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ABSTRACT 

Studies were conducted to evaluate the milk yield and linear body measurements of 

Saanen dairy goat at early lactation stage (0 until 9 weeks postpartum). A total of 10 

Saanen were chosen randomly among the early lactating group as experimental units. 

The parameters for linear body measurement were body weight (BW), circumference of 

heart girth (HG) and body length (BL). Study was conducted by collecting the data 

weekly. A one-way analysis of variance (ANOVA) was used to determine BWT, HG, BL 

and Yield with the General Linear Model (GLM) procedure of SAS 9.3. Pearson's 

correlation Coefficients between parameters measured were determined using the CORR 

procedure in SAS. The level of significant level used to determine the differences between 

treatment is P<0.05. There was significant difference on milk yield (P<0.05) between 

weekly collected data. However, most of the parameters measured were not differed 

significantly (P>0.05) between the weeks in lactation. The peak milk yield (P<0.05) was 

recorded at week 6 postpartum with mean yield 2.75 litre. The average milk yield, BWT, 

BL and HG of Saanen dairy goat at early lactation was determined as 2.33 litre, 42.65 kg, 

78.21 and 79.32 cm respectively. There is correlation (P<0.05) between BL and all 

parameters measured. The strength of correlation was determine based on the coefficient 

of correlation (r value). There is a strong correlation observed between BWT and HG 

(r=0.80), while there is also correlation between BL with BWT (r=0.75), HG (r=0.50) and 

yield (r=0.05). The most favourable regression equation established is when BL and HG is 

considered together, with coefficient of determination up to 75% and the equation is 

derived as: BWT = -94.200 + (BL *1.561) + (HG*2.844). 

Keywords: Saanen, dairy goat, milk yield, body weight, body linear measurement, heart 

girth, body length 
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HASIL SUSU DAN UKURAN BADAN LINEAR KAMBING TENUSU DI LAKTASI 
AWAL 

ABSTRAK 

Satu kajian telahpun dibuat untuk mengkaji hasil susu dan ukuran berat badan linear 

kambing tenusu primipara baka Saanen pada peringkat laktasi awal (0 hingga 9 minggu 

laktasi). Sebanyak 10 ekor kambing tenusu primipara baka Saanen dalam peringkat 

laktasi awal dipilih secara rawak. Parameter untuk ukuran badan linear adalah berat 

badan (BWT), lingkaran dada (HG), dan panjang tubuh (BL). Kajian ini telah dilakukan 

dengan merekod data pada setiap minggu. Analisis ANOVA satu hala digunakan untuk 

menentukan BWT, HG, BL dan Yield berdasarkan prosedur General Linear Model (GLM) 

SAS 9.3. Analisis Pearsons correlation Coefficient antara parameter yang diukur 

ditentukan menggunakan prosedur CORR dalam SAS. Tahap signifikan yang digunakan 

untuk menentukan perbezaan antara rawatan ialah P <0.05. Terdapat perbezaan bererti 

pada hasil susu (P <0.05) yang diperolehi. Walau bagaimanapun, kebanyakan parameter 

yang diukur tidak mempunyai perbezaan (P> 0.05) antara data mingguan. Laktasi puncak 

(P <0.05) dicatatkan pada minggu pasca 6 dengan min hasil susu 2.75 liter. Purata hasil 

susu, BWT, BL dan HG dari kambing tenusu Saanen pada laktasi awal masing-masing 

ditentukan sebanyak 2.33 liter, 42.65 kg, 78.21 dan 79.32 cm. Terdapat korelasi (P<0.05) 

diatara BL dengan semua parameter yang diukur. Kekuatan korelasi ditentukan 

berdasarkan korelasi koefisien (value r). Terdapat korelasi yang kuat antara BWT dan HG 

(r=0.80), manakala terdapat juga korelasi antara BL dengan BWT (r=0.75), HG (r=0.50) 

dan hasil susu (r=0.05). Persamaan regresi yang memuaskan untuk menentukan berat 

badan kambing tenusu primipara baka Saanen adalah ketika BL dan HG dianggap 

bersama, dengan koefisien korelasi hingga 75%. Maka persamaan yang diperolehi adalah 

seperti berikut: BWT = -94.200 + (BL * 1.561) + (HG * 2.844). 

Kata kunci: Saanen, kambing tenusu, hasil susu, berat badan, ukuran badan linear, 

berat badan, lingkaran dada, panjang tubuh 
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CHAPTER I 

INTRODUCTION 

1.1 Introduction 

Milk is an important source for dairy product such as fluid milk, milk powder, cheese, 

yogurt, butter, and ice cream. Milk can be very important in providing good source of 
protein, vitamin, calcium and dairy is fattening. Milk products are becoming more popular 
to Malaysian consumers. According to a study conducted by Boniface and Wendy (2012), 

Malaysian consumers have increased their consumption of dairy product. This will 

continue to increase as it is because Malaysian are now aware and conscious about their 
health. 

Milk is produced by the mammary gland of a mammal. The process of producing 

milk is called lactation. Lactation occur after the animal gone to the process of giving 
birth, parturition. Other than dairy cattle, dairy goat are also reared for milk production. 
Goats milk are usually referred to as homogenised goat milk which is because of the small 

milk fat globules, having less curd yields and weaker cured firmness which together help 

in the digestion. Goat milk have higher level of essential amino acids compared to cow 

milk (Posati and Orr, 1976). 

Goat are known to be the earliest livestock to be domesticated. The number of 

goat populations are 921 million with total of 570 breeds available. More than 30 

indigenous breeds are found in developing countries and 15 of them are found in Asia. 

Asia have the largest population of goats which is 60 % (556 million), followed by Africa 

having 311 million of goats, India, China and Pakistan consisting of 35.2 %, 29.3 % and 
12.0 % of goat's population respectively. Altogether, they share 77 % of the goat's 

population and 42 % of breed share. 



In Asia, there are 146 indigenous breed that could be identify. From this number, 

there are only 13 breeds that belongs to the dairy goat. However, all of these breeds are 
low-medium milkers. Apart from that, many of the 'improved breeds' which can produce 
higher milk yield are introduce into Asia which include Alpine, Anglo-Nubian, Saanen, 

Tonggenburg and Boer. From crossing the improved breeds with the indigenous breeds, 

there are many variable results of crossbreeds. For example, crossbreeding up to F2-F3 

generation has improve the productivity of Anglo-Nubian in Malaysia. 

In 2014, the number of goat has increased up to 5% which is 434,202 in 2013 to 

455,727 in 2014 (Department of Statistics Malaysia, 2015). In peninsular Malaysia, up 

until 2014 there are only 8,195 heads of dairy goats reported (Shanmugavelu, 2014). 

Malaysia do not have any local breed for dairy goat and the production is relatively low in 

the Malaysia livestock sector. Furthermore, there are official national goat milk production 

statistics. Based on the Country Report - Malaysia 2013/2014, the average milk yield 

ranges from 1 to 5 litre per head daily, depends on the type of breeds, farm size and the 

production system. 

The consumption of goat milk in Malaysian however is showing a slight increment 

despite the lack of national statistic. This is due to the increase in milk demand in this 

country due to the increasing population. Other than that, Malaysian are now becoming 

more educated, they are more concern about their health and choice of beneficial healthy 

food and increase in society affluence have cause the increase demand on goat milk. 

1.2 Justification 

Several correlation parameters can be used to estimate the live body weight of dairy goat 

since it is more practical and less time consuming (Nsoso et a/., 2004). Moreover, the 

estimation of body weight by heart girth and body length was well establishes in lactating 

dairy goats (Alade et a/., 2008). Meanwhile, other has include heart girth, withers height, 

body length, chest depth and shank circumference in estimation of dairy goat's body 

weight. 

Past study has found out there is a correlation between body weight and milk 

yield and between body weight and linear body measurement. However, there are still 

limited reference available for the correlation between linear body measurement and milk 

2 



yield. Therefore, this current study can fill the knowledge gap for the correlation between 

linear body measurement and milk yield for Saanen dairy goat in Malaysia. 

Objective 

i. To evaluate the body weight, circumference of heart girth, body length and milk 

yield of dairy goat at early lactation stage. 

ii. To determine the correlation of circumference of heart of heart girth, body length 

and milk yield on body weight of the dairy goat at early lactation stage. 

1.3 Hypothesis 

Ho: There is no correlation between the live body weight and body linear measurement of 

dairy goat on the milk production within two months after kidding. 

HA: There is a correlation between the live body weight and linear body measurement of 

dairy goat on the milk production within two months after kidding. 

3 



CHAPTER 2 

LITERATURE REVIEW 

2.1 Dairy Industry in Malaysia 

Dairying was introduced as an agricultural activity in Malaysia since early twenty 

centuries. Dairy cattle are brought by the immigrants from India. They have brought with 
them several non-descriptive mixture of Indian cattle breeds, which was then given the 

name 'Local Indian Breed' (LID). Since then many programme such as introducing pure 
breeds, upgrading and continuous selection, cross breeding programme and Dairy 

Development Programme has been establish by many institute, government and non- 

govemment including the European Agriculturist, Government Dairy Farm, Department of 
Agriculture, Department of Veterinary Services and local dairy farm. The purposes of all 

programmes are to improve the performance and produce high-grade of dairy cattle. 

Dairy industry development project in Sabah started in the early 1970's. In the 

crossbreeding programme, local Zebu cattle were crossbreed with imported Friesian by 

using the artificial insemination. Later on in 1976, dairy breeding herds were established 
in Keningau and Tawau. In 1980, Sahiwal-Freshian heifers were introduced from New 

Zealand. Meanwhile, around the same time, Koperasi Pembangunan Desa uses the pure 
Friesian breed and venture into highland dairy farming at Mesilau Plateau, Ranau. 

The status of the dairy industry in Peninsular Malaysia and Sabah between 1990 

to 2010 (Malaysia Livestock Breeding Policy Committee 2013) was shown in Table 2.1 and 
Table 2.2. 



Table 2.1 Status of the dairy industry in Peninsular Malaysia (1990-2010) 

Parameter Year 

1990 1995 2000 2005 2010 

Total Dairy Animals N/A N/A 37,854 25,843 34,386 

No. of Milking Cows N/A N/A 14,635 9,617 12,646 

Milk Production (mil. litres) 26.20 31.87 24.42 34.06 67.00 

Milk Yield per Cow per lactation (litres) N/A N/A 1,669 2,631 2,658 

Lactation Length (days) N/A N/A N/A 300 270 

Calving Interval (days) N/A N/A N/A 4878 475 

Source: Malaysia Livestock Breeding Policy Committee 

Table 2.2 Status of the dairy industry in Sabah (1990-2010) 

Parameter Year 

1990 1995 2000 2005 2010 

Total Dairy Animals 1,870 3,140 2,360 3,632 7,180 

No. of Milking Cows 1,140 1,740 1,830 2,725 4,204 

Milk Production (mil. litres) 2.00 4.89 4.99 7.48 10.40 

Milk Yield per Cow per lactation (litres) 1,758 1,905 2,009 2,325 2,470 

Lactation Length (days) 272 279 275 282 267 

Calving Interval (days) 386 389 402 381 398 

Source: Malaysia Livestock Breeding Policy Committee 

2.2 Dairy goat 
Goats are known to be the earliest animal domesticated. They are known to be able to 

tolerate to harsh climate change and have high resistance to diseases. This explains why 

goats flourish well and rapid in most part of the world. Dairy goats are reared for their 

purpose on milk production. In many developing countries, dairy goats are the primary 

source of milk for human's consumption. This is because the composition of goat milk is 

similar to cow milk. Not only that, goat does not need large space requirement and they 

are able to consume leafy forage or low quality food and covert it to good quality of meat 

or milk compared to other animals. 

Goats have many benefits compared to cow. This is because the goat milk has 

better digestibility and cause less allergic compared to cow milk. According to a study by 
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Ambrosoli et al. (1988), guinea pigs that is fed with goat milk that has less or no a-s-1- 
casein, but has a-s-2-casein has less curd yield, longer rennet coagulation time, more 
heat lability and weaker curd firmness, in which can also be used to explain the benefits 

in digestibility in the human digestive tract. 

Dairy goats are smaller in size compared to a cow which is about one-sixth the 

size of a cow. This makes them easy to be handle and transported in a car. In addition, 

goats are more efficient than cows as because it takes less feed for a dairy goat to 

produce a gallon of milk. Other than that, the dairy goats have longer productive life 

which is about 8 to 10 years compared to an average cows which can only serve 4 to 6 

years (Curtis, 2011). 

The goat's milk is the milk of the first domesticated animals consumed by 

humankind. A good dairy goat can produce 2.7 to 5.4 kg of milk a day for 305 days of 
lactation which is about 5 times less produced by a good dairy cow (Curtis, 2011). 

Furthermore, a low producing goat will give about 1.8 litres of milk a day up to six 

months. 

Goat milk have higher proportion of butterfat, minerals and Vitamin A, Vitamin B 

and riboflavin (Vitamin B2) (Hayam et al., 2014). The high proportion of butterfat gives 

goat milk more energy value per unit volume. One unit of fat is equal to 2.5 more energy 
than 1 unit of carbohydrate. The minerals content which is found to be high in goat milk 
includes calcium, phosphorus, chlorine, magnesium and potassium. Other than that, goat 

milk able to treat stomach ulcers due to the its high buffer capacity. Another speciality of 
the goat milk is the finer particle size of the curd which makes the goat milk to be more 

easily digested by human. 

2.2.1 Dairy Goat Breeds 

Malaysia does not have any local dairy goat breed. The dairy goat breeds that are 
imported includes, Saanen, Alpine, Toggenberg and Shami (Damascus) goat. In Sarawak, 

a total of 115 dairy goats have been imported by the Agriculture Department in 2009 

(Malaysia Livestock Breeding Policy Committee, 2013). The dairy goat breeds including 

the Saanen, Anglo Nubian, British Alpine, Toggenberg and the Australian Brown breeds 

which is to meet the request from the local dairy goat producers. The various 

representative production data for various goat diary breeds is shown in Table 2.3. 
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Table 2.3 Milk Production by dairy goat breed (2003 DHIR data). 

Milk Production (kg/ lactation) 

Breed Average Range Milk fat (%) Milk Protein 
(%) 

Alphine 1028 358-2481 3.4 2.9 

LaMancha 953 336-1960 4.0 3.2 

Nubian 826 254-1937 4.9 3.7 

Oberhasli 973 422-2018 3.9 2.9 

Saanen 1169 277-2490 3.3 2.9 

Tonggenburg 959 426-1987 3.2 2.7 

Note: Individual doe data not adjusted for age (275- to 305-day record) 
Source: Robert et al., 2017 

https: //extension. psu. edu/downloadable/download/sample/sample_id/524/ 

Anglo Nubian is an all-purpose goat that is use for meat and hide production. This 

breed was a result from crossing breeds of Nubian and English goat (Anonymous, 

2017b. ). Although it does not have the length of lactation or the quality of milk produced 
by Swiss breeds, it produces milk that is high in butterfat content. The goat is able to 

breed out of season and therefore - they are desirable to many tropical countries. 

Figure 2.1 Anglo Nubian goat 

Source: FarmCradle 2016 http: //farmcradle. com/15-different- 
types-of-goats-breeds/ 
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Saanen are is one of the heavy milk producer that can produce up to 1169 kg of 

milk per lactation (Robert et at., 2017), originating from Saanen Valley of Switaerland. 

The buck and doe weight about 70-90 kg and 60-70 respectively (Anonymous, 2017a. ). 

Moreover, in the United State, this breed is one of the best due to their consistency in 

producing large amount of milk in accordance to their sturdiness, easy to manage and 

also easy to adapt to tolerate environmental changes. 

Figure 2.2 Saanen goat 

Source: FarmCradle 2016 http: //farmcradle. com/15-different- 

types-of-goats-breeds/ 

The British Alpine highly active breed which is suited to open grazing management 

system. They were originated from Switzerland and are available in almost all countries of 

Europe (Anonymous, 2017b. ) This type of breed is able to produce good milk production 

with better average butterfat and solid-not-fat. 

Figure 2.3 British Alpine goat 

Source: Steve Pope 2017 http: //adga. org/adga-national-show- 

alpine-champions-2017/ 

0 



Tonggenburg goat is originally from the Obertoggenburg, Switzerland, in which 
where the purity of this breed was strictly regulated. It is known to be the oldest known 
dairy breed of goat. This type of breed is popular in both small farm operations and 
commercial dairies because of its excellent milk production. due to their excellent milk 
production, Tonggenburg goats are used as dairy goat breeder of India, Malaysia, 
Philippine, Venezuela, South Africa and many more (Anonymous, 2017b. ) 
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Figure 2.4 Toggenburg goat 
Source: Steve Pope 2017 http: //adga. org/adga-national-show- 

toggenburg-champions-2017/ 

Australian Brown breed developed in Australia since 1990 and then officially 

recognized as a breed in 2006. It is well known for its long lactating period and ease of 

milking. 

Figure 2.5 Australian Brown goat 

Source: http: //bib. ge/goat/open. php? id=912 
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2.3 Factor Influencing Milk Yield 

2.3.1 Stages of Lactation 

Lactation is the process of producing milk by the mammary gland of the mammalian 

species. This process occurs after parturition which is defined as the process of giving 
birth, and the period of lactation is between one parturition and the next. Lactation cycle 
is split into four stages, early mid and late lactation and the dry period. Nsahlai, et at.. 
(2004) divide the lactation stage into: early lactation (week 1 until 10 postpartum), mid 
lactation (week 11 until 20 postpartum), and late lactations (week 20 and above). Based 

on one study on Baladi dairy goats by El-Tarabanya and Roushdya (2016), the stage of 
lactation was divided into three stages; Early (DIM less than 80 days), Mid (DIM 80-140 

days) and Late (DIM over 140 days). Another most important phase in the lactation cycle 
is the dry period. Irene (2004) stated that dry period or late pregnancy is important 

because it determine the gain success of herd and many aspects of the health program. 
Therefore, the pregnant doe should have a 40 to 60 days dry period for them to regain 
the condition lost during lactation and achieve a certain body score as preparation before 

they enter the early lactation. In an ideal world, does must achieve kidding rate 3 times 

within two years. In a nutshell, lactation stage is one of the many factors that can 
influence the production of milk (Ibeawuchi and Dangut, 1996). 

Early lactation 

Generally, the milk yield of the dairy goat will peak from four to six weeks (Robert et al., 
2017) after kidding however the feed intake will not peak until later. However, Hart 

(2008), Gadir and Zubeir (2005) and Louca et a/. (1975) said that, the peak milk 

production is between weeks 3 to 8,5 to 7 and 5 to 6 of lactation, respectively. The rate 

of decline in milk yield after kidding is known as persistency. High lactating does will have 

high the peak milk production as well as high persistency. 

The number of blood vessels in the mammary gland during pregnancy increases 

gradually as the gland preparation for abundant milk production (Yasugi et al., 1989; 

Matsumoto et a/., 1992; Djonov et al, 2001). At the establishment of lactation, the blood 

vessels in the mammary gland are maintained and slowly regress with advancing lactation 

and involution. As a result, the change in milk yield are associated with the changes in 

blood flow to the mammary gland (Prosser et a/., 1996). However, even though the 

mammary blood flow and milk yield are closely associated, they are not always causally 

10 



linked as because other limiting factor involved can have an influenced on the milk yield 
(Prosser et al., 1994; Lacasse and Prosser, 2003). 

At the early lactation stage, the dairy goat will experience negative energy balance 

and variable degree of lipolysis in fatty tissue, increasing levels of free fatty acids that 
have a negative effect on the palatability traits of milk (Strza&kowska eta/., 2009). Due to 
the genetic potential, the does are in a state of negative energy balance in early to mid- 
lactation. The negative energy balance is when the body reserves, which are the fat and 

protein, have to be used to make up for the lack of the energy in the doe. After the milk 

production has decreased to 60 to 80 % of the peak, the energy from the animal's 

nutrient will meet the does demand. The relationship between feed intake, body weight, 

and milk production in lactating doe is illustrated in Figure 2.5. 
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Figure 2.6 Relationships of milk yield (-), body weight (- - -) and feed intake (... ) of 
lactating goats. 
Source: EXtention. org 2012 http: //articles. extension. org: 80/pages/3 1784/goat-early- 

lactation 

2.3.2 Gestation 

In pregnant does, the gestation period can be divided into three stages: Day 0 to 50; 50 

to 100; and more than 100 (Sahlu and Goetsch, 1998). From Day 0 up to 100 of 

gestation, the foetuses is develop and additional nutrient above needed to be given for 

lactation, maintaining body weight, activity and growth. There is a significant decrease in 

milk production towards the end of the lactation period. According to Salama et al. 
(2005), pregnancy causes the milk yield to reduce from week 10 after conceiving onward. 

11 



REFERENCES 

Abegaz, S. and K. Awgichew. 2009. Technical Bulletin No. 23: Estimation of weight and 

age of sheep and goats. A. Yami, T. A. Gipson, and R. C. Merkel, eds. Ethiopia 

Sheep and Goat Productivity Improvement Program (ESGPIP). Ethiopia. 

Akers, R. M. 2002. Lactation and the mammary gland. Lowa: 1st ed. Lowa State Press, 

Ames. 

Alade, N. K., Rajiand, A. O., and Atiku, M. A. 2008. Determination of appropriate model for 

the estimation of body weights in goats. ARPN Journal of Agric/tore and 

Biological Science. 3(4): 52-57 

Alkass, J. E., and Merkhan, K. Y. 2011. Milk production of indigenous black and Meriz 

goats raised under farm production system. Research opinions in animal and 

veterinary sciences. 1: 708-713. 

Ambrosoli, R., Stasio, L. D., and Mazzoco, P. 1989. Content of a-s-1-casein and 

coagulation properties in goat milk. Journal of Dairy Science, 71: 215-218. 

Anonymous. 26 November, 2017a. Saanen Goat. Retrieved from Roy's Farm: 

http: //www. roysfarm. com/saanen-goat/ 
Anonymous. 26 November, 2017b. Dairy Goat Breeds. Retrieved from Roy's Farm: 

http: //www. roysfarm. com/dairy-goat-breeds/ 

Antunac, N., Kaps, M., Havranek, J. L., and Samarzija, D. 1999. Effect of breed and parity 

on some dairy traits of Alphine and Saanen goats in Croatia. In: Milking and 

Milk Production of Dairy Sheep and Goats. EAAPPublication, 95: 421-423. 

Atsushi Tajima. 2015. Animal husbandry (3) cattle weight - Body measurements, 

Textbook of Field Practices in Bioresources Production (pp 1-2), University of 

Tsukuba. 

Attah, S., Okubanjo, A. O., Omojola, A. B., and Adesehinwa, A. 0.2004. Body and carcass 

linear measurements of goats slaughtered at different weights. Livestock 

Research for Rural Development, 16: 160-172. Available from: 

http: //faostat3. fao. org/faostat-gateway/go/to/download/Q/QL/E 

Bachman, K. C., Haven, M. J., Morse, D., and Wilcox, C. J. 1988. Effect of pregnancy, milk 

yield, and somatic cell count on bovine milk. Journal of Dairy Science: 925- 

931. 

Baker, G. A., and Guilbert, H. R. 1942. Non-randomness of variations in daily weights of 

cattle. Journal ofAnimal Science. 1: 293-299. 

32 



Beghin, 3.2006. Evolving dairy markets in Asia: Recent findings and implications. Food 

Policy. 31: 195-200. 

Bentley, 3.2016. Colostrum Management for the Dairy Goat Kid. United State of America: 

Dairy Field Specialist, Iowa State University Extension and Outreach. 

Berglund, B., and Danell, B. 1987. Live Weight Changes, Feed Consumption, Milk Yield 

and Energy Balance in Dairy Cattle during the First Period of Lactation. Acta 

Agriculturae Scandinavica. 37(4): 495-509. 

BERNAMA. 2016. Musa Impressed with Progress in Milk Production at KILC, harianexpres, 

7 September 2016, p 1. 

Blackmore, D. W., McGillard, L. D., and Lush, 1. L. 1958. Genetic relations between body 

measurements at three ages in Holsteins. Journal of Dairy Science. 41: 1045- 

1049. 

Boniface, B., and Wendy, J. U. 2012. Factors influencing Malaysian consumers' 

consumption of dairy products, viewed 9 December 2016, 

http: //ageconsearch. um n. edu/bitstream/124243/2/2012AC%2OBoniface%20CP 

. pdf. 

Capuco, A. V., Wood, D. L., Balwin, R., McLeod, K., and Paape, M. 3.2001. Mammary cell 

number, proliferation, and apoptosis during bovine lactation: relation to milk 

production and effect of bST. Journal of Diary Science. 84: 2177-2187. 

Cardellino, R. A., and Bennson, M. E. 2002. Lactation curves of commercial ewes rearing 

lambs. Journal of Animal Science. 81: 23-27. 

Cowan, R. T., Robinson, 3. J., Greenhalgh, 3. F., and McHattie, I. 1979. Body composition 

changes in lactating ewes estimated by serial slaughter deuterium dilution. 

Animal Production. 29: 80-90. 

Cowan, R. T., Robinson, 3.3., McDonald, I., and Smart, R. 1980. Effect of body fatness at 

lambing and diet in lactation on body tissue loss, feed intake and milk yield of 

ewes in early lactation. Journal of Agricultural Science (Cambridge). 95: 497- 

514. 

Cowan, R. T., Robinson, J., McHattie, I., and Pennie, K. 1981. Effect of protein 

concentration in the diet on milk yield, change in body composition and the 

efficiency of utilization of body tissue for milk production in ewes. Animal 

Production. 33: 111-120. 

Curtis, W. R. 2011. Let's Compare Dairy Goats and Cows. The Dairy Goat Manual, 

Oklahoma Cooperative Extension Service, 4-H publication no. 158: 424. 

33 



Darwesh, A. Khalil and Merkhan, Kawa and Buti, T. S., Emad. 2013. Impact of Lactation 

Stage on the Body Condition and Milk Quality of Black Goat. International 

Journal of Agriculture and Food Research. 2: 48-52. 

De Vries, M. J. and Veerkamp, R. F. 2000. Energy balance of dairy cattle in relation to 

milk production variables and fertility. Journal of Dairy Science. 83: 62-69. 

Department of Statistics Malaysia 2015, Selected Agricultural Indicators, Malaysia 2015, 

Department of Statistics Malaysia, Malaysia, viewed 3 May 2017, 

https: //www. dosm. gov. my/vl/index. php? r=column/cthemeByCat&cat=72&bul_ 
id= bnR4ZFJnbXVOQmt6TDhNNmh3MOY5dz09&menu_id=ZOVTZGUIUHBUTIVJ 

MFlpaXRRROxpdz09. 
Djonov, V., Andres, A. C., and Ziemiecki, A. 2001. Vascular remodelling during the normal 

and malignant life cycle of the mammary gland. Microscopy Research and 
Technique. 52: 182-189. 

Donald, L. A., Steevens, B., and Ricketts, R. October, 1993. Feeding and Housing Dairy 

Goats. Retrieved from University of Missouri Extension: 

http: //extension. missouri. edu/p/G3990#temperature 
Dong, F. 2006. The Outlook of Asian Dairy Markets: the role of demographics, income 

and prices. Food Policy. 31(3): 261-71. 

Dorji, T. 2010. FACTORS AFFECTING YIELD AND COMPOSITION OF MILK. Retrieved from 

http: //cros. cnr. edu. bt/cros/files/docs/File/Tshewang/Factors%20affecti ng%20c 

ompositin%20of%20milk. pdf 
Dudouet, E. 1982. Theoretical lactation curve of the goat and its applications. Le Point 

Veterinaire. 14: 53-61. 

Dunshea F. R. and Bell A. W. 1990. Body composition changes in goats during early 
lactation estimated using a two-pool model of tritiated water kinetics. British 

Journal of Nutrition. 64: 121-131. [FAO] Food and Agriculture Organization. 

2014. [cited 2014 September 5]. 

El-Tarabanya, M. S., and Roushdya, E. M. 2016. Impact of lactation stage on milk 

composition and blood biochemical and haematological parameters of dairy 

Baladi goats. Saudi Journal of Biological Sciences. 

Erdman R. A., and Varner M. 1995, Fixed yield responses to increased milking frequency. 

Journal of Dairy Science. 78 (5): 1199- 203. 

34 



Essien, A., and Adesope, 0. M. 2003. Linear body measurements of N'dama calves at 12 

months in a South Western zone of Nigeria. Livestock Research for Rural 

development. 15. 

EXtention. org. 2012. Goat Early Lactation, viewed 3 May 2017, 

http: //articles. extension. org: 80/pages/31784/goat-early-lactation. 

Faerber, C. W., McNeal, L. G., Harding, R. L., Hill, K. L., Bobb, 3. D., Horner, S., and 

Durrant, S. M. 2004. Infovets. com. Retrieved from Small Ruminant Production 

Medicine & Management (Sheep and Goats) - C98 Calculating Goat Body 

Weights. Viewed 26 November 2017, http: //www. infovets. com/books/smrm/. 

Food Safety and Standards Authority of India. 2015. Milk and Milk Products, Manual of 

Methods of Analysis of Foods, viewed 15 December 2016, 

http: //www. fssai. gov. in/Portals/0/Pdf/Draft Manuals/MILK_AND_MILK_PRODU 

CTS. pdf. p 34-41. 

Gadir, M. A., and Zubeir, I. E. 2005. Production performance of crossbred (Saanen and 
Nubian) goats in the second kidding under Sudan conditions. Pakistanjournal 

of biological sciences. 8: 734-739. 

Geenty, K. G. 1983. Influence of nutrition and body composition on milk production in the 

grazing ewe. New Zealand: Lincoln College, University of Canterbury. 
Gipson T. A. and Grossman M. 1989. Diphasic Analysis of Lactation Curves in Dairy Goats. 

Journal of Dairy Science. 72. 

Goat Industry Council of Agriculture 2017, Dairy Goats, viewed 4 May 2017, 

http: //www. gica. com. au/history-of-goats/dairy-goats. 
Goe, M. R., Alldredge, 3. R., and Light, D. 2001. Use of heart girth to predict body weight 

of working oxen in the Ethiopian highlands. Livestock Production Science, 69: 

187-195. 

Goselink, R., Duinkerken, G. v., Schonewille, 1. T., and Knegsel, A. T. 2012. Absorbtion 

capacity of the rumen of dairy cows during lactation. International symposium 

Nutritional management in early lactatin". 

Hart, S. 2008. Meat Goat Nutrition. Langston: Proc. 23rd Anne. Goat Field Day, Langston 

University. 

Hassan A. and Ciroma A. 1990. Bodyweight Measurement Relationship Nigerian Red 

Sokoto Goats, Department of Animal Science, Usmanu Danfodiyo University, P. 

M. B. 2346. 

35 



Hayam, M. A., Fatma, A. M., Hassan, M. A., El-Gawad, A., and Enab, A. K. 2014. 
Physicochemical characteristics of Goat's milk. Life Science Journal, 11: 307- 
317. 

Ibeawuchi, J. A., and Dangut, A. 1996. Influence of stage of lactation on milk constituents 
of Bunaji (Zebu) cattle in a hot humid tropical environment. Discovery and 
Innovation, 8: 249-256. 

Irene, B. C. 4 Jun, 2004. Dairy goat herd health program. Retrieved from 
Milkproduction. com: http: //www. milkproduction. com/Library/Scientific- 
articles/Other-milking-animals/Dairy-goat-herd-health-program/ 

Jabatan Meteorologi Malaysia. 20 November, 2017. Iklim Malaysia. Retrieved from 
Jabatan Meteorologi Malaysia: http: //www. met. gov. my/web/metmalaysia/118 

Keskin, I. and Dag B. 2006. Comparison of different mathematical models for describing 
the complete lactation of akkaraman ewes in Turkey. Asian Australian Journal 
ofAnimal Sciences, 19: 1551-1555 

Knight, C. H., and Peaker, M. 1984. Mammary development and regression during 
lactation in goats in relation to milk secretion. Quarterly Journal of Experimental 
Physiology, 69: 331-338. 

Korver, S., Van Arendonk, J., and Koops, W. 1985. A function for live-weight change 
between two calvings in dairy cattle. Anima/Science, 40(2): 233-241. 

Koyuncu, M., and Altincekic, 5. Ö. 2012. Importantce of bodycondition score in dairy 

goats. Macedonian Journal of Animal Science, 3(2): 167-173. 
Lacasse, P., and Prosser, C. G. 2003. Mammary blood flow does not limit milk yield in 

lactating goats. Journal ofDairyScience, 86: 2094-2097. 

Lee, J. -Y., and Kim, I. -H. 2006. Advancing parity is associated with high milk production 

at the cost of body condition and increased periparturient disorders in dairy 

herds. Journal of Veterinary Science, 7(2): 161-166. 

Louca, A., Mavrogenis, A., and Lawlor, M. 1975. The effects of early weaning on the 
lactation performance of Damascus goats and the growth rate of the kids. 

Animal Production, 20: 213-218. 

Lu C. D., Potchoiba N. J., Sahlu T., and Kawas J. R. 1990. Performance of dairy goats fed 

soybean meal or meat and bone meal with or without urea during early 
lactation. Journal of Dairy Science, 73: 726-734. 

Mahieu, M., Naves, M., and Arquet, R. 2011. Predicting the body mass of goats from body 

measurements. Livestock Research for Rural Development, 23(9). 

36 



Mahmud, M., Shaba, P., and Zubairu, U. 2014. Live Body Weight Estimation in Small 
Ruminants-A Review. Global Journal of Animal Scientific Research, 2(2): 102- 
108. Retrieved from 
http: //www. gjasr. com/index. php/GJASR/article/view/30/115 

Malaysian Livestock Breeding Policy Committee. 2013. Malaysian Livestock Breeding 
Policy 2013, viewed 10 December 2016, 
http: //www. dvs. gov. my/dvs/resources/user 1/DVS%20pdf/Livestock Breeding 

_Policy. pdf. 

Marounek, M., Pavlata, L., Misurova, L., Volek, Z., and Dvorak, R. 2012. Changes in the 

composition of goat colostrum and milk fatty acids during the first month of 
lactation. Czech Journal of Anima/ Science, 57(1): 28-33. 

Matsumoto, M., Nishinakagawa, H., Kuromaru, M., Hayashi, Y., and Otsuka, 3.1992. 
Pregnancy and lactation affect the microvasculature of the mammary gland in 

mice. The Journal of Veterinary Medical Science, 54: 937-943. 

Mellado M., Foote R. H., and Borrego E. 1991. Lactational performance, prolificacy and 
relationship to parity and body weight in crossbred native goats in northern 
Mexico. Elserver Science Publishers B. V., Amsterdam, Small Ruminant Research, 
6: 167-174. Viewed on 2 May 2017, 
https: //www. resea rchgate. net/profile/Miguel_Mel lado/publication/248443846_L 

actational-performance_prolificacy_and_relationship_to_parity_and_body_weig 
ht in_crossbred-native_goats_in_northern_Mexico/links/546776c70cf2397f782 

be8cc/Lactational-performance-prolificacy-and-relationship-to-pa rity-and-body- 
weight-in-crossbred-native-goats-in-northern-Mexico. pdf 

Moroni, P., Pisoni, G., Savoini, G., Lier, E. V., Acuna, S., Damian, J. P., and Meikle, A. 
2007. Influence of estrus of dairy goats on somatic cell count, milk traits, and 
sex steroid receptors in the mammary gland. Journal of Dairy Science. 90: 790- 
797. 

Norris, D., Ngambij, W., Benyi, K., and Mbajiorgu, C. A. 2011. Milk Production of Three 
Exotic Dairy Goat Genotypes in Lompopo Province, Sauth Africa. Asian Journal 

ofAnimal and Veterinary Advances. 6: 274-281. 

Nsahlai, I. V., Goetsch, A. L., Luo, J., Johnson, Z. B., Moore, J. E., Sahlu, T., Ferrell, C. L, 
Galyean, M. L and Owens, F. N. 2004. Metabolizable energy requirements of 
lactating goats. Small Ruminant Research: 253-273. 

Nsoso S. J., Aganga A. A., Moganetsi B. P., and Tshwenyane S. O. 2003. Body Weight, 
Body Condition Score and Hearth Girth Goats During the Dry and Wet Seasons 

37 



in Southeast Bostwana, Livestock Research for Rural Development, 15 (4) 25- 

31 The possibilities of estimating the live weight using some body 

measurements in Konya Merino. Journal of Animal Research. 4 (1): 23-2 

Nsoso, S. J., B. Podisi, E. Otsogile, B. S. Mokhutshwane and B. Ahmadu. 2004. Phenotypic 

characterization of indigenous Tswana goats and sheep breeds in Botswana: 

continuous traits. Tropical Animal Health and Production. 36(8): 789-800. 

Orman, A., Gunay, A., Balci, F., and Koyuncu, M. 2011. Monitoring of somatic cell count 

variations during lactation in primiparous and multiparous Turkish Saanen goats 
(Capra hircus). Turkish Journal of Veterinary and Animal Sciences. 35(3): 169- 

175. 
Ormiston, E. E. and Gaines, W. L., 1944. Live weight and milk-energy yield in British goats. 

Journal of Dairy Science. 27: 243-247. 

Otoikhian, C. S. O., A. M. Otoikhian, O. P. Akporhuarho and C. Isidahoman. 2008. 
Correlation of body weight and some body measurement parameters in Quda 

sheep under extensive management system. African Journal of Agricultural 

Research. 4(3): 129-133. 

Patterson, R. E. 1947. The comparative effeciency of single versus three-day weights of 

steers. Journal of Animal Science. 6: 237-246. 

Perez, Z. 0., Ybanez, A., Ybanez, R. H., and Sandoval, J. F. 2016. Body weight estimation 

using body measurements in goats (Capra hircus) under field condition. 
Philippines Journal of Veterinary and Animal Science. 1-7. 

Pesmen, G., and Yardamci, M. 2008. Estimating the live weight using some body 

measurements in Saanen goats. Turkey: Institutal de Biologie si Nutritie 

Animala (Institute of Biology and Animal Nutrition). 

Posati, L. P. and Orr, M. L. 1976. Composition of Foods. Dairy and Egg Products, Raw- 

Processed-Prepared. Agricultural Handbook No. 8-1, ARS, USDA, Washington 

DC. 

Prasanta B., Bindoy C. N., Chandra P., Ambadas M., Narender K., Anjali K., and Ganga P. 

C. 2016. 'Genetic and Non-Genetic Factors Affecting Milk Composition in Dairy 

Cows', International Journal of Advanced Biological Research. 6(2): 170-174, 

viewed 10 December 2016, 

http: //scienceandnature. org/IJABR Vol6(2)2016/IJABR V6(2)16-lR. pdf. 

Prosser, C. G., Davis, S. R., Farr, V. C., and Lacasse, P. 1996. Regulation of blood flow in 

the mammary microvasculature. Journal of Dairy Science. 76: 1184-1197. 

38 



Prosser, C. G., Farr, V. C., and Davis, S. R. 1994. Increase mammary blood flow in the 
lactating goat induced by parathyroid hormone-related protein. Experimental 

Physiology, 79: 565-570. 
Rehäk, D., Volek, J., Barton, L., Vodkovä, Z., Kubesovä, M., and Rajmon, R. 2012. 

Relationships among milk yield, body weight, and reproduction in Holstein and 
Czech Fleckvieh cows. Czech Journal of Animal Science, 57(6): 274-282. 

Robert, J. V., Lynn, F. K., and Jayson, K. H. 26 November, 2017. Dairy Goat Production. 

Retrieved from PennState Extension: 

https: //extension. psu. edu/downloadable/download/sample/sample_id/524/ 
Rojo-Rubio, R., Kholif, A. E., Salem, A. Z., Mendoza, G. D., Elghandour, M. M., Vazquez- 

Armijo, J. F., and Lee-Rangel, H. 2016. Lactation curves and body weight 

changes of Alphine, Saanen and Anglo-Nubian goats as well as pre-weaning 

growth of their kids. Journal ofAppiied Animal Research, 44(1): 331-337. 

Russell, W. 1975. The growth of Ayrshire cattle: An analysis of linear body 

measurements. Animal Science, 21(3): 217-226. 

doi : 10.1017/S0003356100030671. 
Sahlu T. and A. Goetsch. 1998. Feeding the Pregnant and Milking Doe. Pages 4-20 in 

Proc. 13th Ann. Goat Field Day, Langston University, Langston, OK. 
Salama, A. A., Caja, G., Such, X., and Albanell, E. 2005. Effect of Pregnancy and Extended 

Lactation on Milk Production in Dairy Goats Milked Once Daily. Journal of dairy 

science, 88(3): 894-904. 

SAS Institute Inc. 2013. Base SAS® 9.4 Procedures Guide. Cary, NC: SAS Institute Inc. 

Shanmuganvelu, S. (2014). Desicion Support System in Livestock Production. Serdang, 
Malaysia: Malaysian Agriculture Research and Development Institute (MARDI). 

Slippers, S. C., Letty, B. A., and J. F. de Villers. 2000. Prediction of the body weight of 
Nguni goats. South African Journal of Animal Science. 30(1): 127-128. 

Stefanon, B., Colitti, M., Gabai, G., Knight, C. H., and Wilde, C. J. 2002. Mammary 

apoptosis adn lactation persistency in dairy animals. Journal of Dairy Research, 

69: 37-52. 

Strzalkowska, N., Jöiwik, A., Bagnicka, E., Krzyzewski, J., Horbariczuk, K., Pyzel, B., and 

Horbariczuk, J. (2009). Chemical composition, physical traits and fatty acid 

profile of goat milk as related to the stage of lactation. Animal Science Papers 

and Reports. 27: 311-320. 

39 



Susan P. 2007, How Much Does Your Animal Weight?, viewed on 12 April 2017, 

https: //cals. arizona. edu/backyards/sites/cals. arizona. edu. backyards/files/p11- 

12. pdf. 
Warr, S., Rodriguez, G., and Penm, J. 2008. Changing food consumption and imports in 

Malaysia: opportunities for Australian agricultural exports. In, ABARE research 

report o. 86. Canberra: Department of Agriculture, Fisheries and Forestry, 

Australia. 
Watson, A., Nuttelman, B. L., Klopfenstein, T. J., Lomas, L. W., and Erickson, G. E. 2013. 

Impacts of a Limit-Feeding Procedure on Variation and Accuracy of Cattle 

Weights. Faculty Papers and Publications in Animal Science: 790. 
Wilson, R. T., Ward, P. M., Saeed, A. M., and Light, D. 1987, Milk production characteristics 

of the Kenana breed of Bos indicus in Sudan, Journal of Dairy Science, 70: 

2673-2679. 

Wood P. D. P. 1974. A note on the estimation of total lactation yield from production on a 

single day. Animal Production, 19. 
Yasugi, T., Kaido, T., and Uehara, Y. 1989. Changes in density and architecture of 

microvessels of the rat mammary gland during pregnancy and lactation. 
Archives of Histology and Cytology. 52: 115-122. 

Zeng, S. S., and Escobar, E. N. 1995. Effect of parity and milk production on somatic cell 
count, standard plate count and composition of goat milk. Small Ruminant 
Research. 17: 269-274. 

40 




