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Introduction 

Parasitic diseases occurring in sheep rearing and breeding are of real significance. 

Chemotherapeutical drugs that have been used mainly to control zoonoses are efficacious, yet 

burdened with numerous contraindications and the risk for developing parasitic resistance to 

medications commonly applied. Therefore, the researches have been conducted on alternative 

substances for parasitic diseases control. 

The aim 

The study objective was to assess the efficacy of the essential oils based natural 

product with antiparasitic activity in reducing parasitic invasion as well evaluate production 

performance and physiological response of lambs under indoor management system. 

Material and methods 

The studies were carried out in the Experimental and Research Station in Bezek, a part 

of the University of Life Sciences in Lublin situated in the south-eastern part of Poland. The 

flock consists of 500 ewes. 

Animal material 

The animal material comprised animals of the synthetic prolific meat line SCP. The 

studies included 162 ewes and their progeny (238 lambs). The animals were maintained 

indoors under the same environmental conditions throughout the experiment. The ewes were 

mated in the harem system (25-28 ewes/ram) from 1
st
 August to 15

th
 September according to 

the rules applied to breeding flocks. The lambs under observation were born in January. The 

animals were maintained under the same environmental and feeding conditions as well as 

constant zootechnical and veterinarian care over the entire trial period. Parasitological  

evaluation of the monitored flock was conducted. A feeding level at each technological group 

complied with the obligatory norms. The lambs were raised in the traditional production 

system, i.e. stayed with their dams for 70 days. After weaning, the lambs had on-farm 

produced feedstuffs based on meadow hay, dried sugar beet pulp and oats grain. 

Treatment groups 

Table 1. Number of ewes and lambs in groups throughout the experiment 

 

ewes lambs 

I II Total 
I II Total 

Ram ewe total Ram ewe total ram ewe Total 

Group 1 29 26 55 27 13 40 18 21 39 45 34 79 

Group  2 22 30 52 17 16 33 21 24 45 38 40 78 

Group 3 26 29 55 18 20 38 22 21 43 40 41 81 

Total 77 85 162 62 49 111 61 66 127 123 115 238 



The ewes at the beginning of the fifth month of pregnancy were allocated into three 

treatment groups on the basis of coproscopic study results. Intensity and prevalence of the 

parasitic invasion in all three groups were found similar. A differentiating factor was the 

application of a different antiparasitic strategy. Group I – both, ewes and offspring received 

lick blocks with a blend of essential oils derived from 10 species of plants showing 

antiparasitic activity, Group II – only lambs from 10 days of life were provided with  licks 

containing essential oils from 10 species of plants with antiparasitic properties, Group C – 

Control – un dewormed (ewes and their lambs). Number ewes and lambs in each group is 

given in Table 1  

Deworming agents 

A preparation formulated from natural vegetal extracts supplied as a lick block was used as a 

dewormer (Star Block Phyto Verse – NEOVIA).This dewormer is certified for application in 

organic farms and contains Thymus vulgaris, Allium sativum, Artemisia absinthium, 

Dryopteris filixmax, Tanacetum vulgare, Cucurbita helenium,Peumus boldo,Corallina rubens 

and mineral content: P 40g/mg, Ca 140g/mg, Mg 40 g/mg, Na80 g/mg,  Zn 8 g/mg, Mn 6,7 

g/mg, Cu  0,02 g/mg, I 0,135 g/mg, Co 0,04 g/mg, Se 0,03 g/mg. 

. 

Lamb growth 

All the lambs born during the experiment time were weighed periodically, that is at 

birth, on 28,56,70 and 100 days of life. The obtained results served to calculate daily body 

weight gains between the time periods. The effect of a  deworming system on the growth of 

lamb muscle and adipose tissue was established in 100-day-old lambs by the in vivo 

ultrasound assessment of animal muscularity and fatness using an ultrasound scanner 

EchoSon Albit fitted with electronic broadband linear probe LA-510/L40. The ultrasonic 

measurements were performed between the last thoracic vertebra and the first lumbar 

vertebra. 

Analysis of ewe milk yield 

Influence of a lick with antiparasitic properties(Star Bloc Phyto Verse)based on natural 

vegetal substances on ewe milk production during the lamb rearing period was determined 

through the analysis of daily milk yields in three following dates: I – 14 day after lambing,  II 

– 42 day after lambing, III – 70 day after lambing. The milk yield control  was performed by 

method with oxytocin administration. The collected milk samples were evaluated for a 

content of protein, fat and lactose with Milko-scan apparatus application. Milk somatic cell 

counts were measured by Fossomatic apparatus. 

Coproscopic studies 

To determine intensity and prevalence of the gastrointestinal parasites invasion in 

ewes and lambs from three treatment groups, parasitological analyses were conducted. The 

research material included the rectal fecal samples collected from both, dams and offspring. 

The analyses of the five-month-pregnant ewes` fecal material served as the basis for animal 

allocation to treatment groups. During the entire experiment, the intensity and prevalence of 

gastrointestinal parasite invasion in ewes and lambs were monitored using the coproscopic 

analysis in: Ewes – the beginning of 5 months of pregnancy,lambing,28, 42, 56,70 day of life 

Lambs – on 28,42,56,70 day of life. To trace both, the intensity and prevalence of parasite 

invasion during the experiment, there were observed only those animals  from which the fecal 

samples were collected and determined in all the study periods. The species composition of 

parasites was made using the flotation methods with saturated sodium chloride and sucrose  

(specific gravity 1.25g/ml).Then the quantitative studies of fecal samples were performed to 

estimate OPG(oocysts per gram)using McMaster counting chambers method in Raynaud 

modification  

Evaluation of morphotic and biochemical parameters of lamb blood 



Throughout the experiment, the lambs from all the treatment groups had blood 

collected from the jugular vein on two dates: I – on 14 days after birth , II – around 70 day of 

life.  Numbers of lambs at each treatment group was the same and the sex ratio was uniform 

(8 lambs in each group in each year of an experiment).  The whole blood specimens were 

examined to determine the following morphotic elements: 

leukocytes(WBC),lymphocytes(LIM), monocytes(MID) and granulocytes (GRA), 

erythrocytes (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume 

(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration 

(MCHC), red blood cell distribution with (RDWc), platelet (thrombocyte) count (PLT). The 

determinations were made with a hematology analyzer Abacus Junior Vet (Diatron). Activity 

of aspartate aminotransferase (AST) and alanine (ALT), lactate dehydrogenase (LDH), 

alkaline phosphatase (ALP), content of urea (UREA) and urea acids (UA), total cholesterol 

(Chol), high density lipoprotein (HDL),  triglycerides (TG), glucose (GLU) and total protein 

(TP), bilirubin (Bil), creatinine (Creat) and mineral components of blood (Ca, P, Mg, Fe, 

Cu,Zn) was assayed by the colorimetric method using mono tests by Cormay company. Marks 

were made on spectrophotometer UNICAM 939. The low-density lipoprotein (LDL-chol) was 

calculated using Friedewald  et al. 1972 formula:  LDL-chol (mmol l
–1

) = total cholesterol – 

HDL-chol – triacylglycerols/2.2  

Post slaughter analysis 

Ram lambs chosen for slaughter represented all the treatment groups and body weight 

on 100 days of life (± 6 days) was the selection criterion. The animal was chosen so that their 

body weight was close to mean body weight of lambs in each group. All the ram lambs came 

from twin births (after 6 from each group in each year) 

The lambs were slaughtered at age of 100 days(± 6 days). The carcasses were 

evaluated according to the EUROP scale (E=5,U=4, R=3,O=2,P=1) and subjected to chilling 

at 4 
0
C for 24 hrs. Then the cooled carcasses were separated into primal cuts according to the 

IZ method and underwent slaughter analysis with a detailed dissection of a leg. 

Chemical analysis of muscle tissue 

The meat samples from the musculus biceps femoris were examined to determine the 

basic chemical composition and fatty acid profile in intramuscular fat. All the chemical assays 

were made in a certified laboratory. 

Analysis of basic chemical composition of muscle 

Each 250g sample was placed into a sterile, airtight ziplock-type bag and stored under 

the same cooling conditions.The analysis of the basic chemical composition(content of water, 

dry matter, protein, fat and collagen)was conducted using a spectroscopic technique with 

near-infrared radiation (NIRS) method. Therefore, the meat samples(200g)were homogenized 

in an Electrolux DITO K35 processor to be afterwards put onto the measuring cell of 

FoodScan analyzer that uses the near-infrared transmission method within 850-1050nm range 

and is fitted with an artificial neural network (ANN) calibration. 

Analysis of fatty acid profile and content 

The fatty acid profile was determined in intramuscular fat. Fatty acid methyl esters 

were established according to the procedure included into PN – ISO 5509:1996; FA 

composition with gas chromatography using Hewlett-Packard 6890 HP model (Agilent 

Technologies) equipped with a flame ionization detector and high polarization column of 70 

phases. The column was 60m long x 0,22mm inner diameter x 0,25mm film thickness. 

The analyses were conducted under the programmed temperature and time conditions. The 

identification of fatty acids was accomplished by comparison of the retention times with those 

of FAME reference standard mixture (Supelco 37-Component FAME MIX and C18 FAME 

isomers, Sigma-Aldrich Co.) and expressed as a relative percentage of total FAs in a test tube. 

Statistical analysis 



Milk yield and quality at each ewe lactation stage  

The obtained research results were analyzed statistically using the multi-factor 

analysis of variance (ANOVA for factors and their interactions)using Statistica software(data 

analysis software system), version 6 (StatSoft Inc.2003). 

The somatic cell counts (SCC) were presented as log SCC. Significant differences between 

the means were determined using Tukey`s test (for different quantitative data) at p≤0,05 and 

p≤0,01 level. 

Assessment of lamb growth 

The obtained research results were analyzed statistically using the multi-factor 

analysis of variance (ANOVA for factors and their interactions)using Statistica software(data 

analysis software system), version 6 (StatSoft Inc.2003). 

Significant differences between the means were determined using Tukey`s test(for different 

quantitative data)at p≤0,05 and p≤0,01 level. 

 Slaughter analysis 

The slaughter analysis results were subjected to statistical analysis using the multi-

factor analysis of variance(ANOVA for factors and their interactions) with Statistica 

software(data analysis software system), version 6 [StatSoft,Inc.2003]. 

To establish significant differences, the Fisher`s least significant difference test at p≤0,05 and 

the p≤0,01 level was applied. 

Results and discussion 

The coproscopic studies carried out before the experiment began showed the 

dominating presence of protozoa from the Eimeria genus, gastrointestinal nematodes and 

nematodes of the Capillaria genus in the ewe flock .  

 
Graph 1.Prevalence of coccidian invasion in ewes 

Prevalence of coccidian invasion in ewes during the experiment was presented in 

Graph 1. The highest prevalence was noted at the beginning of the experiment when the 

values ranged between 60 and 70% to shift downwards in the successive periods. Importantly, 

the changes reported during the study in the prevalence of parasite invasion were typical and 

characteristic for physiological periods. The present research has highlighted a beneficial 

effect of Star Bloc Phyto Verse preparation that has decreased the prevalence of the coccidian 

infection. Depending on a period under investigation, the 16,67 % - 30% reduction in 

prevalence was determined compared to ewe group whose diet was not supplemented with the 

coccidiostat preparation (Graph 1). 
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Graph 2.Intensity of coccidian invasion in ewes 

  Alike the prevalence of coccidian invasion, its intensity (Graph 2) was also found to 

be positively affected by the feed additive supplement. In all the cases studied, the invasion 

intensity was lower in group I as against the other groups where the ewes were not provided 

with licks. Interestingly, the obtained intensity values are low and that is characteristic of 

adult animals.  

 
Graph 3.Prevalence of nematodes from Capillaria genus in ewes 
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Graph 4.Intensity of nematodes from Capillaria genus in ewes 

The preparation was observed to decrease both, the invasion intensity and prevalence 

in the ewes infected by nematodes of the Capillaria genus (Graph 3,4). However, in the case 

of Capillarii, the prevalence was relatively low,i.e. between 3,33 and 26,77% subject to a 

physiological period. Notably as Graph 3 shows, analyzing all the periods under study, the 

number of infected ewes was the lowest in group I supplied with the feed additive as 

compared to two other groups. 

 Similar trends were noted for the invasion intensity of the Capillaria genus 

nematodes.The intensity of invasion was the smallest in group I where the animals had free 

access to the lick blocks with essential oils content.This is evidence that a combination of 

essential oils included into the preparation has positively reduced the invasion of nematodes 

from the Capillaria genus. 

The constant parasitological monitoring of lambs was performed throughout the 

experiment. The coproscopic study made on 28,42, 56 70 days of life showed the presence of 

only the Eimeria genus oocysts. The results illustrating the invasion prevalence and intensity 

(OPG) are summarized in Table 11 Graph 5 and 6. On 28 day, the prevalence ranged from 

56,67% in group I up to 88,33% in group II and III, whereas on 42 days it increased by 13,33 

and 11.67 percentage units in group I and II, respectively. In group II, the prevalence declined 

slightly by 8,33 percentage units. In the following period observed (56 day), the elevation of 

the invasion prevalence was reported in group I (83,33%) and group II (91,67%). In group III 

on this day and similarly to the previous period investigated, the presence of coccidia was 

detected in all the lambs under study. On 70 day, the coproscopic study indicated a similar 

percentage of infections compared to the previously analyzed period. The prevalence value 

was found between 90,00% in group I and 100% in group III. It is worth mentioning that in 

all the periods studied, the prevalence was lower in the lamb groups that received the lick 

block feed supplement. 
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Graph 5.Prevalence of coccidia in lambs 

The constant parasitological monitoring of lambs was performed throughout the 

experiment. The coproscopic study made on 28,42, 56 70 days of life showed the presence of 

only the Eimeria genus oocysts. The results illustrating the invasion prevalence and intensity 

(OPG) are summarized in Graph 5 and 6. On 28 day, the prevalence ranged from 56,67% in 

group I up to 88,33% in group II and III, whereas on 42 days it increased by 13,33 and 11.67 

percentage units in group I and II, respectively. In group II, the prevalence declined slightly 

by 8,33 percentage units. In the following period observed (56 day), the elevation of the 

invasion prevalence was reported in group I (83,33%) and group II (91,67%). In group III on 

this day and similarly to the previous period investigated, the presence of coccidia was 

detected in all the lambs under study. On 70 day, the coproscopic study indicated a similar 

percentage of infections compared to the previously analyzed period. The prevalence value 

was found between 90,00% in group I and 100% in group III. It is worth mentioning that in 

all the periods studied, the prevalence was lower in the lamb groups that received the lick 

block feed supplement. 

Graph 6 presents the intensity of coccidian invasion. The first examination (28 days) 

showed the uniform intensity of the coccidia invasion in all the lamb groups, while the 

following examination on 42 days indicated the favourable impact of the antiparasitic 

preparation (group I and II) seen in the reduced coccidia level in lambs. It was found that 

oocyst counts/g of feces (OPG) in group III (control) were 4,63 fold higher than in group II 

and approx.11,74 compared to group I. Importantly, the OPG amount in the successive 

periods maintained at a similar low level in both dewormed groups. On 56 day, it was from 

3,96 (group 2) up to 7,74 (group 3) times lower as against the control group, while on 70 days 

by 4,27 and 9,90, respectively. 
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Graph 6. Intensity of coccidia in lambs 

Assessment of lamb growth 

  

Graph 7. Lamb body weight (kg) 

Significant differences between groups are marked with different letters
A,B

P ≤ 0.01 and
a,b

P ≤ 

0.05. 

 

Graph 7 present the lamb weights at birth and on 28,56,70 and 70 days of life. Both, 

the birth weights and on 28 days of life were uniform between the groups. The lamb weights 

on 56 days of life showed that animals from group I was heavier, importantly, the ewes and 

lambs from this group had in-feed coccidiostatic preparation throughout the experiment 

(19,89 kg). In group II where only lambs had access to licks, the obtained body weights were 

lower (18,35 kg) than in group I. The lowest body weights were reported in group III without 

a Star Bloc Phyto Verse feed additive (17,85 kg).The established differences were confirmed 

statistically (P≤0,01) between group I II and III, whereas between group II and III(P≤0,05). 

On 70 day, the observed trends were similar to those in the previous period. The lambs from a 

group I had the average advantage of 1,30 kg as against those from group II and 2,54 kg 

compared to group III. The differences noted between  group I and III, group II and III were 

significant statistically(P≤0,01), while between group I and II (P≤0,05).The weights measured 
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on 100 days of age, similarly to the previous study periods, showed that the heaviest lambs 

came from the group where both, ewes and their lambs received an in-feed coccidiostat (32,62 

kg).The lamb weights from group II were in the middle, whereas those from group III – the 

lightest, just like in the earlier weightings. Alike the previously analyzed weightings, the 

differences between group I and III were confirmed statistically (P≤0,01), whereas between 

group II and III(P≤0,05). 

 
Graph 8. Daily body weight gains of lambs (g/day) 

The Beneficial effect of the coccidiostat preparation dietary supplementation was 

confirmed by the calculated daily gains between particular study periods (Graph 8). 

Importantly, during the 28-56 days of life, lamb daily gains in group I (286,18 g/day) 

appeared to be significantly higher (P≤0,01) as compared to group III (231,26 g/day). A 

statistically significant difference (P≤0,05) was also determined between the weight gains of 

the lambs in group II (254,50 g/day) and group III. Statistical differences identical with those 

in the previous case were also noted analyzing the gains between 56 and 70 day of life. The 

highest values had the lambs from a group I (355,18 g/day),whereas the lowest (318,80 g/day) 

from group III. In the following period under study, the daily weight gains in all the 

experimental groups maintained at a similar level, a namely group I (257,87 g/day), group II 

(271,12 g/day), group III (259,64 g/day). 

In order to determine the effect of coccidiostat preparation on lamb muscularity and 

fatness, ultrasound scanning was made (Graph 9,Table 14).The obtained measurements 

demonstrated that the lambs from the group I had the lowest thickness of the adipose layer 

(3,18 mm) compared to the other study groups (group II 3,80 mm, group III 4,18 mm).The 

differences were statistically significant between group I and III (P≤0,01), whereas between 

group I and II (P≤0,05). Alike, the measurements of the longissimus dorsi muscle depth 

differed significantly between group I and III (P≤0,01) as well as between group II and III 

(P≤0,05).The average mld depth in group I was 25,76 mm, while lower in the other groups, 

i.e. group II 22,31 mm and group III 22,19 mm. 
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Graph 9.Ultrasound measurements of m.l.d.   

Lamb growth is dependent primarily on ewe milk production.The results presenting 

changes in milk yield and its chemical composition, somatic cell counts during lamb rearing 

period are summarized in Graph 10 (milk yield) and Table 15. Analyzing the data, it is 

evident that an experimental group did not affect considerably the basic chemical composition 

of milk. The values maintained at a similar level with some fluctuations subject to the 

collection period. As for fat, they ranged from 5,20% ( group II, period I) up to 11,0% (group 

III, period III), protein from 4,15% (group III, period I) up to 6,41% (group II, period III), 

lactose from 4,46% (group III, period III) up to 5,77% (group III, period I). Interestingly, only 

milk lactose content reported in period I differed significantly (P≤0,05) between group I 

(5,49%) and group III (5,77%). 

 
Graph 10.Ewe milk yield at each lactation stage 

Graph 10 illustrates changes in daily milk yield at each lactation stage.In the first two 

observation periods, milk production was uniform between the groups in period I, that is from 

2,35 kg/day (group II) up to 2,49 (group III). In the observation period II, milk yield declined 

to oscillate between 1,53kg/day (group I) and 1,59 kg/day (group II).Whereas significant 

differences in milk production were established in period III where the highest values were 

noted in group I (1,27 kg/day) with the ewes supplied with lick blocks. The recorded values 

were higher by 0,18 and 0,24 kg/day than those in group II and III (no licks), respectively. 
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The differences determined between group I and II and III proved to be statistically 

significant. 

 Assessment of morphotic and biochemical parameters of lamb blood 

  The analysis of the leukocyte blood picture (Table 2) of the approximately 14-day-old 

lambs (period I) showed the highest white blood cell counts (WBC) in group I (9,35 10 
9
/l) 

and the lowest in group II (7,47 10 
9
 /l).Whereas the blood picture changed in period II (Table 

17) when the lambs were approx.70 days old. The WBC counts increased in all the 

experimental groups to reach 13,00 10 
9
/l in group I, 12,67 10 

9
/l in group II and 13,82 10 

9
/l 

in group III. The leukocyte numbers in lamb blood ranged from 5,19 10 
9
/l (group II) up to 

6,60 10 
9
/l in period I and from 7,05 10 

9
/l (group II) up to 9,08 10 

9
/l (group I) in period II. 

Key information from the analysis of the leukocyte blood picture is higher granulocyte 

content (GRA) in group III (period I 3,34 10 
9
/l and period II 6,07 10 

9
/l) as compared to the 

groups with free access to lick blocks with antiparasitic properties. The granulocyte count 

determined in both aforementioned groups maintained at the level from 2,43 10 
9
/l (period I) 

up to 3,45 10 
9
/l (period II) for a group I while for group II from 2,03 10 

9
/l (period I) up to 

2,89 10 
9
/l (period II). Importantly, granulocyte content in group I and II differed statistically 

significantly(P≤0,05)between group III without the Star Bloc Phyto Verse dietary inclusion. 

Higher granulocyte numbers in group III is the evidence of the ongoing infection, in particular 

as Table 17 tells that in period II the elevated WBC content was also noted in this group, yet 

not confirmed statistically.  

 Evaluation of the erythrocyte blood picture(Table 4) in period I did not show any 

statistically significant differences between lamb groups.Whereas such differences were noted 

in the case of older lambs (period II),i.e. between group III and the other two groups with free 

access to lick blocks (Table 19). The blood of lambs from group III had a significantly higher 

(P≤0,01) saturation level (MCH) and concentration (MCHC) of hemoglobin and blood 

platelets (PLT) as compared to group I and II.The values were as following: MHC – 11,92 

(group I); 11,84 (group II); 12,85 (group III); MCHC – 46,46 (group I); 46,26 (group 2); 

51,55 (group III) PLT – 551,20 (group I); 335,60 (group II);1268,50 (group III). Summing up 

the results of morphotic parameters analysis, it should be observed that they did not depart 

from the accepted norms.  

Assessment of Star Bloc Phyto Verse preparation effect on animal physiological 

response included the determination of basic biochemical components of the experimental 

lamb’s blood. The results of biochemical analysis made in period I am presented in Table 6 

and do not indicate the significant influence of a feeding group in any of the case studied. 

However, alike the results of the morphological and biological parameters,a lack of 

statistically significant differences between the groups could be attributed to the little interest 

of lambs in licks in period I. The Statistically significant impact of nutrition was noted in 

period II (Table 7).Significantly higher ALP activity was established in the lambs from group 

III – 179,14 U/L compared to group I – 144,57 U/L (P≤0,01) and group II – 155,25 U/L 

(P≤0,05). 

 This situation could be affected by a nutrition strategy applied. Importantly, the lick 

blocks with antiparasitic activity are also aimed to supplement the animal diet with micro and 

microelements. Therefore, calcium and phosphorus contents determined in group I and II 

were higher. However, only in the first case, the differences were confirmed statistically 

between group I – 2,43 mmol/l and group III 2,06 mmol/l (P≤0,01) and group II 2,18 mmol/l 

(P≤0,05). 

 Similar trends were also shown for the other elements. Still, the differences were 

confirmed statistically only for iron. Iron content in lamb blood ranged from 25,83 umol/l in 

group I and differed statistically significantly (P≤0,05) between group II 19,86 umol/l and 

group II 18,66 umol/l (P≤0,01). 



 Impact of the applied nutritional factor on some biochemical indices is indicated by 

significantly higher (P≤0,01) blood triglyceride concentration in the lambs from groups with 

dietary inclusion of Star Bloc Phyto Verse licks (group I 52,70 mmol/l,group II 0,23 mmol/l) 

as against group III (0,12 mmol/l).  

Post slaughter evaluation 

In order to assess the effect of the natural preparation with antiparasitic properties on 

slaughter lamb value, the quality traits were observed in a chosen group of ram lambs 

characterized by different invasion levels. 

 
Graph 11.Hot and cold carcass weight of ram lambs under  experimental slaughter  

The higher body weights of lambs from a group I reported in the previous 

experimental period projected into higher slaughter weight on 100 days of life (Graph 11, 

Table 22).The animals from this group were characterized by statistically significant higher 

(P≤0,01) slaughter weight as against group III (25,00 kg) and group II (P≤0,05). Significant 

differences between the body weights were also determined between group II and III 

(P≤0,05). The identical significance level of differences was stated in the case of both, hot and 

cold carcass weight. As for hot carcass, the weight oscillated between 15,32 kg (group I) and 

10,56 kg (group III), whereas after chilling from 14,56 kg (group I) to 10,14 kg (group III). It 

is worth mentioning that after 24 hours of cooling, the carcass weight loss was the highest in 

group III 0,42 kg, whereas 0,36 kg in group I. The lowest values were recorded in group II – 

0,24 kg. 
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Graph 12.Dressing percentage on hot and cold carcass (%) 

Dressing percentage estimated immediately after slaughter was 46,67% in group I; 

45,58% in group II and 42,44% in group III (Graph 12, Table 22). Similar trends were noted 

while estimating the cold carcass dressing percent,i.e, 24 hours post-slaughter.Here the values 

ranged from 45,58% (group I) to 41,08% (group III). In both cases analyzed, the statistically 

significant differences were established between group I and III as well as II and III (P≤0,05). 

The assessment results of carcass lamb conformation and fatness using the EUROP 

classification are important for potential customers (Graph 13).The most points for carcass 

muscularity were given to those from a group I that earned 2,99 points.As for lambs from 

group II, the carcass score was 2,80 pts and finally, the lowest 2,31 pts had those from the 

group without dietary inclusion of Star Bloc Phyto Verse preparation. Notably,the differences 

between group III and I,II were statistically significant (P≤0,05). Assessment of carcass 

fatness did not show the statistically significant effect of the feed additive applied on this trait 

and the points earned ranged between 2,54 (group I) and 2,71(group II). 

Table 24 summarizes the weights of valuable cuts obtained from the experimental 

lambs. The highest leg weight was reported in group I and the difference calculated between 

the other groups was statistically significant (P≤0,01) as compared to group II and III. 

Significant differences were also determined between group II and III (P≤0,05) and they 

ranged between 1,94 kg in group I, 1,52 kg in group II and 1.38 kg in group III. 

 Another valuable cut analyzed, loin,was the heaviest in group I, just like in the case of leg 

weight. Average loin weight in this group was 0,61 kg and was higher by 0,17 kg than in 

group II and 0,23 kg as against group III. The differences between group I and II as well as I 

and III were confirmed statistically at P≤0,05 and P≤0,01 , respectively. 
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Graph 13. Results of muscularity and fatness assessment using EUROP classification (pts) 

The highest rack weight was recorded in group I - 0,62 kg followed by the average 

weight 0,50 kg in group II and finally, 0,45 kg in group III. Statistically significant differences 

were observed the average weights of a rack in group I and II and III (P≤0,01).  Similar trends 

were observed for the flank with brisket, shoulder and neck as in all the cases statistically 

higher weights (P≤0,01) were reported in group I compared to II and III. 

 
Graph 14.Valuable cuts content in carcass (kg) 

Graph 14 presents value cut content in carcass. The highest weight of valuable cuts was 

recorded  in group I (3,17 kg) and was statistically significantly higher (P≤0,01) compared to 

group II (2,46 kg) and III (2,21 kg).  Similar observations were made analyzing the weight of 

value cuts with a shoulder. The obtained values were as following: group I (4,31 kg), group II 

(3,28 kg), group III (2,93 kg).The differences between group I and II, III were confirmed 

statistically at P≤0,01). 

 To determine each tissue content, detailed dissection of the lamb leg was conducted. 

The Higher weight of the muscle tissue was found in group I and it was due to the higher 

weight of leg in this group as compared to other groups. Differences in the muscle tissue 

weight of the leg (Graf 15) between group I and II, III were statistically significant (P≤0,01). 

The weight of leg bone tissue was as following: group I (0,43), group II (0,33 kg), group III 

(0,34 kg). Alike, the differences between group I and II, III were confirmed statistically 

(P≤0,01). Dietary inclusion of the feed additive as licks had also a significant effect on fatty 
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tissue content of the leg. The highest fat content was reported in group I (0,23 kg) followed by 

group II (0,19 kg), the groups with access to Star Bloc Phyto Verse, whereas the lowest in 

group III (0,14 kg). Differences between group I and III were statistically significant 

(P≤0,01), while between group II and I, II (P≤0,05). 

 
Graph 15. Tissues content in leg(kg) 

Evaluation of the impact of the preparation based on natural substances of antiparasitic 

activity on a percentage of cuts and tissues in lamb carcass was another objective of the 

experiment. The analysis showed that in all the cases the calculated average values practically 

did not differ statistically between the experimental groups (Table 26 )with the exception of 

the shoulder and hind shank share in lamb carcass. As for shoulder, significantly higher 

values (P≤0,01) were established for the lambs from group I (14,86%) as against group III 

(13,17%), while for hind shank, a significantly higher (P≤0,01) percentage of this cut in a 

carcass was recorded in group III (7,42%) as compared to group I (5,73%). 

 Higher shoulder share in a carcass caused a significantly higher percentage of 

valuable cuts estimated along with shoulder.The obtained values were 56,46% in group I and 

53,80% in group III. Differences between these groups were confirmed statistically (P≤0,05). 

Regarding the percentage of the leg, loin and rack , the values were similar, i.e. 41,60% in 

group I and 40,63% in group III (Graf. 16). 

 
Graph 16. Percentage of valuable cuts in carcass(%) 

A percentage share of each tissue in the leg is presented in Graph 17. Muscle tissue 

content was at a similar level in all the experimental groups, the highest in group III 66,96% 

and the lowest 65,49% in group II. The percentage analysis of bone tissue content showed 
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similar trends, with the values of  22,26% recorded in group I, 21,40% in group II and 24,49% 

in group III. The studies on a percentage share of fat in the leg displayed its highest content in 

group II (13,21%) as compared to group I (12,11%) and group III (9,88%). The differences 

established between group II,I and III were confirmed statistically(P≤0,05). 

 
Graph 17. Percentage of tissues in leg(%) 

Chemical analysis 

  The effect of Star Bloc Phyto Verse licks on chemical composition was studied on the 

biceps femoris muscle (mbf) (Table 8). The results of these analyses showed the highest fat 

content in group I (4,29%) which was statistically significant (P≤0,05) as compared to group 

II (3,37%) and group III (3,24%). Regarding a protein content, the values were close and 

ranged from 20,65% (group II) up to 20,85% (group III). While significant differences 

(P≤0,05) were found in water content in the mbf between group I and II. The highest water 

level had group II (75,54%) and the lowest group I (74,52%). Interesting information is the 

statistically significant difference (P≤0,05) in a collagen content between group I (1,47%) and 

group III (1,23%). Ash content determined in the muscle tissue was the highest and the same 

in group II and III, that is 1,13%, while  in group I 1,08% which was statistically significantly 

lower (P≤0,05).  

Analysis of fatty acid profile and content 

 Fatty acids (FA),especially polyunsaturated, play a crucial role in human diet and 

decide about the quality of food. Hence, the objective of the present research was a 

determination of the effect of the antiparasitic preparation based on essential oils blend on 

fatty acid profile and content in the musculus biceps femoris. The obtained study results are 

summarized in Table 9 The results demonstrate that in most cases the feed additive applied 

did not have a significant influence on the percentage share of FAs in the lipid fraction of the 

mbf. The exceptions were the following acids:capric (C10:0), palmitic (C16:0), margaric (C17:0), 

stearic (C18:0), oleic (C18:1), alpha-linolenic (C18:n3). A percentage content of capric acid (C10:0) 

in the determined total FA pool was the highest in group I (0,40%), whereas in two other 

groups it maintained at a similar level, that is group II (0,31%), group III (0,32%). The 

differences between group I and II, III were confirmed statistically (P≤0,05). A Similar 

situation was noted analyzing palmitic acid (C16:0) share that ranged between 29,42% in group 

I, 27,97% in group III up to 26,64% in group II. The differences between group I and II were 

statistically significant (P≤0,01), while between group I and III (P≤0,05). Margaric acid(C17:0) 

content in each experimental group was as follows: 1,21% (group I), 1,31% (group II), 1,20% 

(group III). It is noteworthy that a percentage of stearic acid (C18:0) was statistically 

significantly higher (P≤0,01) in group II (14,44%) as compared to group I (12,37%) and 
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group III -12,87% (P≤0,05). Significantly lower (P≤0,01) oleic acid (C18:0) share was 

established in lipid fraction in group I (36,44%) as against group II and III that is 38,21 and 

38,55%, respectively. Analyzing alpha-linolenic(C18:3n3) percentage, its significantly higher 

(P≤0,05) share was determined in group I (36,44%) as against group II (0,39%). 

 A key issue for lamb consumers is a content of particular fatty acid in 100 g muscle 

tissue. A significantly higher fat level in group I influenced the fatty acid content determined 

in 100 g of the muscle tissue. In all the cases analyzed, a level of each fatty acid was the 

highest in group I (Table 10). The highest amounts were found for oleic acid (C18:1) – 1552,21 

mg/100g and they were statistically significantly higher (P≤0,05) as compared to group III 

(1242,65 mg/100g). Taking into account a high-priority function of polyunsaturated fatty 

acids in the human diet, the research finding of a significantly higher content of linoleic acid 

(C18:2), alpha-linolenic (C18:3n3) and gamma-linolenic (C18:3n6) determined in group I is 

essential. A linoleic acid level (C18:2) was significantly higher (P≤0,05) in group I (143,84 

mg/100g) as compared to group III (110,20 mg/ 100g). Similar trends were noted while 

analyzing a content of gamma-linolenic acid (C18:3n6). In this case, the statistically confirmed 

differences (P≤0,01) were also determined between group I (6,13 mg/100g) and III (4,13 

mg/100g). Lower significance level (P≤0,05) was established between group I and II 

(4,85mg/100g).  

It is worth noting that in both cases mentioned above, the muscle tissue of the lambs 

with the dietary supplement of the feed additive was characterized by a higher acid level. 

Alike, alpha-linolenic acid content (C18:3n3) was also significantly higher in group I as against 

group III (13,57 mg/100g). 

 The analysis of fatty acid group profile (Table 11) displayed statistically significant 

differences (P≤0,05) for monounsaturated acids (MUFA). The lowest percentage share of 

these acids had a group I (41,27%) compared to group II (42,79%) and III (43,20%). 

Statistically significant differences (P≤0,01) were also noted between group I and II for both, 

OFA (dietary fatty acids with undesirable hypercholesterolemic effect in humans 

[C14:0+C16:0]) and DFA (dietary fatty acids with desirable neutral or hypocholesterolemic 

effect in humans). In the first case, the highest percentage in lipid fraction in the mbf was 

established for group I (37,96%), while the lowest for group II (34,11%). In the other case, an 

opposite  trend was observed and the obtained values ranged between 58,29% (group I) and 

62,37% (group II).  

 As fatty acids are critical to human nutrition, a content of the particular group of fatty 

acids was determined (Table 12) in 100 g of meat (mg/100 g meat). In all the cases, the 

statistical analysis showed statistically significant differences. Importantly, a higher content of 

particular fatty groups was noted in group I, while the middle values in group II. Higher 

concentration of fatty acid groups in 100g of muscle tissue of the lambs fed a Star Block 

Phyto Verse lick supplement could result from a higher meat fat content, the natural outcome 

of the greater fatness of animals from this group. Special attention should be drawn to higher 

amounts of unsaturated, polyunsaturated and DFA acids in group I. The differences obtained 

in all these cases proved to be statistically significant as compared to group III with no licks 

supplementation. A content of the aforementioned fatty acid groups in group I was: UFA – 

1974,83 mg/100g; PUFA – 195,55 mg/100g; DFA – 2481,66 mg/100g while in group II 

1562,97 mg/100g, 146,44 mg/100g and 1959,48 mg/100g,respectively. 

  Important parameters indicating the dietetic value of meat is the ratio between 

unsaturated (UFA) and saturated (SFA) fatty acids as well as the omega-6 to omega-3 

essential fatty acids ratio. As for the former ratio, it maintained at a similar level in all the 

experimental groups, that is from 0,85 (group I) up to 0,92 in group II and III. A more 

beneficial for health omega-6/ omega-3 ratio was found in the muscle tissue of the lambs from 



a group I (7,64) as against group II (10,31) and III (9,17). The obtained differences were 

confirmed statistically (P≤0,05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

 

1. The preparation containing essential oils had a positive effect on the reduction of the 

intensity and prevalence of coccidia invasion  (dams and lambs) and the invasion of 

nematodes of the Capillaria genus (only dams). 

 2. The lick block feed supplement with plant essential oils for dams and their lambs 

significantly increased milk yield during the late lactation of dams and had the beneficial 

impact on lamb growth throughout the raising period. 

 3. No significant influence of the essential oils-based preparation on the morphotic and 

biochemical indices in lamb blood was reported.In all the cases, the value of the investigated 

parameters was found within the reference range during the experiment 

  4. Higher dressing percentage and muscularity score according to the EUROP scale had the 

lambs from both groups with the preparation feed additive, yet the higher values were 

recorded in the group where both, dams and lambs received the lick block with essential oils. 

 5. Dietary inclusion of the preparation with essential oils showing antiparasitic properties did 

not have a significant effect on the percentage of cuts and tissues in the carcass. 

 

The research results demonstrate that feeding the lick block with essential oils 

displaying antiparasitic activity to ewes and lambs is justified for productivity reasons, 

It allows to maintain the morphotic and biochemical parameters in lamb blood within 

the reference range. 

 

 

 

 

 

 

 

 

 



Table 2 Leukocyte blood picture of lambs at I collection 

Tabela 2 Obraz białokrwinkowy krwi jagniąt w I terminie 

 

Traits/cecha 

Group 1 Group 2 Group 3 
Group 

Grupa 

Yea

r 

Rok 

Sex 

Płeć 

Interaction 

Interakcja Mean 
średnia 

SD 
Mean 

średnia 
SD 

Mean 

średnia 
SD 

WBC 9,35 2,20 7,47 3,36 8,91 3,11 ns ns ns ns 

LYM 6,60 1,96 5,19 1,94 5,28 1,01 ns ns ns ns 

MON 0,27 0,08 0,21 0,10 0,25 0,09 ns * ns ns 

MID 0,04 0,01 0,04 0,02 0,04 0,01 ns ns ns ns 

GRA 2,43 0,67 2,03 1,35 3,34 2,42 ns ns ns ns 

Ly % 69,93 7,72 71,35 6,46 62,50 13,16 ns ns ns ns 

MON% 3,00 0,27 2,95 0,19 2,95 0,30 ns * ns ns 

MI% 0,47 0,04 0,47 0,03 0,49 0,04 ns ns ns ns 

Gr% 26,65 7,90 25,26 6,55 34,14 13,28 ns ns ns ns 

 

Table 3.  Leukocyte blood picture of lambs at II collection 

Tabela 3. Obraz białokrwinkowy krwi jagniąt w II terminie 

 

 

Traits/cecha 

Group 1 Group 2 Group 3 
Group 

Grupa 

Year 

Rok 

Sex 

Płeć 

Interaction 

Interakcja Mean 
średnia 

SD 
Mean 

średnia 
SD 

Mean 

średnia 
SD 

WBC 13,00 3,52 12,67 8,23 13,82 6,41 ns ns ns ns 

LYM 9,08 2,98 7,05 3,54 7,28 2,73 ns ns ns ns 

MON 0,41 0,15 0,38 0,23 0,40 0,15 ns ns ns ns 

MID 0,06 0,02 0,05 0,04 0,07 0,04 ns ns ns ns 

GRA 3,45
a 

0,98 2,89
a 

2,20 6,07
b 

4,28 * ns ns **GxS 

LY% 68,81 7,71 96,46 129,38 54,98 14,83 ns ns ns ns 

Mon% 3,23
A 

0,45 3,23
A 

0,45 7,02
B 

3,25 ** ns * **GxS 

MID % 0,47 0,05 0,48 0,24 0,59 0,48 ns ns ns ns 

Gra% 27,56
A 

7,71 22,72
A 

11,97 41,44
B 

14,81 ** ns ns ns 

Significant differences between columns are marked with different letters
A,B

P ≤ 0.01 and
a,b

P ≤ 

0.05. 

Significant  effect and interactions are marked**P ≤ 0.01,*P ≤ 0.05 and ns – no significant 

Istotne różnice pomiędzy kolumnami oznaczono różnymi literami 
A,B

P ≤ 0.01 and
a,b

P ≤ 0.05 

Istotne interakcje oraz wpływ grupy oznaczono **P ≤ 0.01,*P ≤ 0.05 ns – nieistotne 

 

 

 

 

 



 

Table 4.  Erythrocyte blood cell of lambs at I collection 

Tabela 4. Obraz czerwonokrwinkowy krwi jagniąt w I terminie 

 

Traits/cecha 

Group 1 Group 2 Group 3 
Group 

Grupa 

Year 

Rok 

Sex 

Płeć 

Interaction 

Interakcja Mean 
średnia 

SD 
Mean 

średnia 
SD 

Mean 

średnia 
SD 

RBC 9,77 0,69 10,38 0,80 9,91 1,08 ns ns ns ns 

HGB 12,21 1,05 12,90 0,79 13,01 1,99 ns ns ns ns 

HCT 28,21 2,91 29,99 2,29 28,19 4,07 ns ns ns ns 

MCV 29,00 2,55 28,67 2,42 28,50 2,37 ns ns ns ns 

MCH 12,48 0,70 12,45 0,60 13,11 1,00 ns ns ns ns 

MCHC 43,37 2,22 43,10 1,82 46,27 3,92 ns ns ns ns 

RDWC 27,17 2,95 25,78 3,57 28,56 4,67 ns ns ns ns 

PLT 310,00 2,74 353,83 124,52 312,60 5,23 ns ns ns ns 

 

Table 5.  Erythrocyte blood cell of lambs at II collection 

Tabela 5. Obraz czerwonokrwinkowy krwi jagniąt w II terminie 

 

Traits/cecha 

Group 1 Group 2 Group 3 
Group 

Grupa 

Year 

Rok 

Sex 

Płeć 

Interaction 

Interakcja Mean 
średnia 

SD 
Mean 

średnia 
SD 

Mean 

średnia 
SD 

RBC 11,07 0,72 10,38 1,97 11,46 0,87 ns ns ns ns 

HGB 13,26 0,82 12,31 2,32 14,70 1,57 ns ns ns ns 

HCT 27,37 4,65 24,48 6,99 28,57 2,40 ns ns ns ns 

MCV 25,60 1,78 25,70 1,34 25,00 1,41 ns ns ns ns 

MCH 11,92
A 

0,48 11,84
A 

0,30 12,85
B 

1,00 ** ns ns ns 

MCHC 46,45
A 

1,68 46,26
A 

1,71 51,55
B 

4,12 ** ns ns ns 

RDWC 25,03 1,43 23,28 2,44 26,62 3,36 ns ns ns ns 

PLT 551,20
A 

159,41 335,60
A 

214,36 1268,50
B 

505,13 ** ns ns ns 

 

Significant differences between columns are marked with different letters
A,B

P ≤ 0.01 and
a,b

P ≤ 

0.05. 

Significant  effect and interactions are marked**P ≤ 0.01,*P ≤ 0.05 and ns – no significant 

Istotne różnice pomiędzy kolumnami oznaczono różnymi literami 
A,B

P ≤ 0.01 and
a,b

P ≤ 0.05 

Istotne interakcje oraz wpływ grupy oznaczono **P ≤ 0.01,*P ≤ 0.05 ns – nieistotne 

 

 

 

 



Table 6 . Biochemical parameters of lamb blood,I collection 

Tabela 6. Biochemiczne parametry krwi jagniąt w I terminie 

 

Traits/cecha 
Group 1 Group 2 Group 3 

Group 

Grupa 

Year 

Rok 

Sex 

Płeć 

Interaction 

Interakcja Mean 

średnia 
SD 

Mean 

średnia 
SD 

Mean 

średnia 
SD 

AST [U/L]   62,40 22,90 65,75 18,22 58,21 18,32 ns ns ns *SxY 

ALT [U/L]    15,87 7,45 14,63 7,96 13,71 4,66 ns ns ns 
 

LDH [U/L 745,79 77,62 712,97 59,22 719,91 75,37 ns ns ns *SxY 

ALP [U/L]     156,84 41,87 169,48 38,13 172,58 48,73 ns ns ns *SxY 

GLU [MMOL/L]    3,73 0,50 3,66 0,52 3,96 0,29 ns ns ns *SxG 

TP [G/L]     69,21 5,97 71,46 7,17 72,36 6,52 ns ns ns ns 

Chol [mmol/l 1,86 0,40 1,85 0,38 1,82 0,25 ns ns ns ns 

HDL [mmol/l] 0,82 0,15 0,84 0,13 0,84 0,16 ns ns ns ns 

TG [mmol/l]    0,19 0,05 0,19 0,04 0,21 0,06 ns ns ns ns 

LDL [mmol/l] 0,96 0,35 0,92 0,31 0,96 0,32 ns ns ns ns 

%HDL 45,84 9,68 46,05 6,25 46,75 7,26 ns ns ns ns 

HDL/CHOL 0,45 0,10 0,49 0,08 0,47 0,07 ns ns ns ns 

UREA [mmol/l]     4,87 1,17 4,83 1,05 4,67 0,87 ns ns ns ns 

UA [mmol/l]   0,02 0,01 0,03 0,01 0,02 0,01 ns ns ns ns 

Creat [umol/l]     121,67 19,97 126,98 14,99 116,00 15,64 ns ns ns ns 

Bil [umol/l]    4,53 0,97 4,77 0,62 4,42 0,73 ns ns ns ns 

Ca [mmol/l 2,48 0,06 2,44 0,08 2,47 0,04 ns ns ns ns 

P [mmol/l]            1,88 0,28 1,74 0,34 1,77 0,31 ns ns ns ns 

Mg [mmol/l 0,96 0,14 0,97 0,07 0,92 0,08 ns ns ns ns 

Fe [umol/l]     35,21 6,64 36,97 3,85 37,89 6,09 ns ns ns ns 

Cu [umol/l]     16,41 1,96 16,14 1,63 15,87 1,60 ns ns ns *GxY 

Zn [umol/l 28,59 8,39 29,23 8,97 28,96 6,76 ns ns ns *SxY 

Significant differences between columns are marked with different letters
A,B

P ≤ 0.01 and
a,b

P ≤ 

0.05. 

Significant  effect and interactions are marked**P ≤ 0.01,*P ≤ 0.05 and ns – no significant 

Istotne różnice pomiędzy kolumnami oznaczono różnymi literami 
A,B

P ≤ 0.01 and
a,b

P ≤ 0.05 

Istotne interakcje oraz wpływ grupy oznaczono **P ≤ 0.01,*P ≤ 0.05 ns – nieistotne 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 7 . Biochemical parameters of lamb blood,II collection 

Tabela 7. Biochemiczne parametry krwi jagniąt w II terminie 

 
 

Traits/cecha 
Group 1 Group 2 Group 3 

Group 

Grupa 

Year 

Rok 

Sex 

Płeć 

Interaction 

Interakcja Mean 

średnia 
SD 

Mean 

średnia 
SD 

Mean 

średnia 
SD 

AST [U/L 49,68 8,79 54,28 3,82 52,02 8,43 ns ns ns ns 

ALT [U/L]    15,14 2,55 14,25 3,19 13,45 2,97 ns ns ns ns 

LDH [U/L]       939,72 95,66 963,52 79,60 980,62 101,27 ns ns ns **SxG 

ALP [U/L 144,57
A 

21,50 155,25
a 

25,53 179,14
Bb 

27,55 ** ns ns ns 

GLU [MMOL/L]    4,12 0,71 4,15 0,86 4,02 0,68 ns ns ns ns 

TP [G/L]     52,70 6,83 51,70 6,90 53,36 7,47 ns ns ns ns 

Chol [mmol/l]     2,05 0,39 1,92 0,47 1,65 0,40 ns ns ns ns 

HDL [mmol/l] 0,84 0,11 0,78 0,14 0,76 0,15 ns ns ns ns 

TG [mmol/l]    0,24
A 

0,07 0,23
A 

0,07 0,12
B 

0,06 ** ns ns ns 

LDL [mmol/l] 1,10 0,31 1,04 0,37 0,83 0,31 * ns ns ns 

%HDL 41,70 4,63 41,67 6,15 47,42 7,58 * ns ns ns 

HDL/CHOL 0,42 0,05 0,42 0,06 0,47 0,08 ns ns ns ns 

UREA [mmol/l]     5,03 1,49 5,28 1,10 5,01 0,98 ns ns ns **SxY 

UA [mmol/l 0,04 0,03 0,04 0,02 0,04 0,02 ns ns ns ns 

Creat [umol/l]     128,86 24,94 124,07 26,87 129,86 35,25 ns ns ns **SxY 

Bil [umol/l]    3,95 1,30 4,01 0,56 3,91 0,84 ns ns ns ns 

Ca [mmol/l]     2,43
Aa 

0,39 2,18
ab 

0,18 2,06
Bb 

0,14 ** ns ns ns 

P [mmol/l]            2,22 0,34 2,13 0,45 1,92 0,62 ns ns ns **SxY 

Mg [mmol/l]     0,92 0,14 0,83 0,27 0,81 0,19 ns ns ns *GxY 

Fe [umol/l]     25,83
Aa 

4,55 19,86
b 

3,48 18,66
B 

4,06 ** ns ns *GxY 

Cu [umol/l 17,11 1,82 17,05 1,08 15,65 2,11 ns ns ns ns 

Zn [umol/l]       33,97 6,37 36,41
a 

4,79 32,45
a 

2,96 ns ns ns *SxG 

 

Significant differences between columns are marked with different letters
A,B

P ≤ 0.01 and
a,b

P ≤ 

0.05. 

Significant  effect and interactions are marked**P ≤ 0.01,*P ≤ 0.05 and ns – no significant 

Istotne różnice pomiędzy kolumnami oznaczono różnymi literami 
A,B

P ≤ 0.01 and
a,b

P ≤ 0.05 

Istotne interakcje oraz wpływ grupy oznaczono **P ≤ 0.01,*P ≤ 0.05 ns – nieistotne 

 

 

 

 

 

 

 

 

 



Table 8  Basic chemical composition in musculus biceps femoris 

Tabela 8. Skład chemiczny musculus biceps femoris 

 

 

Traits 

Cecha 

Grupa 1  Grupa 2 Grupa 3  
Group 
Grupa 

Year 
Rok 

Interaction 
Interakcja 

Mean 

średnia 
SD 

Mean 

średnia 
SD 

Mean 

średnia 
SD 

Fat 

Tłuszcz 
4,29

a 
0,98 3,37

b 
0,63 3,24

b 
0,68 * * ns 

Protein 

Białko 
20,75 0,33 20,62 0,19 20,85 0,40 ns ns ns 

Water 

Woda 
74,52

a 
0,89 75,54

b 
0,58 75,36 0,92 ns ns ns 

Colagen 

Kolagen 
1,47

a 
0,22 1,25 0,11 1,23

b 
0,22 ns ** ns 

Salt 

Sól 
1,02 0,14 1,06 0,05 1,03 0,19 ns ns ns 

Asch 

Popiół 
1,08

a 
0,04 1,13

b 
0,02 1,13

b 
0,03 * ns ns 

 

Significant differences between columns are marked with different letters
A,B

P ≤ 0.01 and
a,b

P ≤ 

0.05. 

Significant  effect and interactions are marked**P ≤ 0.01,*P ≤ 0.05 and ns – no significant 

Istotne różnice pomiędzy kolumnami oznaczono różnymi literami 
A,B

P ≤ 0.01 and
a,b

P ≤ 0.05 

Istotne interakcje oraz wpływ grupy oznaczono **P ≤ 0.01,*P ≤ 0.05 ns – nieistotne 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 9. Fatty acid profile in musculus biceps femoris (%) 

Tabela 9. Profil kwasów tłuszczowych w musculus biceps femoris(%) 

Traits 

Cecha 

Grupa 1  Grupa 2 Grupa 3  
Group 
Grupa 

Year 
Rok 

Interaction 
Interakcja Mean 

średnia 
SD 

Mean 

średnia 
SD 

Mean 

średnia 
SD 

mC6:0 0,05 0,00 0,05 0,00 0,05 0,01 * ns ns 

mC8:0 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

C10:0 0,40
a 

0,07 0,31
b 

0,07 0,32
b 

0,05 ns ns ns 

mC11:0 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

C12:0 1,03 0,17 0,87 0,14 0,91 0,15 ns * *GxY 

mC13:0 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

C14:0 8,54
a 

1,00 7,48
b 

1,10 7,89 0,38 ns ns ns 

mC14:1 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

C15:0 0,80 0,06 0,78 0,05 0,78 0,06 ns ns ns 

C15:1 0,32 0,03 0,32 0,01 0,33 0,02 ns * *GxY 

C16:0 29,42
Aa 

2,02 26,64
B 

1,54 27,97
b 

1,30 * ns ns 

C16:1 3,59
a 

0,31 3,30
b 

0,27 3,56 0,18 ns ns ns 

C17:0 1,21
a 

0,11 1,31
b 

0,02 1,20
c 

0,09 ns ns ns 

C17:1 0,93 0,08 0,94 0,02 0,97 0,09 ns ns ns 

C18:0 12,37
A 

1,59 14,44
Ba 

0,57 12,87
b 

1,02 ** ns ns 

C18:1 36,44
A 

1,33 38,21
B 

2,01 38,35
B 

0,64 * ns ns 

C18:2 3,40 0,39 3,82 0,44 3,45 0,49 ns * ns 

C18:3n6 0,14 0,02 0,14 0,01 0,13 0,06 ns ns ns 

C18:3n3 0,46
a 

0,05 0,39
b 

0,02 0,41 0,08 * ** ns 

C20:0 0,11 0,02 0,13 0,02 0,10 0,04 ns ns ns 

mC20:1 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

C20:2 0,06 0,01 0,07 0,03 0,05 0,00 ns * *GxY 

C20:3n6 0,60 0,22 0,77 0,38 0,67 0,60 ns ns ns 

mC21:0 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

mC20:3n3 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

mC20:4 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

mC20:5 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

mC22:0 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

mC22:1n9 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

mC22:2 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

C23:0 0,06 0,01 0,07 0,03 0,08 0,04 ns ns ns 

C24:0 0,09 0,05 0,08 0,03 0,08 0,03 ns ns ns 

mC24:1 0,05 0,00 0,05 0,00 0,05 0,00 ns ns ns 

Significant differences between columns are marked with different letters
A,B

P ≤ 0.01 and
a,b

P ≤ 0.05. 

Significant  effect and interactions are marked**P ≤ 0.01,*P ≤ 0.05 and ns – no significant 

Istotne różnice pomiędzy kolumnami oznaczono różnymi literami 
A,B

P ≤ 0.01 and
a,b

P ≤ 0.05 

Istotne interakcje oraz wpływ grupy oznaczono **P ≤ 0.01,*P ≤ 0.05 ns – nieistotne 



Table 10. Fatty acid content in musculus biceps femoris (mg/100g meat) 

Tabela 10. Zawartość kwasów tłuszczowych w musculus biceps femoris (mg/100gmięsa) 

Traits 

Cecha 

Grupa 1  Grupa 2 Grupa 3  
Group 
Grupa 

Year 
Rok 

Interaction 
Interakcja Mean 

średnia 
SD 

Mean 

średnia 
SD 

Mean 

średnia 
SD 

mC6:0 2,14
a 

0,49 1,68
b 

0,32 1,62
b 

0,34 * ns ns 

mC8:0 2,77
a 

1,51 1,68
b 

0,32 1,62
b 

0,34 ns * ns 

mC10:0 17,24
A 

4,31 10,51
B 

3,54 10,69
B 

3,67 ** ns ns 

mC11:0 2,14
a 

0,49 1,68
b 

0,32 1,62
b 

0,34 * ns ns 

mC12:0 44,13
a 

13,84 29,06
b 

7,04 29,81
b 

9,53 * * *GxY 

mC13:0 2,33
a 

0,65 1,82 0,44 1,67
b 

0,42 ns ns ns 

mC14:0 372,70
a 

130,51 252,51
b 

65,94 255,97
b 

58,67 * ns ns 

mC14:1 2,14 0,49 2,51
a 

0,85 1,62
b 

0,34 * ns ns 

mC15:0 34,38
a 

10,23 26,26 5,22 25,07
b 

5,60 ns ns ns 

mC15:1 13,56 3,49 10,67 2,15 10,82 2,62 ns * *GxY 

mC16:0 1271,52
a 

372,82 899,27
b 

189,92 908,74
b 

215,10 * ns ns 

mC16:1 155,63
a 

46,03 111,62
b 

25,74 115,65
b 

27,44 ns ns ns 

mC17:0 51,75
a 

10,87 43,97 8,18 39,30
b 

10,97 ns ns ns 

mC17:1 39,58 8,39 31,59 6,15 31,75 8,87 ns * ns 

mC18:0 525,44
a 

105,21 487,85 102,49 412,45
b 

72,66 ns ns ns 

mC18:1 1552,21
a 

290,07 1279,38 215,07 1242,65
b 

269,81 ns ns ns 

mC18:2 143,84
a 

23,06 128,17 27,49 110,20
b 

19,49 * * ns 

mC18:3n6 6,13
Aa 

1,17 4,85
b 

0,84 4,13
B 

1,96 * ns ns 

mC18:3n3 19,73
A 

3,72 13,00
B 

2,71 13,57
B 

4,99 ** ** ns 

mC20:0 4,51
a 

0,81 4,25 0,86 3,15
b 

1,29 * ns ns 

mC20:1 2,14
a 

0,49 1,68
b 

0,32 1,62
b 

0,34 * ns ns 

mC20:2 2,72
a 

0,59 2,41 1,26 1,62
b 

0,34 ns * *GxY 

mC20:3n6 24,29 8,57 26,68 16,22 19,65 16,16 ns ns ns 

mC21:0 2,14
a 

0,49 1,68
b 

0,32 1,62
b 

0,34 * ns ns 

mC20:3n3 2,14
a 

0,49 1,68
b 

0,32 1,62
b 

0,34 * ns ns 

mC20:4 2,14
a 

0,49 1,68
b 

0,32 1,62
b 

0,34 * ns ns 

mC20:5 2,14
a
 0,49 1,68

b 
0,32 1,62

b 
0,34 * ns ns 

mC22:0 2,14
a
 0,49 1,68

b 
0,32 1,62

b 
0,34 * ns ns 

mC22:1n9 2,14
a
 0,49 1,68

b 
0,32 1,62

b 
0,34 * ns ns 

mC22:2 2,14
a
 0,49 1,68

b 
0,32 1,62

b 
0,34 * ns ns 

mC23:0 2,58 0,27 2,41 1,26 2,50 0,92 ns ns ns 

mC24:0 3,77 1,56 2,68 1,29 2,40 0,89 ns ns ns 

mC24:1 2,14
a 

0,49 1,68
b 

0,32 1,62
b 

0,34 * ns ns 

Significant differences between columns are marked with different letters
A,B

P ≤ 0.01 and
a,b

P ≤ 0.05. 

Significant  effect and interactions are marked**P ≤ 0.01,*P ≤ 0.05 and ns – no significant 

Istotne różnice pomiędzy kolumnami oznaczono różnymi literami 
A,B

P ≤ 0.01 and
a,b

P ≤ 0.05 

Istotne interakcje oraz wpływ grupy oznaczono **P ≤ 0.01,*P ≤ 0.05 ns – nieistotne 



Table 11.  Profile of  fatty acid groups in musculus biceps femoris (%) 
Tabela 11. Profil grup kwasów tłuszczowych w musculus biceps femoris(%) 

 

       

Traits 

Cecha 

Grupa 1  Grupa 2 Grupa 3  
Group 
Grupa 

Year 
Rok 

Interaction 
Interakcja Mean 

średnia 
SD 

Mean 

średnia 
SD 

Mean 

średnia 
SD 

SFA 54,07 1,85 52,05 2,41 52,15 1,41 ns ns ns 

UFA 45,92 1,84 47,93 2,41 47,83 1,39 ns * ns 

MUFA 41,27
a 

1,18 42,79
b 

1,81 43,20
b 

0,85 * ns ns 

PUFA 4,65 0,68 5,14 0,83 4,63 1,12 ns * ns 

Ω 3 0,46
a 

0,05 0,39
b 

0,02 0,41 0,08 * ns ns 

Ω 6 3,54 0,40 3,96 0,44 3,57 0,55 ns ns ns 

OFA 37,96
A 

2,99 34,11
B 

2,57 35,86 1,59 * ns ns 

DFA 58,29
A 

2,89 62,37
B 

2,73 60,71 1,58 * ns ns 

UFA/SFA 0,85 0,06 0,92 0,09 0,92 0,05 ns ns ns 

Ω 6/Ω3 7,64
a 

0,33 10,31
b 

1,32 9,17 2,76 * ns ns 

 

Table 12 Content of fatty acid groups in musculus biceps femoris (mg/100g meat) 

Tabela 12. Zawartość grup kwasów tłuszczowych w musculus biceps femoris (mg/100g mięsa) 
 

 

Traits 

Cecha 

Grupa 1  Grupa 2 Grupa 3  
Group 
Grupa 

Year 
Rok 

Interaction 
Interakcja Mean 

średnia 
SD 

Mean 

średnia 
SD 

Mean 

średnia 
SD 

SFA 2329,22
a 

620,53 1757,72
b 

367,06 1688,30
b 

365,43 * ns ns 

UFA 1974,83
a 

389,01 1622,66
b 

300,68 1562,97
b 

354,42 ns * ns 

MUFA 1760,67
a 

346,02 1434,05 242,74 1400,60
b 

308,17 * ns ns 

PUFA 195,55
a 

29,96 173,67 47,68 146,44
b 

31,39 ns * ns 

Ω 3 19,73
A 

3,72 13,00
B 

2,71 13,57
B 

4,99 ** ns ns 

Ω 6 149,85
a 

24,11 132,94 28,36 113,74
b 

20,61 * ns ns 

OFA 1644,22
a 

503,23 1151,77
b 

251,49 1164,71
b 

273,22 * ns ns 

DFA 2481,66
a 

460,18 2095,57 387,24 1959,48
b 

389,49 * ns ns 

UFA/SFA 0,85 0,06 0,92 0,09 0,92 0,05 ns ns ns 

Ω 6/Ω3 7,64
a 

0,33 10,31
b 

1,32 9,17 2,76 * ns ns 

Significant differences between columns are marked with different letters
A,B

P ≤ 0.01 and
a,b

P ≤ 0.05. 

Significant  effect and interactions are marked**P ≤ 0.01,*P ≤ 0.05 and ns – no significant 

Istotne różnice pomiędzy kolumnami oznaczono różnymi literami 
A,B

P ≤ 0.01 and
a,b

P ≤ 0.05 

Istotne interakcje oraz wpływ grupy oznaczono **P ≤ 0.01,*P ≤ 0.05 ns – nieistotne 

 

 

 


