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CRYOPRESERVATION OF RAM SPERM FROM AUTOHTONOUS BREEDS  
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ABSTRACT

In the last few decades biodiversity of domestic animals has been declined. The importance of preserving indigenous 
breeds is reflected in the fact that they contain the original genetic code, are adaptable to adverse conditions and more 
resistant to disease. In this study we have investigated the possibility of cryopreservation of ram sperm as a method 
for preserving biodiversity. Cryopreservation of the Wallachian sheep gametes would allow easier exchange of genetic 
material between geographically distant locations and, thus, expand the genetic diversity of otherwise small and distant 
locations. The experiment was performed on rams of Wallachian sheep breed. Six semen samples from two rams were 
collected by electroejaculation. After collection and 60 or 120 min of incubation at 37 oC the sperm was analysed for 
motility by a computer-assisted sperm analyser. Collected sperm was diluted and frozen in straws using a rapid freezing 
method. The straws were thawed after one month. Results of this study showed that freezing influenced total and 
progressive motility compared to fresh sperm (P = 0.000). Comparing progressive motility immediately after thawing, 
and 60 or 120 min after thawing we found statistically significant differences between both rams (Ram 1, P = 0.0359; 
Ram 2, P = 0.0361). In this experiment inter-male variability was not confirmed. For further analysis higher number of 
animals and other breeds need to be tested.
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INTRODUCTION

Biodiversity preservation is a process of 
genetic conservation through renewal of degraded 
ecosystems and natural habitats and the preservation 
and recovery of breeds. Sustainable use represents 
utilization of biodiversity components that does not 
cause distortion of biodiversity but represents a 
rational use of natural resources and maintenance 
of the potential biodiversity (Stanivuk et al., 2017).

In the past decades, the number of 
autochthonous sheep breeds has been declined. 

The main factors affecting the number of 
autochthonous sheep breeds are low productivity 
and unprofitability of their production (Dragin et al., 
2017). Criteria of breed selection for conservation 
must be multiple and well and reasonably chosen. 
Criteria must respect the potential value of the breed 
that is the genetic constitution and eventually useful 
genes for future research at breeder discretion. 
The possibility of losing a breed is also one of the 
important criteria, because once lost genes or gene 
combinations can never be brought back in any way 
(Dragin et al., 2015).
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Animal gene banks play an important role in 
agricultural production globally for the present and 
the future and in sustaining the most of production 
systems and community livelihoods (Kulikova et al., 
2018). In the last few decades, almost all farm animal 
breeds are experiencing a significant decrease 
of genetic diversity (Prentice and Anzar, 2011). 
Modern biotechnologies in reproduction allowed 
the production of large number of progeny from 
a single individual, as well as the use of effective 
methods of transport and long-term storage of 
sperm cells, oocytes and early embryos (Patterson 
and Silversides, 2003).

Gene banks are defined as systematic and 
organized collection, preservation and exploration 
of genetic material, by in situ (in vivo), or ex situ 
(ex vivo). The in situ method involves preservation 
of small herd of animal species, breed and lines 
(Wildt, 1999; Stančić, 1999). In situ method is 
common in rural area where a tradition of breeding 
autochthonous breeds of domestic animals is 
present. The disadvantages of in situ conservation 
are brought about by a lack of complete control 
over the many factors which influence the survival 
of individuals and therefore the genetic makeup 
of the conserved population (Henson, 1992; 
Furukawa et al., 1998). The method ex situ involves 
long-term storage of gamets (sperm cells and 
oocytes) (Johnston and Lacy, 1995; Stančić, 2000; 
Stančić et al., 2001; Stančić et al., 2002; Stančić 
et al., 2005; Stanković, 2012) or early embryos 
by cryopreservation technology (Stančić, 2004; 
Boettcher et al., 2005; Pereira and Marques, 2008; 
Prentice and Anzar, 2011; Chrenek et al., 2013)  
as well as by cryopreservation of testicular or 
ovarian tissue somatic cells (Andrabi and Maxwell, 
2007; Pereira and Marques, 2008). The major 
advantage for ex situ conservation is the relative 
cost of collecting, freezing and storage of frozen 
material, as compared to maintaining large live 
population (Stančić et al., 2013). Improvements in 
gamete cryopreservation methods may be useful 
for preserving valuable genetic stock in breeding 
programs (Anel et al., 2006), and also for establishing 
a semen bank for sheep breeds with an increased 
risk of loss of genetic variability due to selection 
programs (Ehling et al., 2006; Nel-Themaat et al., 
2006).

The natural resistance of spermatozoa to 
cryopreservation varies among species, breeds 
and even among individual animals of the same 
breed (Marco-Jiménez and Vincente, 2004). Sperm 
undergo changes during epididymal maturation 
and after the addition of seminal fluids (James et 
al., 1999; Martinez-Pastor et al., 2006; Yeung et 
al., 2006; Tamayo-Canul et al., 2011b), and these 
changes include variation in the plasma membrane 
of ram spermatozoa (Hammerstedt and Parks, 1987).  
These changes in plasma membrane leads to 
problems with cryopreservation of ram spermatozoa.  
Ram sperm is more sensitive to freezing than 
sperm of other species, and therefore, have a low 
pregnancy rates after cervical AI with frozen-thawed 
semen (Maxwell et al., 1999). Frozen-thawed semen 
is used for intrauterine insemination, while fresh 
semen is used for cervical insemination (Maxwell 
et al., 1999). Post-thaw sperm quality is reduced 
due to the occurrence of cold shock and osmotic 
stress during the freeze-thawing process (Salamon 
and Maxwell, 2000). The damage from freezing 
can be reduced by adding the extenders and 
cryoprotectants. Common extenders are the egg 
yolk and soybean lecithin. Optimal cryopreservation 
of epididymal spermatozoa following accidental 
death of ram and other endangered species would 
also markedly help to preserve biodiversity (Kaabi  
et al., 2003; Hishinuma et al., 2003; Martinez-Pastor 
et al., 2009; Fernández-Santos et al., 2006).

The success of cryopreservation of semen 
is determined by the rate of sperm dilution. 
Membrane destabilization and capacitation-like 
changes in spermatozoa can be linked to excessive 
dilution, and cryopreservation can have an additive 
effect on spermatozoa (Akçay et al., 2012).

In our study we analysed fresh and frozen-
thawed sperm for its quality from two Wallachian 
rams. The aim was to compare the effect of freezing 
and different times of incubation on sperm quality.

MATERIAL AND METHODS

Semen collection
Semen from two Wallachian sheep breed rams 

was collected by electroejaculation. The rectum  
was cleaned of faeces. A three electrode probes 
1" for ram and boar with diameter of 2.54 cm and 
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length of approximately 16 cm connected to a power  
source that allowed voltage and amperage control 
were used (Minitube Electro-ejaculator). The EE 
regime (automatic mode, type of curve 2 – the power  
output is linearly increased from 0.5 Volt to 7 Volt) 
consisted of consecutive series of 2-s pulses of similar 
voltage, each separated by 2-s break. The initial  
voltage was 0.5 V, which was increased in each 
series until maximum of 7 V. Upon reaching a voltage 
of 7 volts, impulses remained at this level until  
the ejaculation was complete. After collection, 
semen was transported to a laboratory in a water 
bath at 37 oC.

Sperm motility evaluation and cryopreservation
An aliquot taken from each fresh semen 

sample was used for motility analysis immediately 
after collection and following 60 or 120 min of 
incubation at 37 oC. Semen was diluted in a saline 
(0.9 % NaCl; Braun, Germany) at the ratio of 1:20, 
immediately placed into a Standard Count Analysis 
Chamber Leja (depth of 20 microns) (MiniTüb, 
Tiefenbach, Germany) and evaluated under a Zeiss 
AxioScope A1 microscope using the CASA system 
(Sperm VisionTM; MiniTübe, Tiefenbach, Germany). 
For each sample and repetition, seven microscopic 
view fields were analysed for average concentration 
(CON; 1 × 109) and percentage of total motility (TM; 
motility & gt; 5 μm.s−1) and progressively moving 
spermatozoa (PM; motility & gt; 20 μm.s−1). Rest of 
the semen samples were used for cryopreservation.

Semen was frozen using a rapid freezing 
method. Individual semen samples were cooled 
down to 15 oC for 20 min to minimize cold-shock 
damage. After cooling, an aliquot of semen was 

diluted in a commercial diluent (OviXcell, IMV 
Technologies, France) enriched with 100 mM 
trehalose (Sigma Aldrich, Germany) to a ratio of 
1:1 or 1:2 (v:v). Thereafter, the semen was loaded 
into 0.25 ml plastic straws and equilibrated at 
5 oC for 90 minutes. The straws were suspended 
horizontally in liquid nitrogen vapours (LNV) 5 cm 
above the liquid nitrogen (LN2) level for 10 min (-125 
to -130 oC) before being plunged into LN2 (-196 oC) 
for storage.

After one month of storage in LN2 , the straws 
were thawed by immersing into a water bath at 38 oC  
for 60 s. Sperm motility analysis was done immediately  
after thawing and after 60 or 120 min of incubation 
at 37 oC, as stated above.

Statistical analysis
Sperm motility between the two rams and  

between different times of incubation was compared  
by a Duncan test using Statistica 13.2 software (TIBCO 
Software Inc). Values at P ≤ 0.05 were considered  
as statistically significant.

RESULTS AND DISCUSSION

Table 1 shows the results of total (TM) and 
progressive (PM) motility of thawed ram sperm, 
immediately after thawing. The results in the first 
table were obtained from the ejaculates from  
the ram located in the Slovak Republic (Ram no. 1).

From the attached table we can see that in 
each sample the progressive motility is less than  
the total motility, and that it decreases with 
increasing time interval.

Table 1. Motility of thawed sperm at different time intervals, ram 1

	 Time intervals	 TM 00	 PM 00	 TM 60	 PM 60	 TM 120	 PM 120

	 Sample 1	 12.90 %	 4.30 %	 17.90 %	 12.00 %	 15.10 %	 7.10 %
	 Sample 2	 13.20 %	 7.00 %	 17.50 %	 10.70 %	 13.30 %	 7.80 %
	 Sample 3	 16.60 %	 9.50 %	 18.60 %	 10.20 %	 16.50 %	 10.50 %
	 Sample 4	 19.00 %	 9.50 %	 17.80 %	 7.60 %	 15.50 %	 5.60 %
	 Sample 5	 17.20 %	 9.90 %	 19.20 %	 12.70 %	 18.00 %	 8.70 %
	 Sample 6	 16.40 %	 6.60 %	 14.60 %	 8.00 %	 6.70 %	 3.80 %

	 TM ─ Total motility, PM ─ Progressive motility
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The natural resistance of spermatozoa to 
cryopreservation varies between breeds and even 
between individuals of the same breed (Marco-Jiménez  
and Vincente, 2004). Testing of thawed sperm 
from two rams of the Wallachian breed revealed 
the motility of the sperm and their suitability for 
cryopreservation. Cryopreservation process itself 
is affected by many factors. The composition of 
cryoprotectants and the rate of dilution before 
freezing maybe a key factor in sperm freezing 
(D'Alessandro, 2000).

Table 2 shows the results of total (TM) and 
progressive (PM) motility of thawed sperm from 
the ram located in Serbia (Ram no. 2). The total 
and progressive motility in this ram changed with  
the increasing time intervals.

Cryopreservation significantly affects the 
quality of thawed sperm by lowering sperm 
motility characteristics (Kubovičová еt al. 2011). 
The maintenance of sperm function during freezing 
and thawing depends on several related factors 
including cooling rate, equilibration and freezing 
technique (Salamon and Maxwell, 2000; Bailey  
et al. 2000; Curry, 2000; Anel et al. 2006).

In Table 3, we compared the total (TM) and 
progressive (PM) motility of fresh and thawed 
sperm between two rams.

The results in the Table 3 showed high statistically  
significant differences between fresh and thawed 
sperm in both rams. Ram sperm are sensitive to 
extreme temperature changes during the freezing 
process (Salamon and Maxwell, 1995), what leads to 
sperm changes (Watson, 1995).

Based on the obtained results we can see 
that there are differences in progressive motility 
between different time intervals. By comparing 
progressive motility immediately after thawing, 
60 or 120 min after thawing, we found statistically 
significant differences in both rams between 60 
and 120 minutes after thawing. At each stage of 
the freezing cycle, which includes the process of 
ejaculate collection, dilution, equilibration, and 
freezing, sperm may lose the ability to fertilize 
normally (Watson, 1995).

These results show no statistically significant 
differences between ejaculates after thawing.

Kubovičová et al. (2011) investigated the motility  
of frozen-thawed sperm between two breeds of 

Table 2. Motility of thawed sperm at different time intervals, ram 2

	 Time intervals	 TM 00	 PM 00	 TM 60	 PM 60	 TM 120	 PM 120

	 Sample 1	 13.20 %	 6.30 %	 13.60 %	 6.80 %	 14.20 %	 6.90 %
	 Sample 2	 15.80 %	 8.20 %	 12.50 %	 8.90 %	 14.50 %	 8.60 %
	 Sample 3	 12.65 %	 7.40 %	 15.40 %	 10.20 %	 12.60 %	 5.30 %
	 Sample 4	 18.90 %	 9.60 %	 18.70 %	 8.50 %	 16.90 %	 8.20 %
	 Sample 5	 17.40 %	 4.90 %	 18.20 %	 9.10 %	 8.60 %	 7.90 %
	 Sample 6	 15.50 %	 8.70 %	 16.80 %	 12.30 %	 15.10 %	 5.80 %

	 TM ─ Total motility, PM ─ Progressive motility

Table 3. Comparison between ram 1 and ram 2 of total and progressive motility of thawed sperm at different  
time intervals

	 Sperm motility at different	 Frozen				    Fresh
	 time intervals	 TM 60	 PM 60	 TM 120	 PM 120	 TM 60	 PM 60	 TM 120	 PM 120

	 Ram 1	 17.60 %	 12.00 %ab	 14.20 %	 7.10 %ac	 78.20 %	 69.90 %b	 78.60 %	 69.70 %c

	 Ram 2	 15.90 %	 10.70 %ad	 13.60 %	 7.80 %ae	 78.00 %	 80.20 %d	 75.10 %	 76.10 %e

	 TM ─ Total motility, PM ─ Progressive motility, a,b,c,d,e ─ significant differences (P < 0.05) within a row.

Slovak J. Anim. Sci., 53, 2020 (3): 97–103                                                                                                            Original paper
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sheep and also obtained significant differences. Total 
and progressive sperm motility after incubation 
was significantly reduced. Variability in the quality 
of thawed sperm in males of the same breed was 
noted (Waterhouse et al., 2006; Lavara et al., 2013; 
Sallem et al., 2015; Kulíková et al., 2017).

Kulíková et al. (2018) found no differences 
in the total and progressive motility of fresh sperm 
between two tested Wallachian breed rams.  
The quality of fresh sperm was similar, but thawed 
sperm showed a difference and thus confirmed 
various sensitivity to the cryopreservation procedure.

CONCLUSION

The results of this study indicate that freezing 
significantly affects total and progressive sperm 
motility. No difference in total and progressive 
sperm motility was found between the two rams, 
but significant differences in sperm motility and 
progressive motility in both rams 60 and 120 min 
after thawing were observed in comparison 
with fresh semen. In conclusion, ram sperm is 
poorly susceptible to freezing, and it is necessary 
to perform a new research in order to improve  
the quality of frozen-thawed sperm.
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ABSTRACT

The main purpose of this study was to investigate some critical factors affecting the reproduction process and causing 
the post-pregnancy problems in Holstein dairy cattle herd. One of the critical factors of concerns for herd managers in 
industrial dairy farms is timed calving, which can result in a greater profit. To achieve this, timed insemination should 
be done and the post-partum diseases should be controlled as much as possible so that the subsequent pregnancy 
would not be delayed. Therefore, this study evaluated the reproduction process in one of the largest industrial dairy 
farms in Yazd province, Iran. A group of 373 cows was monitored since 2005 to 2014. The obtained results indicated 
that out of the total number of calving, natural calving had the highest number while the dystocia had the lowest.  
The rate of post-pregnancy problems was raised by the birth of male calves. It was also observed that as the numbers 
of parity increased, the rate of natural calving increased considerably, whereas the rate of uterine infection decreased. 
Nevertheless, the ovarian cyst incidence was increased slightly up to the third parity, while it was decreased after  
the third calving.

Key words: reproduction; pregnancy problems; Holstein cows

INTRODUCTION

One of the most important reasons of losses 
of dairy cows in Iran is the reproductive problems. 
Inadequate reproductive performance of dairy 
cows, one of the factors of reducing both milk 
production and calving over the year, can occur in 
the form of either calving intervals or forced removal 
of dairy cows, or both of them (Ferguson, 2005; 
Sewalem et al., 2008). One of the purposes of dairy 
cow breeding is to enhance the yield and economic 
productivity using most breeding programs based  
on milk yield traits (McAllister et al., 1990). However,  
it is not always a cost-effective issue to increase 
milk production because it can cause some factors 
such as prolonging the calving intervals, extending 

the number of non-pregnancy days and the age 
of calving, which are not economically viable and 
efficient (Hansen, 2000). Although in the first and 
second calving, a strict selection to increase milk 
production may not directly decrease survival but due 
to increased diseases, reproductive disorders and 
other factors, involuntary elimination is increased 
noticeably based on which longevity in calving and 
the age of the herd are reduced (Hansen, 2000). 

Generally, to obtain higher milk production, we 
should design an appropriate reproductive program 
(Plate-Church, 2002). As such, some productive 
(e.g. milk production) and reproductive traits are 
in a positive correlation (Veerkamp, 1998). Thus,  
the selection of bulls for milk production will not have 
a significant impact on the reproductive performance 
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of dairy cows (Brotherstone et al., 2002; Wall et al.,  
2003). Nevertheless, proper management can prevent  
reproductive decline, which is in negative relationship  
with productive traits. Here, it is worthwhile to 
mention that the interval between calving and 
pregnancy (open days) mainly depends on some 
important factors, such as an artificial insemination 
technique, calving season, herd management, herd 
size, production level and the number of parity 
(calving) (Oseni et al., 2003). In high-performance 
dairy herds, the attempts to raise the performance 
may cause a negative impact on fertility (Gröhn & 
Rajala-Schultz, 2000).

The reproductive efficiency of a cow is usually 
determined by the age of first calving, the number 
of non-pregnant days, the number of inseminations  
per pregnancy and the interval between two 
calvings (Dematawewa & Berger, 1998). According 
to the mentioned factors, the aim of this study was 
to investigate some critical factors affecting both 
the reproduction and pregnancy of dairy cows. 

MATERIAL AND METHODS

Dairy herd information
The study was conducted in the Yazd province 

(Latitude 31° N' and Longitude 54° E), having an  
average temperature of 30 ± 2 °C, in an industrial 
dairy farm (1000 cow) with the mean milk production 
of 32 kg.d-1 being fed three times a day with TMR.  
The cows were artificially inseminated (1.6 ± 0.1 service  
per cow).

Data collection
The reproductive traits of 373 dairy cows 

were monitored in this investigation. All data were 
collected for ten years (from 2005 to 2014). In 
addition, cows from the first to the fifth parity were 
used. The following criteria were observed:
•	 The sex of born calves 
•	 Dystocia 
•	 Ovarian cysts caused by the birth of male or 

female calves (Ovarian cysts were determined by 
a veterinary expert using rectal palpation)

•	 The effect of the calving parity on the type of delivery
•	 The effect of calving parity on post-partum 

diseases (uterine infections were determined by 
a veterinary expert using rectal palpation)

Statistical analysis
SAS (2009) 9.2 version software was used to 

analyze the collected data. The Chi-square test was 
used to compare the obtained data.

RESULTS

The effect of calf sex on the type of delivery 
as well as on the post-partum diseases is shown in 
Tables 1 and 2. 

These results indicated that among the total  
numbers of calving in this dairy farm, the ratios of 
born female calves and male calves were 53.62 % 
and 46.38 %, respectively. From them, the natural 
calving was represented at the highest percentage, 
whereas the dystocia showed the lowest percentage.  

Table 1. The impact of calf sex on calving type

	
Sex

	 Calving rate	 Number	 Natural	 Auxiliary	 Dystocia	
Chi-Square		  (%)	 of calving	 calving (%)	 calving (%)	 (%)	

	 Bull calf	 46.38	 173	 21.72	 17.69	 6.97	 0.0250
	 Cow-calf	 53.62	 200	 32.44	 16.09	 5.09	 0.0250
	 The total	
	 of bull and cow-calves	 100	 373	 54.16	 33.78	 12.06	 0.0250

	 Chi-Square test
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From the total number of cows with the post-partum 
disease, 12.64 % had ovarian cysts, while 87.35 % 
had cervical infection. As the number of parities 
increased, the rate of natural calving increased as well  
(Table 3).

At the third parity most of the calvings were 
natural but after the third parity it decreased 
slightly.  Assisted calving reached its lowest level 
at the fifth parity. In addition, as the number of 
parities increased, the dystocia was decreased, 
but it increased slightly after the third parity. This 

increase was lower at the fourth and fifth parities  
as compared to the first and second parities. Table 4  
demonstrates the association of the number of parities  
with the incidence of post-partum diseases.

The ratio of ovarian cysts was notably increased 
by increasing the number of parities. However, this 
increase was evident up to the third parity and 
decreased thereafter. In addition, as the parities  
progressed, the rate of uterine infection also 
increased; however, it decreased after the second 
parity.

Table 2. The impact of calf sex on post-partum diseases (by percentage)

	 Sex	 Ovarian cyst	 Uterine infection	 Chi-Square

	 Bull calf	 6.90	 48.28	 0.9366
	 Cow-calf	 5.75	 39.08	 0.9366
	 The total
	 of bull and cow-calves	 12.64	 87.35	 0.9366

	 Chi-Square test

Table 3. The impact of the number of parities on the type of calving (in percentage)

	 Parity No.	 Natural calving	 Auxiliary calving	 Dystocia	 Chi-Square

	 Parity 1	 5.61	 8.82	 6.15	 0.0001
	 Parity 2	 9.89	 8.56	 2.67	 0.0001
	 Parity 3	 13.64	 6.95	 0.53	 0.0001
	 Parity 4	 12.57	 6.15	 1.07	 0.0001
	 Parity 5	 12.57	 3.21	 1.60	 0.0001

	 Chi-Square test

Table 4. The impact of the number of calving parity on the post-partum disease (in percentage)

	 Parity No.	 Uterine infection	 Ovarian cyst	 Chi-Square

	 Parity 1	 2.20	 18.68	 0.1800
	 Parity 2	 4.40	 27.47	 0.1800
	 Parity 3	 5.49	 20.88	 0.1800
	 Parity 4	 0	 10.99	 0.1800
	 Parity 5	 1.10	 8.79	 0.1800

	 Chi-Square test
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DISCUSSION

Regarding the experimental results, it was  
found that the natural calving represented 
the highest percentage, whereas the dystocia 
represented the lowest percentage among the 
calvings. From the total number of cows suffering 
from post-partum diseases, 12.64 % were related to 
the ovarian cysts, while about 87.35 % were related 
to the uterine infection. Our investigations revealed 
that there was a positive relationship between 
the calving parity and time of first ovulation after 
calving. The first and second parities were longer 
than the first ovulation after calving as compared 
to the third and more parties. This can be probably 
due to the lack of energy and high nutritional 
stress for growth, in addition to lactation needs 
(Ferguson, 2005). However, it should be noted 
that there were also high-yielding cows with good 
reproductive performance (Sewalem et al., 2010), 
which might be a result of better nutrition and more 
intensive care. On the other hand, those cows that 
were genetically determined for more production, 
although were not delayed in ovulation, but their 
nutritional deficiencies may have caused some 
ovarian problems (Dechow et al., 2004).

Based on Table 1, it was concluded that 
the dystocia in the calving of male calves was 
considerably higher than that of female calves. By 
comparing the sexes of calves it was found that with 
the birth of male calves, the rate of the ovarian cysts 
and uterine infections became higher than before. 
Erb et al. (1985) reported that dystocia could cause 
some metritis and pregnancy problems and even 
lead to the elimination of livestock from the herd. 

Some studies indicated that calf size was 
an essential factor in the type of calving. This is  
especially important for bull-calve calving. In terms 
of size, the bull-calves are larger than the cow-calves,  
which is one of the most important causes of dystocia 
(Hansen, 2000). Even calf births are the factor  
in dystocia (Correa et al., 1993). A study conducted 
by Atashi and Asaadi (2019) showed a direct 
relationship between calf weight and pregnancy 
length. It was also noted that in the primiparous 
cows with a short gestation, the rate of dystocia was 
higher, it decreased and was found in multiparous 
cows with average length of gestation. Hammoud 
et al. (2010) stated that dystocia could cause some 

post-pregnancy diseases as well as some fertility 
problems. On the other hand, our results showed 
that as the number of parity increased, the rate of 
natural calving increased as well, while in the third 
parity, most of the calvings were natural. Here, 
it should be noted that the dystocia rate has also 
decreased by increasing the number of calving parity 
(Noakes et al., 2009). However, one of the most  
critical factors in the type of delivery is the age and 
the body condition score of heifers at the time of 
insemination. It is worthwhile to mention that 
heifers should be timely inseminated, as late or 
early insemination may lead to pregnancy problems 
as well as to dystocia (Plate-Church, 2002).

It is known that the negative energy balances  
in high-yielding cows may decrease the reproductive 
performance as well as the livestock health, 
especially in first parity cows during early lactation 
(Wall et al., 2003). This point is especially important 
in high-yielding cows (Lucy, 2001; Sewalem et al., 
2010; Stevenson et al., 1999). The average age 
at first calving, which is an important indicator to 
determine the reproductive capacity in heifers and 
herd capacity to begin production, is between 24 
and 25 months (Hare et al., 2006). Faraji-Arough 
et al. (2011) reported that the most appropriate 
calving age for Holstein cows in Iran was 26.6 
months (811.1 days).

The recent review (Noakes et al., 2009) 
showed that age at first calving is influenced by some  
environmental and management factors, including 
proper breeding and nutrition in the pre-calving 
period. It would be appropriate if the age of first 
calving does not lead to creating such reproductive 
problems (Noakes et al., 2009). In this matter, both 
ovarian cysts and uterine infection have increased 
significantly by increasing the number of parity. 
This is due to a relationship between the genetic 
association suffering from ovarian cysts and milk 
production. High-yielding cows become more 
susceptible to suffer from this problem in the first 
months after calving (Hansen, 2000; Lucy, 2001; 
Sewalem et al., 2010). On the other hand, one of 
the major challenges in the reproductive problems 
in dairy cows are their age and body condition  
score during insemination (Plate-Church, 2002). 
Due to the lack of coordination between energy  
requirements and received energy, the high milk  
production rate may lead to the generation of a negative  
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energy balance in cows, which subsequently occurs 
at the beginning of lactation, when the weight losses 
and the body condition score is reduced (Lucy, 2000, 
2001). Moreover, the mean age of first calving has 
an important impact on the reproduction capacity 
of heifers as well as on the capacity of the herd to 
begin production (Dechow et al., 2004; Hare et al., 
2006). 

Some researchers showed that cows that are 
genetically determined for further performance, 
although have no delay in ovulation, may be late  
in their first estrus after calving (Dechow et al.,  
2004). In general, the low heritability and 
reproductive traits reveal that their variation is more  
dependent on non-genetic, i.e. environmental 
and management factors, such as nutrition and 
diagnostic management (Royal et al., 2002). Some 
investigations showed that poor nutrition is a critical  
factor in weight loss that may cause some 
reproductive losses due to the lack of ovulation. Both 
overfeeding and obesity may cause a negative effect 
on reproduction by damaging the folliculogenesis 
and reducing the oocyte quality (Ferguson, 2005).

CONCLUSION

Of all calvings, natural calving had the highest 
number whereas the dystocia had the lowest. The rate  
of post-pregnancy problems was raised by the birth of 
male calves. It was also observed that as the numbers  
of parity increased, the rate of natural calving 
increased considerably, whereas the rate of uterine 
infections decreased. Nevertheless, the ovarian 
cyst incidence was increased slightly up to the third 
parity, while it was decreased after the third calving.
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ABSTRACT

This study was aimed at evaluating the effects of full or partial replacement of dietary vitamin-mineral premix (VmP) 
with leaf meal composites (LMC) on performance of broiler chickens. In a completely randomised design, one-day 
old Arbor Acres plus chicks (n = 936) were randomly allotted to thirteen treatments, each replicated eight times.  
A replicate comprised nine chicks each. Air-dried leaves of Telfaria occidentalis, Celosia argentea, Vernonia amygdalina 
and Moringa oleifera were milled and constituted in equal proportions to a leaf meal composite (LMC). Diets were 
formulated with the LMC incorporated in the diets at 1.5, 3.0 and 4.5 % and the VMP at 0.000, 0.125, 0.250 and 0.375 % 
in a (3 x 4) +1 augmented factorial arrangement. Treatments 1 (T1 ), 2 (T2 ) and 3 (T3 ) contained only 1.5, 3.0 and 4.5 % 
LMC, respectively, without VmP inclusion. Treatments 4 (T4 ), 5 (T5 ) and 6 (T6 ) each contained 0.125 % VmP alongside 
1.5, 3.0 and 4.5 % LMC, respectively. Treatments 7 (T7 ), 8 (T8 ), and 9 (T9 ) also had 0.25 % VmP each alongside 1.5, 3.0 
and 4.5 % LMC, respectively. Treatments 10 (T10 ), 11 (T11 ) and 12 (T12 ) each contained 0.375 % VmP with 1.5, 3.0 and 
4.5 % LMC, respectively, while Treatment 13 (T13 ) contained 0.25 % VmP only. Chicks were fed from day 1-21 (starter) 
and 23-42 (finisher). Increasing dietary VMP supplement resulted in reduced (p < 0.05) weight gain (WG) and increased 
feed conversion ratio (FCR), while higher supplemental LMC increased WG but reduced FCR of chicken. Similar result 
trends were obtained for the chickens at the finisher phase. Effects of LMC combinations with VmP in chickens on T2 
(2.34 ± 0.22), T3 (2.33 ± 0.17), T5 (2.30 ± 0.28) and T9 (2.00 ± 0.19) on FCR were similar (p > 0.05) but lower (p < 0.05) 
than in other treatments. Optimal FCR of 2.25 (starter) and 2.44 (finisher) were attained with 3.43 (R2 = 0.73) and 
3.06 % (R2 = 0.99) LMC inclusions, respectively. Thus, LMC successfully replaced VmP in broiler chicken diets without any 
negative implication on growth performance.

Key words: broiler starter; chicken performance; supplemental vitamin premix; dietary leaf meal; feed conversion ratio 

INTRODUCTION

Vitamin-mineral premix (VmP) remained  
an essential component of feed for broiler chicken 
as the gut of broilers cannot synthesize adequate 
vitamin and minerals (Islam et al., 2004). Synthetic 
single vitamin and minerals for producing VmP are 
manufactured by few companies globally. They 
are, therefore, expensive and subject to sporadic 

scarcity, which makes it imperative to seek for 
viable alternatives to address economic challenges 
faced by farmers in the rural areas of the developing 
world. The consistent challenge of importation 
and scarcity of key ingredients also allows loop of 
variation in quality and claims by manufacturer  
of vitamin-mineral premix and the means of proving 
the veracity of products claim are also lacking 
(Asaduzzman et al., 2005, Ogunwole et al., 2012).
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Green leafy vegetables have been previously 
investigated as alternative feed ingredient in form 
of leaf meal to address economic challenge of high 
cost of conventional VmP (Tesfaye et al., 2013). 
Leaf meal has been used largely in broiler diets 
to replace macro feed ingredients like energy and 
protein (Onyimonyi and Onu, 2009; Gadzirayi et al., 
2012; Abu et al., 2015). Apart from being rich in 
macro nutrients, such as protein and energy, some 
green leafy vegetables are known to be innately 
rich in vitamins and minerals (Rickman et al., 2007, 
Achikanu et al., 2013, Uraku et al., 2015). The need 
to find alternative sources of VmP, therefore, places 
a feasible option on the use of vegetable leaves  
as ingredient in this category.

The high moisture content of vegetable leaves  
is, however, a challenge to their use in poultry feed.  
Different drying methods, employed to retain 
the inherent nutrients, have been documented 
(Mosuro, 2018; Mosuro and Ogunwole, 2019). 
Air drying was the acclaimed method of drying 
the vegetable leaves (Onayemi and Badifu, 1987; 
Lakshmi and Vimala, 2000; Krokida and Maroulis, 
2007; Sagar and Suresh, 2010; Naikwade, 2014; 
Mosuro and Ogunwole, 2019).

The VmP developed from locally sourced 
materials have been successfully used in poultry 
production in Nigeria (Bolu and Balogun, 2003; 
Malik et al., 2010; Oyewole et al., 2013). However, 
the ingredients employed in the trials were not 
solely derived from leaf meals. Information on the 
use of supplemental VmP developed solely from 

leaf meal in broiler chicken production is still very 
scanty. Hence, this study was aimed at assessing  
the effect of replacing dietary VmP supplement  
with LMC on the growth performance of broiler 
chicken.

MATERIAL AND METHODS

Experimental location
The experiment was carried out at the Poultry 

Unit of the Teaching and Research Farm, University 
of Ibadan, Ibadan, Nigeria. The study area lies 
between longitude of 7°27.05 north and 3°53.74 of  
the Greenwich Meridian east at an altitude of 200 m  
above sea level. Average temperature and relative 
humidity of the location is between 23-42 °C and 
60-80 %, respectively (SMUI, 2018). The trial was 
undertaken between the month of September and 
November.

Experimental animals and diets
One-day old Arbor Acres plus broiler chicks 

(n = 936) were randomly allotted to 13 dietary 
treatments, each treatment was replicated eight 
times, a replicate comprised nine chicks. The allocation   
was done using the Experimental Animal Allotment 
Program (EAAP) version 1.1 according to Kim and 
Lindemann (2007). A conventional open-sided 
deep litter house partitioned into 104 cubicles 
of one square metre each was used to house  
the birds. Leaves of Telfaria occidentalis (HOOK. f), 

Table 1. Layout of experimental diets

	 Dietary Treatment	 LMC Inclusion (%)	 VmP Inclusion (%)

	 Treatment 1	 1.5	 0
	 Treatment 2	 3.0	 0
	 Treatment 3	 4.5	 0
	 Treatment 4	 1.5	 0.125
	 Treatment 5	 3.0	 0.125
	 Treatment 6	 4.5	 0.125
	 Treatment 7	 1.5	 0.25
	 Treatment 8	 3.0	 0.25
	 Treatment 9	 4.5	 0.25
	 Treatment 10	 1.5	 0.375
	 Treatment 11	 3.0	 0.375
	 Treatment 12	 4.5	 0.375
	 Treatment 13	 0	 0.25
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Celosia argentea (LINN), Moringa oleifera (LAM) 
and Vernonia amygdalina (DEL) were collected, 
destalked and washed before indoor air-drying  
on perforated plastic trays to constant weight.  
The air-dried leaves were milled and mixed in equal 
proportion to constitute the leaf meal composite 
(LMC). Detailed description of air drying of the 
different leaves and constitution into LMC has been 
succinctly documented (Mosuro and Ogunwole, 
2019). The commercial VmP used in the trial was 
procured from a popular retail outlet in Ibadan, 
Nigeria.

The thirteen isocaloric and isonitrogenous 
experimental diets formulated contained LMC or 
VmP as well as the different combinations of both 
the LMC and VmP.

The gross composition of the basal starter 
and finisher diets is shown in Table 2. The chickens 
were fed the diets and supplied water ad libitum.  
The experiment was a {1+ (3×4)} augmented factorial  
arrangement in a completely randomised design. 
The factorial arrangement had three levels of LMC 
inclusions at 15, 30 and 45 g.kg-1 with four inclusion 
levels of VMP at 0, 1.25, 2.5 and 3.75 g.kg-1.

The model is as shown below:
Yijk = µ + αi + βj + αiβj + eijk

Where:
Yijk = Observation k in ith level of factor A and Jth level 

of factor B 
µ = Overall mean population
αi = Effect of ith level of factor A
βj = Effect of ith level of factor B
αiβj = Effect of interaction of factor A and factor B
eijk = Random error with mean 0 and variance σ2

Standard brooding, rearing protocols and  
immunisation were strictly adhered to, as scheduled  
for broiler. The weekly feed intake (FI) was recorded 
by subtracting the left over feed from the feed 
supplied. Chickens were weighed weekly and 
accurate records of body weight changes were taken 
at the beginning and end of the starter (day 1-21) 
and finisher (day 21-42) phases. The FI and weight 
gain (WG) records were used to calculate the feed 
conversion ratio (FCR) (i.e. feed consumption (kg) 
per kg weight gain) using this formula:

 Total feed intake (kg)
     Weight gain (kg)

Table 2. Gross composition of basal starter and finisher diets fed to experimental chicken (g.100 g-1)

	 Ingredients	 Starter diet (g.100 g-1)	 Finisher diet (g.100 g-1)

	 Soybean cake	 38.00	 30.00
	 Soya oil	 2.00	 2.00
	 Wheat offal	 7.24	 7.24
	 Table salt	 0.25	 0.25
	 Oyster shell	 0.50	 0.50
	 Di-calcium phosphate	 1.50	 1.50
	 *Vitamin-mineral premixk	 -	 -
	 Leaf Meal Compositem	 -	 -
	 Methionine	 0.15	 0.15
	 Lysine	 0.05	 0.05
	 Coccidostat (Lasalocid)	 0.06	 0.06
	 Total	 99.75	 99.75
	 Calculated nutrients:		
	 Crude protein (%)	 22.08	 19.38
	 Metabolisable energy (kJ.kg-1)	 12,686.14	 13,131.02

*1kg of vitamin-mineral premix contains: Vitamin A 10,000,000IU; Vitamin D3 - 2,000,000IU; Vitamin E - 20,000IU; Vitamin 
K - 2,250mg; Thiamine B1 - 1,750mg; Riboflavin B2 - 5,000mg; Pyridoxine B6 - 2,750mg; Niacin - 27,500mg; Pantothenic 
acid - 7,500mg; Biotin - 50mg; Choline chloride - 400g; Antioxidant - 125g; Magnesium - 80 g; Zinc - 50 mg; Iron - 20 g; 
Copper - 5g; Iodine - 1.2 g; Selenium - 200 mg; Cobalt - 200 mg
k = The dietary layout in Table 1 contains the level of VmP in the respective experimental diets
m = See Table 1 for the corresponding levels of LMC in the respective experimental treatment
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Data were subjected to analysis of variance 
(SAS, 2012). Means were separated using orthogonal 
contrast of the same software at α0.05.

RESULTS

The main effect of varying supplemental VmP  
on growth performance of broiler chicken at the 
starter phase is shown in Table 3. The FI of broiler 
chicks was not significantly affected (p > 0.05) by 
dietary inclusion of supplemental VmP at the starter 
phase. The FI ranged from 921.37 g in broiler chicks 
with no dietary inclusion of VmP to 967.25 g in 
those on 0.25 % supplemental VmP. However, WG 
in broiler chicks fed diets without VmP (421.90 g) 
was higher (p < 0.05) than in other dietary 
treatments. The WG of 403.75 g and 403.78 g 
in chicks on 0.125 % and 0.375 % supplemental 
VmP, respectively, were similar (p > 0.05). Lower 
(p < 0.05) WG of 379.58 g was observed in chicks 
on 0.25 % dietary VmP supplement. The FCR of 
2.35, 2.55 and 2.39 in chicks on 0.125, 0.25 % and 
0.375 % levels of VmP inclusions, respectively, were 
similar (p > 0.05) to 2.18 in those on diets without 
supplemental VmP.

The main effect of varying inclusion levels of 
LMC on performance of broiler chickens at the starter  
phase is shown in Table 4. The FI was not significantly 
affected (p > 0.05) by the different dietary 
supplementation of LMC for broiler starter chickens. 
However, the 305.61 g WG of chicks on diets without 
dietary LMC supplement was significantly lower 
(p < 0.05) than in other treatments. Broiler chicks 
on 1.5 % LMC had 418.57 g of WG, which was higher 
(p < 0.05) than in those on other dietary treatments. 
The FCR followed the same trend with lower but 
similar (p > 0.05) FCR in chicks on supplemental LMC 
compared with the higher (p < 0.05) FCR of 3.16  
for those on diets without LMC.

Effects of interaction of dietary VmP and LMC  
supplements on performance indices of broiler 
starter chicks are shown in Table 5. There were 
significant variations (p < 0.05) in WG and FCR. 
The FI was not significantly affected (p > 0.05) by 
the treatments. The WG of broiler chicks on T1 
(417.88 g) T2 (417.40 g), T3 (430.42 g), T4 (417.94 g), 
T7 (415.01 g), T8 (409.86 g) and T10 (423.44 g) were 
similar (p > 0.05) but significantly higher (p < 0.05) 
than those on the control diets T13 (305.61 g). Broiler  
chicks on other five diets (T12, T11, T9, T6 and T5) had 
similar WG (p > 0.05) values ranging from 387.82 g 

Table 3. Main effect of dietary supplement of vitamin-mineral premix on performance of starter broiler chickens

	 VMP Inclusion (%)	 0.00	 0.125	 0.25	 0.375	 SEM	 p value

	 Feed intake (g/bird/21days)	 921.37	 949.91	 967.25	 963.78	 12.34	 0.055
	 Weight gain (g/bird/21days)	 421.90a	 403.75ab	 379.58b	 403.78ab	 5.82	 0.041
	 Feed-conversion ratio	 2.18b	 2.35ab	 2.55b	 2.39ab	 0.02	 0.038

SEM: Standard error of the mean; VMP: Vitamin-mineral premix
Means along the same row with different superscripts are significantly different (p < 0.05)

Table 4. Main effect of dietary supplement of leaf meal composite on performance of broiler starter chicks

	 LMC Inclusion (%)	 0.00	 1.50	 3.00	 4.50	 SEM	 p value

	 Feed intake (g/bird/21days)	 965.19	 973.15	 941.15	 937.94	 12.34	 0.067
	 Weight gain(g/bird/21days)	 305.61b	 418.57a	 406.50a	 405.71a	 5.82	 0.003
	 Feed conversion ratio	 3.16a	 2.32b	 2.32b	 2.31b	 0.02	 0.005

Means with different superscripts along the same row are significantly different (p<0.05); SEM: Standard Error of Mean
LMC: Leaf meal composite
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(T9) to 405.64 g (T12). The FCR differed significantly 
(p < 0.05) due to dietary treatments. Similar 
(p > 0.05) FCR of 2.13 (T3), 2.18 (T2) and 2.25 (T4) 
recorded in chicks on various diets were significantly 
lower (p < 0.05) than 3.28 (T13) in chicks on control 
diets. Chicks had similar FCR, which ranged from 
2.32 in chicks on T11 to 2.49 in chicks on T5.

The main effect of varying dietary levels 
of supplemental VmP on performance of broiler 
chickens at the finisher phase is shown in Table 6.  
There were significant differences (p < 0.05) in WG, FI 
and the FCR as a result of the dietary VmP supplement.  
The WG of chickens fed 0.00 % supplemental VmP  
was 971.42 g, which was significantly higher (p < 0.05)  

than in other treatments. The 894.41 g and 889.20 g  
WG in chickens fed 0.25 and 0.375 % dietary VmP,  
respectively, were similar (p > 0.05) but lower (p < 0.05)  
than in other treatments. The WG of 917.36 g in 
chickens fed 0.125 % VmP was significantly higher 
(p < 0.05) than in those on 0.25 and 0.375 % VmP 
but lower (p < 0.05) than those on 0.00 % VmP. 
The FI of 2196.88 g in chickens fed 0.125 % dietary 
VmP was significantly lower (p < 0.05) than in other 
treatments. There were no significant differences 
(p > 0.05) in the FI of chickens given 0.25 % (2256.97 g) 
and 0.375 % (2268.83 g) supplemental VmP at the 
finisher phase. The FCR of 2.41 and 2.43 in chickens 
fed 0.00 and 0.125 % VmP were significantly lower 

Table 5. Effects of interaction of dietary vitamin-mineral premix and leaf meal composite supplementation 
on performance of broiler starter chicks

	 VMP (g.100 g-1)	 LMC (g.100 g-1)	 FI (g)	 WG (g)	 FCR

		  1.5	 982.44	 417.88a	 2.39ab

	 0.0	 3.0	 902.86	 417.40a	 2.18b

		  4.5	 878.81	 430.42a	 2.13b

		  1.5	 930.49	 417.94a	 2.25b

	 0.125	 3.0	 936.41	 394.38ab	 2.49ab

		  4.5	 982.83	 398.95ab	 2.50ab

	 0.25	 0.0	 965.19	 305.61b	 3.28a

		  1.5	 953.35	 415.01a	 2.35ab

	 0.25	 3.0	 1012.73	 409.86a	 2.50ab

		  4.5	 937.75	 387.82ab	 2.52ab

		  1.5	 1026.34	 423.44a	 2.50ab

	 0.375	 3.0	 912.61	 404.38ab	 2.32ab

		  4.5	 952.39	 405.64ab	 2.45ab

	 P value		  0.731	 0.033	 0.001
	 SEM		  12.27	 6.23	 0.06

Means with different superscript in the column are significantly different (P < 0.05) LMC = leaf meal composite; FI = feed 
intake; WG = weight gain; FCR = feed conversion ratio; VMP: Vitamin-mineral premix; SEM: Standard error of mean

Table 6. Main effect of dietary supplement of vitamin-mineral premix on performance of finisher broiler 
chickens (days 22 - 42)

	 VMP Inclusion (%)	 0.00	 0.125	 0.25	 0.375	 P value	 SEM

	 Weight gain (g)	 971.42a	 917.36ab	 894.41b	 889.20b	 0.043	 11.40
	 Feed intake (g)	 2319.17a	 2196.88b	 2256.97ab	 2268.83ab	 0.048	 17.51
	 FCR	 2.41b	 2.43b	 2.62a	 2.59ab	 0.044	 0.03

	 Means with different superscripts are significantly different (P<0.05); SEM = Standard Error of Means; FCR = Feed conversion ratio

Slovak J. Anim. Sci., 53, 2020 (3): 110–121                                                                                                          Original paper



115

(p < 0.05) than 2.62 and 2.59 in chickens fed 0.25 % 
and 0.375 % VmP, respectively, at the finisher phase.

The main effect of dietary supplement of 
LMC on performance of broiler finisher is shown in 
Table 7. There were significant differences (p < 0.05) 
in FI and FCR due to the dietary LMC inclusion. 
The WG of chickens fed varying levels of LMC was 
not significantly different (p > 0.05) at the finisher 
phase and ranged from 888.52 g in chickens on 
1.5 % dietary LMC inclusion to 931.97 g in those on 
3.0 % supplemental LMC. The FI of birds on 0.0 % 
LMC (2540.88 g) was significantly higher (p < 0.05) 
than in other dietary treatments. Similar (p > 0.05) 
FI were observed in chicks on 1.5 % (2231.47 g), 
3.0 % (2257.75 g) and 4.5 % (2221.19 g) LMC at the 
finisher phase. The FCR of chicks fed varying level 

of LMC showed significant differences (p < 0.05). 
Chickens fed 0.0 % LMC with FCR of 2.77 was higher 
(p < 0.05) than in other treatments. However, the 
FCR of chickens on 3.0 % (2.47) and 4.5 % (2.46) 
LMC supplements were similar and significantly 
lower (p < 0.05) than those on 1.5 % (2.57) and 
0.00 % (2.77) supplemental LMC.

The effect of interaction of varying inclusion 
levels of VmP and LMC on performance of broiler 
chickens at the finisher phase is shown in Table 8. 
The higher (p < 0.05) WG of 1099.57 g in chickens 
on T9 with equally higher (p < 0.05) 2200.00 g 
FI resulted in the lowest FCR as a result of the 
interaction of dietary VmP and dietary LMC. Chickens 
fed T9 (1099.57 g) had significantly higher (P < 0.05) 
WG than those on T6 (825.28 g), T7 (767.78 g), T8 

Table 7. Main effect of leaf meal composite inclusion on performance of broiler finisher chickens

	 LMC (%)	 0	 1.5	 3.0	 4.5	 P value	 SEM

	 Weight gain (g)	 926.60	 888.52	 931.97	 925.76	 0.062	 17.52
	 Feed intake (g)	 2540.88a	 2231.47b	 2257.75b	 2221.19b	 0.039	 11.39
	 FCR	 2.77a	 2.57ab	 2.47b	 2.46b	 0.004	 0.03

	 SEM = Standard Error of Means; Means with different superscripts across rows are significantly different (P < 0.05); FCR = Feed 	
	 Conversion Ratio; LMC = leaf meal composite

Table 8. Effects of interaction of premix and leaf meal composite on the performance of broiler finisher chickens

	 Treatments	 VMP (%)	 LMC (%)	 WG (g)	 FI (g)	 FCR

	 T1		  1.50	 914.41abcd	 2310.37ab	 2.54abc

	 T2	 0	 3.00	 1008.80ab	 2346.25ab	 2.33bc

	 T3		  4.50	 991.03ab	 2300.87ab	 2.34bc

	 T4		  1.50	 958.70abc	 2272.50ab	 2.38abc

	 T5	 0.125	 3.00	 968.09abc	 2199.37b	 2.30bc

	 T6		  4.50	 825.28bcd	 2118.75b	 2.58ab

	 T13		  0.00	 926.59abcd	 2540.87a	 2.76ab

	 T7	 0.25	 1.50	 767.78d	 2180.37b	 2.93a

	 T8		  3.00	 783.68cd	 2106.62b	 2.76ab

	 T9		  4.50	 1099.57a	 2200.00b	 2.00c

	 T10		  1.50	 913.16abcd	 2162.62b	 2.40abc

	 T11	 0.375	 3.00	 967.29abc	 2378.75ab	 2.46abc

	 T12		  4.50	 787.15cd	 2265.12ab	 2.91a

	 P value			   0.002	 0.001	 0.001
	 SEM			   41.069	 63.15	 0.111

	SEM = Standard Error of Means; Means with different superscripts in the same colums are significantly different (P < 0.05);  
Tx = treatment; FCR = Feed Conversion Ratio; WG: Weight gain; FI: Feed intake; LMC: Leaf meal composite; VMP: Vitamin-mineral 
premix
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(783.68 g) and T12 (787.15 g), but similar (P > 0.05) 
to chicks on other treatments at the finisher 
phase. The FI of chickens fed diet T13 (2540.87 g) 
was significantly higher (p < 0.05) than those on 
T5 (2199.37 g), T6 (2118.75 g), T7 (2180.37 g), T8 

(2106.62 g), T9 (2200.00 g) and T11 (2378.75 g) at the 
finisher phase due to combinations of supplemental 
VmP and LMC. Significantly higher (P < 0.05) FCR 
was observed in chicks on T7 (2.93), T8 (2.76) and T13 

(2.76) compared to those on T9 (2.00), T2 (2.33), T3 

(2.34) and T5 (2.30).

The relationship between dietary supplementation  
of LMC and the FCR of broiler chicks at the starter 
phase is shown in Figure 1. The regression curve 
showed a linear relationship between dietary 
LMC inclusion and FCR. A significant optimum FCR 
of 2.3 was obtained at 3.0 % supplemental LMC 
(R2 = 0.98). The regression is shown in the equation 1  
as follows:

Y = 0.21x2 – 1.416x + 4.46     (R2 = 0.984) 	 (1)

Figure 2. Relationship between leaf meal composite and feed conversion ratio of finisher broiler chickens

y = 0.057x2 - 0.434x + 3.147
R² = 0.982
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Figure 1. Relationship between leaf meal composite and feed conversion ratio in broiler starter chicks
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The relationship between dietary supplement 
of LMC and broiler chicken FCR at the finisher phase 
is shown in Figure 2. The regression curve showed 
that optimum FCR of 2.38 was obtained with 3 % 
supplemental LMC level. The regression equation is 
as shown in the equation 2 below:

Y = 0.057x2 – 0.434x + 3.147     (R2 = 0.982) 	 (2)

DISCUSSION

The reported reduced weight gain of broiler 
chickens fed diets containing 3 % moringa leaf 
meal was attributed to high levels of dietary crude 
fibre and this lowered FI of chickens (Banjo, 2012). 
Earlier observations (Ige et al., 2006; Olugbemi  
et al., 2010) similarly attributed lower weight gain  
of chickens to the inherent phyto-chemicals in 
Moringa oleifera. However, other authors (Garcia  
et al., 2007; Nworgu et al., 2007; Nkukwana et al.,  
2014) observed positive effects of feeding leaf 
meal from vegetables to broiler chickens, and the 
improved performance of broiler chickens was 
ascribed to gut health improvement. In the present 
study, the LMC was prepared using four different 
leaves of vegetables but not just from only moringa. 
Also, the tested LMC samples were properly air-dried.  
Broiler chicken, given diets supplemented solely 
with LMC, had improved performance compared 
to their counterparts on sole dietary supplement of 
VmP at the starter phase. This observation suggests 
that the innate phytonutrients, particularly vitamins 
and minerals in the LMC, were properly preserved 
by the drying method and that the innate nutrients 
were available to the experimental chicks for 
metabolic processes compared to the commercial 
VmP. This finding also corroborates the observation 
of other authors and that dietary LMC positively 
influenced gut health of broiler chickens (Fasuyi  
et al., 2005; Ihekwumere et al., 2008). The reported 
FCR range of 2.31-2.32 by starter chicks on 3.0 and 
4-5 % LMC in this study was higher than reported 
range of 2.59-2.88 by Odunsi et al. (1999).

The FI was not reduced with increasing 
levels of LMC in broiler diets. However, WG of 
chickens on 0.00 % (305.61 g) supplemental LMC 
was significantly lower compared to those on other 
dietary treatments. Chicks on LMC supplemented 
diets had similar (p > 0.05) weight gain as those 

on the control diet. This observation may be 
because the chicks gained more nutrients from 
the supplemental LMC. Also, the fibre level was 
relatively higher and the diets supplemented with 
LMC would elicit earlier satiation compared to 
those on control diets. This is in agreement with  
the report of Opara (1996) that leaf meals do not 
only serve as protein source but also provide other 
vital bioavailable nutrients like vitamins, minerals 
and carotenoids.

The FCR in broiler chicken is an important 
determinant of feed suitability for efficient and 
profit-orientated production by farmers. A lower 
FCR meant cheaper rate of production, which will 
be beneficial to both the consumers and producers; 
thus, the lower the FCR, the better. The effect of 
interaction between VmP and LMC on starter broiler 
chicken performance was significant. All chicks fed 
diets supplemented with LMC recorded lower FCR 
than chicks on the control diets. Also, chicks on 
combined supplemental LMC and VmP had the FCR 
values which were numerically lower than were 
recorded in control. This finding suggests that dietary 
LMC supplementation was the main contributor to 
the observed difference in FCR. The LMC inclusion 
in the diets has been reported to improve gut health 
in broiler chicken (Nworgu et al., 2007; Windisch 
et al., 2007; Seyed and Homa, 2011; Nkukwana, et 
al., 2014). The improved FCR observed in this study 
suggests that LMC may have positively enabled feed 
utilisation which agrees with the report of Onunkwo 
and George (2015). The observed improvement 
in FCR of chicks on sole supplemental LMC or in 
combination with commercial VmP may also have 
been due to freshness and properly preserved 
nutrients in the LMC. The length of storage and 
handling in manufacturing process may have 
reduced the potency of commercial dietary VmP 
supplements (Oyewole et al., 2013). Findings in this 
report are indications that LMC at 3.0 – 4.5 % levels 
of inclusion would successfully replace dietary VmP  
in broiler starter chicken diets.

Observations on performance of broiler 
chickens at the finisher phase indicated that highest 
FCR was obtained in chickens on 0.25 % dietary 
VmP supplement. The standard recommendation 
for optimum performance of commercial broiler 
chickens (OVN, 2016) ought to be met by the 0.25 VmP  
provision used for the control diet in this study.  
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However, earlier reports on effects of dietary supplement  
of commercial VmP in Nigeria on performance of 
broiler chickens (Ogunwole et al., 2012) and laying 
pullets (Ojelade and Ogunwole, 2018) showed that 
commercial VmP were of varying compositions and 
efficacy. The reports gave credence to vitamin use as 
production tool rather than just being a nutritional 
additive solely for disease prevention (Whitehead, 
2002; Klasing, 2007; Leeson, 2007). The present 
recommendation of 0.25 % supplemented VMP 
may, therefore, be only ideal for chicken raised in 
optimum conditions (Leeson, 2007; Briz and Perez, 
2012) compared to those kept in the open-sided 
housing type, under which the present research was 
undertaken. The inclusion of LMC into other dietary 
treatment groups may have added greater potency to 
the 0.125 and 0.375 % VmP levels, thus giving a better 
performance in those groups compared to the control 
diet, which had only 0.25 % VmP without supplemental 
LMC. This also in agreement with the popular concept 
of optimum vitamin-mineral nutrition (OVN, 2016).

Reports have shown that the supplemental 
LMC contained important vitamins, amino acids 
and minerals (Makkar and Becker, 1996; Kakengi 
et al., 2005; Mensah et al., 2008; Ogbe and Affiku, 
2011; Mosuro and Ogunwole, 2019), which could 
adequately replace the conventional VmP in 
livestock diets, when used either solely or as leaf 
composites. According to Ilodibia et al. (2016), 
Celosia argentea is a power house of nutrients, with 
enormous composition of crude protein, fat, zinc, 
phosphorus, iron, beta carotene and vitamin C – an 
indication that Celosia argentea could contribute 
significantly to the supply of required nutrients.

The results obtained for finisher chickens had 
similar trend as in the case of starter chickens. This 
finding may be because 1.5 % LMC inclusion level 
in T1 was the lowest and perhaps inferior to the 
standard 0.25 % VmP dietary inclusion T13, in terms 
of efficacy of the inherent vitamins and minerals. 
Effects of interaction of supplemental dietary VmP 
and LMC on performance of finisher broiler chickens 
were significant. There were variations across the 
different test diet combinations contrary to the trend 
in the findings for chickens at the starter phase.  
The highest FCR values were in two of the combined 
treatment groups, the group with a combination 
of 0.25 % VmP and 1.5 % LMC in T7 and those on 
0.375 % VmP and 4.5 % LMC in T12. The outcome of 

the 0.25 % VmP + 1.5 % LMC treatment group was 
unexpected, especially that the treatment group 
with a lower 0.125 % VmP and 1.5 % LMC (T4) and 
the treatment group with the higher combination 
of 0.375 % VmP and 1.5 % LMC (T10) had lower FCR 
than the 0.25/1.5 combination (T7) test group of  
chickens. No logical reason could be adduced to  
this outcome, because all the chickens were under 
the same ambient conditions and the only variation 
was in the dietary composition.

The higher FCR of chickens on T12 may possibly 
be attributed to hypervitaminosis syndrome, which  
may have occurred with higher than the recommended  
0.25 % level of VmP in combination with highest 
level of LMC at 4.5 %. This dietary combination 
had the highest level of vitamins and minerals 
among all the treatment groups. Hypervitaminosis 
is a term, which refers to the body reactions and 
physiological disorderliness incident on the ingestion 
of excessive vitamins beyond the requirements of 
the animal, depending on the levels and the type 
of vitamins. Symptoms qualifying the toxicity in 
broiler chickens ranged from mild to severe in 
nature. Hypervitaminosis in broiler chickens is rare 
and only a few reports are available (Tang et al., 
1984; Hamdoon and Rahman, 1990; Surai, 2002). 
Information on hypervitaminosis of different vitamins  
does not seem to match the FCR values in this study.

The regression of LMC inclusion on FCR in this 
study shows that an optimum FCR was obtained at 
3.00–4.5 % sole dietary LMC inclusion; while the 
combination of 0.25 % dietary VmP + 4.5 % LMC in 
T9 resulted in the lowest FCR of 2.0 across all the 
treatment groups. The higher LMC inclusion at 3.0 % 
or above resulted in a lower FCR. Alahyari-Shahrasb  
(2012) reported lower performance of broiler 
chicken without effect on immunocompetence with 
withdrawal of VmP at the end of finisher phase (day 
36-42). Supplemental VmP removal from the starter 
and finisher chicken on corn-soybean meal diets 
was noted to decrease weight gain in the Arbor 
Acres broiler strain (Ogunwole et al., 2011). Other 
authors (Skinner et al., 1992; Maiorka et al., 2002; 
Khajali et al., 2006) reported varied effects of VmP 
removal from the diets of broilers on FI, growth 
performance, carcass yield and FCR. Ogunwole et al.  
(2015) concluded that profitable production of 
broiler chickens could not be undertaken without 
dietary supplement of VmP. The authors reported 
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100 % mortality in broiler chicken raised on VmP-
free diets. The role of VmP in broiler starter diets 
can therefore not be overestimated.

The lowest FCR of 2.0 was obtained in chicken 
on 0.25 % VMP in combination with 4.5 % LMC in 
T9. This observation agrees with the statement of 
Barroeta et al. (2012) that the OVN concept must 
be engaged in efficient livestock performance and 
productivity. The question mark on the adequacy 
of 0.25 % supplemental VmP for broiler chickens 
becomes valid with this result, as the treatment 
groups with graded levels of LMC in combination 
with VmP at 0.125 and 0.25 % showed improved 
performance. Tian et al. (2002) assert that the NRC 
standard recommendations were for the broilers 
reared with minimum stressors.

The environmental stressors, such as extreme  
environmental humidity and temperatures at different  
times of the day, may have not been taken into account. 
Under the conditions of the stressors experienced 
by chickens in this study, the supplemental  
VmP with LMC would have contributed extra vitamin 
required above the 0.25 % standard VmP threshold, 
thereby resulting to improved FCR.

Chicken on sole supplement of 4.5 % LMC (T3) 
also performed better than the control group. This 
finding is in agreement with the report of Oyewole 
et al. (2013), which attributed this improvement 
to the freshness and natural source of the locally 
produced condiment used in their study.

CONCLUSION

Air-dried LMC made from mixing of equal 
proportion of Vernonia amygdalina, Celosia argentea, 
Telfaria occidentalis and Moringa oleifera successfully 
replaced commercial dietary supplement of VmP in 
broiler chicken diets.
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ABSTRACT

The aim of the work was to analyze the carcass structure and the quality of the meat and fat oxidation of French Lop and 
Californian rabbit breeds. Carcass yield of the Californian rabbit breed was 50 % and the French Lop rabbit was 49.9 %.  
In the thing muscle of the French Lop rabbit, the protein content was 23.85 g.100 g-1 and in the musculus longissimus 
dorsi (MLD) − 23.31 g.100 g-1. The Californian rabbit breed had a protein content of 23.30 g.100 g-1 in the thigh muscle 
and 23.67 g.100 g-1 in the MLD. The intramuscular fat content of the French Lop rabbit thigh muscle was 0.92 g.100 g-1 
and the back muscle was 0.99 g.100 g-1. The thigh muscle of the Californian rabbit had an intramuscular fat content of 
1.10 g.100 g-1 and a back muscle of 1.07 g.100 g-1. The higher content of oleic acid was found in both breeds: in the MLD 
of French Lop rabbit breed had 38.32 g.100 g-1 FAME (fatty acid methyl ester) and in the MLD of Californian rabbit −  
39.76 g.100 g-1 FAME. In the thigh muscle, the oleic acid content in a French Lop rabbit was of 30.76 g.100 g-1 FAME and 
in a Californian rabbit breed − 39.02 g.100 g-1 FAME. The docosahexaeonic acid content in the thigh muscle of the French 
Lop rabbit was the same as that of the Californian rabbit (0.03 g.100 g-1 FAME). Malondialdehyde content, an indicator of  
fat oxidation, determined after 5 days of maturation in the MLD of both breeds was the same (0.17 mg.kg-1). The content  
of MDA in the thigh muscle of the French Lop rabbit was 0.17 mg.kg-1 and in the Californian rabbit − 0.16 mg.kg-1. To achieve  
optimal carcass maturity, it is appropriate to fatten the French Lop rabbits to an older age.

Key words: carcass structure; amino acid; fatty acid; malondialdehyde; rabbit

INTRODUCTION

Rabbit meat consumption in the world is the 
highest in Malta − 7.5 kg per capita, followed by Italy 
− 5.5 kg and France − 3.0 kg (Para Pa et al., 2015).

The Californian rabbit is very well muscled 
in front part. The back is muscled, the legs are 
short and good muscled. Rabbits slaughter weigh 
is 4.5 to 5 kg (Doušek, 1994). The Californian 
rabbit is the second most widespread rabbit breed 
in the world. The basic color is white. Due to its 
good fertility and excellent maternal properties, 
it is suitable for hybridization (Zadina et al., 
2004). The breed has a gentle skeleton and very   
good musculature of the hips, back and thighs, 

this should be reflected in a high carcass yield, 
which should reach up to 65 %, excellent meat  
performance. The slaughter weight can reach up to  
3.5 − 5 kg (Verhoef − Verhallen, 2013).

The French Lop rabbit is currently bred in a 
variety of colors, monochromatic or magpie with  
a mantle, reaching a slaughter weight of 4 kg at  
the age of 5 months and 5.5 kg at the age of 8 
months (Zadina et al., 2004). Rabbit meat is easily 
digestible and dietary meat. In addition is low in 
fat and cholesterol contents, it has a low purine 
and sodium content. It also has an optimal content  
of zinc, copper, phosphorus, calcium and cobalt (Zadina  
et al., 2004). The back muscle (musculus longissimus 
dorsi) has a protein content of 22.4 g.100 g-1 and  
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the thigh muscle 21.7 g.100 g-1, the fat content in 
the back muscle is 1.8 g.100 g-1 and the thigh muscle 
3.4 % g.100 g-1 (Dalle Zotte, 2015).

Rabbit meat is richer in lysine (2.12 g.100 g-1), 
but also leucine (1.73 g.100 g-1), valine (1.19 g.100 g-1  
compared to other meats), isoleucine (1.15 g.100 g-1),  
threonine (2.01 g.100 g-1) and phenylalanine 
(1.04 g.100 g-1) (Hernández and Dalle Zotte, 2010). 
Rabbit meat has a relatively high contents of 
polyunsaturated fatty acid, around 60 % of all fatty 
acids. Due to this fact, rabbit meat faster oxidized  
during processing and storage time (Dalle Zotte, 2002).

In rabbit meat there are 57 − 59 g.100 g-1 
FAME of unsaturated fatty acids (Skřivan et al., 2008). 
About 32.5 g.100 g-1 FAME are polyunsaturated fatty 
acids and monounsaturated 28.5 g.100 g-1 FAME.  
A higher polyunsaturated acid content (34.6 g.100 g-1 
FAME) is found in the thigh muscle (Hernández and 
Gondret, 2006). Also, Dalle Zotte (2015) reported 
31.9 g.100 g-1 FAME of PUFA and 28.3 g.100 g-1 
FAME of MUFA in the thigh muscle.

There is a high content of palmitic acid, linoleic 
acid and oleic acid in rabbit fat. The fat of other 
animal species has a higher oleic and stearic acid 
content than that of rabbits (Skřivan et al., 2008).

Rabbit meat has a low cholesterol content of 
about 45 − 90 mg.100 g-1of muscle (Skřivan et al., 
2008). The average cholesterol content in rabbit 
meat is 59 mg.100 g-1 (Combes, 2004). The most 
important factor of fat oxidation is the degree of 
fatty acid saturation. Technological processing 
of meat, such as grinding, cooking, cutting, can 
increase the oxidation of polyunsaturated fatty 
acids to by-products as pentanal, hexanal, 
4-hydroxynoneal and malondialdehyde (MDA) 
(Gray et al., 1996). After long-term storage of frozen 
meat Corino et al. (2007) found malondialdehyde 
content in the thigh muscle of rabbits at the level of  
60 μmol MDA.kg-1.

The aim of the study was to analyze the 
carcass structure and the quality of the meat and 
fat oxidation of French Lop and Californian rabbit 
breeds.

MATERIAL AND METHODS

The experimental groups were represented  
by the French Lop rabbit (n = 8) and Californian rabbits  

(n = 8) fattened up to 6 months of age. All rabbits 
included in the study were fed equally, with the 
same composition feed and voluminous feed (hay) 
− ad libitum.

At the age of six months and at the end of 
the fattening period, the rabbits were weighed, 
slaughtered and deboned. The carcasses were 
matured for 5 days at 4 °C, and samples were taken 
from MLD (musculus longissimus dorsi) and thigh 
(middle part of thigh). Basic carcass parameters, 
basic chemical composition, amino acid content, 
fatty acids and malondialdehyde (MDA) content 
were analysed. Samples were taken from the 
musculus longissimus dorsi (MLD) and thigh muscle. 
Samples were taken from each part of the muscle for 
each rabbit. Contents of fatty acids and amino acids 
were analysed in the thigh muscle and musculus 
longissimus dorsi. Malondialdehyde content as  
an indicator of fat oxidation was analysed after five 
days of maturation in MLD and thigh muscle.

Analysis of basic meat composition by FTIR method
The samples from MLD and thigh muscle 

(30 g) were analysed for proximate composition, 
specifically moisture, protein, intramuscular fat 
amino acids and fatty acids using spectrometer 
Nicolet 6700 in g.100 g-1. Fatty acid contents were 
analysed as fatty acid methyl ester (FAME) in 
g.100 g-1 FAME (Vavrišínová et al., 2019).

Determination of the oxidative stability
The content of malondialdehyde (MDA) 

was determined by spectrophotometric method.  
The rate of secondary lipid oxidation is determined 
as the thiobarbitur number in mg malondialdehyde 
(MDA) per kg of meat. Sample preparation was  
performed according to Cubon et al. (2019).  
The obtained data were calculated and the MDA 
concentration was expressed in mg.kg-1 of meat.

Statistical analysis
The data were statistical analysed by the SAS   

9.3 software using the application Enterprise Guide 4.2.

RESULTS AND DISCUSSION

The rabbits of the French Lop breed had a weight  
before slaughter of 4288 g and the Californian rabbits 
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had a significantly (P ≤ 0.01) lower weight of 3427 g 
(Table 1). Similar to our results, the weight of rabbits 
of the Californian rabbit breed of 3.4 kg at 6 months 
of age was also reported by Zadina et al. (2004).  
With the French Lop rabbits they reported a higher 
weight compared to our results (4.5 kg). The weight 
of the carcass was 2117 g, while for the French 
Lop and for the Californian rabbit (1711 g) it was 
significantly lower.

Carcass yield was significantly lower (49.29 %;  
P ≤ 0.05) for the French Lop breed than for the Californian  
rabbit (50.00 %). Carcass yield than in was reported  
by Verhoef-Verhallen (2013; 65 %). Tůmová et al. (2018)  
reported a higher slaughter yield (58 %) for large 

breeds at 90 days of age, while for medium breeds  
a slaughter yield at 90 days of age was 58-59 %.

The weight of the liver was significantly 
higher (97.50 g; P ≤ 0.01) in the French Lop breed 
than in the the Californian rabbit breed (62.50 g). 
Mota-Rojaz et al. (2006) reported lower liver weight 
for large breeds, such as Chinchilla (83.58 g) and 
medium-sized breed, such as the Californian rabbit 
(86.9 g). Similarly, Bianospino et al. (2006) reported  
68.3 g of liver weight in rabbits and Petkova et al. 
(2011) recorded approximately the same average 
weight of liver (83.72 g).

The average thigh weight was higher in the 
French Lop rabbit (730.15 g) than the Californian rabbit  

Table 1. Slaughter parameters of the French Lop and Californian rabbit	

	
Parameters

	 French Lop	 Californian rabbit	
T − test

		  Mean	 SD	 SE	 CV %	 Mean	 SD	 SE	 CV %

	 Live	 4288.00	 219.80	 109.90	 5.12	 3427.00	 233.10	 116.50	 6.80	 ++
	 weight (g)	 0	 2	 1		  0	 3	 5	 0	
	 Carcass	 2117.00	 196.20	 0.09	 9.26	 1711.00	 150.50	 75.28	 8.79	 ++
	 weight (g)	 0	 4			   0	 7			 
	 Liver (g)	 97.50	 8.18	 4.09	 8.39	 62.50	 9.39	 4.69	 15.00	 ++
									         3
	 Lungs (g)	 69.00	 100.0	 50.02	 144.90	 17.75	 2.62	 1.31	 14.80	 -
			   4		  9				    1
	 Kidney (g)	 24.00	 1.41	 0.70	 5.89	 18.25	 2.36	 1.18	 12.90	 ++
									         4
	 Heart (g)	 12.75	 2.21	 1.10	 17.39	 9.00	 0.81	 0.40	 9.07	 +
	 Carcass yield (%)	 49.29	 1.21	 0.71	 2.45	 50.00	 1.35	 0.75	 2.70	 -

Table 2. Carcass structure of the French Lop and Californian rabbit

	
Parameters

	 French Lop	 Californian rabbit	
T − test

		  Mean	 SD	 SE	 CV %	 Mean	 SD	 SE	 CV %
	 Back +
	 Chest (g)	 1179.82	 142.48	 47.47	 12.07	 910.22	 165.28	 55.12	 18.16	 +
	 Skin (g)	 541.25	 30.92	 15.46	 5.71	 493.75	 61.28	 30.64	 12.41	 -
	 Head (g)	 371.25	 30.92	 15.46	 8.32	 275.00	 38.07	 19.03	 13.74	 ++
	 Shoulder (g)	 207.77	 3.77	 1.21	 1.79	 187.22	 17.88	 5.86 	 9.55	 -
	 Thigh (g)	 730.15	 37.85	 15.61	 5.18	 613.77	 15.63	 5.21	 2.54	 ++
	 Meat (g)	 1878.46	 132.51	 40.17	 7.05	 1481.45	 167.55	 54.20	 11.31	 ++
	 Meat (%)	 88.73	 0.99	 0.31	 1.11	 86.58	 0.23	 0.07	 0.27	 +
	 Bones (g)	 239.09	 39.83	 13.11	 0.17	 229.79	 22.93	 7.42	 0.99	 -
	 Bones (%)	 11.27	 0.47	 0.16 	 4.17	 13.42	 0.24	 0.08	 1.79	 ++
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(613.77 g; Table 2). Neirurer and Fik (2018) reported 
the average weight of the thighs in the Nitra rabbit 
breed as 542.8 g. The weight of the foreleg was 
higher in the carcass of French Lop (207.77 g) than  
in the Californian rabbit (187.22 g).

The net muscle weight without bone was 
higher in the carcass of French Lop (1878.46 g) than 
in the Californian rabbit breed (1481.45 g). The 
percentage of meat from the carcass was 88.73 % 
in the French Lop and 86.58 % in the Californian 
rabbit. Zadina et al. (2004) reported that the carcass 
of a headless rabbit contains from 70 to 85 % of 
pure muscle. The proportion of bone in the carcass 
of the French Lop was 11.27 % and in the Californian 
rabbit − 13.42 %.

The moisture content of the MLD from 
the French Lop breed was 74.78 g.100 g-1 and the 
Californian rabbit breed − 74.15 g.100 g-1 (Table 3). 
No statistically significant differences were found  
in basic chemical indicators between these breeds. 
In the MLD of French Lop breed the protein content 
was 23.61 g.100 g-1 and in the Californian rabbit 
breed it was 23.67 g.100 g-1. Similarly, Dalle Zotte 
(2015) reported MLD moisture content in the rabbits 
− 74.6 g.100 g-1, protein content − 22.4 g.100 g-1 and 
fat content − around 1.8 g.100 g-1.

The intramuscular fat content of MLD was 
higher in the Californian rabbit breed 1.10 g.100 g-1  
compare with the French Lop breed (0.92 g.100 g-1). 
Difference in the intramuscular fat content likely to 
be affected by the breed and the size of the body 
frame. Martino et al. (2016) reported, similarly 
with our results, a water content of 75.3 g.100 g-1,  
a protein content of 22.9 g.100 g-1 but a lower 
intramuscular fat content of 0.70 g.100 g-1. The 
mineral content of MLD in the of French Lop breed  
was 0.99 g.100 g-1 and in the Californian rabbit breed 
− 1.07 g.100 g-1. Malík (2002) and Combes (2004)  
reported higher mineral content in the rabbit MLD 
(1.2 g.100 g-1).

The moisture content of the thigh muscle 
(Table 4) was higher in the French Lop (74.23 g.100 g-1)  
than in the Californian rabbit (73.91 g.100 g-1) 
breed. The protein content of the thigh muscles 
of the French Lop rabbits was 23.85 g.100 g-1 
and in the Californian rabbit it was 23.3 g.100 g-1. 
The intramuscular fat content was statistically 
significantly (P ≤ 0.01) higher in the thigh muscle 
of the Californian rabbit, 1.64 g.100 g-1 than in the 
French Lop rabbit (0.75 g.100 g-1). Dalle Zotte (2015), 
similarly to our results, reported the moisture 
content of the thigh of 73.8 g.100 g-1, but found a lower  

Table 3. Basic chemical composition of the MLD (g.100 g-1) from the French Lop and Californian rabbit

	
Parameters

	 French Lop	 Californian rabbit	
T − test

		  Mean	 SD	 SE	 CV %	 Mean	 SD	 SE	 CV %

	 Humidity	 74.78	 0.90	 0.45	 1.29	 74.15	 0.62	 0.31	 0.88	 -
	 Proteins	 23.31	 0.76	 0.38	 3.04	 23.67	 0.46	 0.23	 1.79	 -
	 Intramuscular fat	 0.92	 0.25	 0.12	 27.61	 1.10	 0.23	 0.11	 21.59	 -
	 Minerals	 0.99	 0.05	 0.01	 5.50	 1.07	 0.06	 0.02	 5.67	 -

Table 4. Basic chemical composition of the thigh muscle (g.100 g-1) of the French Lop and Californian rabbit

	
Parameters

	 FB	 Kal	
T − test

		  Mean	 SD	 SE	 CV %	 Mean	 SD	 SE	 CV %

	 Humidity	 74.29	 1.63	 0.81	 2.37	 73.91	 4.32	 0.53	 18.63	 -
	 Proteins	 23.85	 1.69	 0.84	 6.80	 23.30	 0.13	 0.06	 0.55	 -
	 Intramuscular fat	 0.75	 0.15	 0.07	 21.08	 1.64	 0.26	 0.13	 16.19	 ++
	 Minerals	 1.10	 0.04	 0.01	 3.61	 1.15	 0.05	 0.02	 4.34	 -
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protein content (21.7 g.100 g-1) and a higher fat 
content (3.00 g.100 g-1). This author also stated  
that the fat content of rabbit meat may be in the range  
0.6 − 14.4 %. Tumová (2013) also reported a fat 
content of 0.6 to 14.5 % in the rabbit meat.

The amino acid content of histidine in the thigh 
muscle of the Californian rabbit was 0.75 g.100-1 and  
in the French Lop rabbit it was 0.60 g.100-1 (Table 5).  
Among amino acids, the highest content was found  
in lysine: in the Californian rabbit − 1.43 g.100-1 and 
in the French Lop rabbit − 1.32 g.100-1. The content 
of cysteine in the thigh muscle of the French Lop 
rabbit was 0.21 g.100-1 and in the thigh muscle of  
the Californian rabbit − 0.24 g.100-1. In MLD (Table 6),  

the amino acid content of phenylalanine was 
0.65 g.100-1 in the Californian rabbit and 0.60 g.100-1  

in the French Lop rabbit. The lysine content in  
the MLD of Californian rabbit was 1.34 g.100-1 and 
in the MLD of French Lop rabbit − 1.23 g.100-1.

Hernández and Dalle Zotte (2010) reported 
higher contents of lysine (2.1 g.100 g-1), lucein 
(1.7 g.100 g-1), valine 1.1 g.100 g-1and phenylalanine 
(1.04 g.100 g-1) in rabbit MLD compared to our 
results. Wognin et al. (2018) found lower contents 
of phenylalanine (0.77 g.100 g-1) and threonine 
(0.89 g.100 g-1) compared to our results.

Table 7 presents the fatty acid content of 
the thigh muscle. Oleic acid was the fatty acid with 

Table 5. Amino acid content of the thigh muscle (g.100 g-1) of the French Lop and Californian rabbit

	
Parameters

	 French Lop	 Californian rabbit	
T − testt

		  Mean	 SD	 SE	 CV %	 Mean	 SD	 SE	 CV %

	 Proteins	 23.85	 1.69	 0.84	 6.80	 23.30	 0.13	 0.06	 0.55	 -
	 Lysine	 1.32	 0.33	 0.16	 25.53	 1.43	 0.09	 0.04	 6.67	 -
	 Leucin	 1.23	 0.29	 0.14	 24.18	 1.33	 0.08	 0.04	 6.67	 -
	 Methionine	 0.49	 0.10	 0.05	 21.67	 0.57	 0.04	 0.02	 7.44	 -
	 Threonine	 0.69	 0.14	 0.07	 20.55	 0.73	 0.05	 0.02	 6.86	 -
	 Valine	 0.73	 0.14	 0.07	 20.13	 0.76	 0.03	 0.01	 4.28	 -
	 Isoleucine	 0.60	 0.15	 0.07	 26.30	 0.65	 0.04	 0.02	 7.36	 -
	 Histidine	 0.63	 0.20	 0.10	 31.99	 0.75	 0.07	 0.03	 10.55	 -
	 Phenylalanine	 0.64	 0.15	 0.07	 24.50	 0.69	 0.04	 0.02	 6.08	 -
	 Cysteine	 0.21	 0.03	 0.01	 15.58	 0.24	 0.02	 0.01	 8.94	 -
	 Arginine	 0.99	 0.24	 0.12	 24.99	 1.07	 0.07	 0.03	 6.76	 -

Table 6. Amino acid content of the MLD (g.100 g-1) of the French Lop and Californian rabbit

	
Parameters

	 French Lop	 Californian rabbit	
T − testt

		  Mean	 SD	 SE	 CV %	 Mean	 SD	 SE	 CV %

	 Proteins	 23.31	 0.76	 0.38	 3.04	 23.67	 0.46	 0.23	 1.79	 -
	 Lysine	 1.23	 0.17	 0.08	 13.84	 1.34	 0.21	 0.10	 15.97	 -
	 Leucin	 1.15	 0.15	 0.07	 13.33	 1.25	 0.19	 0.09	 15.42	 -
	 Methionine	 0.49	 0.05	 0.02	 10.21	 0.53	 0.06	 0.03	 12.82	 -
	 Threonine	 0.66	 0.07	 0.03	 11.87	 0.71	 0.09	 0.04	 18.89	 -
	 Valine	 0.70	 0.05	 0.02	 8.33	 0.71	 0.06	 0.03	 9.31	 -
	 Isoleucine	 0.54	 0.08	 0.04	 15.14	 0.60	 0.10	 0.05	 17.44	 -
	 Histidine	 0.62	 0.07	 0.03	 11.84	 0.65	 0.10	 0.05	 16.40	 -
	 Phenylalanine	 0.60	 0.07	 0.03	 12.59	 0.65	 0.09	 0.04	 14.39	 -
	 Cysteine	 0.23	 0.02	 0.01	 11.47	 0.25	 0.02	 0.01	 9.41	 -
	 Arginine	 0.91	 0.13	 0.06	 14.18	 1.01	 0.16	 0.08	 16.02	 -
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the highest contents: in the French Lop rabbit − 
30.76 g.100 g-1  FAME and in the Californian rabbit − 
39.02 g.100 g-1 FAME were determined. The content  
of palmitic acid in the thigh muscle was 24.68 g.100 g-1 

FAME in French Lop rabbit and 24.30 g.100 g-1 FAME 
in the Californian rabbit.

Likewise, Hernandez et al. (2008) found the 
highest content of oleic and palmitic acid in the 
thigh muscle of rabbits. Banskalieva et al. (2000) 
reported lower oleic acid content (25.4 g.100 g-1 

FAME) and higher palmitic acid content (27.3.100 g-1 
FAME) compared to our results. However, the 
docosahexaenoic acid content was the lowest in 
both breeds (0.03 g.100 g-1 FAME).

A similar content of palmitic acid 
(26.94 g.100 g-1 FAME) and docosahexaenoic acid 
(0.16 g.100 g-1 FAME) in the thigh muscle was 
also reported by Rasinska et al. (2018). However, 
compared to our results, they found a lower content 
of oleic acid in the thigh muscle (26.56 g.100 g-1 

FAME). Ramıŕez (2005) reported lower oleic acid 
content in the thigh muscle (23.16 g.100 g-1 FAME) 
compared to our results, but approximately the 
same content of palmitic acid (25.08 g.100 g-1 
FAME).

We found a statistically significant (P ≤ 0.01) 
difference in linoleic acid content in the thigh muscle 
of the French Lop rabbit (0.14 g.100 g-1) FAME 
compared to the Californian rabbit (0.12 g.100 g-1 

FAME). There was also statistically significant 
(P ≤ 0.05) difference in the myristic acid content 
of 1.42 g.100 g-1 FAME for the French Lop rabbit 
and 1.32 g.100 g-1 FAME for the Californian rabbit, 
and in the vaccenic acid contents for the French 
Lop rabbit (4.97 g.100 g-1) FAME and Californian 
rabbit (4.73 g.100 g-1) FAME. Significant (P ≤ 0.01) 
differences were observed in the conjugated linoleic 
acid content in the thigh muscle of French Lop rabbit 
(0.14 g.100 g-1 FAME) and in the Californian rabbit 
(0.12 g.100 g-1 FAME). Differences in the MUFA content  

Table 7. Content of intramuscular fat (g.100-1) and fatty acids (g.100 g-1 FAME) and MDA (mg.kg-1) in the thigh  
muscle of the French Lop and Californian rabbit

	
Parameters

	 French Lop	 Californian rabbit	
T − test

		  Mean	 SD	 SE	 CV %	 Mean	 SD	 SE	 CV %

	 Intramuscular fat	 0.75	 0.15	 0.07	 21.08	 1.64	 0.26	 0.13	 16.19	 ++
	 Arachidonic acid	 1.85	 0.34	 0.17	 18.58	 1.46	 0.30	 0.15	 20.66	 -
	 Conjugated Linoleic acid	 0.14	 0.01	 0.01	 4.74	 0.12	 0.01	 0.01	 6.47	 ++
	 Docosahexaenoic acid	 0.03	 0.01	 0.01	 7.75	 0.03	 0.01	 0.01	 10.74	 -
	 Docosapentaenoic acid	 0.13	 0.01	 0.01	 4.77	 0.14	 0.01	 0.01	 6.14	 -
	 Eicosanoic acid	 0.58	 0.20	 0.10	 35.20	 0.52	 0.08	 0.04	 15.20	 -
	 Eicosapentaenoic acid	 0.10	 0.01	 0.00	 18.24	 0.10	 0.01	 0.01	 20.75	 -
	 Heptadecanoic acid	 0.29	 0.06	 0.03	 21.63	 0.31	 0.06	 0.03	 20.75	 -
	 Lauric acid	 0.11	 0.01	 0.01	 13.10	 0.12	 0.01	 0.01	 4.71	 -
	 Linolenic acid	 0.14	 0.05	 0.02	 36.17	 0.12	 0.02	 0.01	 17.19	 ++
	 Linoleic acid	 5.10	 1.49	 0.74	 29.20	 5.63	 1.09	 0.54	 19.45	 -
	 Myristic acid	 1.42	 0.04	 0.02	 3.31	 1.32	 0.04	 0.02	 3.41	 +
	 Oleic acid	 30.76	 9.86	 4.93	 32.07	 39.02	 2.16	 1.08	 5.54	 -
	 Palmitoleic acid	 24.68	 0.23	 0.13	 1.09	 24.30	 0.36	 0.18	 1.49	 -
	 Stearic acid	 10.49	 0.45	 0.22	 4.37	 10.75	 0.21	 0.10	 1.97	 -
	 Vaccenic acid	 4.97	 0.15	 0.075	 3.03	 4.73	 0.09	 0.04	 2.06	 +
	 Essential fatty acids	 9.04	 0.58	 0.29	 6.48	 7.36	 0.78	 0.39	 10.71	 +
	 Omega 3 fatty acids	 0.42	 0.06	 0.031	 14.93	 0.46	 0.04	 0.02	 8.89	 -
	 Omega 6 fatty acids	 9.28	 2.09	 1.047	 22.58	 9.74	 0.54	 0.27	 5.62	 -
	 MUFA fatty acids	 48.88	 2.15	 1.07	 4.40	 50.04	 1.51	 0.75	 3.03	 -
	 PUFA fatty acids	 12.10	 0.69	 0.34	 5.70	 11.51	 1.78	 0.13	 2.37	  -
	 SAFA fatty acids	 33.85	 1.32	 0.66	 3.91	 35.81	 1.78	 0.89	 4.99	 -
	 MDA	 0.17	 0.03	 0.01	 21.05	 0.16	 0.01	 0.01	 11.75	 -
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(48.88 g.100 g-1 FAME for French Lop rabbit; 
50.04 g.100 g-1 FAME for California rabbit), contents 
of PUFA (12.10 g.100 g-1 FAME for French Lop rabbit; 
11.51 g.100 g-1 FAME for Californian rabbit) and 
SAFA contents (33.85 g.100 g-1 FAME for French Lop 
rabbit; 35.81 g.100 g-1 FAME for Californian rabbit) 
were not statistically significant.

We also did not find differences in MDA 
content in the thigh muscle after 5 days of maturation,  
the MDA content of the French Lop rabbit was 
0.17 mg.kg-1 and the Californian rabbit 0.16 mg.kg-1.

Chrastinová et al. reported levels similar to 
our results: SAFA − 35.01 g.100 g-1 FAME, MUFA −  
49.76 g.100 g-1 FAME and PUFA − 11.68 g.100 g-1 FAME.  
Otherwise, Xao (2016) reported the following values 
measured in the thigh muscle of rabbits: at the age 
of 35 days − content of MUFA − 14.64 g.100 g-1 FAME,  
PUFA − 52.22 g.100 g-1 FAME and SAFA − 33.14 g.100 g-1  
FAME; at the age of 90 days − contents of MUFA − 

18.37 g.100 g-1 FAME, PUFA − 37.50 g.100 g-1 FAME 
and SAFA − 44.13 g.100 g-1 FAME. Omega-6 fatty 
acids content was 9.74 g.100 g-1 FAME in the thigh 
muscle of French Rabbit, and 9.28 g.100 g-1 FAME 
in the French Lop, and Omega-3 fatty acids content 
was 0.42 g.100 g-1 FAME in the thigh muscle of the 
French Lop and in Californian Rabbit 0.46 g.100 g-1 

FAME).
Opposite to our results, Rasinska et al. (2018) 

reported 21.98 g.100 g-1 FAME of omega-6 fatty acids  
and 2.47 g.100 g-1 FAME of omega-3 fatty acids in 
the rabbit thigh muscle.

In the MLD (Table 8) we found the highest 
content of oleic acid, in the French Lop rabbit it was 
38.32 g.100 g-1 FAME and in the Californian rabbit 
39.76 g.100 g-1 FAME. The difference in the content 
of palmitic acid between the rabbit breeds was not 
statistically significant, in the French Lop rabbit it was 
24.32 g.100 g-1 FAME and in the Californian rabbit − 

Table 8. Content of intramuscular fat (g.100-1) and fatty acids (g.100 g-1 FAME) and MDA (mg.kg-1) in the MLD 
of the French Lop and Californian rabbit

	
Parameters

	 French Lop	 Californian rabbit	
T − test

		  Mean	 SD	 SE	 CV %	 Mean	 SD	 SE	 CV %

	 Intramuscular fat	 0.92	 0.25	 0.12	 27.61	 1.10	 0.23	 0.11	 21.59	 -
	 Arachidonic acid	 1.96	 0.65	 0.32	 33.08	 2.01	 0.39	 0.19	 19.74	 -
	 Conjugated Linoleic acid	 0.13	 0.02	 0.01	 14.96	 0.14	 0.01	 0.01	 9.43	 -
	 Docosahexaenoic acid	 0.03	 0.01	 0.01	 15.78	 0.03	 0.01	 0.01	 5.83	 -
	 Docosapentaenoic acid	 0.13	 0.01	 0.01	 4.05	 0.13	 0.01	 0.01	 8.00	 -
	 Eicosanoic acid	 0.55	 0.06	 0.03	 12.50	 0.60	 0.08	 0.04	 13.66	 -
	 Eicosapentaenoic acid	 0.11	 0.01	 0.01	 8.56	 0.11	 0.02	 0.01	 21.71	 -
	 Heptadecanoic acid	 0.34	 0.04	 0.02	 13.37	 0.33	 0.03	 0.01	 11.52	 -
	 Lauric acid	 0.11	 0.01	 0.01	 2.64	 0.11	 0.01	 0.01	 4.03	 -
	 Linolenic acid	 0.13	 0.01	 0.01	 11.81	 0.15	 0.01	 0.01	 5.26	 -
	 Linoleic acid	 5.97	 0.66	 0.33	 11.15	 5.91	 0.86	 0.43	 14.60	 -
	 Myristic acid	 1.34	 0.04	 0.02	 3.10	 1.35	 0.05	 0.02	 3.97	 -
	 Oleic acid	 38.32	 2.78	 1.39	 7.27	 39.76	 1.56	 0.78	 3.93	 -
	 Palmitoleic acid	 24.32	 0.31	 0.15	 1.30	 24.35	 0.20	 0.10	 0.84	 -
	 Stearic acid	 10.70	 0.36	 0.18	 3.38	 10.88	 0.21	 0.10	 1.93	 -
	 Vaccenic acid	 4.82	 0.12	 0.06	 2.61	 4.77	 0.15	 0.07	 3.25	 -
	 Essential fatty acids	 8.37	 0.97	 0.48	 11.63	 9.39	 1.96	 0.98	 23.45	 -
	 Omega 3 fatty acids	 0.46	 0.09	 0.04	 19.55	 0.50	 0.07	 0.03	 15.49	 -
	 Omega 6 fatty acids	 10.25	 0.79	 0.39	 7.78	 10.16	 0.12	 0.06	 1.20	 -
	 MUFA fatty acids	 48.90	 1.53	 0.76	 3.13	 49.85	 1.26	 0.63	 2.53	 -
	 PUFA fatty acids	 11.55	 0.41	 0.20	 3.62	 12.33	 0.62	 0.31	 5.04	 -
	 SAFA fatty acids	 35.87	 1.73	 0.86	 4.83	 35.29	 1.12	 0.56	 3.18	 -
	 MDA	 0.17	 0.03	 0.01	 18.68	 0.17	 0.01	 0.005	 9.49	 -
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24.35 g.100 g-1 FAME. The lowest value was found 
in the content of docosahexaenoic acid: in the thigh 
muscle of the French Lop rabbit − 0.03 g.100 g-1 
FAME and the Californian rabbit it was 0.03 g.100 g-1 
FAME.

Rasinska et al. (2018) reported lower level of 
oleic acid (27.00 g.100 g-1 FAME) as well as palmitic 
acid (25.63 g.100 g-1 FAME) and higher level of 
docosahexaenoic acid (0.10 g.100 g-1 FAME) in thigh 
muscle compared to our results. The MUFA content 
in the MLD of the French Lop was 48.9 g.100 g-1 

FAME, while in the Californian rabbit it was higher 
(49.85 g.100 g-1 FAME). The SAFA content in the 
MLD of the French Lop was 35.87 g.100 g-1 FAME 
and in the Californian rabbit it was 35.29 g.100 g-1 
FAME. All the differences in the fatty acid content 
are likely to be affected by the breed and the size of 
the body frame.

The PUFA content in the MLD of the French 
Lop rabbit was 11.55 g.100 g-1 FAME and in the 
Californian rabbit it was 12.33 g.100 g-1 FAME. Xue 
(2016) reported lower MUFA content (16.30 g.100 g-1 
FAME) but higher PUFA (50.54 g.100 g-1 FAME) and 
SAFA (33.16 g.100 g-1) levels in MLD of rabbits at 35 
days of age. However, at 90 days the MUFA content 
was 20.41 g.100 g-1 FAME, PUFA − 32 g.100 g-1 FAME, 
while the SAFA content was higher (46 g.100 g-1 

FAME).
Rasinska et al. (2017) reported the fatty acid 

content in winter season: SAFA − 41.26 g.100 g-1 

FAME, MUFA − 28.40 g.100 g-1 FAME and PUFA − 
16.28 g.100 g-1 FAME. The n-6 fatty acid content 
was 12.42 g.100 g-1 FAME and the n-3 fatty acids 
content was higher (3.78 g.100 g-1 FAME). Rasinska 
et al. (2018) reported higher n-6 fatty acid level 
(25.99 g.100 g-1 FAME) and n-3 fatty acid level 
(3.23 g.100 g-1 FAME) in MLD compared to our 
results.

The MDA content in MLD was the same for 
both breeds (0.17 mg.kg-1). In the thigh muscle of 
the French Lop, the MDA content was 0.17 mg.
kg-1 and in the Californian rabbit it was 0.16 mg.
kg-1. Nakyinsige et al. (2015) reported MDA 
content after killing − 0.014 mg.kg-1, at the first day  
0.0263 mg.kg-1, and at 7th day − 0.152 mg.kg-1. 
Nakyinsige at al. (2014) also reported MDA content 
at the slaughter day − 0.014 mg.kg-1 and at the 7th 
day of maturing − 0.15 mg.kg-1.

CONCLUSION

The rabbits of the French Lop breed and 
Californian rabbit breed were fatted to 6 months 
of age. The slaughter yield of the Californian 
rabbit and the French Lop was approximately the 
same. To achieve optimal carcass maturity, it is 
appropriate to fatten the French Lop rabbits to an 
older age. The protein content of the thigh muscle 
and MLD from the French Lop and the Californian 
rabbit breeds was approximately identical. The 
intramuscular fat content of the thigh muscle and 
the MLD of the French Lop breed was lower than 
that of the Californian rabbit breed. The MUFA and 
SAFA contents in the thigh muscle were higher in 
Californian rabbit breed. The MUFA and PUFA 
contents in the MLD were higher in the Californian 
Rabbit breed. The MDA content in the MLD was the 
same for both breeds.
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ABSTRACT

Payment programs based on milk quality (PPBMQ) are important in the dairy sector as they enable farmers to improve 
profitability upon reaching payment based on milk quality (PBMQ). We used data submitted to a PPBMQ from a dairy 
farm referring to a four-year period (January 2013 − December 2016). Correlation, multiple regression, and principal 
component analysis were performed. We found significant correlations between PBMQ and fat (r = 0.32), protein 
(r = 0.51), and total bacterial count (TBC) (r = -0.66), as well as an effect of all studied variables on PBMQ using multiple 
regression analysis (with somatic cell count [SCC] also affecting PBMQ). Thus, protein and fat positively and SCC and 
TBC negatively affected PBMQ value. Principal component analysis revealed an inverse relationship between summer 
and winter months. In summer months, the PBMQ was affected by the increase of TBC and SCC and decrease protein, 
whereas in winter months, protein increase and TBC and SCC decrease were relevant. A varied behaviour was detected 
for the remaining months. Milk components (fat, protein, SCC, and TBC) significantly affected the final value the PBMQ 
paid to the farmer. Moreover, there was seasonal effect on PBMQ, with PBMQ being higher in winter months and lower 
in summer months. Variation in milk composition and payment due to the seasonality should be considered by farmers 
to reach higher values of bonuses, and by the dairy sector to plane adequate payment throughout the year.

Key words: dairy science; milk production; multivariate analysis; principal component analysis 

INTRODUCTION

In Brazil, farming dairy cattle is one of the main 
economic activities, reaching a total of 35 billion of 
litres of milk produced in 2015 (EMBRAPA, 2017). 
However, the milk produced is of lower quality 
than that in the other countries (England, Germany, 
Italy and Canada), mainly with respect to the total 
bacterial count (TBC) and somatic cell count (SCC) 
(Cassoli et al., 2016; Cassoli and Machado, 2016). 
Together with TBC and SCC, milk compounds (fat, 
protein, and lactose) are very important to dairy 

companies and industries because all these five 
variables directly affect the yield of milk products 
(More, 2009; Geary et al., 2014; Meneghini et al., 
2016; Murphy et al., 2016).

The use of payment programs based on milk 
quality (PPBMQ) constitutes one of the approaches 
used by dairy companies and industries to sensitise 
and incentivise the dairy farmers to improve the milk  
quality. Such programs seek to improve the milk  
quality via a monetary incentive paid by litre of milk 
(Busanello et al., 2017a) and are based on the levels  
of certain milk compounds, mainly SCC, TBC, protein, 
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and fat. These programs commonly use payment 
systems with bonuses, penalties, or a mixed system 
(bonuses and penalties) (Huijps et al., 2010). 
However, programs with an approach based only 
on penalties appear to be the most effective in 
sensitizing the dairy farmers to improve milk quality 
(Valeeva et al., 2007).

Studies with PBMQ, as the above-mentioned, 
used only univariate approaches. Although some  
of them (for example, Busanello et al., 2017a) used 
multiple regression analysis, that approach many 
times is associated as a multivariate one, but being 
a misunderstanding because only one response 
variable is used (Rencher, 2002). Therefore, in 
the present study, we used univariate analyses 
(correlation and multiple regression) in addition  
to a multivariate analysis (principal component 
analysis [PCA]). In particular, PCA enables the creation  
of linear combinations between the original variables  
while maintaining their multiple inter-relationships,  
as well as enabling the characterization of 
observations derived from resultant new variables, 
which are termed principal components (Manly, 
2004). Specifically, we aimed to study the relationship  
between variables of milk composition (fat and 
protein) and quality (SCC and TBC) with PBMQ paid 
to the farmer, as well as to characterize the months 
of the year in regard to these milk variables and 
PBMQ through PCA using data from a commercial 
dairy farm that was submitted to a single PPBMQ.

MATERIAL AND METHODS

We used the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) 
(Sargeant and O'Connor, 2014) statement as a 
guideline for this research, in which it was designed 
as an observational retrospective longitudinal 
study. The data regarding milk composition and 
quality represent the period of January 2013 until 
December 2016 and were provided by the Unidade 
Educativa de Bovinocultura de Leite (UEBL) at the 
Escola Estadual Técnica Celeste Gobbato (EETCG), 
which is a technical school of farming/agriculture. 
This school is located in Palmeira das Missões 
County (latitude: 27° 53' 58", longitude: 53° 18' 49", 
and altitude of 639 metres), in the Northwest Region 
of the Rio Grande do Sul state, Brazil.

The UEBL worked with an integrated crop-
livestock system, in an area with 27 hectares that 
were designated for milk production and herd 
handling. The herd was composed of an average of 
25 lactating dairy cows (of different ages, number 
of lactations, and days in milk), and all cows were 
of the Holstein breed. Moreover, an average of 40 
additional animals was present in other categories 
(calves, heifers, and dry cows). The UEBL had 
the following facilities: milking parlour, feeding 
shed, and shed for calves and heifers. The milking 
parlour was a herringbone type with piped milking 
equipment with four closed-circuit claws and a 
room for the milk cooler. Feeds offered in the 
feeding shed were corn silage (Zea mays), ryegrass 
hay (Lolium multiflorum), and concentrated feed. 
Each cow received a quantity of concentrated feed 
according to its milk production.

The milking was performed twice daily at 5:30 
and 16:00 hours, and was performed by the students 
of the technical school. Pre-dipping, withdrawal of 
the first three milk jets in the background of a black 
mug, use of individual paper towels to dry the teats, 
and post-dipping were implemented. Every 15 days, 
the California Mastitis Test was performed to detect 
possible cases of subclinical mastitis.

After milking, the milking equipment was 
washed out with sanitizer for 5 minutes, and then 
rinsed with water at 40 oC. In the sequence, a 
chlorinated detergent alkaline solution (pH > 11) 
was used to wash out the milking equipment with 
water at 70 to 75 oC for 10 minutes. Finally, an acid 
detergent was used (pH < 3) with water at 30 to 
35 oC for 5 minutes and a final rinse was made after 
that.

Cows were maintained in a semi-confinement 
system where they had access to pasture after  
milking in the morning (until 11:00 hours) and at 13:30  
until 16:00 hours. Moreover, the cows also had 
access to pastures after the 16:00 hours milking in  
the summer. In the winter, ryegrass (Lolium multiflorum)  
and double-purpose wheat (BRS Tarumã; Triticum 
aestivum) pastures were used, whereas in the summer,  
sorghum (Sorghum bicolor) and Tifton 85 (Cynodon 
spp.) were used. The pasture area was divided into 
paddocks and water was available when the cows 
were in the feeding shed and waiting room.

Cows were handled according to the guidelines  
of the Program of Good Practices in the Farm as 
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outlined by the dairy company that purchased 
the milk from the EETCG. In particular, all the cows 
were identified with earrings, care was taken in 
the production and storage of the feeds offered 
to the animals, and an exclusive area for cows was 
provided during the pre-partum. Cows were also 
identified for milking. Cows with a blue collar were 
in a transition period, those with a yellow collar were 
producing colostrum, and cows with a red collar were 
medicated (for example, with antibiotics), indicating 
that their milk should be discarded.

For milk analysis, two to four bulk tank milk 
samples were collected by the dairy company that 
purchased the milk from the EETCG (one sample 
per week or each 15 days). Milk samples were 
sent to Serviço de Análise de Rebanhos Leiteiros 
(SARLE) at the University of Passo Fundo, which is 
certified by the Ministério da Agricultura, Pecuária 
e Abastecimento (MAPA) of Brazil, where total dry 
extract (TDE), defatted dry extract (DDE), lactose, 
protein, and fat were analysed using near-infrared 

spectroscopy (Bentley 2000, Bentley Instruments, 
Chaska, MN, USA) according to the ISO 9622.  
The SCC and TBC were also analysed but using flow 
cytometry (Somacount 300, Bentley Instruments) 
according to the ISO 13366-2. The methods cited 
above are described by INMETRO IEC 17025:2002 
considering that the dairy company remunerates 
according to milk composition and quality.

The dairy company that purchased the milk 
from EETCG applied the PPBMQ with regard to milk 
composition (fat and protein) and milk quality (SCC 
and TBC). The value paid was calculated considering 
PPBMQ from a payment table provided by the 
dairy company, where the values of PBMQ were 
actualized in June 2017 and such values were used 
as a reference to calculate the PBMQ (Table 1).  
The PPBMQ was based on a mixed system (bonuses 
and penalties) for all the variables (fat, protein, SCC, 
and TBC). Lactose was not included in the payment 
system and, because of it, this variable was not used 
in the statistical analysis of our study.

Table 1. Payment by milk quality table with bonus and penalty values based on milk composition and quality*

	 Variable	 Classes	 Payment	 Payment
			   (in R$)1	 (in milk-equivalent litres)1

		  20.00 – 29.90	 -0.029	 -0.023
		  30.00 – 32.90	 0.000	 0.000
	 Fat Content (g.kg-1 in milk)2	 33.00 – 36.30	 0.013	 0.010
		  36.40 – 39.70	 0.028	 0.022
		  39.80 – 50.00	 0.034	 0.027
		  20.00 – 24.90	 -0.079	 -0.062
		  25.00 – 28.90	 -0.028	 -0.022
	 Protein Content (g.kg-1 in milk)2	 29.00 – 30.90	 0.000	 0.000
		  31.00 – 33.80	 0.030	 0.024
		  33.90 – 36.90	 0.083	 0.066
		  > 37.00	 0.100	 0.079
		  1.00 – 200.00	 0.060	 0.047
		  201.00 – 400.00	 0.040	 0.032
	

Somatic Cell Count (× 1000 cells.mL-1)
	 401.00 – 500.00	 -0.010	 -0.008

		  > 501.00	 -0.030	 -0.024
		  1.00 – 500.00	 0.040	 0.034
		  51.00 – 100.00	 0.030	 0.024
	 Total Bacterial Count (× 1000 cfu.mL-1)	 101.00 – 200.00	 0.000	 0.000
		  201.00 – 300.00	 -0.020	 -0.016
		  > 301.00	 -0.040	 -0.032

	*Milk composition – fat and protein content, Milk quality – somatic cell count and total bacterial count, 1In Payment '-' indicates  
penalty, 2Average values, original table with the authors.
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The values of PBMQ are presented in Reais 
(R$; Brazilian currency) and in milk-equivalents,  
a measure that reflects the financial value equal to 
one litre of milk, which was also used by Martins et al. 
(2003) and Busanello et al. (2017a). Milk-equivalents 
were provided with the intent that readers could 
extrapolate our results to other currencies and 
facilitate the understanding of PBMQ data for other 
countries. Thus, PBMQ values were calculated in 
milk-equivalents by dividing them by R$ 1.2669,  
the average price of a litre of milk in Brazil considering 
the year of 2017 (Center for Advanced Studies in 
Applied Economics – CEPEA; College of Agriculture  
"Luiz de Queiroz"/University of São Paulo – ESALQ/USP).  
The value of R$ 1.2669 represents US$ 0.3969 and 
€ 0.3475, considering the average value of one Real 
for the dollar and euro for 2017 of US$ 3.1290 and  
€ 3.6462, respectively.

For the statistical analyses, first, an exploratory  
data analysis was performed using boxplots to find  
possible outliers and uncommon values for the variables  
of fat, protein, SCC, TBC, and PBMQ (in R$ and milk-
equivalents). Values of minimum, maximum, median, 
interquartile range, arithmetic and geometric  
means, and standard deviations were also calculated 
for the above-mentioned variables.

Subsequently, correlation analysis between 
milk composition and quality (fat, protein, SCC, and 
TBC) and PBMQ (in milk-equivalents), aiming to  
understand their relationships, was performed. 
Accordingly, the Spearman correlation coefficient 
(nonparametric method) was used, considering that 
SCC and TBC were variables that did not present 
normal distributions, which is an assumption for 
Pearson correlation analysis.

Next, a multiple regression analysis to verify 
which variables were significant with respect to 
the PBMQ paid to the farmer was performed. In 
addition, this analysis also enables the acquisition  
of subsequent estimates of PBMQ based on the milk 
quality and composition. For this, PBMQ in milk-
equivalents was used as a response variable, whereas 
fat, protein, SCC, and TBC were used as predictor  
variables in a generalized linear mixed model. 
In such a model, a heterogeneous first-order  
autoregressive covariance structure was used to 
model the unequally spaced repeated measurements  
of the month within the year (we excluded one 
month, for reasons described in detail in the following  

section), which presented lesser values for Bayesian 
information criterion and Akaike information 
criterion. The final model was as follows (1):

yij = β0 + TBCβ1 + SCCβ2 + Protβ3 + Fatβ4 + δij + εij   (1)

where, yij is the value of the PBMQ by litre of milk 
in milk-equivalents for the month i at the year  
j, i = 12, and j = 4; β0 is the intercept, an average value  
common to all as observations; TBCβ1 is the fixed 
effect of the bulk tank TBC; SCCβ2 is the fixed effect 
of the bulk tank SCC; Protβ3 is the fixed effect of  
the bulk tank protein content in milk; Fatβ4 is the fixed  
effect of the bulk tank fat content in milk;  
δij is the random effect of the month within the year;  
and εij is the random error.

For the multiple regression analysis, the 
assumptions of homogeneity of variances, residual 
normality, linearity, and multicollinearity were tested. 
Plots of the standardized residuals versus adjusted 
predicted values were used to test homogeneity 
of variances, whereas normal probability plots 
of standardized residuals and Shapiro-Wilk's test 
(p value = 0.66) were used to test normality, and 
plots of standardized residuals against predictor 
variables (fat, protein, SCC and TBC) were used to 
test linearity (Koop et al., 2009). A variance inflation 
factor (VIF) was used to test multicollinearity, where 
VIF = 1 indicates that predictor variables are not 
correlated, VIF between 1 to 5 indicates moderate 
correlation, and VIF between 5 to 10 indicates high 
correlation (Cohen et al., 1983). The VIF verifies  
the degree to which one predictor variable can predict  
the other predictor variables present in the model. 
Nevertheless, an outlier for the month of October 
2014 (value of 0.114 milk-equivalents) was excluded 
to meet all the assumptions.

Lastly, a PCA was performed aiming to 
characterize the observations (12 months of the year)  
using the arithmetic means for the months of the year  
in the studied period considering the variables of 
milk composition and quality, and PBMQ. For this 
analysis, we used all the data; i.e. we used the data  
for October 2014 in the average calculation. The PCA  
enables reduction of dimensions using a linear 
combination between the original variables to create 
new variables that are termed principal components, 
which maintain the information of all the original 
variables (Manly, 2004). A correlation matrix between  
original variables was used to perform PCA. The two 



136

first principal components were used to construct 
the biplot graph, which presents the original 
variables and observations together (Gabriel, 1971).

All the analyses were performed using the SAS  
software (SAS, 9.1 SAS/2012, 2012). Descriptive and  
exploratory analyses were performed using the SAS 
PROC MEANS and SAS PROC SGPLOT, respectively. 
The correlation analysis was performed using 
SAS PROC CORR, whereas the multiple regression 
analysis was conducted using SAS PROC GLIMMIX 
and the assumptions verification was performed 
using SAS PROC UNIVARIATE and SAS PROC REG 
(multicollinearity: VIF). Finally, the PCA was performed  
using the SAS PROC PRINCOMP. Statistical significance  
was considered at P < 0.05.

RESULTS

From the descriptive statistical analysis for 
protein, fat, SCC, TBC, and PBMQ (Table 2) it can 
be observed that TBC and SCC presented values 
considered distant between arithmetic means 
(TBC = 146 229 cfu.mL-1 and SCC = 304 312 cells.mL-1),  
geometric means (TBC = 51 647 cfu.mL-1 and SCC = 
285 000 cells.mL-1), and medians (TBC = 35 500 cfu.mL-1  
and SCC = 285 500 cells.mL-1), which is an indication  
that such variables not presented normality. In 
this case, the use of geometric mean or median is  
more adequate than the arithmetic mean to describe  
the values of SCC and TBC because they are not 
affected by outliers, which are common in these 

Table 2. Descriptive statistics for variables of milk composition and quality and payment based on milk 
quality related to the studied period1

			   Arithmetic	 Standard					     Geometric
	 Variable	 N	 Mean	 Deviation	 Minimum	 Median	 IR	 Maximum	 Mean

	 TBC (cfu.mL-1)	 48	 146 229	 211 667	 7000	 35 500	 212 500	 811 000	 51 647
	 SCC (cells.mL-1)	 48	 304 312	 114 760	 139 000	 285 500	 154 000	 696 000	 285 000
	 Fat (g.kg-1)	 48	 33.38	 2.29	 25.30	 33.55	 2.30	 37.60	 33.30
	 Protein (g.kg-1)	 48	 31.41	 1.38	 28.30	 31.55	 2.15	 34.70	 31.38
	 PBMQ (R$)	 48	 0.078	 0.043	 0.000	 0.076	 0.080	 0.145	 0.077
	 PBMQ (milk-equivalent)	 48	 0.061	 0.034	 0.000	 0.060	 0.063	 0.114	 0.061

	1Study period – January 2013 to December 2016, N – Number of observations, IR – Interquartile range, TBC – Total bacterial count,  
SCC – Somatic cell count, PBMQ – Payment based on milk quality.

Figure 1. Descriptive behaviour for: (a) the variables of milk composition (fat and protein content) and 
payment based on milk quality (in milk-equivalents), and for (b) the variables of milk quality (somatic  
cell count and total bacterial count) over the studied years (January 2013 to December 2016)
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variables. Considering the other variables, the average  
of PBMQ during the studied period was R$ 0.078 
and 0.061 milk-equivalents, whereas the mean 
of protein and fat content in milk was 31.41 and  
33.38 g.kg-1, respectively. Interquartile range is 
the range of the middle 50 % of the data and is  
a dispersion measure often used with the median 
and it is indicating that the dispersion seems to 
be higher for TBC than for the other variables. 
Moreover, fat and protein content presented a more 
stable behaviour over the years studied than PBMQ, 
which exhibited greater variation over the months 
(Figure 1a). In comparison, SCC had a more stable 
behaviour than TBC, which presented notable peaks 
of increase in months of the year 2016, possibly 
reflecting a high rate of latent mastitis (Figure 1b).

From the multiple regression analysis, 
considering the PBMQ paid to the farmer and the 
milk quality and composition, we found that all  
the variables (fat, protein, SCC, and TBC) significantly 

affected the PBMQ received (p-value <0.0001 for all)  
(Table 3). Moreover, the model presented a root 
mean squared error value of 0.013 milk-equivalents 
and a determination coefficient (R2) of 0.85, which 
is a good measure indicating that most of the 
variation in the PBMQ (85 %) is due to the milk 
composition and quality. The multiple regression 
analysis also provides a model that enables an 
estimation of the possible PBMQ paid considering 
the milk composition and quality. Such a model is  
below (2):

PBMQ = -0.368 - (1.110-7 × TBC) - (1.640-7 × SCC) + 
(0.005 × Fat) + (0.010 × Prot) 	 (2)

where PBMQ is the payment based on milk quality 
(milk-equivalents); TBC is the bulk tank total bacterial 
count (cfu.mL-1); SCC is the bulk tank somatic cell 
count (cells.mL-1); Fat is the % of fat in the bulk tank 
milk; and Prot is the % of protein in the bulk tank  
milk.

Table 3. Multiple regression analysis estimates (± standard error) related to payment based on milk quality 
(in milk-equivalent) and milk composition and quality

	 Variable	 Estimated parameter	 Standard error	 P-value	 R2

	 Intercept	 -0.368	 0.052	 < 0.0001	 0.85
	 TBC (cfu.mL-1)	 -1.110-7	 1.045-8	 < 0.0001
	 SCC (cells.mL-1)	 -1.640-7	 2.010-8	 < 0.0001	 RMSE3

	 Fat (g.kg-1)	 0.005	 0.001	 < 0.0001	 0.013
	 Protein (g.kg-1)	 0.010	 0.001	 < 0.0001

TBC – Total bacterial count, SCC – Somatic cell count, R2 – Determination coefficient, RMSE – Root mean squared error.

Table 4. Spearman's correlation coefficients for variables of milk composition and quality and payment 
based on milk quality

		  PBMQ	 TBC	 SCC	 Fat	 Protein

	 PBMQ	 1				  
	 TBC	 -0.66*	 1			 
	 SCC	 0.10	 -0.41*	 1		
	 Fat1	 0.32*	 -0.29*	 0.51*	 1	
	 Protein1	 0.51*	 -0.28	 0.13	 0.31*	 1

PBMQ – Payment based on milk quality (milk-equivalent), TBC – Total bacterial count (cfu.mL-1), SCC – Somatic cell count (cells.mL-1),  
1Values in g.kg-1, *Significant correlation at the level of 5 % of probability.
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In regards to the correlation coefficients  
(Table 4), TBC, fat and protein showed significant 
correlation with PBMQ. Protein and fat presented 
positive correlation (r = 0.51 and r = 0.32, respectively),  
whereas TBC presented negative correlation 
(r = -0.66). In addition, the variables also showed 
significant inter-correlations, where SCC presented 
positive correlation with fat (r = 0.51) and negative 
correlation with TBC (r = -0.41), whereas fat 
presented positive correlation with protein (r = 0.31) 
and negative correlation with TBC (r = -0.29).

In sequence, PCA was then performed, from  
which the two first principal components were 
selected. The first principal component represented 
50.2 % of the total data variance and showed 
an eigenvalue of 2.51, whereas the second principal  
component represented 33.9 % of total data variance  
and presented an eigenvalue of 1.69 (Table 5). Together,  
these two principal components explained 84.0 % of 
the total data variance. Moreover, the first principal  
component represents an inverse relationship 
between PBMQ (0.51) and fat (0.43) versus TBC 
(-0.57); which were the variables with higher loadings 
into this principal component. The second principal 
component represents an inverse relationship 
between PBMQ (-0.42) and protein (-0.54) with 
SCC (0.59) and fat (0.40), which were the variables  
with higher loadings into this component. 

The biplot graph presents a relationship 
between the variables (fat, protein, SCC, TBC, and 

PBMQ) considering the averages for the months  
of the year in the four studied years (Figure 2).  
The months of January, February, and March  
(summer months) presented equal characteristics, 
which were high TBC and SCC with low-protein 
content and PBMQ. Conversely, the months of June, 
July, and August (winter months) presented an inverse  
pattern compared to the summer months, which 
was high-protein content and PBMQ with low SCC 
and TBC. May and April presented high-fat content 
and SCC with low-protein content and TBC, whereas 
September presented high-protein content and TBC  
with low-fat content and SCC (inverse behaviour). 
October and November were the months that were  
plotted over the axis of the first principal component,  
remaining near the general average of the observations  
for this principal component but presenting an inverse 
relationship whereby October showed high-protein  
content and PBMQ with low-fat content and SCC, 
whereas November showed low-protein content 
and PBMQ with high-fat content and SCC. December 
was a month that was plotted over the axis of the 
second principal component axis, remaining near 
the general average of the observations for this 
principal component but showing high TBC with 
low-fat content and PBMQ. In general, a contrast 
was observed between summer months and winter 
months, demonstrating a seasonal effect related  
to the milk composition and quality and the PBMQ.

Table 5. Eigenvalues and eigenvectors related to principal component analysis of variables using   
the correlation matrix*

				    Eigenvectors
	 Component	 TBC	 SCC	 Fat1	 Protein1	 PBMQ

	 Component 1	 -0.569	 0.277	 0.431	 0.393	 0.509
	 Component 2	 -0.161	 0.587	 0.400	 -0.542	 -0.419

		  Component 1	 Component 2			 

	 Eigenvalues	 2.51	 1.69			 
	 Proportion	 50.19 %	 33.85 %			 
	 Cumulative	 50.19 %	 84.04 %			 

*Variables include milk composition and quality and payment based on milk quality, TBC – Total bacterial count (cfu.mL-1), SCC –  
Somatic cell count (cells.mL-1), 1Values in g.kg-1; PBMQ – Payment based on milk quality (milk-equivalent).
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DISCUSSION

In this study, we aimed to clarify the relationship  
between variables of milk composition and quality 
with the PBMQ, taking into consideration the variation 
caused by seasonality. The data comprised of milk 
composition, quality and PBMQ from a dairy farm for 
a four-year period that was submitted to a PPBMQ 
applied by the dairy company that purchased its milk. 
The payment table (Table 1) was based in a mixed  
payment system, where penalties and bonuses were 
applied together for all the variables included in  
the program (fat, protein, SCC and TBC). Busanello 
et al. (2017a) analysed information about PPBMQs 
used by the main dairy companies in Brazil and found 
that there are no any payment systems in this country 
based only on penalties. However, some studies 
have shown that although mixed payment systems 
(bonuses and penalties together) were effective  

in motivating and sensitising the farmers to improve 
milk composition and quality, payment systems 
based only on penalties were most effective because 
such systems induced loss aversion (Valeeva et al., 
2007; Nightingale et al., 2008; Huijps et al., 2010; 
Saenger et al., 2013).

In Brazil, since 29th December 2011 and after 
in 26th November 2018, the Normative Instructions 
62, 76 and 77 (IN-Brazil) (Brasil, 2011; Brasil, 2018a,b, 
respectively) established threshold standard values 
for milk composition and quality. In the Southern 
Region, maximum geometric mean values for SCC of  
500 000 cells.mL-1 and TBC of 300 000 cfu.mL-1 were 
recommended as well as minimum arithmetic mean 
values for a protein content of 29.00 g.kg-1 and fat 
content of 30.00 g.kg-1, considering such measures in a  
three-month period with one analysis within each month. 

In the present study, geometric means for 
SCC and TBC remained within the thresholds required 

(g.kg-1)

(g.kg-1)

(cfu.mL-1)

(cells.mL-1)

Figure 2. Biplot graph obtained from principal component analysis performed using the correlation matrix 
of the variables of milk composition and quality and the payment based on milk quality. SCC: 
Somatic cell count (cells.mL-1); PBMQ: Payment by milk quality (milk-equivalents); TBC: Total 
bacterial count (cfu.mL-1)
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by IN-Brazil and, for both, geometric means and 
medians remained close in comparison with the 
arithmetic mean, it demonstrated more distant 
values showing the same behaviour as reported 
by Busanello et al. (2017a) for SCC. In addition,  
the values of the protein content and fat also 
remained within the required threshold (31.41 g.kg-1  
and 33.38 g.kg-1, respectively).

Results obtained from multiple regression 
analysis showed that all the studied variables 
strongly affected the PBMQ value paid to the farmer.  
Therefore, our findings demonstrate the possibility 
to simulate the PBMQ value (milk-equivalents)  
using equation (2) considering the threshold values 
recommended by IN-Brazil, it can also demonstrated 
for some countries such as the United Kingdom (UK) 
and Northern Ireland (e.g. SCC: 500 000, 180 000, 
and 195 000 cells.mL-1; TBC: 300 000, 30 000, and  
17 000 cfu.mL-1; protein: 29.00, 32.90, and 32.30 g.kg-1;  
and fat: 30.00, 40.90, and 40.00 g.kg-1, respectively 
for IN-Brazil, UK, and Northern Ireland). Such data 
were obtained from the National Mastitis Council 
(NMC, 2013), Cassoli and Machado (2016), Cassoli 
et al. (2016), and the Agriculture and Horticulture 
Development Board − Dairy (2017) for UK, IN-Brazil  
(Brasil, 2011; Brasil, 2018a,b) for Brazil, and 
Department of Agriculture, Environment and Rural 
Affairs (2016) for Northern Ireland, respectively. 
From the equation (2) with these values, we 
obtained PBMQ values of -0.032, 0.144, and 0.133 
milk-equivalents for IN-Brazil, UK, and Northern  
Ireland, respectively.

Such simulation shows us that even the farmers  
reaching the recommended threshold imposed  
by the Brazilian government might have a reduction 
in their milk price because of the PPBMQs.  
When the quality and composition of Brazilian 
milk are compared with those of other countries, 
Brazil still has a considerable limitation to improve 
milk composition and quality. If Brazilian milk 
quality were nearer to that of the UK and Northern 
Ireland, for example, the farmers could attain  
an increase in their milk price, as was the case in the 
simulation. However, although milk composition 
and quality standards exist in Brazil, the farmers 
that produce and the dairy companies that  
purchase the milk outside the threshold are not 
punished in any way by the government. It may be 
one of the reasons why SCC and TBC improvements 

have stagnated in the country in recent years 
(Cassoli and Machado, 2016; Cassoli et al., 2016;  
Busanello et al., 2017a,b).

In our study, important correlations between 
PBMQ and protein, fat, or TBC were found. Increase 
in the protein and fat content results in an increase 
in PBMQ, whereas the increase in TBC results 
in a decrease in PBMQ. Correlations between  
the other variables are widely found in the literature. 
For example, the positive relationship between 
SCC and fat content is a result of the reduction  
in milk production due to mastitis, concentrating  
that component in milk (Çinar et al., 2015; Stürmer et al.,  
2018). A weak relationship between fat and protein 
content also was evidenced by Nistor et al. (2014).

Multiple linear regression further showed that 
increase in the SCC results in a decrease in PBMQ  
as well. Kvapilík et al. (2017) also found that SCC,  
TBC, protein, and fat content affected the milk price 
paid to the farmers. In contrast, Roma Júnior et al. 
(2009) found a higher PBMQ in autumn, whereas  
we found higher PBMQ in winter (due to high protein 
content and low SCC and TBC) and lower PBMQ in 
summer (due to low protein content and high SCC 
and TBC). The impact of seasonality on TBC and 
SCC is heavily discussed in the literature although 
this primarily involves questions related to hygiene 
and health of the cows, as well as the influence 
of the seasons of the year due to the climatic 
variation (Nightingale et al., 2008; Heck et al.,  
2009; More, 2009; Fagan et al., 2010; Tančin, 2013; 
Simioni et al., 2014; Hill and Wall, 2015; Tančin  
et al., 2018). Also, there is a relationship between 
the management of the herds and welfare of the cows,  
which affect the hygiene of the herds and the milk 
quality (Sant'Anna and Costa, 2011). Moreover,  
the practice of withdrawal the first three milk jets 
can reduce the TBC and SCC in milk (Tančin et al., 
2006) as it was done in our study.

Fat and protein content are variables that 
influence positively on PBMQ unlike of SCC and TBC. 
Thus, fat and protein content favour the bonuses,  
while SCC and TBC favour the penalties (Roma 
Júnior et al., 2009; Simioni et al., 2014). Roma 
Júnior et al. (2009) found that SCC is the main 
variable causing penalties, while Simioni et al. 
(2014) found that TBC was main variable resulting  
in penalties. Nevertheless, though PPBMQs induce 
to an improvement of SCC and TBC, for fat and 
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protein content other factors are also important 
(Botaro et al., 2013).

The PCA shows an inverse relationship between  
the summer (January, February and March) and winter  
months (June, July and August) for protein content, 
TBC, and PBMQ variables. In the other months, a 
varied behaviour was observed. The greater advantage 
of PCA compared with univariate approaches is that 
PCA considers the multiple relationships between 
the variables and within the observations (in this 
case, months), which enables the derivation of more 
general conclusions.

To our knowledge, no other studies have utilised  
any multivariate approaches involving a relationship 
between PBMQ and milk composition and quality. 
With respect to protein content, Heck et al. (2009) 
also found lower values in the summer (33.90 g.kg-1)  
compared to winter (35.60 g.kg-1). In our study, the intake  
of pastures is favoured in winter because they are 
based on tempered species, whereas in summer the 
pastures are based on tropical species. Moreover, 
the seasons of the year affect the milk production 
and composition (Fagan et al., 2010), with heat stress 
also having an impact because of the concomitant  
decrease of nutrient intake (Polsky and von 
Keyserlingk, 2017). Also, Stürmer et al. (2018) found 
that the climatic variables are responsible for 10.2 % 
of the variation in composition, quality, pricing, and 
production of milk.

In general, our results indicate that PBMQ  
is directly affected by the change in milk composition 
and quality along the seasons. Consistent with this, 
Roma Júnior et al. (2009) mentioned that seasonality 
should be considered into the formulation of PPBMQs.  
Nevertheless, although various countries apply 
PPBMQs even for other mammalian species as sheep  
and goats (e.g. France, Italy, Portugal, Greece, and 
Spain [Pirisi et al., 2000; Pirisi et al., 2007]), Brazil 
has only taken small steps to create effective 
PPBMQs that induce the improvement of bovine 
milk composition and quality. In addition, few 
countries include lactose in theirs PPBMQs, such as 
Ireland and the United States (Sneddon et al., 2013), 
whereas in Brazil lactose has already been identified 
as showing considerable variation in bulk tank milk 
samples from dairy farms (variation due to SCC, 
parity and seasons), which suggests that lactose 
should also be used in PPBMQs (Alessio et al., 2016).

The PPBMQs, together with the production 
conditions, are determination factors toward 
improving the profitability and sustainability 
of the dairy farmers (Michaličková et al., 2014; 
Michaličková et al., 2017). Good animal practices 
that enable  the improvement of milk composition 
and quality lead to improvement of the economic 
results, mainly due to an increase of the bonuses 
(Banga et al.,  2009; Paixão et al., 2014; Teixeira 
Júnior et al., 2015). However, effort is required 
from all the stakeholders within the dairy sector to 
reach this result, with the lack of reliance between 
dairy farmers, government, technicians, and dairy 
companies appearing to constitute one of the most 
important issues (Devitt et al., 2013).

Finally, our study revealed important findings 
suggesting that PBMQ is influenced by seasonal 
variation in the milk composition and quality. 
Nevertheless, our study contains some limitations. 
The data used represent only the exclusive reality 
of a single dairy farm for a four-year period. It is 
possible that the results are not generalisable to 
those from individual farms and PPBMQs applied by 
other dairy companies. However, the use of more 
data from additional farms and dairy companies 
with different PPBMQs will likely lead to more 
complex data manipulation and statistical analysis. 
It is also possible that the effect of different PPBMQs 
and their results on PBMQ might lead to a different 
statistical approach. Nevertheless, we consider that 
these found results are of considerable importance 
to understand the effects of seasonal variation of 
milk composition and quality on the PBMQ.

CONCLUSION

Milk compounds (fat, protein, SCC, and TBC) 
significantly affect the final value of the PBMQ 
paid to the farmer. Moreover, there is a seasonal 
effect on PBMQ, wherein winter months (June, July, 
and August) the PBMQ is higher and in summer 
months (January, February and March) it is lower. In 
addition, there is a general negative relationship 
between SCC and TBC with PBMQ and a positive 
relationship between protein and fat content with 
PBMQ. Finally, dairy farmers can increase their 
PBMQ received in the summer by improving the 
nutritional management of the herds that enables 
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an increase in milk protein, as well as improving 
hygiene and mastitis management to reduce SCC 
and TBC. Moreover, dairy companies probably 
should consider a separated formulation of PPBMQs 
according to the seasons of the year (summer and 
winter months).
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INTRODUCTION

It has been estimated that the demand for 
animal-derived protein may double by 2050 (Henchion  
et al., 2017). The importance of animal-source foods  
in maintaining the health and nutritional status of 
inhabitants especially in developing countries with 
limited supply is well described (Neumann et al., 
2002; Murphy & Lindsay, 2003; Randolph et al., 2007; 
Smith et al., 2012). Principal farm-level sustainability 
concerns in developing regions currently focus on 
limited food availability due to low agricultural yields, 
lack of producer education, and inadequacies of 
transport and sanitary infrastructure (Godfray et al.,  
2010). A common description of sustainability is 

the ability of a system, a firm or a sector to survive 
in the long run. The concept of resilience indicates 
the ability of a system, firm or sector to maintain its 
structural and functional capacity after a disturbance 
or shock (Perrings, 1998). Resilience is evidenced 
by an ability to recover and persist. According 
to Garmestani et al. (2006) the most resilient 
industries will be those with functions spread across 
the range of firm size. This will require breeders to 
maximise their efficiency and mitigate the negative 
environmental footprint. Farmers are encouraged to 
redesign and tailor their livestock farming systems 
to improve their sustainability (Rogers et al., 2004, 
Leeuwis, 2004). Van Calker et al. (2005) divided 
sustainability into four aspects: economic, internal 
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social, external, social, and ecological sustainability. 
They selected profitability as the only attribute for 
measuring economic sustainability in Dutch dairy 
farming. More decision support systems (DSS) are 
now being offered for the farming community to 
accomplish this task (Andrew et al., 2013; Tamayo  
et al., 2010; Zhong-xiao & Yimit, 2008; Melville, 
2010; Korte et al., 2012; Aubert et al., 2012).

Rationale of the DSS
Decision support tools can be designed as 

standard  decision support tools used by advisors 
to discuss the issue with farmers (Stonehouse et al.,  
2002; Castelan-Ortega et al., 2003; Cabrera et al., 
2005; Veysset et al., 2005; Crosson et al., 2006; 
Nelson et al., 2002; Fraisse et al., 2015). They may also 
be conceived as tools for a participatory discussion 
among stakeholders of in different production 
contexts (Bernet et al., 2001), or as prospective tools 
to support policy-making (Pacini et al., 2004, Rennings 
and Wiggering, 1997). For example, greenhouse gas 
emissions can be modelled and compared between 
organic and conventional systems (Kustermann et al.,  
2008). Such models may also be conceived as decision  
support tools for farmers, especially when the main 
viewpoint is productive (Diaz-Solis et al., 2003; Pla 
et al., 2003) or economic (Schaik et al., 2001; Bush 
et al., 2008). Other research models are aimed at  
a better understanding of farm operations and their 
consequences (Hervé et al., 2002; Cournut and 
Dedieu, Ingrand et al., 2003, 2004; Rotz et al., 2005; 
Andrieu et al., 2007).

The benefits of using a decision support 
tool are that it can improve individual productivity, 
improve decision quality and problem solving, as well  
as facilitate interpersonal communication. It can 
also improve decision-making skills and increase 
organizational control, present the likelihood of 
various outcomes resulting from different options 
(e.g. Power, 2002; Turban et al., 2007, Rossi et al., 
2014, Dicks et al., 2014; Parker, 2004, Alenljung, 
2008), with the support of appropriate information 
technology (Lindblom et al., 2014).

Limitation of the uptake
Despite the obvious advantages the uptake 

has been limited (Alvarez and Nuthall, 2006; Gent  
et al., 2013; Parker et al., 1997). Moreover, the levels  
of acceptance are low, because scientists fail to 

capture the actual needs of the farming sector 
(e.g. McCown, 2002; 2005; Parker & Sinclair, 2001; 
Öhlmér, 2001: Öhlmér et al., Melville, 2010) and 
many of the decisions are made with inadequate or 
incomplete datasets (Elhag and Walker, 2011). 

Another challenge is to build models that will 
easily be appropriable by farmers and that will allow 
them to consider in-depth changes. Building them 
in a participatory way with farmers could be one 
way of making them more appropriable (Woodward 
et al., 2008; Cerf et al., 2008). Many studies marked 
user-friendliness or user involvement and effective 
communication during the development as a critical 
factor (Harris & Weistroffer 2009, Stewart, et al., 
2013; Valls-Donderis et al., 2013; Volk et al., 2010; 
Jakku and Thorburn 2010; Meensel et al., 2012; 
Hall et al., 2010; Whittaker et al., 2013; McIntosh 
et al., 2011; McIntosh et al., 2008; Nguyen et al., 
2006; Robinson, 2004; Freebairn, 2002; Hartwick 
& Barki, 2001; Newman et al., 2000). Furthermore, 
the usability for different users in varying situations 
and contexts is important (Rogers et al., 2011).

Benchmarking farm performance
National level competitiveness refers to the 

ability of a country to produce goods and services 
that meet the test of foreign or world market 
competition, while simultaneously maintain and  
expand domestic real income (Kaspersson et al., 
2002). A key indicator in measuring the economic 
sustainability of an activity is profitability. If profits 
are negative, the revenues cannot cover the costs, 
which after some time will lead to bankruptcy of 
the firm and its closure. Positive profits as such 
reflect that an economic activity adds value, that 
what is produced is valued more highly by society 
than the inputs used for its production (de Jong,  
2013). Furthermore, the return on investment can be  
measured by the improvement in environmental quality  
or the improvement in productivity of the agri-sector  
(Shepherd and Wheeler, 2010). The sustainability 
agenda indeed supports idea of benchmarking 
farm performance. Benchmarking itself is according 
to Franks (2003) not particularly radical for a farm  
manager to improve farm performance. The exact  
definition may vary but we can conclude that it 
involves borrowing good ideas from others about 
how to improve (Brown, 1995). This method requires 
specific measures of selected key performance  
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indicators (KPIs) which describe the competitive 
performance level. More recently, sustainability 
KPIs are gaining interests too (Iribarren, 2011), while 
innovations in information and communication 
technology have opened a window of opportunities 
for on-line benchmarking via computer or via 
smartphone (Kaloxylos et al., 2014). Moreover, 
software and reports can be developed with which 
the indicators are reported back to farmers and 
added to their "dashboard" for monitoring their 
farm compared to others (Poppe, 2013). Many 
authors have already discussed key-issues regarding 
the design and use of sustainability assessment (e.g. 
Binder et al., 2010; Gasparatos & Scolobig, 2012; 
Gibson, 2006; Ness et al., 2007; Pope et al., 2004; 
Weaver & Rotmans, 2006). A first key-issue is the 
contested meaning of sustainability and sustainable 
development (Bond et al., 2013; Hopwood et al., 
2005; Pope et al., 2004; Waas et al., 2011). As a result,  
for benchmarking sustainability and farm productivity,  
there is a need for a well-defined normative 
dimension of sustainability assessments, including 
the concept of sustainability (Binder et al. 2010). 
As many authors, Bond and Morrison-Saunders 
(2013) state the meaning of sustainability should 
be formulated for every assessment, taking into 
account the context in which it occurs. Literature 
reviews also shows that different purposes and 
levels also suggest different end-users (Van Passel & 
Meul, 2010).

The numerical integration combining the 
indicator results to present it as a single index or 
composite indicator (Gómez-Limón & Riesgo, 2009; 
Van Passel et al., 2007) is also implemented in the 
EkonMOD milk tool linking to management decisions 
and strategic choises available for dairy farmer 
management in Slovak conditions (Zahradnik, 2017; 
Záhradník and Pokrivčák, 2016a, 2016b; Zahradnik 
et al., 2018). Generally, each of the application 
under the umbrella of the EkonMOD milk platform 
is used to evaluate the economic consequences of 
different on-farm strategies. The interactive dairy 
farm model approach was developed at farm level 
and based on a static approach. This modeling 
framework was built to serve the purposes of a 
wider research strategy. The main objective of this 
activities concerns an analysis of possible effects of 
changing conditions on different Slovak dairy cow 
operations. The model developed can be used to 

run various scenarios in the field of structural and 
technical change on dairy farms. Moreover, it can 
be tailored for dairy farms that differ in intensity 
and scale. The associated assessments should 
apply sound statistical methods connecting also 
to the added value coming from the academia 
and research result available. Furthermore, input 
procedure to the model (application, software) 
has to be simplified and user friendly. The main 
argument for increased end-user acceptance will 
be the farm specific adjustments corresponding 
with user-selected strategic processes on the 
dairy operation. The procedural instrument to 
guide the use of sustainability assessment tools 
within strategic decision making was developed 
by Coteur et al. (2016) with framework allowing 
a farm-specific and flexible approach leading to 
harmonised actions towards sustainable farming. 
The time dimension in this study were defined by 
five phases based on the framework of De Ridder  
et al. (2007). They propose an integrated assessment, 
followed by problem analysis and finding the options,  
analysis and finally, the follow-up. The purpose of 
5 step approach tailored by Coteur et al. (2016) is 
gaining insights on the sustainability of multiple 
farm aspects and stressing the importance of 
the distinction between assessing the farm and 
interpreting the results is essential in this framework 
as the interpretation of results occurs preferably 
in different ways and depends on the tool choice. 
The improvement strategies will be implemented  
in a fourth step and correspond to the third analysis 
phase of de Ridder et al. (2007) followed by the 
benchmarking and follow-ups (Coteur et al., 2016). 
According to the outcomes of EIP-AGRI focus group 
benchmarking of farm productivity and sustainability 
performance outcomes final report, the macro level 
benchmarking analysis involves a more generic 
framework where specific farm conditions related 
productivity and sustainability are shaped by policy,  
law and regulation, and trade. In addition, macro 
conditions are influenced by economic and social 
developments and demographics, technical advances 
and environmental conditions. Following the report 
the use of benchmarking data in the aggregate  
form may benefit the agricultural industry, and 
indirectly or directly the farmer, in achieving 
greater productivity and sustainability. In addition, 
benchmarking may inform policy development, 
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guide industry regulators and trade organisations, 
inform industry research, development and 
innovation,  and provide a wealth of information 
for advisors and educational institutions. The report  
also suggests that in general, an ideal macro 
benchmarking system would give clear indicators on 
where the greatest impact of policies for encouraging 
competitiveness, productivity and sustainability 
could be found (EIP-AGRI, 2016).

Implications for dairy farming
In general, dairy farms are deficient in the use  

of advanced projection frameworks such as simulations  
(Bewley et al., 2010). Nevertheless, an efficient DSS 
framework is critical for dairy farming management 
and decision-making through e.g. optimisation of 
synthetic systems (Cabrera et al., 2006, Booty et al., 
2009). Herd management practices are essential 
for the productivity of dairy farms (El-osta and 
Morehart 2000). Growing the herd brings additional 
difficulties for the farm management (Gargiulo et al. 
2018). Moreover, inappropriate farm management 
can negatively impact health and welfare standards 
of the productive livestock and lower the economic 
results of the dairy operation (Calsamiglia et al., 
2018). Keeping the records on an individual cow 
level is crucial for optimal management decision if 
necessary (Barragan et al. 2016). However, switching 
from herd level to a cow level in based on a real-time 
data acquisition (Debauche et al., 2018).

Culling decisions
Optimal replacement decisions are cited as 

one of the most important factors affecting dairy 
farm profitability (van Arendonk, 1984), and these 
decisions are directly affected by fluctuations in milk 
price, salvage values, and replacement costs. Culling 
decisions are based primarily on milk production and 
partially on health status. Despite their economic 
importance, culling decisions are often made in a 
nonprogrammed fashion and based partly on the 
intuition of the decision maker (Lehenbauer and 
Oltjen, 1998). Little or no effort is made to support 
replacement decisions using economic or financial 
methods. Traditionally, culling of dairy cows has 
been viewed from a historical viewpoint. Many 
dairy farmers and their consultants calculate their 
annual culling rate and focus on the percentage 
of cows culled for a variety of reasons (Eicker and 
Fetrow, 2003). To improve culling decisions, a more  

prospective approach is preferable and could 
result in different culling decisions by producers. 
High yields of dairy cows frequently contribute to 
the increased health issues. The consequent costs 
and labour required decrease the overall farm 
productivity. Lifelong milk productivity of dairy cows 
can be referred as crucial indicator for management 
representatives. Moreover, the m dairy cow's milk 
yield and the stage of lactation have a significant 
impact on culling (Rajala-Schultz, 1999). Dairy 
cows culling and heifer selection in rearing period 
therefore represent important tasks for every dairy 
operation. To support management decision, several 
support models were developed. The problem  
can be formulated as a multi-hierarchical Markov 
decision process or optimization dynamic programming  
model. The ability of farmers to make right decisions 
at the right times significantly determines the 
success of any enterprise. This success can be stated 
as maximizing profit. It has been shown that total 
profit is highly affected by reproductive performance 
(Britt, 1985). 

Heifer replacement 
Reproductive performance received special 

attention in the literature (Olynk and Wolf, 2009; 
Cabrera and Giordano, 2010; Giordano et al., 2011;  
Giordano et al., 2012, Ettema 2011) as a result of 
its prominent economic impact on the profitability 
of dairy operations. Numerous studies have 
analyzed the optimum replacement interval in dairy 
herds and factors that affect these decisions (van 
Arendonk, 1985; Kristensen, 1988; De Vries, 2004, 
Demeter et al., 2011; Cabrera, 2012). Simultaneous 
accounting of several biological and economic 
parameters is necessary to determine the optimum 
time of replacing a cow. Milk production level, 
pregnancy, stage of lactation, parity and transition 
probabilities such as involuntary culling, pregnancy, 
and abortion are considered the most important 
factors affecting replacement decisions (Kalantari  
et al., 2010). Alternative approaches have been 
proposed to handle these factors and find the optimum  
replacement strategy including marginal net revenue  
(MNR) (van Arendonk, 1984), dynamic programming 
(DP) (Smith, 1973; van Arendonk, 1985; De Vries, 
2004), and stochastic simulation models (Kristensen 
and Thysen, 1991). The first two methods are based 
on the production function approach in which the 
cow's revenue and costs are modelled during cow's 
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lifetime (Groenendaal et al., 2004). The limitation 
of MNR is its inability to include the variation in 
expected milk production of the present cow and 
subsequent replacement heifers, and the genetic 
gain of replacement heifers (Groenendaal et al., 
2004). The DP technique overcomes two limitations. 
However, due to its complexity, the usage of DP 
models has been restricted to research analysis and 
not for building decision support systems for practical  
decision-making and on-farm management. The Monte  
Carlo stochastic simulation approach has been used 
to calculate the total expected net returns during 
next year and that value was used for ranking 
animals. Kristensen and Thysen (1991) compared  
the decisions being made by DP and stochastic 
simulation and reported insignificant difference 
between the two models. Recently, Cabrera (2012) 
used a Markov chain simulation model to find a 
suboptimal replacement strategy. In brief, this 
method calculates the net present value for a cow 
and its potential replacement, which could be 
used to decide whether to keep or replace a dairy 
cow. This method does not have the complexity of 
DP models and overcomes the limitation of MNR 
method because it can include expected variations 
in the cow and replacement performances. Cabrera 
(2012) reported that trend and replacement 
strategies found with the newly Markov chain model 
would be similar to those found with DP models. 
However, such study did not include a formal 
comparison with a DP model. Kalantari et al. (2014) 
has found a strong correlation (95 %) in replacement 
decisions resulting from using two completely 
different modeling approaches: The classical  
and state-of the- art dynamic programming 
framework and a newly developed technique 
using simple simulation of Markov chains. Post 
optimality analyses demonstrated that overall 
long-term herd structure and herd net returns 
resulting from models' replacement policies were 
very similar. These results strongly support that  
the newly developed Markov chain is a good 
alternative for practical dairy decision-making and 
for the development of decision support systems.

Heifers rearing period
The replacement heifer program is particularly  

important, and its primary goal is to breed these 
animals at an early age with optimal body weight 
to achieve easy calving with minimum investments 

(Fricke, 2004). Dairy farmers face a complex dilemma 
in minimizing costs associated with rearing heifers 
while ensuring or enhancing lifetime economic 
productivity. Decisions about heifer management 
interact with underlying biological aspects of 
growth, thereby influencing future profitability of 
the herd (Mourits et al., 1999). A basic approach 
to reduce costs is to shorten the non-productive 
period of dairy heifers, which can be accomplished 
by breeding heifers earlier to reduce the age at first 
calving (AFC); Abeni et al., 2000; Daniels, 2010). Dairy 
heifers are normally inseminated for the first time 
at about 15 months of age to calve at approximately 
2-years of age. At the age of 15 months, they reach 
only about 60 % of mature body weight (Coffey et al., 
2006). The management decision on when to start 
breeding is a management one, but it is generally 
influenced by nutrition and growth rate during the 
rearing period (Carson et al., 2002; Serjsen, 2005). 
Many studies suggest that the optimal AFC is ≤ 24 
months (Mourits et al., 1999; Gabler and Heinrichs, 
2003; Shamay et al., 2005). Pirlo et al., (2000) also 
confirmed that AFC can have a significant effect 
on both milk production capacity and longevity. 
The relation of lifetime milk performance to calves 
rearing period and fertility issues in the typical UK 
dairy farms was also evaluated by Wathes et al. 
(2008). However, most of those researchers based 
their conclusions on milk production rather than 
whole economic measurements. Ettema and Santos 
(2004) found that only 2.7 % of US Holstein dairy 
farms achieved the recommended targets of AFC 
≤ 24 with live-weights ≥ 560 kg. The tendency for 
additional returns from higher number of new-born 
calves was also confirmed in sheep by Bonev and 
Kostadinova (2011). Fricke (2003, 2004) proved that 
the delay in age at first calving in heifers generated 
additional costs from higher culling rate, dystocia, 
and metabolic disturbances. According to the 
author, the optimum age at first calving of heifers 
was 24 months. Calving heifers at an older age has 
many disadvantages other than increasing their  
non-productive life and delaying potential milk 
income. When heifers calve at ages greater than 
24 to 25 months, larger inventories or numbers 
of heifers must be maintained in the heifer herd. 
Increasing the age at calving also increases the 
generation interval, delaying the introduction 
of genetically superior replacements in the herd 
(Bailey et al., 2009). 
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Performance of Slovak Holstein dairy herds
According to the Result of dairy herd milk 

recording in Slovak republic, which are annually 
conducted by the Breeding services of Slovak 
republic, the optimal AFC for national conditions 
supports the previous foreign studies and research 
papers conclusions. Based on these outcomes it can 
be stated, that reducing AFC in Slovak Holstein herd 
had improved the length of productive life, number 
of lactations, lifetime yield as well as lifetime yield 
per day of Holstein dairy cows (BS SR, 2017). Based 
on the milk recording in control year 2014/2015 
performed by the BS SR, it can be concluded that  
the lifetime milk yield of Holstein heifers first calving 
in 24 months amounted 21279 kg. The two additional 
months in AFC transformed in 104 € loss per cow. 
Adding another two months over the 26 months 
AFC will almost double the negative economic 
impact (-210 €). Holstein heifers first calving in 30 
months have generated a -442.68 € loss a per cow 
basis. Negative impact on the lifetime yield was also 
well documented even for AFC below the optimal 
24 months. Heifers with 21 months of AFC produced 
1342 kg less amount of milk generating a -375.76 €  
loss in control year 2014/2015. Furthermore, the recent  
study by Huba et al. (2017) supports this results for 
Slovak Holstein dairy herds in 2016. The Holstein 
first calving heifers at 23 months confirmed to 
have the highest milk yield per lactation as well as 
lifetime milk yield per day. However, the highest 
value of lifetime milk yield was reached by Holstein 
heifers first calving in 24 months.

Economic impacts
Mortality rates and culling of dairy animals 

are the critical indicators for dairy operation 
productivity. As reported by Fetrow et al. (2006) 
culling or exiting is the departure of cows from the 
herd because of sale, slaughter, salvage, or death.  
In most cases the cow that exits is replaced. The term  
"cull" than refers to all the cows that leave the dairy  
operation regardless of their destination or 
condition at departure. The report also implies that 
some may object to including cows that are sold for 
dairy purposes as part of a general cull category, 
as the word "cull" generally means to separate 
off for undesirable reasons. However, quantifying  
the amount of culling on dairies is highly beneficial 
in the comparison of herds (Fetrow et al., 2006). 
The literature review outlined a several approaches 

to describe the culling process on dairy farms 
including Terms like "yearly turnover" and "cows 
leave, %" (AgSource Cooperative Service, 2005), 
"culling rate" by Hoekema, 1999 a,b and also by 
Brett, 2003), "proportion removed from herd" 
(Smith et al., 2000), "percent left herd" (Gangwer 
et al., 1993), and "replacement rate" (Allaire, 
1981). Dohoo and Dijkhuizen, 1993; Radke, 2000) 
even argued to distinguish the cause of culling as 
either "biological" (also known as "forced") or  
"economic". For any case mentioned, a more precise  
approach is to average the cow inventory at monthly  
intervals over the year (DRMS, 1997). Furthermore, 
Fertow et al. (2006) evaluated different herd 
turnover calculation methods. The calculation 
of herd turnover rate by two approaches for 4 
combinations of herds, representing stable or 
expanding herds with moderate or intense culling. 
The alternative calculation (adding the number  
culled into the denominator) substantially 
underestimated the risk of culling in herds. The 
preferred calculation accurately estimates the risk 
of culling, even in rapidly expanding herds, as long 
as the mean cow inventory (denominator) was 
calculated on at least a monthly basis (Fertow et al.,  
2006). The pasture-based herd management system  
are to be reviewed with respect to the different 
routines and subsequent issues related to local 
conditions and husbandry systems used. This 
remark also supports the benchmarking with 
relevant peer operations and creation of individual 
farm information system. According to Compton 
et al. (2017) dairy industries and farmers need 
benchmarks for culling and mortality against which 
they can compare themselves, as well as improved 
understanding of the extent of any change and of 
any associated factors. Moreover, these events 
are inevitable and common, understanding their 
extent and causes at the herd or industry level 
is challenging because culling and mortality are 
influenced by economic, social, management, and 
animal disease factors. In turn, culling and mortality 
have important economic and animal welfare 
consequences (Compton et al, 2017). The study of 
de Vries et al. (2011) also indicated that high culling 
rates, including mortality, refers to the poor animal 
welfare status. Moreover, calf mortality has been 
identified as one of the most important indicators  
of dairy farm health status (Ortiz-Pelaez et al., 2008) 
and also represents economic losses to the dairy 
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industry due to delayed genetic progress, fewer 
replacements available for voluntary culling of the 
lactating herd, and increased cost of replacement 
(Raboisson et al, 2013). The annual economic 
damage resulting from stillborn and loss of calves 
is reported to be about $ 125 million (Meyer et al., 
2001). It can be concluded that the total costs of calf 
and heifer mortality are probably underestimated 
(Ortiz-Pelaez et al., 2008). According to the work of 
Meyer et al. (2001), Berglund et al. (2003) and e.g. 
Steinbock et al. (2003), the continuous increase in 
calf-heifer mortality reported in many countries 
during the last decade suggests that the economic 
and welfare stakes related to the mortality of young 
cattle are also increasing. Furthermore, farmers also 
have been shown to alter their own culling criteria 
and decision making based on sociological issues 
(demographic characteristics, attitudes, education, 
degree of involvement in dairy groups) in addition  
to economic or biological ones (Beaudeau et al., 
1996).

CONCLUSION

The management of dairy operations can 
be complex and daunting, while confronting many 
factors that are changing over time. Many farmers 
already discuss milk yields and other parameters 
among them, but sophisticated DSSs can provide 
more complex and independent analysis of dairy 
operation performance. The main goal of this 
approach is to improve individual profitability and 
better understanding of dairy business through 
evidence-based decisions.

There are a selection of tools available to 
perform on-farm analyses and assist in effective 
decision making process; but a key requirement is 
the system thinking element as a part of day-to-day 
farm routines rather than an ex-post evaluations. 
This remark also supports the benchmarking with 
relevant peer dairy farms and development of 
individual farm expert systems. Benchmarking 
tools typically help to identify where strengths and 
weaknesses lie within a farm business. By comparing 
with similar enterprises, benchmarking enables 
farmers to improve individual business performance 
and tackle the market volatility. This will ensure that 
the farm business is on the best possible roadmap 
for the future sustainable development.

Limitations of the uptake and lack of effective 
communication can be addressed by developing 
adapted DSS, using the multi-actor approach 
principles throughout the whole development 
process. By enabling dairy farmers to design and 
co-create potential solutions we may improve  
the implementation and speed up innovation on  
the ground through the interactive innovation 
model. It is important to incentivise scientists 
for their impact on agricultural practice by easy 
understandable outputs for end-users. The system 
of specific training courses will be needed to 
accomplish this task. Moreover, the availability of 
extension specialists or innovation transfer brokers 
for growing farming community would be limited 
in the future. Information and communication 
technologies have huge potential to partially tackle 
this issue with the switch from 'intuitive' to 'smart' 
decision making models. Effective adoption of 
specifically tailored DSS has already demonstrated 
the potential to bring economic, social and 
environmental benefits at local, national and global 
levels.

This study attempts to summarize the current 
knowledge about the logical basis of the decision 
support systems. The information provided here, 
however, may not be considered as complete. 
For instance, recent research aimed at national 
agricultural and innovation system structure and 
performance was not included in the present study. 
Further research is needed to better understand 
the links between the actors involved (e.g. farmers, 
advisors and scientists). The greater consideration 
of farm-level and end-user inputs and greater 
efficiency in respond to practice needs are critical.
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