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THE CORRELATIONS BETWEEN MILK YIELD OF GOATS
AND SOME MILK NUTRIENT CONTENT DURING A 3- AND
5-MONTH LACTATION AND A FULL LACTATION

Henryka Bernacka, Magdalena Mistrzak, Daria Kasperska

University of Technology and Life Sciences in Bydgoszcz, Poland

Abstract. A total of 203 White Improved goats from a farm in Roznéw (Kujawsko-Pomorskie
province) were investigated in 2007-2009. The study attempted to simplify the current goat milk
recording scheme and make it more accurate by shortening of the evaluation time and finding opti-
mum lactation months for recording. In order to reach this aim, coefficients of phenotypic correlation
were calculated using the multiple regression method between the yield and basic composition of
milk over a 90- and/or 150-day lactation and the same traits for a full lactation taking into account the
lactation number. The lactation length in White Improved goats varied according to the lactation from
228 days (1st lactation) to 303 days (3rd lactation), with the daily milk yield from1.90 kg to 2.60 kg.
and the fat content of 3.10-3.30% and protein content of 2.80-2.90%. High and significant coeffi-
cients of phenotypic correlation between milk yield and composition over the 90- and 150-day lac-
tation and the same traits over a whole lactation prove that every variant of the shortened recording
may serve as a basis for the evaluation of goats before the lactation ends. Slightly higher coefficients
of correlation (mostly above 0.900) found for the S-month compared to the 3-month recording show
that the evaluation encompassing four control milkings over a whole lactation is more accurate. How-
ever, the 3-month recording during summer months is economically more beneficial. Shortening the
frequency of control milkings followed by the reduction of costs will enable a greater number of goat
herds to be recorded, which is of considerable importance to the efficiency of the breeding programme.

Keywords: goats, lactation, milk

INTRODUCTION

Successful goat farming is conditional on having reliable information on reproductive
and milk performance, and origin (pedegree) of these animals [Bishop et al. 1994,
Niznikowski 1997, Bagnicka et al. 2000]. Milk recording of goats includes measuring
amount of milk, milk protein and milk fat in control milkings performed every 30 days in
the morning and evening (A, standard recording scheme) or every 30 days alternately in
the morning or in the evening (A; simplified recording scheme), in accordance with the
Instruction on the evaluation of performance and breeding value and selection of goats.
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The study attempted to simplify the current milk recording scheme of goats and make it
more accurate by making the evaluation shorter and finding optimum lactation months for
recording. This aim will be achieved by determining the relationship between milk yield and
its composition in different lactation periods and a full lactation. Shortening the frequency of
control milkings and as result of it the reduction of costs will enable a greater number of goat
herds to be recorded, which is of great importance to the efficiency of the breeding programme.

MATERIALS AND METHODS

The research was conducted on 203 White Improved goats from a farm in Roznowo (Ku-
jawsko-Pomorskie province) used in 2007-2009. The goats were kept indoors and fed in groups
in accordance with general standards [Nowicki et al. 1999]. During the winter feeding period
the ration contained maize silage, meadow hay, fodder beets and concentrate. In the summer the
goats received grass forage, meadow hay or straw and concentrate feed. A mineral-vitamin mix-
ture for goats (Polfamiks), ground limestone and salt licks were used during the whole year.

The milk yield of goats and the chemical composition of milk were determined basing on
monthly morning and evening control milkings from both teats — in accordance with the A,
scheme used in the National Animal Breeding Centre (1985) — during lactation. The milk sam-
ples were assessed for percentage of fat, protein, lactose, total solids and solids-not-fat. In addi-
tion, lactation length, daily milk yield and lactation milk yield (kg), and yield of fat and protein
(kg) in milk for the whole lactation were calculated for each goat. The data were analysed sta-
tistically by calculating means and standard error of the means (SEM). Significant differences
between the means were analysed by means of Duncan’s test using Statistica® ver. 5.5 software.

To determine the most beneficial variant of the shortened recording of goats, coeffi-
cients of phenotypic correlation were calculated using multiple regression [Zuk 1979] be-
tween milk yield and basic milk composition for the 90 and/or 150 days of lactation, and
the same traits for the full lactation, taking into account lactation number. The analysis
was made on the basis of several examples of a 3- and 4-times daily milking over a whole
lactation, taking into account lactation month and the feeding period. The three-times con-
trol milkings were performed in the following months of lactation: 3rd (May); 4th (June),
Sth (July). The five-times control milkings covered the 1st, 2nd, 3rd, 4th and 5 th months
of lactation (March, April, May, June and July), i.e. the spring-summer feeding season.

RESULTS

As shown in the tablel, the lactation length in White Improved goats varied according to the
lactation from 228 days (1st lactation) to 303 days (3rd lactation), with the daily milk yield of
1.90-2.60 kg, the fat content of 3.10-3.30%, and the protein content of 2.80-2.90%. The milk
yield in successive lactations corresponded with lactation length and daily milk yield. The low-
est lactation milk yield was found in the first kidders (446.14 kg), which was related to the low
daily yield of goats (1.9 kg) from this age group and shorter lactation compared to older goats.
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The highest milk yield in the analysed herd was obtained in the 3rd (787.80 kg) and 4th lacta-
tions (737.50 kg). The differences in lactation length and milk yield between successive lacta-
tions were significant, just as for yield of fat and protein. The milk fat percentage in the goats
examined slightly diminished with each successive lactation, milk protein percentage was a sub-
ject to very small variation and milk lactose percentage remained similar (Table 1).

Table 1. Milk yield and chemical composition of milk for White Improved goats
Tabela 1. Wydajnos$¢ mleczna i sktad chemiczny mleka koz rasy bialej uszlachetnione;j

) Statistical Lactation number
Traits measures Numer laktacji
Cechy Miary

statystyczne I 1I 1T v

Days of milking X 228 2603 303 295
Dhugos¢ laktacji SEM 2.09 2.56 2.71 4.46
Daily milk yield, kg X 1.90:* 2.40° 2.60° 2.50¢
Dzienna wydajnos¢ mleka, kg ~ SEM 0.03 0.04 0.04 0.06
Lactation milk yield, kg X 446.10%  624.00¢  787.80*  737.50«
Wydajnos¢ mleka, kg SEM 9.43 11.58 12.37 18.86
Fat content, % x 3.30 3.10 3.20 3.10
Zawarto$¢ thuszczu, % SEM 0.03 0.03 0.04 0.06
Fat efficiency, kg X 14.60™* 19.34% 25.21% 22.72¢
Wydajnos¢ ttuszczu, kg SEM 0.31 0.38 0.40 0.66
Protein content, % x 2.84 2.80 2.90 2.80
Zawarto$¢ biatka, % SEM 0.01 0.02 0.02 0.03
Protein efficiency, kg X 12.63®* 17.47% 22.85% 20.72¢
Wydajnos$¢ biatka, kg SEM 0.25 0.31 0.33 0.54
Lactose content, % X 4.52 4.47 4.48 4.48
Zawartos¢ laktozy, % SEM 0.01 0.01 0.02 0.02
Dry matter content, % X 11.34 11.11 11.12 11.09
Zawartos¢ suchej masy, % SEM 0.04 0.05 0.05 0.09

Means in rows with the same letters differ significantly (P<0.05).
Warto$ci Srednich w wierszach oznaczone takimi samymi literami rdznig si¢ istotnie statysty-
cznie (P<0.05).

The coefficients of phenotypic correlation between the 90- and 150-day milk yield and
milk composition and the same traits in the next lactations of White Improved goats are
shown in tables 2 and 3.

The correlation coefficients calculated between a 3-month recording in different
months and the whole lactation for daily and total milk yield and for fat, protein, lactose
and solids content of milk in different lactations were highly significant. For the daily
yield, the correlation coefficients ranged from 0.906 to 0.950. For lactation yield, the cor-
relation coefficients ranged from 0.845 to 0.864. The coefficients of phenotypic correla-
tion between fat, protein yield, of milk for 3-month recording and the full lactation ranged
from 0.795 to 0.857. For the fat, protein, lactose and dry matter the correlation coeffi-
cients ranged from 0.760 to 0.980 . Slightly lower values of the correlation coefficients for
most traits were found in the first lactation goats compared to older goats (Table 2).
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Table 2. Correlations coefficient between a 90-day control of milk yield and chemical
composition and full lactation of White Improved breed goats

Tabela 2. Wspotczynniki korelacji migdzy wydajnoscia mleka i jego sktadem dla kéz rasy
biatej uszlachetnionej za 90 dni laktacji a tymi cechami za peing laktacje

Lactation rank (total)

g?ciltls Numer laktacji (ogotem)

Y I i il v total
Daily milk yield, kg 0.906 0.931 0.925 0.950 0.933
Dzienna wydajnos¢ mleka, kg
Lactation milk yield, kg 0.845 0.846 0.864 0.862 0.864
Wydajno$¢ mleka, kg ) : ’ ’ ’
Fat content, %

Zavartodt ihazezu, % 0.864 0.861 0.846 0.760 0.846
Fat efficiency, kg 0.865 0.856 0.795 0.857 0.865
Wydajno$¢ thuszezu, kg

Protein content, %

Zawartodd biatlee, % 0.940 0.937 0.885 0.790 0911
Protein efficiency, kg

Wydainodé bislks. ks 0.820 0.847 0.836 0.802 0.843
Lactose content, %

Zawantott iakiory, % 0.815 0.926 0.921 0.980 0.884
Dry matter content, % 0.893 0.927 0.874 0.878 0.900

Zawarto$¢ suchej masy, %

In this study we analysed the dependency between the milk yield of goats and milk
composition at 150 days (5 recordings) and full lactation (Table 3). The correlation coef-
ficients calculated between a 5-month recording in different months and the whole lacta-
tion for daily and total milk yield and for fat, protein, lactose and dry matter content of milk
in different lactations were highly significant. The developed within the limits: for lacta-
tion from 0.875 to 0.939 (first lactation) and from 0.897 to 0.986 (older goats); for the
chemical composition from 0.848 to 0.957 and from 0.730 to 0.989. The coefficients of
phenotypic correlation calculated between milk yield and composition in this recording pe-
riod and full lactation were high and statistically significant for all the traits, ranging from
0.960 to 0.907 (Table 3).
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Table 3. Correlations coefficient between 150-day control of milk yield and chemical com-
position and full lactation of White Improved breed goats
Tabela 3. Wspotczynniki korelacji migdzy wydajnoscia mleka i jego sktadem dla kéz rasy
biatej uszlachetnionej za 150 dni laktacji a tymi cechami za pelng laktacje

Lactation rank (total)

g:::llt;/ Numer laktacji (ogotem)

I 1l 10l vV total
B;;gn?vlfyg;j;%;;%ﬂ ckakg 0939 0961 0960 098 0960
%?;éi}f&;nﬂfe{fﬁékg 0.875 0.913 0.916 0.969 0.907
Eztwcfr’tlézgt&:{gzczu’ o, 0912 0.913 0.891 0.830 0.897
Qﬁ;dzﬁggznfg;‘;gu, ke 0.891 0.897 0.818 0.915 0.881
Egiieaﬁozzngf;g”’% 0.957 0.950 0.939 0.910 0.940
%ﬁggﬁo‘iﬁgi‘;‘g ffgg 0.852 0.914 0.896 0906  0.892
5335;’;153‘;;3;;2";) o, 0.848 0948 0947 0989 0910
Dry matter content, % 0.934 0.952 0.931 0.924 0.939

Zawarto$¢ suchej masy, %

DISCUSSION

The productivity of evaluated White Improved goats in range of production capacity,
as well as quality of milk (percentage content of fat, proteins and lactose) was approximate
milk to local results for goats of this same breeds [Cultivating sheep and goats in Poland
in 2008 and 2009 year]. Similar results regarding the percentage of protein (2.73-3.16%)
in the milk of Alpine goats obtained Fekadu et al. [2005]. Different results were obtained
by Zan et al. [2006], Kondyli et al. [2007] and Strzatkowska et al. [2009] studies. In Strzat-
kowska et al. [2009] goat milk White Improved goats was both richer in fat (3.38-3.85%)
and protein (2.98-3.66%) compared to milk goats assessed. Zan et al. [2006], assessing the
quality of milk goats and Alpine goats and Saanen fed on pasture have found that milk from
these animals contained an average of: 3.77% fat (Saanen goats) and 3.36% (Alpine goats)
and protein 3.40% and 2.95% respectively.

The lactation number (age of goats) significantly influenced the dairy performance
and the basic chemical composition of milk from White Improved goats in the analysed
herd. The first-lactation goats were characterized by significantly shorter lactation length
compared to older goats by 75 days in relation to the 3rd-lactation goats and by 67 days
in relation to the 4th-lactation goats. The highest milk yield in the analysed herd was ob-
tained from the 3rd and 4th lactations with significant differences between the 1st and
2nd, and between 3rd and 4th lactations. This result was influenced by both the high num-
ber of milking days and the highest daily milk yield in the 3rd lactation (Table 1).
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The lactation number was proved to affect milk yield and milk traits by Browning et al. 1995,
Crepaldi et al. [1999], Bagnicka et al. [2000], Bernacka [2000] and Strzatkowska et al.
[2002]. These authors demonstrated that the first kidders were characterized by shorter lac-
tation and lower milk yield (both daily and whole lactation) compared to older goats. Sim-
ilar results were obtained in our study. Lactation number did not significantly affect the
percentage of protein, fat and lactose in the milk of the goats tested, which is similar to the
study of Kmie¢ et al. [1997], Niznikowski [ 1997] reported that as goats become older, pro-
tein milk content increases up to the 4th lactation and fat milk content up to the Sth.

Regular monitoring of milk yield during lactation is essential for the improvement of pro-
ductive traits in goats. The method involving twice-daily milkings performed once
amonth (A,), with determination of fat and protein content, is definitely tried and tested, but also
labour-consuming and expensive for the breeders. For this reason, Bagnicka [1995] suggested
that milk recording in goats should be modified following the example of other countries, in
which control milkings are limited to the first 100 days of lactation or to the period between
3 and 5 months of lactation, which are considered the most representative of the whole lactation.

In Sweden, the milk yield is verified three times a year by farmers, who also determine
daily yield and fat content or solids content [Bagnicka 1995]. Similar coefficients of phe-
notypic correlation between milk yield for the 90-day milking and full lactation of the goats
in the analysed herds were obtained by Bishop et al. [1994] and Lipecka and Szymanowska
[2004]. In prior researches related to the evaluation of White and Color Improved goats the
calculated correlation coefficients between a 3-month recording in different months and the
whole lactation for daily and total milk yield as well as for fat, protein, lactose and solids con-
tent of milk was highly significant statistically. Slightly higher correlation coefficients for all
traits were found for goats recorded in the 3rd, S5th and 7th month of lactation (summer feed-
ing), compared to the yield from the recording for the first three months of lactation
[Bernacka 2008]. Similar results were obtained from the analyzed goat herd (Table 2).

Taking, as an example Bagnicka et al. [2004] results regarding control of functional qual-
ity of milk of milking goats in Norway, where control milking is carried by breeders themselves
five times a year, including two during the pasture period, in our own study we also carried
a control of milk utility 5 times a year, in the first five months of lactation, that is in March,
April, May, June and July. The range of correlation coefficients between 150-day control of
functional quality of milk and full lactation of white improved breed goats was high and very
important statistically (Table 3). They are also similar to those carried earlier, regarding four
milking controls over a year encompassing different months of lactation [Bernacka 2008].

As it emerges from the data collected in Tables 2 and 3, both in a 90- and 150-day con-
trol the range of correlation coefficients between the results in a given time of control and
the successive full lactation, for the most values were the smallest for primiparas.

CONCLUSIONS

High and significant coefficients of phenotypic correlation between milk yield and
composition for the 90- and 150-day lactation and the same traits over the whole lactation
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are evidence that every variant of shortened recording may serve as a basis for evaluation
of goats before lactation ends. However, the 3-month recording during summer months is
economically more beneficial. Shortening the frequency of control milkings and the re-
sulting reduction of costs will enable a greater number of goat herds to be recorded, which
is of considerable importance to the efficiency of the breeding programme.
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WSPOLZALEZNOSCI MIEDZY WYDAJNOSCIA MLECZNA KOZ I ZAWAR-
TOSCIA NIEKTORYCH SKEADNIKOW MLEKA ZA OKRES TRZECH I PIE-
CIU MIESIECY LAKTACJI A PELNA LAKTACJA

Streszczenie. Badania przeprowadzono na 203 kozach rasy bialej uszlachetnionej z gospodar-
stwa w Roznowie w woj. kujawsko-pomorskim, uzytkowanych w latach 2007-2009. W bada-
niach podjeto probe zwigkszenia doktadnosci i uproszczenia dotychczas stosowanej oceny
uzytkowosci mlecznej koz, przez skrocenie okresu jej trwania i wyszukanie reprezentatywnych
miesigcy laktacji do oceny. W tym celu wyliczono metoda regresji wielokrotnej wspotczynniki
korelacji fenotypowej migdzy wydajnoscia i podstawowym sktadem mleka za 90 i/lub 150 dni
laktacji, a tymi samymi cechami za dang pelng laktacje, uwzgledniajac kolejne laktacje koz.
Dhugos¢ laktacji u koz rasy biatej uszlachetnionej wynosita w zaleznosci od kolejnej laktacji od
228 dni (I laktacja) do 303 dni (II), o dziennej wydajnosci mlecznej odpowiednio od 1,90 kg
do 2,60 kg i zawartosci thuszczu w granicach 3,10-3,30%, biatka 2,80-2,90%. Wysokie i is-
totne statystycznie wartosci wspolczynnikow korelacji fenotypowej migdzy wydajnoscia mleka
ijego sktadem za 90 i 150 dni laktacji a tymi cechami za pelng laktacj¢ dowodza, ze kazdy wa-
riant skroconej kontroli moze by¢ podstawa oceny koz przed zakonczeniem laktacji. Nieco wy-
zsze wspolczynniki korelacji (w wigkszo$ci powyzej 0,900) stwierdzone dla pigciokrotnej niz
trzymiesi¢cznej kontroli wskazuja na wigksza doktadno$é oceny obejmujacej pigé probnych
udojow w ciagu catej laktacji. Jednak ze wzgledow ekonomicznych korzystniejsza jest kontrola
trzymiesigczna obejmujaca miesigce zywienia letniego. Skrocenie czgstotliwosci probnych udo-
jow i wynikajace stad obnizenie kosztow pozwoli obja¢ kontrola wigksza liczbe stad koz, co
moze mie¢ znaczenie dla efektywnosci programu hodowlanego.

Stowa kluczowe: kozy, laktacja, mleko

Accepted for print — Zaakceptowano do druku 6.07.2011

Acta Sci. Pol.



