond with the results reported by Williams 
(2017). 

In our research, tetracycline showed a 40–100% 
inhibiting action against bacteria isolates. Tetracycli‑
ne showed the most expressed growth‑inhibiting ef‑
fect against Enterobacterales isolates; the weakest effect 
was against Bacillaceae family isolates. It was determi‑
ned that Staphylococcus intermedius, one of the most 
common bacteria found in dogs, is susceptible to te‑
tracycline only in up to 38.6% of cases (Pereira et al., 
2019). According to the data from Kang et al. (2014), 
94% of Staphylococcus intermedius isolated from the 
conjunctiva of sick dogs were resistant to tetracycline.  
Our research revealed a comparatively good effect of 
tetracycline against S. intermedius and S. chromogenes 
because the growth of these bacteria were inhibited in 
100% of  cases. Meanwhile, Pereira et al.’s (2019) data 
show susceptibility of enterobacteria to tetracycline 
only in 45.8% cases. Data presented in the literature 
indicate that Corynebacterium spp. is very susceptible 
to tetracycline, i.e., 100% (Pereira et al., 2019), but our 
research showed only a 66.7% susceptibility rate.

Sulphametoxazole/trimethoprim compound af‑
fected conjunctival isolates in 60–100% of cases. The 
most expressed growth‑inhibiting effect was noticed 
against Enterobacterales isolates; the weakest effect was 
against Bacillaceae family bacteria. Sulfonamides have 
a wide action spectrum: they act against most Gram+ 
bacteria. They perfectly penetrate into eye tissues, but 

many bacteria have become resistant to these synthet‑
ic substances; besides, sulfonamides have a very high 
pH and irritate the conjunctiva (Tačič et al., 2017). 

The results of our research revealed that bacteria 
isolated from the conjunctival sac of dogs diagnosed 
with conjunctivitis are susceptible to most antibacteri‑
als. Based on these results, empirical treatment can be 
warranted, paying attention to the recommendations 
regarding choosing first choice and reserved medica‑
tions. Only unsuccessful treatment would require bac‑
teriological tests that would help to adjust treatment.

Conclusions
1.  Gram+ bacteria were most frequently isolated 

from the conjunctiva of dogs diagnosed with con‑
junctivitis (89.5%).

2.  The best growth‑inhibiting effect was demon‑
strated as follows: against Staphylococcoceae fam‑
ily by amoxicillin and cephalexin (91.2%); against 
Corynebacteriaceae by amoxicillin and amoxicil‑
lin/clavulanate (100%); against Enterobacterales by 
amoxicillin, amoxicillin/clavulanate, enrofloxacin, 
gentamicin, tetracycline, and sulphamethoxazole/
trimethoprim compound (100%); and against 
Bacillaceae by amoxicillin, amoxicillin/clavula‑
nate, cephalexin, enrofloxacin, erythromycin, and 
gentamicin (100%).

3.  The least susceptible Staphylococcoceae isolates 
were to amoxicillin/clavulanic acid compound 
(67.4%); Corynebacteriaceae to clindamycin 
(33.3%), Enterobacterales to cephalexin and cefox‑
itin (83.3%); and Bacillaceae to tetracycline (40%).

4.  Medications included in Lithuanian Veterinary 
Drugs Registry are sufficient to effectively treat 
eye diseases in dogs caused by Gram+ and Gram− 
bacteria. 
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Abstract. Reticulorumen pH is affected by rumen fermentation processes and, therefore, is a good 

indicator of subclinical disease in dairy cattle. The aim of this study was to estimate the effect of exoen-
zymes and yeast supplementation on the reticulorumen pH circadian rhythm and predict the reticuloru-
men pH diurnal fluctuation. The study was performed in a commercial dairy farm. Thirty clinically 
healthy Lithuanian Red cows were assigned into outdoor (OD) and indoor (ID) trials (15 cows each). 
In each trial, the cows were divided into three homologues groups (5 cows each): control (C) – diet 
with no supplementation; enzyme (E) – diet supplemented with exoenzymes; enzyme and yeast (EY) – 
diet supplemented with exoenzymes and active yeast. The reticulorumen pH values were recorded for 
each cow over a 30-day period using “SmaXtec Premium Bolus” (SmaXtec animal care GmbH. Graz. 
Austria). The diurnal reticulorumen pH fluctuation was analyzed using the Z-probability equation. 
In group OD–C, the greatest probability for the reticulorumen pH values to reach maximum was at 
06:45 ± 00:20 h. It was by 09 h 14 min (p < 0.001) and 09 h 32 min (p < 0.001) earlier in the day as 
compared with groups OD–E and OD–EY, respectively. The probability for the reticulorumen pH to 
reach maximum occurred earlier in group OD–E by 8 h 34 min (p < 0.001) as compared with group 
ID–E. No significant differences were observed between the groups in the probability for the minimum 
reticulorumen pH. The time for reticulorumen pH to stay at its maximum value was significantly longer 
by 06:30 h in trial ID as compared with trial OD. The total amount of time per day of the probability 
for minimum reticulorumen pH was by 03:34 h (p < 0.05) longer as compared with the probability for 
maximum reticulorumen pH. According to our results, the Z-probability equation can be used to predict 
the reticulorumen pH diurnal fluctuation. Total mixed ration supplementation with exoenzymes and 
active yeast positively affected the time and the length of maximum pH values occurrence.
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Introduction
Rumen plays the most important role of feedstuff 

digestion in dairy cows. The rumen ecosystem is a 
sensitive microbiological niche with well‑established 
interactions between different types of microorgan‑
isms that are responsible for optimal feed digestion 
and energy extraction for the host animal (Deng et 
al., 2008). For efficient forage degradation, not only 
the quality and the composition of material itself are 
important, but also physical conditions of the envi‑
ronment where fermentation will be performed. One 
of the physical parameters is rumen fluid pH. Rumen 
pH is dependent on rumen microbial fermentation 
end‑products. Optimal rumen pH is close to neu‑
tral, pH below 6.0 reduces activity of fiber degrading 
bacteria, and pH below 5.8 could promote sub‑acute 
ruminal acidosis (SARA), or lead to animal health 
problems (Kleen at al., 2003; Zebeli et al., 2007; Plai‑
zier et al., 2008). One of the feeding management 
priorities is to increase fiber digestion and at the same 
time keep ruminal pH in the normal range (Zebeli et 

al., 2012). Biological diet supplements, such as active 
yeast or exoenzymes, can induce non‑starch polysac‑
charide degradation. Exoenzymes are capable of di‑
rect hydrolysis of cellulose and hemicellulose matrix, 
and they also stimulate bacterial attachment to plant 
cell walls (Adesogan et al., 2019). Active yeast sup‑
ports anaerobic conditions by reducing the oxygen 
level in rumen and by increasing ruminal pH through 
stimulation of lactic acid utilizing bacteria, thus im‑
proving conditions for fiber degradation (Fonty and 
Chaucheyras‑Durand, 2006; Adesogan et al., 2019). 
Both of them affect ruminal pH, but there is a lack of 
information about an effect of such diet supplements 
on diurnal pH cycles. 

On a commercial dairy farm, rumen pH could 
be measures by taking ruminal fluid samples using 
esophagus–rumen probes, or performing rumenocen‑
tesis (AlZahal et al. 2007). Both of them are stress‑
ful for animals, samples could be contaminated with 
saliva or blood and have limitations in sampling fre‑
quencies. A modern and safe method for animals is to 
use wireless‑indwelling reticulorumen pH measure‑
ment systems (Antanaitis et al., 2016). Such systems 
continuously measure reticulorumen pH and provide 
large volumes of data, which could be used to cal‑
culate average reticulorumen pH at a certain period 
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or amount of time spent below the given threshold. 
Denwood et al. (2018) suggested that such data could 
be used to define and diagnose abnormal reticuloru‑
minal pH by identifying deviations from normal pH. 
A similar study was performed by Josson et al. (2019). 
They calculated the probability of the reticulorumen 
pH value to occur below a given threshold in farms 
with different feeding strategies. But statistical analy‑
sis suggested by both studies does not reflect the cir‑
cadian rhythm of reticulorumen pH.

By predicting the reticulorumen pH diurnal fluc‑
tuation, the ruminal digestion and nutrient supply 
to dairy cows on a given diet can be evaluated. Be‑
sides, it is beneficial to avoid ruminal and metabolic 
diseases, such as acidosis or laminitis. For this rea‑
son, AlZahal et al. (2007) used four equations which 
were growth functions used to describe the growth of 
animals and plants. But the applied equations only 
predict reticulorumen pH accumulated time under a 
given threshold and do not predict the reticulorumen 
pH diurnal fluctuation. To solve this issue, we con‑
sidered to use the Z‑probability ( Z‑score) equation 
(Whitlock, 2005). 

We hypothesized that the use of exoenzymes 
and active yeast supplements with different feeding 
strategies would affect the reticulorumen pH diur‑
nal fluctuation. The aim of this study was to predict 
the reticulorumen pH diurnal fluctuation by using 
Z‑probability and evaluate the effect of exoenzymes 
and yeast supplementation on the reticulorumen pH 
circadian rhythm. 

Materials and Methods
This study was performed on a commercial organic 

dairy farm (700 cows) in Panevėžys region, Lithuania. 
Thirty clinically healthy Lithuanian Red cows (an av‑
erage rectal temperature of 38.7 ± 0.1 °C, rumen mo‑
tility 5–6 times per 3 min, without signs of mastitis, 
metritis, or lameness) were used in the experiment. 
The cows were on average 50  ±7 days in milk and 
produced on average 31.3 ± 3.0 kg/d of milk. They 
were assigned to two trials (15 cows each): outdoor 
(OD), which was performed in the grazing period, and 
indoor (ID), which was performed in the winter time. 
During the OD trial, the cows were grazing ad libitum 
on pasture between 11 am and 5 pm, and spent the 
rest of the time in a free style barn. During the ID 
trial, the cows were continuously kept in a free stall 
type barn. In both trials, all cows were offered a total 
mixed ration (TMR) at 7 am and 5 pm. Diets of both 
trials were balanced to meet maintenance and produc‑
tion needs (Table 1). The accessibility to water was ad 
libitum. Milking occurred twice daily at 6:00 am and 
6:00 pm. 

In each trial, the cows were divided into three 
groups (5 cows each): control (C) – diet with no sup‑
plementation; enzyme (E) – diet supplemented with 
exoenzymes mixture of endo‑β‑xylanase 37 × 104 
U/cow/day, endocellulase 45 × 104 U/cow/day, and 
endo‑β‑glucanase 12 × 104 U/cow/day (Vilzim®NSP, 
UAB Biorro, Lithuania);  enzyme and yeast (EY)  – 
diet supplemented with exoenzymes and active dry 
yeast Saccharomyces cerevisiae CNCM‑1077, 10 x 109 

Item
Value

% of diet DM
Outdoor trial Indoor trial

Ingredient
Grass silage1 26 42.8
Corn silage1 9 12.3
Straw1 3 5.1
High‑moisture corn1 5 9.1
Ground concentrate mixture1,2 29 30.7
Pasture grass3 28 0

Diet chemical composition
DM, % 40.5 44.1
OM, % of DM 71.1 74.6
CP, % of DM 15.08 13.6
NDF, % of DM 43.11 37.1
ADF, % of DM 27.46 22.2

DM – dry matter, OM – organic matter, CP – crude protein, NDF – neutral detergent fiber, ADF – acid detergent fiber. 
1 Ingredients of TMR.
2 Composition of the concentrate mixture. Dry grains: wheat, triticale, oats; dry ground peas and ground beans, dry 
rapeseed, soybean meal, sodium bicarbonate, feed chalk, salt, vitamins and trace mineral premix.
3 Pasture grass: ryegrass, red clover, white clover, alfalfa grass.

Table 1. The ingredients and chemical composition of farm diet
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CFU/cow/day (Levucell SC, Lallemand Animal Nu‑
trition, France). The corresponding treatment was 
administered by top‑dressing forages and was mixed 
by using a TMR mixer – feeder “Kuhn Euromix I” 
(Bucher Industries AG. Switzerland). 

The cows were adapted to the diet supplement for 
21 days, before each experimental period. The re‑
ticulorumen pH values were recorded for 30 days in 
each trial. All cows were equipped with intrareticulo‑
ruminal telemetric sensor device “SmaXtec Premium 
Bolus” (SmaXtec animal care GmbH. Graz. Austria). 
The bolus specifications and guidelines for applica‑
tion to animals were described by Antanaitis et al. 
(2016).

Probabilities for the reticulorumen pH to reach 
the highest or the lowest values during the diurnal 
cycle were calculated using the Z‑probability table. 
The Z‑probability test takes advantage of the one‑to‑
one mapping of the standard normal curve to the p 
value of a one‑tailed test (Whitlock, 2005). By Z, we 
mean a standard normal deviation, which would be a 
daily reticulorumen pH distribution with mean and 
standard deviation. As Z goes from negative infinity 
to infinity, P will go from 0 to 1, and any value of P 
will uniquely be matched with a value of Z and vice 
versa. The Z values of −1.96 and 1.96 were selected 
as points in data set to describe 2.5% of the lowest 
and the highest measurement values in the daily data 
range, respectively. An equation to find the necessary 
reticulorumen pH value was used: .

All measured reticulorumen pH values which were 
equal, above (for maximum) or below (for minimum) 
the estimated value were selected and marked as −1 
or 1, respectively. Time values were also recorded. A 
probability for pH to reach the maximum or the min‑
imum value at a certain point of time was calculated 
using the equation:

where E is positive observations (a sum of −1 or 1) 
and S is all possible observations (30 days). 

A probability in separate trial groups was calculat‑
ed as means and expressed in percent. For regression 
analysis, the Pearson correlation coefficient (R) was 
used. Statistical analysis was performed by ANOVA 
with the Fisher’s least significant difference test. Sta‑
tistical calculations were carried out using IBM Sta‑
tistic SPSS version 15 (license No. 9900457; IBM. 
USA). The results were considered statistically sig‑
nificant when p ≤ 0.05.

Results 
In general, the diurnal reticulorumen pH fluctua‑

tion of each trial group had two periods when the 
probability was higher for maximum diurnal pH val‑
ues and two periods when the probability was higher 
for the minimum diurnal pH values (Fig. 1). The dif‑
ference between the treatment groups was in the time 

when the maximum or the minimum was reached, in 
the size of probability and the length of periods.

In the first half of the day, the probability for 
maximum pH values started to increase before the 
morning feeding. The earliest probability started to 
occur in group ID–EY at 05:24 ± 00:32 am , and 
the latest probability occurred in group OD–EY at 
06:05 ± 00:41 am . The highest probability was reg‑
istered in group OD–C (22.67 ± 4.87%) and the low‑
est probability in group OD–E (11.33 ± 1.8%). The 
longest period in the first half of the day was recorded 
in group ID–EY for 05:34 ± 00:21 h, and the short‑
est was recorded in group OD–E for 01:38 ± 00:17 h. 
In the first half of the day, the probability for maxi‑
mum pH values increased fastest in group OD–C 
(18.46%/h, R = 0.92) and slowest in group ID–EY 
(4.8%/h, R = 0.67). As group OD–C was compared 
with group OD–E and group OD–EY, better prob‑
ability for maximum pH values occurred 09:14 h 
(p < 0.001) and 09:32 h (p < 0.001) later in the day, 
respectively. 

After the morning feeding, the probability for max‑
imum pH started to decrease and the probability for 
minimum pH started to increase. The earliest prob‑
ability for minimum pH was registered in group OD–E 
(09:10 ± 00:29 am) and the latest was registered in group 
OD–EY (11:08 ± 00:34 am). The highest probability 
was registered in group OD–C (6.67 ± 1.4%) and the 
lowest probability was in group ID–E (3.33 ± 0.7%). 
The longest period in the first half of the day of the 
probability for minimum pH values was recorded in 
group ID–E for 05:50 ± 00:34 h and the shortest was 
in group OD–C for 02:16 ± 00:20 h.

In the second half of the day, the reticulorumen 
pH fluctuation was similar to pH fluctuation in the 
first half of the day: the probability for maximum 
pH values had the greatest values within evening 
feeding and then started to decrease followed by in‑
creased probability for minimum pH values. The ear‑
liest probability for maximum pH values occurred in 
group OD–EY at 1:17 ± 00:13 pm  and the latest 
in group ID–E at 3:58 ± 00:47 pm . The probability 
for maximum pH values ranged from 7.33 ± 1.3% at 
3:18 ± 00:38 pm  (group OD–C) to 28.89 ± 3.05% at 
4:30 pm (± 00:22) (group OD–EY), while the prob‑
ability increased fastest in group OD–E (10.2%/h, 
R = 0.87) and slowest in group OD–C (3.67%/h, 
R = 0.71). The shortest period in the second half of 
the day of the probability for maximum pH values 
was recorded in group OD–C for 01:58 ± 00:24 h and 
the longest was in group ID–EY for 04:50 ± 00:26 h. 
No significant differences in the length of the periods 
between treatments were observed. 

The probability for minimum reticulorumen 
pH values was observed during the nighttime in all 
groups. Group OD–C was the first group when the 
probability for minimum pH started to increase (at 
5:00 ± 00:19 pm). This group had the longest pe‑
riod (10:00 ± 00:20 h) as well. The latest (started to 

              n(E)
P(A) =
              n(S)        
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Fig. 1. Graphically visualized reticulorumen pH diurnal probability patterns
Trials and groups are represented in the upper left corner of the separate graph. Positive Y‑axis values represent 
maximum pH values and negative values represent minimum values. The X‑axis represents the time of the day 

in a 24 h (hh:mm) format with a smaller tick of 10 min. Black dotted lines represent the milking time, 
red dotted lines represent feeding with TMR, and the green dotted square is grazing time.

increase at 8:20 ± 00:17 pm) with the shortest time 
(08:02 ± 00:14 h) was group ID–EY. The highest 
probability values of minimum pH was registered in 
group OD–EY (14.14 ± 2.08%), while the lowest oc‑
curred in group ID–E (9.98 ± 0.1%). 

The overall probability time length of maximum 
reticulorumen pH during the day varied from 06:10 h 
(group OD–E) to 10:20 h (group ID–EY). The prob‑

ability of minimum reticulorumen pH varied from 
8:50 h (group OD–C) to 13:30 h (group OD–E). The 
probability of minimum reticulorumen pH was by 
03:34 h (p < 0.05) longer than the probability of max‑
imum reticulorumen pH. As trial ID was compared 
with trial OD, the period of probability for maximum 
reticulorumen pH values was longer for trial ID by 
06:30 h (p < 0.05).

Ignas Šilinskas, Ingrida Monkevičienė, Gintarė Dovydaitienė, et al.



49

Veterinarija ir Zootechnika 2020;77(99)

Discussion 
To our knowledge, this is the first study that has 

used the Z‑probability equation to predict the reticu‑
lorumen pH diurnal fluctuation. The results suggest‑
ed that the probability for reticulorumen pH to be 
at maximum or minimum at a certain time had only 
minor differences across the treatment groups. The 
probability for maximum or minimum pH was more 
dependent on the feeding time rather than on feed 
supplements or the feeding strategy. In all treatment 
groups, the probability for maximum pH tended to 
be greatest within the morning and evening feeding, 
when the probability for minimum pH on average 
occurred at 5:33 ± 1:30 h after feeding. Our study 
results of ruminal pH diurnal fluctuation are consis‑
tent with those of Palmonari et al. (2010) and Salfer 
et al. (2018), where ruminal pH was highest just be‑
fore feeding and declined for approximately 5 to 7 
h thereafter, before gradually increasing again. Henk 
van Lingen et al. (2017) also reported that rumen 
fluid had pH 7.0 at feeding, decreased to pH 6.3 two 
hours after feeding, remained relatively constant for 5 
h, and then increased to pH 6.7 at 10 h after feeding. 
Nordlund and Garrett (1994) suggested that the best 
time to take samples by rumenocentesis for SARA 
diagnostic is 5 to 8 h post‑feeding in TMR‑fed herds. 
According to the results from independent trials, we 
can conclude that cows’ ruminal fermentation cycles 
are adapted to the feeding time.

Ruminal fermentation is performed by rumen 
microorganisms where the most important role be‑
longs to rumen bacteria. Rumen bacteria consist of 
a vast amount of species where each species plays an 
important role in feed degradation and conversation 
into volatile fatty acids (VFA), an acceptable form of 
energy for a host animal. According to Kolver and 
De Veth (2002), the most abundant rumen bacteria, 
detected a few hours after feeding, were Pseudobu-
tyrivibrio spp., Lactobacillus spp., Selenomonas spp, 
Streptococcus spp., and Prevotella spp., which rapidly 
convert carbohydrates into volatile fatty acids (VFA) 
and lactic acid. VFA and lactic acid strongly nega‑
tively correlate with rumen pH, which is responsi‑
ble for increased probability for minimum reticulo‑
rumen pH. Kolver and Veth (2002) reported that in 
their study VFA concentration reached its maximum 
3 h after feeding. The molar proportion of propion‑
ate reached a maximum of 22% in total VFA at 1.5 
h after feeding. The proportion of butyrate steadily 
increased to a peak of 15% at 6 h after feeding and 
the molar proportion of acetate decreased from 68% 
to 62% over the first 1.5 h and then recovered after 
3 h after feeding. Lactic acid was detected from 0.5 h 
to 4 h after feeding. The inflation of VFA and lactic 
acid in the first hours after feeding and their strong 
influence on rumen pH suggest that the Z‑probability 
model of reticulorumen pH could be used to predict 
the diurnal fluctuation of VFA and lactic acid but the 
additional measurement is necessary. 

Different feeding strategies could not necessarily 
result in different patterns of the diurnal reticuloru‑
men pH fluctuation. The main difference between 
trials was that in trial OD along with TMR feeding a 
fresh pasture grass was included, while in trial OD the 
cows were only fed TMR. Fresh grass consists of solu‑
ble sugars and easily fermentable fiber, but according 
to the results, no significant differences in reticulo‑
rumen pH probabilities were observed between the 
treatments in general, or in the period when the cows 
were grazing. These observations could suggest that, 
while grazing, lactic acid is not produced in necessary 
quantities to induce a significant rumen pH decrease. 
However fresh grass is a good source of VFA pro‑
duction, whereas VFA are relatively weak acids and 
do not reduce the activity of fiber degrading bacteria 
(De Veth and Kolver, 2001). Besides, by comparing 
trial OD to trial ID, cow feeding behavior should be 
taken into account. The study of Pitt and Pell (1997) 
suggested that cow feed intake was not dependent on 
a feeding frequency. Cows fed 2 times and 12 times 
per day consumed the same amount of DM during 
the day. During our trials, the cows were always fed 
at the same time 2 times per day. The cows in trial 
OD instead of grazing fresh grass tended to wait for 
the main TMR meal, but further investigation of DM 
intake is necessary. 

Forage supplementation with exoenzymes and 
active yeast did not give expected significant results 
to reticulorumen pH. It is possible that neither exo‑
enzymes nor active east may have abilities to affect 
reticulorumen pH, but more likely that the z‑prob‑
ability equation and its adaptation to the diurnal re‑
ticulorumen pH fluctuation are not suitable to find 
meaningful differences between treatments. Only the 
small positive effect of yeast was observed in group 
ID–EY when the time length of probability for maxi‑
mum reticulorumen pH was longest. A meta‑analysis 
prepared by Desnoyers et al. (2009) revealed that 
yeast supplementation increased rumen pH (+0.03 
on average) and rumen volatile fatty acid concentra‑
tion (+2.17 mM on average), tended to decrease ru‑
men lactic acid concentration (−0.9 mM on average) 
and increased total‑tract organic matter digestibility 
(+0.8% on average). 

By comparing the results with other studies where 
the circadian rhythm of reticulorumen pH was ana‑
lyzed, the results of both trials in group C were simi‑
lar to those of Denwood et al. (2018) and Josson et 
al. (2019) where the reticulorumen pH was highest 
in the first half of the day. Our results contribute to 
the research where reticulorumen pH values started 
increasing after 22:00 h (Antanaitis et al., 2016), ex‑
plaining a pH increase due to saliva excretion during 
rumination at the nighttime (Josson et al., 2019). 

Conclusions 
According to our results, we can conclude that the 

Z‑probability equation is acceptable for the prediction 

Impact of a Diet Supplemented with Exoenzymes and Yeast on Predicted Circadian Rhythm of Reticulorumen pH
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of reticulorumen pH diurnal fluctuation. The diurnal 
fluctuation of reticulorumen pH had high chances 
to be at maximum two times per day: in the morn‑
ing and in the evening; minimum pH values have the 
greatest probability to occur at midnight. TMR sup‑
plementation with exoenzymes and active yeast could 

affect the daily time of the maximum pH values to 
occur, but has no effect on time for the minimum pH 
values. This research also has practical benefits. Us‑
ing reticulorumen pH probability patterns, cow feed‑
ing strategies and rumen sampling strategies could be 
improved.
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Abstract. The aim of the research was to study the effect of heat stress (HS) and associated 
changes in the rectal temperature and the respiratory rate on long-chain fatty acid (LCHFA) content 
in the milk of Holstein-Friesian cows. The study included 22 cows on different parities studied in 
two periods: under thermo-neutral environment conditions (May 2018) and under heat stress (August 
2018). The fatty acid content of milk was determined using a chromatograph by the method of Rose-
Gottlieb. It was found that HS in dairy cows leads to changes in the content of some LCHFAs (C17:0; 
C18:0; C18:2 and C18:3) in milk fat. Under conditions of moderate HS (temperature-humidity index 
over 79), a certain decrease in the content of C17:0 was reported, while in the other three LCHFAs, 
an increase in their content in milk fat was reported to varying degrees. The strongest effect of HS was 
reported on the content of C18:0, which was proportional to the levels of HS. With an increasing rectal 
temperature, an increase in the content of C18:0 was reported, the increase being most substantial at a 
rectal temperature above 39.5°C.
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Introduction 
In the last few decades of the 19th century, we 

have witnessed dramatic changes in the Earth’s cli‑
mate associated with warming (Renna et al., 2010). 
Such trends are reported in different climatic zones, 
including the temperate continental. Milk cows are 
very sensitive to climate change and especially to 
elevated temperatures. Heat stress in dairy cows is 
usually associated with activation of certain ther‑
moregulatory mechanisms to overcome the hyper‑
thermia and maintain vital functions of the animal 
and, as a consequence,  reduction of their productiv‑
ity (Nardone et al., 2006). Exposure to heat stress 
can dramatically change both the quantity and com‑
position of ruminant milk (Renna et al., 2010). Pro‑
tein in milk has been found to decrease significantly 
under conditions of heat stress (Giustini et al., 2007; 
Kamiya et al., 2005). Studies by a number of authors 
have shown different trends in the milk fat content of 
cows’ milk under heat stress conditions (Giustini et 
al., 2007; Bouraoui et al., 2002; Sevi et al., 2001; Lac‑
etera et al., 1996). Some authors do not find changes 
in the amount of fat in cow’s milk at HS (Roman‑
Ponce, 1977; Knapp and Grummer, 1991; Lacetera et 
al., 2003), while others report a significant decrease 
(Bouraoui et al., 2002; Hammami et al., 2015; Hill 
and Wall 2015). However, surveys that have studied 
the effect of HS on the fatty acid profile of milk are 
few, and the results between the authors are contro‑
versial (Lacetera et al., 2003). The fatty acid profile 

of milk has been found to be a potential indicator of 
energy balance in cows (Bastin et al., 2012). HS leads 
to certain physiological changes in dairy cows such 
as increased respiratory rate, increased heart rate and 
increased body temperature (Kadzere et al., 2002; 
Wheelock et al., 2010), but the most prominent 
change is the reduced intake of dry matter (West, 
2003), which, together with the efforts for cooling, 
results in consumption of much energy and meta‑
bolic changes in the body of dairy cows (Bernabucci 
et al., 1999). According to Chilliard et al. (2000) and 
Parodi (2004), the content of LCHFAs after C16:0 in 
milk is a consequence of metabolism in the body and 
they are not synthesized de novo in the mammary 
gland of cows. According to the authors, all processes 
related to metabolism in the body under metabolic 
changes can cause a number of alterations in the per‑
centage of LCHFAs. Most of the LCHFAs in milk 
have different effects on human health. Palmitic acid 
(C 16:0) together with some medium‑chain saturated 
fatty acids (C12:0 and C14:0) are considered to be 
major factors in the development of cardiovascular 
diseases in humans (Kaylegian and Lindsay, 1995; 
Jensen, 2002). On the other hand, some unsaturated 
LCHFAs, such as oleic (C18:1), linoleic (C18:2) and 
linolenic (C18:3), have a positive effect on human 
health (Simopoulos, 2002). HS, leading to changes 
in the content of these fatty acids in milk, is of inter‑
est both in relation to the metabolic changes in the 
body of cows and respectively their welfare, and in 
relation to the qualities of produced milk as healthy 
food for humans.

The aim of the study was to investigate the ef‑
fect of HS and associated changes in the rectal tem‑
perature and the respiratory rate on the percentage of 



52

Veterinarija ir Zootechnika 2020;77(99)

LCHFAs – isomargaric (C17:ISO), margaric (C17:0), 
stearic (C18:0), oleic (C18:1), linoleic (C18:2) and 
linolenic (C18:3) – in milk fat in Holstein‑Friesian 
cows. 

Material and Methods
The study was conducted at a cattle farm with 

Holstein‑Frisian cows near Karnobat, southeastern 
Bulgaria, in 2018. Cows were housed in a semi‑open 
free stall dairy barn, fed year‑round ad libitum with a 
total mixed ration at the following composition for a 
cow per day in kg: forage – 14 kg, concentrates – 14 
kg, and vitamin and mineral supplements – 0.39 kg. 
The content of the forage expressed as a percentage 
of the total amount is as follows: corn silage – 77.15%, 
alfalfa hay – 12.14%, and straw – 10.71%. The con‑
tent of concentrates expressed as a percentage of their 
total quantity is as follows: maize grain (ground) – 
35.74%, wheat grain (ground) – 21.42%, barley grain 
(ground) – 7.14%, soybean meal – 11.42%, sunflower 
meal – 19.28%, and palm oil – 5%. The study in‑
cluded all cows calved between first April and tenth 
May 2018, thus excluding the effect of the lactation 
period on the fatty acid content of milk. The includ‑
ed cows were at first (9 cows), second (6 cows) and 
third to fifth (7 cows) parity or a total of 22 cows. To 
test for fatty acid content, individual milk samples 
with a volume of 100 mL from the morning and the 
evening milking were taken from each cow included 
in the study once in May and once in August. The 
daily milk yield as well as the content fat and protein 
percentage of the cows were taken from their offi‑
cial monthly milk performance records (for May and 
August). 

Extraction of milk fat was performed by the Rose‑
Gottlieb method using diethyl ether and petroleum 
ether (Methodenbuch, Bd. VI VDLUFA‑Verlag, 
Darmstadt, 1985). The solvents were then evaporated 
on a vacuum rotary evaporator. Sodium methylate 
(CH3ONa) was used to prepare the fatty acid methyl 
esters. The fatty acid content of milk fat was deter‑
mined by a “Clarus 500” gas chromatograph with a 
flame‑ionization detector and a “ThermoScientist” 
column (60 m, ID 0.25 mm, film: 0.25 µm).

To measure the heat stress, a temperature‑hu‑
midity index (THI) was estimated using a “Kestrel” 
automatic measuring instrument. Reporting of THI 
was carried out in the cows’ housing premises once a 
day, at 3 pm, with examination of the physiological 
parameters of each cow: the rectal temperature and 
the respiratory rate per minute. The rectal tempera‑
ture was measured by a digital thermometer in de‑
grees of Celsius. The respiratory rate was reported by 
visual observation and recording of the movement of 
the chest for a period of one minute according to the 
method of Zimbelman et al. (2009).

For better approximation factors object of the 
study were presented in classes as follows:

THI is presented in three classes according to the 

proposed THI scale by Armstrong (1994), respective‑
ly: Class 1 – THI up to 72; Class 2 – 72 to 79 (mid‑
moderate heat stress conditions); and Class 3 – THI 
above 79 (moderate heat stress conditions).

The rectal temperature of the cows, respectively: 
Class 1 – up to 38.5°C; Class 2 – from 38.5 to 39°C; 
Class 3 – from 39 to 39.5°C; and Class 4 – above 
39.5°C.

Respiratory rate per minute: Class 1 – up to 40 per 
minute; Class 2 – 40 to 45 per minute; Class 3 – 45 
to 55 per minute; and Class 4 – over 55 movements 
per minute.

For basic statistical processing of the data, a pack‑
age MS Excel was used, and for obtaining the aver‑
age values, errors, and analysis of variance, the cor‑
responding modules of STATISTICA of StatSoft was 
employed (Copyright 1990–1995 Microsoft Corp.)

The following model was used to evaluate the in‑
fluence of controlled factors on the content of long‑
chain fatty acids in milk:

      Yijkl = μ +THIi + RTj + Bk + eijkl

Where: Yijkl is the dependent variable (each of the 
fatty acids studied), μ is the mean effect, THIi is 
the effect of THI (classes), RTj is the effect of rectal 
temperature (classes), Bk is the effect of respiratory 
movements per minute (classes) and eijkl is the ran‑
dom residual effect.

By analysis of variance (ANOVA) for the model 
were obtained by classes of fixed factors the means of 
least squares (LSM).

Results 
Table 1 presents the reported THI averages for the 

two calendar months, with a significant difference of 
73.4 and 79.1, respectively. The variation in THI val‑
ues for May corresponds to conditions from optimal 
to mid‑moderate heat stress, THI 71.2 and THI 76.2, 
respectively. For August, the reported minimum‑
maximum values of THI were significantly higher 
corresponding to the conditions from mid‑moderate 
heat stress (THI 77.1), to conditions of moderate heat 
stress (THI 81.5).

Table 1 also presents the average Test day records 
for milk yield, fat and protein percentage, and the av‑
erage values of the reported physiological parameters 
of the examined cows for the two months of the study 
(May and August). The cows included in the study 
had a high average daily milk yield of 39.92 kg, a 
high fat content (4.13%) and a low protein content 
of 2.88%. A slight difference in the average TD per‑
formance values for the two months was observed. 
The average milk yield and fat percentage had lower 
averages for August compared with those for May but 
without a significant difference. There was a slight 
increase in the TD protein percentage, and although 
the difference was significant, it was very small – by 
only 0.1%.

Toncho Penev, Nikolina Naydenova, Dimo Dimov, et al.
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The average rectal temperature of cows increased 
from 38.55ºC in May to 39.27ºC in August, and the 
respiratory rate per minute increased from 39.27 to 
54.95, respectively. Table 2 presents the average val‑
ues and the variation in the content of long‑chain fat‑
ty acids in milk fat. Under the moderate temperature 
conditions for May, the values of C18:0 and C18:3 
were lower, 8.46% and 0.42%, respectively, and un‑
der conditions of low and moderate HS in August 
their values were increased to 9.38% and 0.54%. With 

LCHFA C17:0, the trend was opposite, i.e., the val‑
ues decreased slightly under conditions of HS, from 
3.46% to 3.21%.

Table 3 presents an analysis of variance for the 
influence of THI, rectal temperature and respiration 
rate on the contents of LCHFAs in the milk. The THI 
affected significantly four of the six studied fatty ac‑
ids: C17:0; C18:0; C18:2 and C18:3. The rectal tem‑
perature had a significant effect only on the C18:0 
content.

Indicator 
May, n = 22 August, n = 19

х ± SE min max х ± SE min max
Milk yield, kg 41.12 ± 2.52 n.s. 19.5 60.1 38.6 ± 2.19 n.s. 23.7 52.9
Fat % 4.31 ± 0.22 n.s. 2.70 5.87 3.94 ± 0.21 n.s. 2.28 5.56
Protein % 2.84 ± 0.02** 2.60 3.00 2.94 ± 0.02** 2.77 3.15
Rectal temperature, ºС 38.55 ± 0.09*** 37.3 39.2 39.27 ± 0.10*** 38.2 39.9
Respiratory rate, num‑
ber/min

39.27 ± 1.57*** 24.0 56.0 54.95 ± 1.91*** 36.0 682.0

Temperature‑humidity 
index

73.4 ± 0.29*** 71.2 76.2 79.1 ± 0.49*** 77.1 81.5

n.s.– has no significant effect.
*Significance at P < 0.05. **Significance at P < 0.01. ***Significance at P < 0.001.

Table 1. Average values and variation of productive traits for Test day, physiological indicators and 
temperature‑humidity index by months of reporting

LCHFAs May, n = 22 August, n = 19
х ± SE min max х ± SE min max

C17:ISO 0.55 ± 0.02 n.s. 0.26 0.72 0.58 ± 0.02 n.s. 0.37 0.76
C17:0 3.46 ± 0.09* 2.81 4.58 3.21 ± 0.06* 2.58 3.57
C18:0 8.49 ± 0.14*** 7.10 9.65 9.38 ± 0.14*** 8.16 10.33
C18:1 25.19 ± 0.56 n.s. 20.88 29.59 26.23 ± 0.34 n.s. 23.46 28.77
C18:2 2.60 ± 0.07 n.s. 2.04 3.18 2.60 ± 0.06 n.s. 2.01 2.95
C18:3 0.42 ± 0.03** 0.14 0.68 0.54 ± 0.02** 0.35 0.67
Total  40.33 42.54

n.s.– has no significant effect.
*Significance at P < 0.05. **Significance at P < 0.01. ***Significance at P < 0.001.

Table 2. Mean values (in %) and variation in the content of long‑chain fatty acids in milk fat by months of reporting

Sources of variation
Degrees 

of freedom 
(n–1)

C17:ISO C17:0 C18:0 C18:1 C 18:2 C18:3

F  P F  P F  P F  P F  P F  P

Total for the model 8 1.84  n.s. 1.64  n.s. 2.68 * 1.53 n.s. 1.85 n.s. 2.39 *
Temperature‑humidity index 2 2.69  n.s. 4.27  * 6.61 ** 2.35 n.s. 3.57 * 3.46 *
Rectal temperature 3 0.80  n.s. 1.31  n.s 3.30 * 1.23 n.s. 0.85 n.s. 2.00 n.s.
Respiratory rate 3 1.83  n.s. 1.18  n.s. 1.00 n.s. 1.73 n.s. 2.18 n.s. 1.01 n.s.
Error 32
n.s.– has no significant effect.
*Significance at P < 0.05. **Significance at P < 0.01. ***Significance at P < 0.001.

Table 3. Analysis of variance for the influence of temperature‑humidity index, rectal temperature 
and respiration rate on the contents of long chain fatty acids

Influence of Heat Stress and Some Related Physiological Indicators in the Milk of Holstein‑Friesian Cows
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Fig. 1 shows the LS mean values for C17:0 content 
of milk fat, depending on the THI values. The highest 
percentage (3.44%) of C17:0 in milk fat was recorded 
at the THI values from 72 to 79 corresponding to 
mild heat stress. With an increase in the THI values 
above 79 (moderate heat stress), the percentage C17:0 
content decreased to 2.99%.

Fig. 2 shows the LS mean values for the C18:0 
content at different THI levels. At the THI up to 72, 
the content of C18:0 was 8.4%, at the THI from 72 to 
79, it was 8.84, and at the THI above 79, it increased 
to 9.83%.

Fig. 3 presents the LS mean values of C18:0 de‑
pending on the rectal temperature. At values of the 
rectal temperature up to 38.5°С, the values of C18:0 
were 8.58% and increased to 10% at a rectal tempera‑
ture above 39.5°С.

Fig. 4 shows the LS means for the C18:2 content 
depending on the THI levels. With the increase in 

the THI values from mild (up to 72) to moderate HS 
(THI from 72 to 79), the increase in the content of 
this fatty acid was almost 0.4%.

Fig. 5 presents the LS mean values for the content 
of C18:3, depending on the THI. At the THI up to 
72, the amount of linolenic acid (C18:3) was 0.36%, 
at the THI from 72 to 79, it was 0.47%, and at the 
THI over 79, it was 0.56%. The tendency of increas‑
ing content of C18:3 with the increase of the THI 
value was clearly evident here. 

Discussion 
Similarly to our data presented in Table 1, Dimov 

et al. (2017) also reported THI risk values for the re‑
gion of southern Bulgaria. The authors indicate that, 
during the summer season, values determining con‑
ditions for mild to moderate heat stress in dairy cows 
were reported, namely,  average daily values of the 
THI over 75. There was also a certain risk of such 

Fig.1. LS means for C17:0 content depending on the THI

Fig. 2. LS means for C18:0 content depending on the THI
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Fig. 3. LS means for C18:0 content depending on the rectal temperature

Fig. 4. LS means for C18:2 content depending on the THI

Fig. 5. LS means for C18:3 content depending on the THI
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conditions in spring and autumn. It can be said that, 
with respect to the main productive traits of the cows 
included in the study,  no significant differences were 
observed for the two calendar months and the report‑
ed THI values, although the trend showed a slight 
decrease in TD milk yield and TD fat percentage in 
milk and a slight increase in the TD protein percent‑
age under mild to moderate HS in August (Table 1). 
There were no unidirectional data on the effect of HS 
on milk composition reported by  other authors as 
well. Bouraoui et al. (2002) also found a decrease in 
milk yield and a fat percentage under the influence of 
HS, while Smith et al. (2013) found an increase in fat 
content in milk under mild HS (THI over 68). These 
differences may also be due to different levels of HS 
in the studies by different authors.

In respect of the two physiological indicators, i.e., 
rectal temperature and respiratory rate, the results in 
Table 1 show that in May at the optimal to slightly 
risky THI values significantly lower values for the rec‑
tal temperature and the respiratory rate per minute 
were reported. Similar changes in the rectal tempera‑
ture values and the respiratory rate in cows under the 
influence of HS were also found by Bouraoui et al. 
(2002). According to Atkins et al. (2018), the respira‑
tory rate increases by 1.95 breaths per minute at the 
THI below 70 and by 3.18 breaths per minute at the 
THI over 70. This explains the differences in the re‑
spiratory rate per minute in our study.

Significant differences in the content for the two 
months of studying were reported in three studied 
LCHFAs: C17:0, C18:0 and C18:3. Our results for 
C17:0 and C18:0 were consistent with the studies of 
Hammami et al. (2015). Under the conditions of HS, 
Liu et al. (2016) also found an increase in C18:3 con‑
tent in milk fat.  The other LCHFAs showed very 
small (C17:ISO and C18:1) or no difference (C18:2) 
under both optimal and HS conditions. Our results 
regarding the C18:1 greatly differed from the results 
of Liu et al. (2016). The authors found a significant 
increase in the content of this fatty acid under HS 
conditions lasting 4 days. According to Liu et al. 
(2016), under HS conditions, LCHFAs are increased 
of the occurred lipolysis of the adipose tissue.

The data presented in Table 2 show that the total 
amount of LCHFAs reported in August (conditions of 
mild to moderate HS) was higher by 2.21%, compared 
with their total in May, under optimal temperature 
conditions. Renna et al. (2010) also found an increase 
in the amount of LCHFAs under HS conditions. 

The data in Table 3 show that the THI was the 
factor that significantly influenced four of the six 
studied fatty acids: C17:0; C18:0; C18:2 and C18:3. 
In regard of the two physiological indicators, the re‑
spiratory rate had no significant effect on the studied 
LCHFAs, and the rectal temperature had a significant 
effect only on the C18:0 content.

Similarly to our results in Figure 1, Hammami et 
al. (2015) also found a decrease in the content of mar‑
garic acid (С17:0) at the THI values above 62.

The THI had the highest significance effect (P 
< 0.01) on the C18:0 content (Figure 2). These data 
partly confirm the findings of Hammami et al. (2015), 
according to which C18:0 and C18:1 were the fatty 
acids affected by HS. Contrary to the results reported  
reported by Hammami et al. (2015), C18:1 was not 
significantly affected by HS levels reported in our 
conditions. This was probably due to the difference 
in the THI values. In our study, the reported THI 
values were around and above 79, while in the study 
of Hammami et al. (2015), the highest THI value was 
75. A more detailed analysis of the data presented in 
Figure 2 shows that with the increase in THI values, 
the percentage of C18:0 in milk fat also increased. 
These results confirm those of Barber et al. (1997). 
According to the authors, when cows were subjected 
to a negative energy balance, as observed under HS, 
a higher ratio of C18:0 and C18:1 cis‑9 was found. In 
other words, the presence of moderate heat stress led 
to lipolysis, which caused an increase in the C18:0 
content. Based on our results, we consider that the 
most sensitive change in cows under HS conditions 
was reported in stearic acid (C18:0) compared with 
the other analyzed LCHFAs.

From the LS figures shown in Figure 2, it can be 
seen that the increase in C18:0 content in cow’s milk 
at the THI up to 72 and from 72 to 79 is only 0.44%. 
When the THI increased above 79 (conditions of 
moderate HS), the content of this fatty acid increased 
by almost 1%. The increase in stearic acid values re‑
flected the metabolic changes occurring in the body 
of the cows, which affected the fatty acid content of 
the milk they produce. Bandaranayaka and Holmes 
(1976) found that a high ambient temperature of 
30°C was associated with a statistically significant in‑
crease (P < 0.05) of C18:0 content in milk fat.

In support of the above thesis that the amount of 
C18:0 in milk of dairy cows is an objective indicator 
of moderate heat stress presence, a significant effect 
(P < 0.05) of the rectal temperature on the content of 
this fatty acid was also reported (Table 3).

A clear trend for an increase in content of C18:0 
with the increasing rectal temperature was observed. 
As the THI values increased, an increase in the cows’ 
rectal temperature was also observed (Srikandaku‑
mar and Johnson, 2004). According to (Ammer et al., 
2016), the normal body temperature of cows varied 
between 38°C and 39.2°C. Our study found that the 
increase in C18:0 content in milk fat in cows within 
the physiological norm for the rectal temperature (up 
to 39.5°C) was minimal, i.e., 0.2%. However, an in‑
crease in the rectal temperature of cows above 39.5°C 
was associated with a significant increase in the per‑
centage of C18:0 in milk fat, possibly due to increased 
lipolysis in the body due to reduced dry matter in‑
take (Barber et al., 1997; West, 2003; Wheelock et 
al., 2010; Bouraoui et al., 2002; Rhoads et al., 2009).

These results confirm the studies of Liu et al. 
(2016), who found an increase in the content of this 
fatty acid by 4.1 mg/g of milk fat under HS within 
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the THI range between 72 and 84. In our study, it 
was found that increasing the THI values above 79 did 
not maintain the tendency of increasing the C18:2 
content, as reported for C18:0. There was even a 
slight decrease in its content by 0.02% in moderate 
heat stress (THI over 79), compared with cows un‑
der mild HS (THI 72 to 79). In a study by Nantapo 
et al. (2014) with advancing of lactation, the content 
of linoleic acid (C18:2) in the milk decreased. The 
increase we found presented in Figure 4 shows that 
the influence of HS was very strong, overcoming the 
physiologically expected trend for lowering. In the 
studies of Liu et al., (2016), the C18:2 content in‑
creased in absolute values, but the authors did not 
consider how this fatty acid content changed at dif‑
ferent levels of HS. Based on the results of our study 
it follows that lipolysis occurring in the body of cows 
under moderate HS most considerably affected the 
content of stearic acid. According to Hammami et al. 
(2015), the most substantial change in the fatty acid 
composition of milk under conditions of HS concerns 
mainly C18:1 cis‑9. The differences between our re‑
sults and those of other authors may also be due to 
the differences in the feeding strategy of the cows and 
their daily milk yield. In the study of Hammami et al. 
(2015), the average daily milk yield of cows reached 
23.43 kg per day, while in our study it was signif‑
icantly higher, i.e., ‑ 39.92 kg per day. Cows with 
higher milk yield reacted with occurrence of symp‑
toms of HS (increased respiratory rate and higher 
rectal temperature) at lower values of the THI due 
to their higher sensitivity to HS (Bernabucci et al., 
2014). As cow productivity increases, the metabolic 
heat they produce increases (Purwanto et al., 1990), 
which increases their sensitivity to HS (Kadzere et 
al., 2002). The increase was 0.39% at the THI from 
72 to 79, and 0.37% at the THI above 79, relative to 
thermo‑neutral conditions (THI below 72).

According to Liu et al. (2016), HS induced an in‑
crease in the content of LCHFAs in milk. Our study 
on the content of C18:3 in milk confirmed the results 
obtained in studies of Liu et al., (2016), finding that 

the content of this fatty acid increased proportionally 
to the increase of heat stress. According to Nantapo et 
al. (2014), similarly to linoleic (C18:2), the content of 
linolenic acid (C18:3) should normally also decrease 
as lactation progresses. In our study in August, cows 
were in more advanced stages of lactation (third or 
fourth lactation month) compared with May (first 
or second) and a decrease should be reported in the 
content of these fatty acids. Higher values reported 
in August indicate that HS had a significant effect 
on the content of long‑chain unsaturated fatty acids, 
which outweighs the physiological effect of the lacta‑
tion stage.

Linolenic acid (C18:3) has a proven beneficial ef‑
fect in the prevention of heart disease and improved 
immune response in humans (Muchenje et al., 2009; 
Palladino et al., 2010). The study found that heat 
stress caused an increase in the amount of long‑chain 
fatty acids in cow’s milk, especially stearic, oleic and 
linolenic acid. Increasing or maintaining the levels of 
unsaturated fatty acids in milk specific for early lacta‑
tion, under the influence of HS, would be healthier 
for people who consume it. However, heat stress has 
a detrimental effect on the welfare and health of cows 
in many aspects, which, despite the above‑mentioned 
positive effect on human health, requires that mea‑
sures be taken to eliminate or mitigate it.

Conclusion
The heat stress in dairy cows results in changes in 

the content of some long‑chain fatty acids (C17:0; 
C18:0; C18:2 and C18:3) in milk fat. Under condi‑
tions of moderate heat stress (THI over 79), a slight 
decrease in the content of C17:0 was reported, while 
in the other three LCHFAs, an increase of their con‑
tent in the milk fat in varying degrees was found. 
The strongest influence of heat stress was reported 
on the C18:0 content, which was proportional to the 
levels of HS. As the rectal temperature increases, an 
increase in the C18:0 content is observed, with the 
increase being most substantial at a rectal temperature 
above 39.5°C.
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Abstract. Mycoplasma infections are among the most common causes of eye infection in cattle 
worldwide. The purpose of this work was to use a DNA-based method to investigate the presence of 
Mycoplasma spp. in the conjunctival sac of diseased and healthy calves and heifers. Between May 2018 
and August 2019, a total of 116 eye swab samples were taken from seven industrial dairy farms in Al-
Najaf province, where 85 samples were collected from diseased animals and 31 from healthy animals. 
Concerning the PCR test, 6.4% and 28.2% were respectively positive for healthy and diseased animals. 
Conjunctivitis, keratoconjunctivitis and corneal ulcers were reported in 52%, 31% and 17% of the dis-
eased group, respectively. In conclusion, Mycoplasma spp. important bovine pathogen causing multiple 
eye lesions that can not be identified due to their asymptomatic nature.
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Introduction
Corneal and conjunctival infections are amongst 

the most common eye diseases in livestock world‑
wide. A predisposing eye infection was considered to 
be eye irritation caused by exposure to sunlight, dust, 
pollen, seeds, and buds. Most cases of ocular lesions 
show corneal ulcers, corneal blindness, corneal oede‑
ma, light anxiety, blepharospasm, and abundance of 
tear excretion (Underwood et al., 2015, Brooks et al., 
2017). 

Mycoplasma is one of the main pathogens affect‑
ing a competitive animal health condition in most 
countries (Nicholas & Ayling, 2003). Mycoplasma 
exploits chronic diseases that affect the animal, lead‑
ing to the suppression of the body’s general immune 
status, providing an appropriate environment for in‑
fection with different Mycoplasma species. In cattle, 
various Mycoplasma species are considered to be a 
real cause of mastitis, respiratory tract infections, ar‑
thritis, genital tract infections, otitis, keratoconjuncti‑
vitis, and abortion (Maunsell & Donovan, 2009, Cal‑
cutt et al., 2018), which leads to massive economic 
losses in the sector of animals worldwide (Aebi et al., 
2012, Matilda et al., 2018, Loria et al., 2018).

Moraxella bovis is indeed among the most com‑
mon causes of eye diseases in cattle, but mycoplasma 
is no less harmful. Other pathogens like Moraxella 
ovis and Chlamydia species are also regarded as a 
common cause. Mycoplasma has many species, in‑
cluding M. agalactiae, M. bovis, M. californicum, 
M. bo virhinis, M. alkalescens, M. mycoides, M.

dispar, M. canadense, M. bovigenitalium, M. conjunc-
tivae, and M. bovoculi (Loria et al., 2018, Salih & 
Rosenbusch, 2001, Nicholas et al., 2000). 

Mycoplasma alone can cause an ocular lesion in 
cattle, but a mixed infection with Moraxella bovis may 
increase the severity and pathogenicity of the disease 
(Alberti et al., 2006, Gould et al., 2013).

 Mycoplasma is a self‑reproducing microorganism 
that is recognized as the smallest one. They spread 
globally, either as free‑living or as parasites of hu‑
mans, animals and plants (Razin, 1992). Mycoplas‑
mas are phenotypically distinct from other bacteria by 
their minute size and complete absence of a cell wall, 
as well as restricted metabolic ability (Razin et al., 
1998). Using antibiotics such as penicillin that inhibit 
cell wall synthesis is futile in treating mycoplasma 
diseases because it lacks the cell wall (Klöckner et al., 
2016, Naveed et al., 2020). 

Because of restricted genetic potency of myco‑
plasmas, they need a complicated growth medium to 
consist of the medium enriched with peptone, yeast 
extract, animal serum and animal cell (Smith, 2012, 
Gerdtzen, 2017). There is a limited condition for my‑
coplasma growth, such as a specific host, a specific 
tissue and a specific organ, that reflects the precise 
nutritional character (Volokhov et al., 2011) 

In order to control mycoplasma infections, a pre‑
cise diagnosis must be made and  suspected animals 
must be exluded from the herd because there is no ef‑
fective vaccine against mycoplasma infections (Nich‑
olas et al., 2008b, HA, 2013). 

In addition to the shared antigenicity among path‑
ogenic and non‑pathogenic mycoplasmas, the costly 
and time‑consuming culture of mycoplasmas make 
diagnosis difficult by routine technique (Pilo et al., 
2007, Smith, 2012). The PCR test provides a more 
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precise method of mycoplasma detection in both acute 
and chronic infections and offers a greater scope for 
detection than culture and serological methods (Ros‑
setti et al., 2010, Touati et al., 2014).

The occurrence of mycoplasma in Iraqi cattle is 
unclear, and not all diagnostic laboratories do isolate 
mycoplasma generally. For this reason, a DNA‑based 
approach was employed to identify the presence of 
Mycoplasma spp. in the conjunctival sac of diseased 
and healthy calves and heifers. 

2. Materials and Methods
2.1. Sample collection
A total of 116 eye swab specimens were collected 

from 85 diseased and 31 healthy animals during the 
study period between May 2018 and August 2019. 
The samples were taken from calves and heifers (6‑2 
months) of Holstein Friesian breed from 7 industrial 
dairy farms in Al‑Najaf province‑Iraq and transported 
by a cold chain to the laboratory. Clinical symptoms 
of the affected animals were reported. Furthermore, 
clinical cases were divided into three categories ac‑
cording to complication severity: conjunctivitis as a 
single sign; conjunctivitis and keratitis without cor‑
neal ulcers; conjunctivitis and keratitis involving a 
visible corneal ulcer.

The eye swab samples were taken from the con‑
junctival sac using sterile cotton moistened with ster‑
ile normal saline and stored in sterile tubes contain‑
ing 1.5 mL of saline phosphate buffer and an ice pack 
for transfer to the laboratory to be stored at −70°C.

2.2. Preparing of DNA samples
DNA was extracted from the eye swab samples ac‑

cording to the protocol (Sinagen DNPTM kit) (Sina‑
ClonBioScience‑Tehran, Iran).

2.3. PCR test
A 280 bp fragment of a highly conserved 16s 

rRNA coding region of mycoplasma genome was 
amplified using Mycoplasma spp. PCR detection Kit 
primer (SinaClonBioScience Company, Tehran, Iran). 
For this purpose, a final volume of 25 μL, consist‑
ing of 20 μL PCR MIX, 0.2μL Taq DNA polymerase 
and 4.8 μL DNA sample, was prepared in a PCR tube 
on ice.  The 20 μL PCR MIX used in the reaction 
includes, in addition to MgCl2 and dNTPs, specific 
primers for the 16s rRNA coding region. The PCR 
tubes containing the reaction mixture were then trans‑
ferred to the thermocycler device (Bio‑RadTM ‑ MJ 
Mini thermal cycler, USA). The thermocycling pro‑
tocol was as follows: 1 cycle of 94°C for 2 min, 35 
cycles of 94°C for 15 sec, 52°C for 20 sec and 72°C 
for 35 sec, with a terminal step of 5 min at 72°C. After 
completion of the thermocycler step, the PCR product 
samples were transferred to electrophoresis (5 volts/
cm) using GelRed® Prestain Plus 6X DNA loading 
dye (Biotium, USA) with 1.5% agarose/TBE gels. 
Then the UV illuminator gel documentary (Siemens, 

Germany) was used to visualize a 280 bp amplicon. 
Positive and negative controls were also applied along 
with the samples (McAuliffe, Ellis, Ayling, & Nicho‑
las, 2003; Tenk et al., 2006; Jain, Verma,  & Pal, 2012).

Statistical  analysis 
Data obtained are expressed as mean ± SD. Using 

Excel and SPSS V.20 statistical applications, P < 0.01 
values were considered statistically important.

Results
The PCR test of the current study indicated the 

presence of 280 bp fragments of 16s rRNA‑specific 
coding gene of mycoplasma reflecting positive results, 
as shown in Fig. 1. 

In general, 73.3% of the samples were taken from 
animals with different ocular lesions. The remainder 
of the 26.7% was collected without clinical evidence 
from healthy animals. Based on the findings of the 
polymerase chain reaction, overall positive samples 
were found to be 22.4% (26/116), 6.4% (2/31) in 
healthy animals, and 28.2% (24/85) in diseased ani‑
mals (Fig. 2).

Fig. 1. Positive 280 bp bands of the Mycoplasma specified 
16s rRNA gene coding region

Lane 1–10 shows eye swab samples. Lane C+ 
and Lane C− are both positive and negative controls. 

M: DNA ladder 100 bp.

Fig. 2. Percentage of positive and negative results 
of the PRC test for both diseased and healthy animals

Khaleel Zainel Khaleel Al‑Alo, Ayyed Bajee Hassan Alzwghaibi, Hassan Khalaf Ulaiwi Al‑Karagoly, et al.
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The ratio of identified microorganisms from dis‑
eased and healthy animals was 81% and 19%, re‑
spectively, revealing significant statistical differences 
(Fig. 3).

Conjunctivitis, keratoconjunctivitis and corneal 
ulcer were observed in 52%, 31% and 17% of the 
diseased animals, respectively, and 16% of the cases 
showed involvement of both eyes (bilateral infection) 
(Figs. 4 and 5).

Discussion
M. bovoculi and M. conjunctivae are the two most 

clinically important species to cause conjunctivitis 

and infectious bovine keratitis (IKC) (Romano et al., 
2018, Tryland et al., 2017, Gupta et al., 2015). 

In this study, a polymerase chain reaction was per‑
formed to determine the Mycoplasma species in the 
conjunctival sac of diseased and healthy calves and 
heifers.

In the current study, a 280 bp 16s rRNA fragment 
of Mycoplasma spp. was specifically detected. Besides, 
cross‑amplification did not occur with other patho‑
gens. The Mycoplasma spp. DNA sequence analysis 
(the data not shown) confirmed the positive result of 
the PCR test.

The total percentage of Mycoplasma spp. in eye 
swab samples was 22.4% (26/116). This percentage 
is lower than the proportion recorded by (Gupta et 
al., 2015) and (Raoofi et al., 2016) who reported a 
ratio of 37.5% and 56.7%, respectively. The difference 
can relate to the number of samples included in the 
study, the study season, the age of the animals studied 
and the area. In the diseased animals, the positive per‑
centage of Mycoplasma identified was 28.2, while in 
healthy animals it was 6.4. We disagree with the results 
(Schöttker‑Wegner et al., 1990) of 34.2% and 41.2%, 
respectively, in ill and healthy cattle, as well as the 
findings of Raoofi et al., (2016) who revealed 63.8% 
and 48.1% in infected and non‑infected cattles. That 
can be attributed to the difference in both the total 
number of samples being examined and the season.

The present study shows that conjunctivitis, kera‑
toconjunctivitis and corneal ulcers were found in 
52%, 31% and 17% of the diseased group, respec‑
tively. Such findings are in line with those reported 
by (Sidal et al., 2007) who reported a ratio of 30.3%, 
33.3%, and 36.4%, respectively. Infections of both 
eyes were detected in 16% of the cases, and this result 
is consistent with that of (Takele & Zerihun, 2000). 
Variation in virulence of different Mycoplasma spp., 
heat, dust, host immune status and likely concurrent 
infection with a bovine rhinotracheitis virus (bovine 
herpesvirus 1) or Moraxella bovis increases disease se‑
verity (Atkinson et al., 2008, Maunsell et al., 2011, 
Wilcock & Njaa, 2016). 

Severe conjunctivitis with corneal opacity or ul‑
ceration is the most frequent and obvious sign of 
Mycoplasma ocular infection. Eyelid involvement 
with marked swelling is prominent. Conjunctivitis is 
prominent in many keratoconjunctivitis‑producing 
infections (Schnee et al., 2015).

Corneal ulcers initially arise from the cytotoxic ef‑
fect of the microorganism over 24 hours, resulting in 
corneal degradation (microscopically) without a suf‑
ficient inflammatory response (Nicholas et al., 2008a, 
Brooks, 2005). The corneal epithelium is eventually 
destroyed, followed by degradation of the keratocytes 
and degradation of the corneal stroma. An inflam‑
matory response will then develop for several days 
leading to the development of large and deep corneal 
ulcers and oedema with stromal involvement, as well 
as corneal neovascularization (CNV) (Maggs, 2008).

Fig. 5. Percentage of bilateral eye lesions

Fig. 3. The ratio of mycoplasm in healthy and diseased 
animals detected by PCR

Fig. 4. Percentage of conjunctivitis, keratoconjunctivitis, 
and corneal ulcer in the positive samples 

of the diseased group

Investigation of Mycoplasma Species in Diseased and Healthy Calves and Heifers in Al‑Najaf Province, Iraq
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Conclusion
The study found that the percentage of Myco-

plasma spp. in animals with eye lesions was greater 
than in healthy animals, but only showing its exis‑
tence in healthy animals suggests the latent or 
asymp  tomatic nature. Hence, Mycoplasma spp. infec‑
tion can contribute to the severity of disease‑related 
lesions. 
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