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ABSTRACT

Milk yield in goats was infl uenced by environmental conditions connected with the calendar 
year. Daily milk production was observed to decrease with progressing lactation, while an increase 
was observed  in SCC, as well as percentage fat and protein contents, while the lactose content in 
milk decreased.  No signifi cant infl uence was found of birth type, number of kids born or reared on 
the qualitative and quantitative parameters of milk yield and lactation duration. Goats in their fi fth 
and further lactations produced over 15% milk less compared with fi gures recorded in a medium-
sized fl ock (248.9 and 2942.3 ml, respectively). Goat milk contained almost 67% more somatic cells 
(log 6.099 and log 5.877, i.e. 1260 × 103 and 755 × 103 cells/ml).
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INTRODUCTION

In Poland the average yearly milk production of nearly 9 000 goats examined 
in the years 1983 - 2000 reached 570.4 kg of milk per animal, with 3.52% mean 
fat and 2.93% mean protein contents (Bagnicka et al., 2002). The level of milk 
production depends on the breed (Prasad and Sengar, 2002).
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Some reports state that the breed of goats also has an effect on the quality of 
produced cheese, its sensory value and fatty acid concentration (Tripaldi et al., 
1998; Pizzillo et al., 2005). In contrast, other authors have indicated that there was 
no signifi cant effect of breed on cheese composition, sensory scores, and fatty acid 
concentrations except for that of oleic acid (Soryal et al., 2005). The number of 
lactations had a signifi cant effect on the volume of goat milk production and com-
position (Browning et al., 1995; Crepaldi et al., 1999; Goonewardene et al., 1999; 
Kominakis et al., 2000; Prasad and Sengar, 2002), the same effect being found 
for the stage of lactation (Zeng and Escobar, 1995; Prasad and Sengar, 2002). 
The yield in cheese making was higher when milk from the last stage of lactation 
was used in comparison with production levels for cheeses produced from mid-
lactation milk (Soryal et al., 2005). The size of production and the percentage 
content of fat, proteins and lactose are also infl uenced by the goats’ kidding season 
(Browning et al., 1995; Crepaldi et al., 1999; Prasad and Sengar, 2002), as well 
as the number of kids born and  weaned (Browning et al., 1995; Macciota et al., 
2005) and the birth type of goats (Goonewardene et al., 1999). Milk production 
and composition vary due to external environmental factors such as calendar year 
(Browning et al., 1995; Crepaldi et al., 1999) or system of kid rearing (Peris et al., 
1997). Somatic cell counts (SCC) in goat milk increase with progressing lactation 
(Wilson et al., 1995) and a seasonal increase in this parameter may be observed in 
the period from April to September (Zeng and Escobar, 1996).

The objective of the present study was to determine the effect of selected fac-
tors (calendar year, successive lactation and stage of lactation, type of birth, as 
well as the number of kids born and weaned) on the size of production, SCC, 
as well as basic composition of milk (fat, protein and lactose content) in Polish 
White Improved goats.

MATERIAL AND METHODS
        

The investigations were carried out at the Złotniki Experimental Station be-
longing to the Agricultural University of Poznań. Polish White Improved goats 
were analysed in the study. Goats with clinically healthy udders, after weaning of 
kids (73+/-9d.), were selected for machine milking from May to November. The 
number of studied goats is given in Table 1. 

Table 1. Number of goats investigated in respective years and months of machine milking

Calendar year
Month of machine milking

Total
  1    2    3    4    5    6

2001 23 22 20 19 15 15 114
2002 11 19 19 16 15 13   93
2001 - 2002 34 41 39 35 30 28 207
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Goats were milked in 11 stands of a milking parlour (Westfallen). The techni-
cal control of the milking appliance was conducted annually. Both the frequen-
cy of pulsation and the value of pulsator coeffi cients were measured applying a 
MilkoTest 2000 electronic pulsograph. Milking was conducted at a vacuum level 
of 41 kPa, pulsation rate of  69.9 to 76.7 pulses/min and pulsation ratio of 60 ± 5%. 
During lactation goats were fed green lucerne forage (7-8 kg), concentrate (0.8 
kg), meadow hay (0.3-0.5 kg) and fodder straw (0.4 kg). Each year 6 milk record-
ings were performed to determine morning and evening milk yields (in ml). At 
each recording before morning milking after forestripping, washing and drying of 
teats, approx. 50 ml of milk (preserved with CC preparation) were collected from 
each half of the udders. The CC preparation ensures the maintenance of chemical 
parameters of milk samples for 30 days at room temperature (0.25 g/50 ml milk). 

Milk samples were analysed at the Laboratory of Milk Evaluation in Kroto-
szyn (Poland). Fat, protein and lactose contents in milk were determined with a 
MilkoScan device, while a Fossomatic apparatus was used to evaluate SCC in milk. 
Somatic cell count values were transformed to a common logarithm (log SCC) in 
order to obtain a distribution close to normal (Ali and Shook, 1980). The obtained 
numerical results were statistically analysed by multivariate analysis of variance 
(SAS, 2005). The following linear models were applied in the calculations:

Model 1:
yijklmno = µ + Ai + Bij + Cijk + Dijkl + Eijklm + Fn + eijklmno

where:  yijklmno - test day milk production (ml), days in milk,  µ - grand mean,  Ai 
- the effect of the i-th calendar year (i = 1, 2),   Bij - the effect of the j-th month 
of machine milking  (j = 1, 2, 3, 4, 5, 6), Cijk - the effect in the i-th year of the 
k-th birth type (k = 1, 2, 3, 4), Dijkl -  effect of the l-th number of kids born (l = 1, 2, 
3, 4, 5), Eijklm - effect of the number of the m-th weaned kids (m = 0, 1, 2, 3, 4),  Fn 
-  the effect of the n-th  number of lactation (n = 2, 3, 4, 5 and more than 5),  eijklmno 
- the effect of random error. 
     

Model 2:
                yijklmnop = µ + Ai + Bij + Cijk + Dijkl + Eijklm + Fn + Go + eijklmnop   

where:  yijklmnop - SCC (log SCC), fat, protein and lactose contents in milk (%),  Ai 
- the effect of the i-th calendar year (i = 1, 2),  Bij- the effect of the j-th month of 
machine milking (j = 1, 2, 3, 4, 5, 6),  Cijk - the effect in the i-th year of the k-th 
birth type (k = 1, 2, 3, 4),  Dijkl - effect of the l-th number of kids born (l = 1, 2, 3, 4, 
5),  Eijklm - effect of the number of the m-th weaned kids (m = 0, 1, 2, 3, 4), Fn - the 
effect of the n-th number of lactation (n = 2, 3, 4, 5 and more than 5), Go - the ef-
fect of o-th half of udder (o = 1, 2),  eijklmnop - the effect of random error. All effects 
(except the error term) are treated as fi xed.
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The general statistical analysis of data (modelled by models 1 and 2) was based 
on testing general hypotheses concerning the effects of the above models by the 
F-Fisher-Snedecor test. After rejecting the main hypotheses, further inference was 
based on comparisons of all possible effects. Overall inference was performed at 
two signifi cance levels, namely α = 0.05 and α = 0.01.

RESULTS AND DISCUSSION

Phenotypic means, standard deviations, minimums and maximums for milk 
yield traits of goats are given in Table 2. Daily milk yields and somatic cell

Table 2. Phenotypic means, standard deviations, minimums and maximums for milk yield traits of 
goats

Parameters Mean SD Observa-
tion n Minimum Maximum

Milk production, ml 2942.32 937.569 207 800 5000
Days in milk          203.23  40.542 207  53  243
Number of  born  kids            2.15   0.844  42   1    5
Number of weaned kids         1.85   0.942  42   0    4
Log SCC                            5.877   0.6368 414   3.449    7.264
Fat content in milk, %    3.04   0.905 414   1.14    5.96
Protein content in milk, %    3.01   0.594 414   1.96    6.63
Lactose content in milk, %    4.25   0.746 414   0.20    9.91

counts in goat milk (log SCC) as well as content of basic milk constituents are 
characterized by considerable variation between individual goats. As reported by 
Bernacka (2006), Colour Improved goats also exhibit large variation in terms of 
somatic cell counts in milk (min. 10, max. 10261 thousand cell/ml) and percent-
ages of fat, protein and lactose (4.60 ± 1.88; 3.26 ± 0.89 and 4.43 ± 0.30, respec-
tively). A similar variation of daily milk yield and somatic cell counts, as well 
as contents of fat, protein and lactose in milk was found in Alpine goats (Zeng 
and Escobar, 1995; Zeng et al., 1997) and Murciano-Granadina goats (López et 
al., 1999). Ciappesoni et al. (2004) in 6234 Czech White Shorthaired goats ana-
lysed in the years 1992-2002 also reported a large variation in daily milk yield 
(3.09±1.30 kg) and fat and protein contents in milk (3.72 ± 0.99 and 2.84 ± 0.47%, 
respectively). A lower variation in milk constituents was recorded in the Polish 
population of milk goats (Bagnicka et al., 2002) and in Barbari goats and crosses 
with Jamunapari, Bental and Black Bengal breeds (Prasad and Sengar, 2002).

Goats of this breed were characterized by a higher average daily production of 
milk than goats of the Alpine breed (Zeng and Escobar, 1996; Zeng et al., 1997), 



 45OLECHNOWICZ J., SOBEK Z.

Sarda goats (Macciota et al., 2005), Black Bengal goats (Hossain et al., 2004) and 
their hybrids with the Jamunapari  and Bengal breeds (Prasad and Sengar, 2002). 
Contents of fat, protein and lactose in analysed goat milk, as well as SCC levels 
were found to be at approximately the same level as in milk of other breeds (Zeng 
and Escobar, 1995; Peris et al., 1997; Zeng et al., 1997; Goonewardene et al., 
1999; Das et al., 2000; Soryal et al., 2005 ).

Table 3. The effect of selected factors on level of goat milk production 

Factor Observation 
n

Daily milk production Dairy in milkml
Calendar year ** **

2001 114 3138.25 220.04
2002    93 2702.15 182.61

Month of milking **
1   34     3275.00CD

2   41     3058.50EF

3   39     3287.40AB

4   35   2968.60G

5   30      2596.70ACE

6   28        2225.00BDFG

Birth type **               NS
1     9 2922.22             224.00
2 153  2991.90B             204.76
3   36    2627.78AB             195.08
4    9   3377.78A             189.00

Number of kids at birth NS **
1   40 3204.00   223.95DE

2 117 2864.53     199.14ADF

3   33 2892.42     189.76CEF

4   12 3000.00     243.00ABC

5     5 2860.00 186.00B

Number of weaned kids ** **
0  12      3691.67ABC             214.50
1  62  3000.16A   221.52CD

2  88  2789.77C   191.82AC

3  39  2930.26B   190.45BD

4   6            2900.00   243.00AB

Number of lactations ** **
2 13 2755.38B 197.54B

3 73     3387.53ABC     225.22ABC

4 48   3014.58AD   179.44CD

                       5 and 
further 73   2482.88CD    197.89AD

NS - not signifi cant, ** P<0.01, A-G  - values within each  column and each factor with the same let-
ters differ signifi cantly (P<0.01)
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Table 4. The effect of selected factors on somatic cell counts (log SCC) and fat, protein and lactose 
contents (%) in goat milk 

Factor Observations
n

Content in milk
log SCC fat protein lactose

Calendar year ** ** ** **
2001 228 5.746 2.90 2.96 4.44
2002 186 6.036 2.22 3.08 4.01

Month of  milking ** ** ** **
1  68 5.696B 3.12BIJK 2.72EIJ 4.43A

2  82 5.746A 2.60EHK 2.74DH 4.29
3  78 5.878 2.73CFI 2.83CG 4.23
4  70 5.935 2.65DGJ 2.90BFJ 4.14
5  60 5.955 3.40AFGH 3.36AFGHI 4.33
6  56 6.129AB 4.14BCDE 3.79ABCDE 4.03A

Birth type NS NS ** NS
1  18 5.894 3.37 3.27AB 4.45
2 306 5.845 3.04 3.00A 4.21
3  72 5.977 2.96 3.07C 4.29
4  18 5.989 3.15 2.79BC 4.42

Number of born  kids ** ** ** **
1  80 5.712A 2.95BDF 2.85CFG 4.46B

2 234 5.901 2.98ACE 3.00BEG 4.12AB

3  66 6.084AB 3.26CD 3.03AD 4.30
4  24 5.660B 3.09AB 3.42DEF 4.56A

5  10 5.780 3.59EF 3.59ABC 4.25

Number of weaned kids ** ** ** **
0  24 5.568A 3.01B 2.76CF 4.39
1 124 5.885 2.94CD 2.86BEF 4.35B

2 176 5.888 2.99AC 3.05ADF 4.08ABC

3  78 5.942A 3.28ABD 3.20DEF 4.34C

4  12 5.816 3.44 3.36ABC 4.70A

Number of lactations ** ** ** **
2  26 5.741A 3.62ABC 3.02 4.47
3 146 5.636BC 2.94C 2.89B 4.42AB

4  96 5.941C 3.11A 2.95A 4.13A

        5 and 
          further 146 6.099AB 2.99B 3.17AB 4.10B

Udder halves NS NS NS NS
  left 207 5.884 3.01 2.90 4.33
  right 207 5.919 3.07 2.98 4.16

NS - not signifi cant, **P<0.01, A-K values within each column and each factor with the same letters 
differ signifi cantly (P<0.01)
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Tables 3 and 4 present results of the analysis of variance taking into consid-
eration factors infl uencing the level of milk production, days in milk, SCC (log 
SCC) and the basic composition of milk. The majority of factors considered in 
the analysis signifi cantly infl uenced (P<0.01) daily milk production, days in milk, 
SCC and the basic composition of milk.    

Daily milk production, days in milk, somatic cell counts as well as basic com-
position of milk were signifi cantly different in the two years of the study. In the 
fi rst year of investigation, higher daily milk production was recorded and milk 
in that year was characterized by signifi cantly lower SCC, higher fat and lactose 
contents and a lower protein content. A higher number of days in milk was also 
recorded in the fi rst year of the study. The calendar year as well as the month of 
kidding and the age of Damascus goats in Cyprus were reported to infl uence milk 
production (Mavrogenis et al., 1984).  However, the effect of the year was not 
confi rmed for fat and protein contents in milk, as well as the length of lactation in 
Nubian goats (Goonewardene et al., 1999).     

During the months of machine milking (except month 3) a decrease in dai-
ly milk production was observed. Somatic cell count was observed to increase 
with a decrease of lactose content in milk (P<0.01). The decrease of goat milk 
yield with progressing lactation and milk composition changes ascribed to it 
are in agreement with the results of investigations carried out by other authors 
(Peris et al., 1997; Prasad and Sengar, 2002; Soryal et al., 2005). In Alpine goats 
the calculated values of coeffi cients of phenotypic correlations between somat-
ic cell counts and fat and protein contents in milk were positive, amounting to 
0.41 (P<0.01) and 0.23 (P<0.05), respectively. However, they were negative be-
tween somatic cells counts and lactose content in milk, the values being -0.41 and  
-0.46, respectively (P<0.001; Zeng and Escobar, 1995). In correlation with in-
creasing somatic cells counts in milk (<750, 750-1750 and >1750 × 103 cells/ml) 
a signifi cant increase of protein content in milk, amounting to 28.6, 29.1 and 30.1 
g/kg of milk, was observed for the respective somatic cell levels (Baudry et al., 
1997).      

Although birth type of goats differentiated daily milk production, no signifi cant 
increase of milk yield was found for goats coming from multiple births in com-
parison with goats from single births. A decrease in protein content was recorded 
in milk of goats from multiple births. After the second kidding, Black Bengal goats 
from triple births produced more milk per lactation (25.19 kg) than those coming 
from single births (19.22 and 20.84 kg, respectively; Hossain et al., 2004). Nubian 
goats coming from multiple births produced signifi cantly more milk in 250 and 
305 days (80.6 and 972.1 kg, respectively) in comparison with goats from single 
births (664.6 and 800.9 kg, respectively). Milk produced by goats from single and 
multiple births did not differ signifi cantly in terms of either fat or protein contents 
(Goonewardene et al., 1999).   
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Litter size did not infl uence daily milk yield; similarly, the number of weaned 
kids did not affect production levels, only the goats that had no offspring showed 
higher milk yields compared with those nursing one, two or three kids (P<0.01).  
No signifi cant effect was confi rmed of the number of born and weaned kids on 
lactation length. In goats rearing a high number of kids, higher milk protein and 
lactose contents were recorded. At the same time, in those goats an upward trend 
was recorded for somatic cell counts (log SCC). The results reported by other 
authors, however, indicate a signifi cant effect on milk yield of the number of kids 
born and weaned (Browning et al., 1995; Crepaldi et al., 1999; Macciota et al., 
2005).  

Goats in the third lactation produced more milk daily than goats in their sec-
ond, fourth as well as fi fth and further lactations (P<0.01). Similarly, higher milk 
yields were recorded for goats in their fourth lactation than for goats in their fi fth 
and further lactations. The third lactation was longer than the other ones. The 
lower milk yield in further lactations was connected with a higher SCC content, 
as well as a reduced lactose content in milk. Similarly, in Nubian goats the fol-
lowing lactation did not have an effect on milk yield in a 305-day lactation, fat 
content, or the length of lactation (Goonewardene et al., 1999). Barbari goats and 
their crosses with Jamunapari, Beetal and Black Bengal breeds only in the second 
and further lactations produced more milk daily than goats in their fi rst lactation 
(Prasad and Sengar, 2002). There was a clear reduction of the quantity of milk 
produced by Alpine goats, which was recorded starting from the fi fth and further 
lactations, the same trend being observed for fat level (Browning et al., 1995).    

Somatic cell counts as well as fat, protein and lactose contents recorded for the 
left and right udder-halves were comparable.

CONCLUSIONS

The level of milk yield is infl uenced by environmental conditions connected 
with the calendar year. A decrease in the daily milk production with progressing 
lactation and an increase of somatic cell counts as well as fat and protein contents, 
and a decrease of lactose content in milk were observed. No signifi cant effect of 
the type of birth of goats, as well as the number of born and weaned kids on both 
quantitative and qualitative parameters of goat milk yield and the length of lacta-
tion was confi rmed in this study.

Goats in their fi fth and further lactations produce over 15% less milk in com-
parison with the fl ock average and the milk contains nearly 67% more somatic 
cells.
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