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ABSTRACT

Many crossbreeding program in dairy goat has been done to increase milk production.
Knowing physico-chemical properties of goat milk is important to understand its quality. A
preliminary study was conducted to investigate effect of parity and lactation stage on
physico-chemical properties of goat milk in F1 Anglo Nubian x Etawah Grade goats. The
study was done in the Dairy Goat Unit, Indonesian Research Institute for Animal Production.
About 540 milk samples collected for 5 months of lactation from 27 does consisted of 3
parities were used in this study. Parameters of physico-chemical properties of milk observed
were fat, protein, lactose, total solid, pH, density, freezing point, temperature and salt. All
parameters observed were significantly affected by parity order (P<0.05), except temperature,
density and pH. Stage of lactation affected significantly fat, total solid and density (P<0.05).
First parity and early lactation showed lowest fat and total solid (P<0.05). Across parities and
lactation stage, physico-chemical properties of Anglo Nubian x Etawah grade goat milk met
the requirement of National Standard of goat milk.
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INTRODUCTION

Goat has been exploited for its milk, since ancient times. Goat’s milk has a similarity
to human milk and also has several medicinal values containing various nutrients either as
major components or as macro and micro components. The production of goat milk is major
importance in many places, especially where climatic conditions are not favorable for dairy
cattle (Idowu and Adewumi, 2017). Nowadays the contribution of goat milk ranked the third
after cow milk and buffalo milk according to FAO (2015).Therefore awareness about
advantage of consumption of goats milk should be popularized so that production and
utilization of goat’s milk could be enhanced (Park and Haenlein, 2017).

Many crossbreeding program in dairy goat has been done to increase goat
productivity in producing milk (Garcia et al., 2014). There are many dairy goat breed with
excellent milk production such as Anglo Nubian that has been used for crossbreeding to local
goats in many countries (Garcia-Peniche et al., 2012). The Anglo Nubian (AN) has the
highest adaptability in the tropic condition with the highest fat content of milk and milk
production ranged 3-4 kg/day (Lobo et al., 2017). Indonesian Research Institute for Animal
Production has done a crossbreeding program using Anglo Nubian bucks mated to Etawah
Grade (PE) does to improve goat milk production since 2012.

Milk composition and quality are important attributes that determine the nutritive
value and consumer acceptability (Wanjekeche et al., 2016). The composition of goat’s milk
widely differs according to many various factors, such as breeds, parity order, stage of
lactation, litter size, season and feeding or rations components (Getaneh et al., 2016; Idowu

708



The 7™ International Seminar on Tropical Animal Production
Contribution of Livestock Production on Food Sovereignty in Tropical Countries
September 12-14, Yogyakarta, Indonesia

and Adewumi, 2017; Lobo et al., 2017). Knowing physico-chemical of goat milk is important
to understand its quality.

A preliminary study was carried out to investigate the effect of parity order and stage
of lactation on physic-chemical properties of goat milk in ANXPE does. This study is a useful
information for establishing a new composite breed of dairy goat.

MATERIALS AND METHODS

This study was carried out at the Dairy Goat Unit of Indonesian Institute for Animal
Production, in Bogor, located at 250-350 m above sea level. The study had been done for 5
months. About 27 does of F1 ANXPE were used in this study. The does were divided into 3
parity order (1, 2 and 3). The three stages of lactation, early, middle and late were less than 2
month of lactation, between 2 and 3 month of lactation and between 4 and 5 month of
lactation, respectively.

All animals were reared in the same management system. They were fed 0,8
kg/head/day of concentrate 16-17% Crude Protein and 65-70% TDN. Forages containing
King grass were given about 4-5 kg/head and 0.5-0.6 kg/head/day of legumes (Caliandra,
Leucaena, Gliricidae). Clean water were available ad libitum.

Does were milked twice a day (morning and afternoon) by hands. Morning-milked
sample were evaluated using lacto-scan. All samples of 540 were analyzed to obtain physic-
chemical properties of goat milk, which were fat, protein, lactose, solid non fat (SNF), total
solid (SNF + fat), density, water, temperature and salt. The procedure was described
previously by Praharani et al (2015). The milk sample was recorded monthly from each doe
in plastic bottles.

The data generated were subjected to analysis of variance using the General Linear
Model (GLM) of SAS (2003). Parity order and lactation stage were included in the model as
a source of variation. Effects were considered significant at 0.05 level using P-DIFF test.

RESULTS AND DISCUSSION

The physic-chemical composition of goat milk are presented in Table 1. The average
of fat content was 5.84% higher than those in the National Standard 01-3141 (SNI, 1998)
score of 3%. According to Thai Agricultural Standard (TAS, 2008) stated that the fat content
of goat's milk above 4% is classified into the Premium. Therefore goat milk in this study was
categorized to Premium. Some studies found fat content in Etawah grade ranged between 4-
4.9% (Zuriati et al 2011; Praharani et al, 2015). However, other studies showed higher fat
content ranged 6.27-7.60% in Etawah crossbred. Many reviews summarized from different
goat breeds and countries has reported that fat content ranged 3.06-7.8% (Abbas et al., 2014;
Wanjekeche et al., 2016; Park and Haenlein, 2017).
The mean of total solid was 13,92% which was classified as Premium according to
TAS (2008) because it was higher than 13%. However the SNI (1998) does not have a
require minimum for total solid. Some studies reported that total solid of Etawah grade and
crossbred were between 12.71 and 14.97% (Zuriati et al., 2011; Sumarmono et al., 2012;
Praharani et al., 2015). While Abbas et al (2014) and Kumar et al (2012) showed in review
that total solid ranged 11.76-21.55%, with the highest of 21.55% in Pygmy goat.
Table 1 showed the average of density was 1.0279 similar to density of goat milk that
was determined by SNI (1998) and TAS (2008), which was 1.028. The range of density in
PE and their crossbred between 1.028 and 1.0303 found by some studies (Zuriati et al. 2011;
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Sumarmono et al., 2012; Praharani et al., 2015). A review (Wanjekeche et al., 2016) stated
the range of density was 1.0305-1.0359.

Table 1. Description of data of physic-chemical properties of goat milk

N Minimum Maximum Mean Standard deviation
Fat,% 540 3.23 7.19 5.84 1.06
Total solid,% 540 9.97 15.76 13.92 1.52
Lactose,% 540 3.25 4.50 3.72 0.25
Protein,% 540 343 4.56 391 0.24
Density 540 1.0248 1.0294 1.0279 0.001
Salt,% 540 0.53 0.75 0.60 0.04
PH 540  6.57 7.04 6.72 0.12
Temperature, °C 540  30.30 35.60 33.34 1,34
Freezing point, °C 540 -0.55 -0.39 -0.47 0.03

Protein content in present study was 3.91%. The SNI (1998) determined protein
content must be above 2.8%. The goat milk in this study was above 3.7% and classified as
Premium according to TAS (2008). Many reports showed that the range of protein content
was 2.8-4.29% in Etawah grade and their crossbreds (Zuriati et al., 2011; Sumarmono et al.,
2012; Praharani et al., 2015). However, protein content summarized from Abbas et al (2014)
and Wanjekeche et al (2016) were 2.9-4.71% and the Pygmy goat had the highest.

According to Table 1, the mean of lactose content was 3.72%. The SNI (1998) and
TAS (2008) did not show a minimum requirement for lactose. However, this finding was in
the range of some studies in Etawah grade and their crossbreds, between 3.55 and 3.93%
(Sumarmono et al., 2012; Prihatminingsih et al., 2015; Praharani et al., 2015). Some studies
from different countries and breeds reported that lactose content was higher from this present
study, ranged from 4.06-6.03% (Abbas et al., 2014; Kucevi¢ et al., 2016; Lobo et al., 2017).

The mean of pH in this study was 6.72, similar to pH in SNI (1998) ranged 6.5-6.7.
TAS (2008) stated that pH of goat milk must be 6.5-6.8. The ranged of pH in fresh goat milk
according to some studies between 6.0-6.99, with the lowest and the highest found in the field
(Sukarini, 2012; Setiawan et al., 2013). Reviewed by Park and Haenlein (2017) found pH
between 6.5-6.8.

In Table 1, the mean of freezing point was -0.47°C. Studies (Summarmono et al.,
2012; Setiawan et al., 2013) in Etawah grade found freezing point was -0.50°C - (-0.44°C).
However, Park and Haenlein (2017) showed freezing point ranged -0.54°C and -0.57°C.

The mean of temperature of goat milk in this study was 33.34°C and mean of salt
content was 0.60%. The different of physic-chemical properties of goat milk from ANXPE in
this study compared to literature was due to different breed, management practices, and
season and year of lactation (Getaneh et al., 2016; Idowu and Adewumi, 2017; Lobo et al.,
2017).

Least squares means for physic-chemical constituents of ANXPE milk by parity order
and lactation stage are presented in Table 2 and 3. Parity order affected fat, total solid,
lactose, protein and freezing point of ANXPE milk (P<0.01), but not salt, pH, density and
temperature (P>0.05). The significant increase of milk fat with increasing parity found in
this study was in line with the findings of some studies (Abbas et al., 2014; Klir et al., 2015).
Reviewed by Getaneh et al (2016) stated that parity order or age of does affected milk
constituents. Differences due to parity, number of lactation or age of animal can be
significant in gross milk composition, but this is also confounded with milk yield levels.

The mean of fat and total solid percentage differ significantly (P<0.05) between parity
order, with an increased trend. In first parity the lowest fat and total solid have been showed,
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with the highest in third parity. The milk fat and total solid increased following parity order.
Total solid consisted of solid non fat and fat, therefore, increase in fat content resulted in
higher total solid. However, lactose and protein milk had a similar trend, with increasing
from first parity to second parity, then decreasing from second to third parity. While other
properties such as temperature, salt, freezing point showed no trend on parity order.

Table 2. Least square means, standard error and p-value in different parity

Parity
Component P-value First Second Third
Fat,% <0.0001 4.79%+0.27 6.12°+0.26 6.63°+0.18
Total solid,% <0.0001 12.39°+0.46 14.60°+£0.32  14.77°+0.28
Lactose.% 0.0030 3.73%+0.03 3.92°+0.09 3.525+0.06
Protein,% 0.0025 3.93%+0.04 4.10°+0.08 3.72°+0.06
Density 0.4356 1.026+0.004 1.027+0.005  1.027+0.005
Salt,% 0.0770 0.622+0.02 0.613+0.01 0.57°+0.01
PH 0.4213 6.83+0.03 6.74+0.04 6.76+0.05
Temperature, °C 0.7106 33.59+0.34 33.31+0.53 33.13+0.48
Freezing point, °C  0.0015 -0.48°+0.005 -0.492+0.01 -0.44°+0.009

abewyithin the same rows, values with different letters are significantly different at P<0.05)

Table 3. Least square means, standard error and p-value in different lactation stage

Stage of lactation

Component P-value Early Mid Late

Fat,% <0.0001 5.13%+0.23 6.03°+0.19 6.37°£0.17
Total solid,% 0.0002 12.98°+0.29 14.22°+0.36 14.57°+0.35
Lactose,% 0.4797 3.79+0.05 3.68+0.04 3.69+0.05
Protein,% 0.5083 3.98+0.04 3.88+0.03 3.89+0.03
Density 0.0401 1.0264%+0.00 1.0268%°+0.00  1.0280°+0.00
Salt,% 0.4923 0.61+£0.01 0.59+0.01 0.59+0.01
PH 0.8309 6.80+0.02 6.77+0.02 6.77+0.02
Temperature, °C 0.1479 32.69+0.26 33.61+0.27 33.73+0.26
Freezing point,°C  0.7678 -0.47+0.01 -0.47+0.01 -0.48+0.02

abeyithin the same rows, values with different letters are significantly different at P<0.05)

Some studies stated that nullparous animal produces less milk compared to
multiparous that resulted in different milk composition between parities, therefore milk from
younger goats tends to have a higher fat content than that from older goats (Idowu and
Adewumi, 2017). While Abbas et al. (2014) reported that parity had a significant effect on
the lactose content of milk with third parity goats having the highest values.

Lactation stage only affected fat, total solid and density (P<0.05). These findings were
in agreement with some literature stated that stage of lactation affected milk composition
(Abbas et al., 2014; Getaneh et al., 2016 Idowu and Adewumi, 2017). The lowest fat and
total solid was in early lactation and the highest was in late lactation (P<0.01). The pattern of
the fat and total solid showed increasing from early to late parity. This resulted from the yield
of milk, since there was increasing milk yield in early lactation, and decreasing in milk yield
after the peak of lactation at the end of early lactation until the beginning of middle lactation.
According to Klir et al. (2015) stated that there was a relationship between changes in yield
and composition, when milk production started to decline, fat and protein concentrations
again increased. However other properties had no pattern on changes in lactation stage.
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There are three main stages of lactation namely early, mid and late lactation, in which
milk composition changes markedly during lactation with regard to its basic components,
consequently, its physicochemical properties (Idowu Adewumi, 2017). Many studies reported
that fat content of milk decreased from the beginning of lactation to a minimum in mid-
lactation and continuously increased until the end of lactation (Klir et al., 2015; Getaneh et
al., 2016; Wanjekeche et al., 2016).

CONCLUSIONS

Parity order affected fat, total solid, lactose, protein and freezing point of Anglo Nubian
x Etawah Grade goat milk. Lactation stage only affected fat, total solid and density. Pattern of
fat and total solid in both different parity order and lactation were similar. The lowest fat and
total solid in first parity and early lactation and the highest was in third parity and late
lactation. Physico-chemical properties of Anglo Nubian x Etawah grade goat milk met the
requirement of National Standard of goat milk.
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