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A B S T R A C T 

 

Goat lactation  is  synonymous to an agricultural production 
function with three distinct production regions namely, early, mid 
and late lactation. It is characterised by an increase in milk yield in 
early lactation to a possible peak in the mid lactation and then a 
decline in milk yield  as it reaches the end of lactation. However, the 
other milk constituencies (protein, fat, lactose, etc ) do not follow the 
same trend as total milk yield through the 3 lactation stages. 
Therefore, it is suffice to suggest that  the understanding of the 
physiological changes in these stages of lactation is crucial in 
maximizing  milk production in goats. The present discussion 
explores the importance of different stages of lactation in milk 
production in influencing yield and milk composition.  Milk yield and 
its composition are influenced by various factors, among these stage 
of lactation is very significant. The proportion of  protein, lactose, fat 
and total solids declined slightly with advance in lactation and a 
steady fall in milk yield. This is on the basis that milk yield is a 
function of the number of mammary secretory cells and their 
metabolic activity change during the course of lactation. The 
significant stage of lactation effect in most studies  may have 
practical implications in determining optimal feeding management to 
maximize total lactation yield and  milk composition. Therefore, the 
knowledge of physiological activities  during different stages of 
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lactation  is critical to  dairy animal nutrition and management 
decision support systems for optimization of goat dairy flock  
production processes. 

© 2014 Sjournals. All rights reserved. 

1. Introduction 

Of the total world population of goats, 94 percent are said to be found in developing countries, supplying 73 
percent of the milk produced by goats (Devendra, 1987). In terms of goat breeds, some have a greater potential 
for milk production and are known to be kept primarily for this purpose (Gall 1975).  Although the production and 
consumption of cow milk is the largest throughout  he world, one may observe a growing demand for milk of other 
farm animals, such as goats, which is recognized in developed countries as a “niche” product (Kanwal et al. 2004; 
Haenlein and Wendorff 2006; Krzyżewski et al. 2009). There is an increasing interest in goat milk due to inherent 
species-specific biochemical properties that contribute to nutritional quality through  developing sustainable 
nutritional strategies for reducing saturated and increasing specific unsaturated fatty acids in ruminant milk, based 
on the potential benefits to long-term human health (Haenlein, 2004). Charnobai et al. (1999) stated that total 
solids values decreased during the initial months and increased at the end of lactation. Milk production is a 
function of the stage of lactation, usually measured in the number of days in milk (Swalve, 1995). Milk yield and its 
composition are influenced by breed, age of the ewe, litter size, nutrition, health of the animals, environment, 
stage of lactation, etc. Among these factors, the stage of lactation is very significant (Pavić et al., 2002; Oravcova et 
al., 2006, 2007; Kuchtik et al., 2008). A number of animal (species, breed) or environmental (lactation stage, 
feeding regime,  animal health and management) factors affect milk composition  Leibetseder, 1996;  Wojtowski et 
al., 2001;  Chillard et al., 2003; Gorecki et al., 2004). The percentage protein, lactose, fat and total solids declined 
slightly with advance in lactation and there was a steady fall in milk yield (Akinsoyinu et al., 1977). In sheep, stage 
of lactation in addition to breed, lambing season, parity and litter size significantly affected milk yield, fat and 
protein, with the only exception of parity in fat and litter size in protein content (Komprej, et al., 2012). The 
concentration of fat and protein in milk tends to decrease rapidly at the start of the lactation, and after falling to 
the minimum point increases slowly until the lactation is completed (Wood, 1976). An attempt has been made to 
assess the  nutritive value of goat milk taking into consideration various factors (Crepaldi et al., 1999; Andrade and 
Schmidely 2006, Matsushita et al. 2007, Zehra et al., 2007; Carnicella et al., 2008), little is known about its 
composition and physical traits in relation to the stage of lactation (Strzałkowska et al. 2008). The Red Sokoto 
goats gave milk of higher content than did Saanen goats, even at an early stage of lactation. Butterfat, protein, 
lactose and energy values were significantly affected by stages of lactation and tended to rise with advancing 
lactation; this was particularly so with West African dwarf goats (Mba et al., 1975). Ibeawuchi et al. (2003) 
observed that the mature milk constituents were significantly affected  by stage of lactation. These constituents 
tended to increase with advancing lactation. Particularly during lactation there are significant changes in the 
amount and composition of goat milk (Wuschko and  Seifert, 1992).  The present discussion is an attempt to 
explore the significance of stage of lactation on yield and major milk constituents in goat milk production. 

2. Milk yield and lactation stages in goats 

Milk production is largely dependent on the shape of the lactation curve. Relevant elements of the lactation 
pattern are the peak yield, which represent the maximum milk yield during the lactation and the lactation 
persistency which expresses the ability of animals to maintain a reasonable constant milk yield after the lactation 
peak (Cannas et al., 2002). In a study to evaluate milk yield and composition of Damascus does raised under Sudan 
condition, it was observed that different stages of lactation affected their milk yield and composition as the 
chemical constituents were reduced with the progress of lactation (Mahmoud et al., 2014). The decline in the 
mean daily milk yield after the peak was due to advancement of lactation (Harding, 1999). This supported 
Strzalkowska et al., (2009). Laes-Fettback and Peters (1995) evaluated three Egyptian goat breeds, Baladi, Zaraibi 
and Damascus and reported that all the breeds had high persistency, with a slightly higher yield during the initial 
part of lactation in Zaraibi and Damascus. The milk production differences were observed between first lactation 



N. Assan / Scientific Journal of Animal Science (2014) 3(12) 291-300 

  

293 

 

  

and third lactation, as well as second lactation and third lactation (Cismas et al., 2012).The percentages of fat, 
protein, lactose, ash, total solids and  solids non fat  were  higher with advancement of lactation in different breeds 
(Gitam, et al., 2014). Stage of lactation had conspicuous effects on milk quality of goats despite different rearing 
systems (Singh et al., 2014).  Each component, protein, lactose and solid non fat showed the lowest values during 
early lactation, and then significantly increased towards the end of lactation (Darwesh, et al., 2013). Aganga  et al., 
(2002) who studied the effect of lactation on composition of Tshwana goat reported that minerals fluctuated 
throughout the lactation period. The pattern of daily milk yields in goats significantly rising to maximum within two 
weeks and then decreasing afterwards to end of lactation was observed by Ehoche and Buvanendran (1983) in the 
Red Sokoto goat.   

Stage of lactation significantly affected milk constituents where fat and protein contents were negatively and 
lactose contents positively correlated with milk yield. The observed trend of milk yield could have resulted due to 
proliferation of myoepithelial cells of the mammary gland especially at the early stage of lactation. Knight and 
Wilde (1993), reported that mammary cells multiplied during early lactation and declines as lactation progresses. 
According to Stojević et al., (2005) during the early stage of lactation the liver of high productivity dam  undergoes 
extensive physiological and biochemical changes to counteract the adverse effects of negative energy balance The 
correlations between protein, lactose, fat, and dry matter yields with liver metabolites activity. Determination of 
biochemical parameters in blood serum can provide valuable information regarding dairy dam nutrition and 
physiological status in relation to age and stage of lactation. Due  to liver functionality blood biochemical attributes 
are important indicators of the metabolic activity in lactating animals (Karapehlivan et al., 2007). During lactation, 
secretary cells of mammary gland utilize 80% of the blood circulating metabolites for milk synthesis, depending on 
the speed of infiltration of precursors of milk compounds (i.e. free amino acids, glucose and fatty acids).  

Milk yield is a function of the number of mammary secretory cells and their metabolic activity and both are 
not static, but change during the course of lactation (Stelwagen, 2001).Lipogenesis is impaired  and the increased 
fatty acid release, supported by norepinephrine and epinephrine stimulation, induce an increase in lipase activity 
of mammary gland, to provide the substrates for milk fat synthesis (Nazifi et al. 2002). As a result  lactating goats 
experience an increased in total protein level of serum with the progress of lactation due to the catabolism of 
protein for milk synthesis (Krajnicakova et al. 2003).Composition of goat milk varies considerably during a 
lactation, with the major changes usually occurring soon after the start of lactation. The first secretion to be 
collected from the gland is called colostrum. The composition of the secretion gradually changes to that of mature 
milk. Evidence exists that efficient milking is of supreme importance for goats at peak lactation stage because of a 
higher secretion rate at this stage of lactation (Knight, 1995). Kuchtik  et al., (2008) observed that the stage of 
lactation had a highly significant effect on the contents of all milk components. However, only the contents of total 
solids, solids non-fat, fat, protein and casein gradually increased with the advancement of lactation. The 
percentages of crude protein, fat and lactose contents were significantly  different in the four stages of lactation 
(colostrum, early, mid and late), while the differences in the total solid, pH and ash contents were not affected by 
the lactation stages (Zahraddeen, et al., 2007). Early and late lactation milk had significantly higher contents of milk 
components (Mestawet et al.,  2012). In cattle high rates of increase in milk yield and high milk yields in early 
lactation were predisposed to udder disease afterwards, this resulted in cows with high milk production over a 
long period but with low lactation persistency beign  predisposed to udder disease after the peak of lactation. 
However there was  no difference in total milk yield between incidence and non-incidence groups in all stages, 
suggesting that, for a comparable level of lactation, cows without udder diseases have flatter lactation curves 
(Yamazaki et al., 2009). 

3. Crude protein and stages of lactation in goats 

Stage of lactation was an important source of variation on crude protein content of goat milk (Beyene and 
Seifu (2005) in Borana goat milk in Ethiopia, and variations of crude protein of milk due to the stage of lactation 
were reported previously (Katanos et al., 2005).  Protein content showed a downward trend until mid-lactation 
before significant increase towards the end of lactation. This is a similar trend where protein was reduced during 
the mid lactation stage and increased at the late stage of lactation (Keskin et al., 2004). Egbowon (2004) reported 
that milk protein percentage is inversely related to milk yield. Brendehaug and Abrahemsen (1986)  observed that  
protein value decreased during the early stage of lactation and then increased until the end of lactation. This 
implies  that protein started at a moderate level, decreased to the lowest level during peak lactation and gradually 
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increased towards the end of lactation in accordance with the inverse relationship with milk production. Protein 
percentage was highest  in late lactation (Peris et al., 1997; Soryal and El Shaer, 2006; Mohammed et al., 2007; 
Norris et al., 2011).  This  appears to reflect a low degree of proteolysis in late-lactation milks. Ahamefule et al. 
(2003) obtained milk protein values of 4.26, 4.23 and 4.34% for West African Dwarf  goat in early, mid and late 
lactation stages. Similarly, higher milk protein values were also reported  by Jenness, (1980) and  Akinsoyinu et al. 
1981) for Red Sokoto  goat (4.38, 4.70%) in a related study. Small decreases in mammary blood flow, amino acids 
transport activity, and amino acids concentrations accounted for the lower uptake of amino acids in late compared 
with early lactation (Mabjeesh et al., 2002). Strzalkowska et al., (2009) reported that in Polish White improved 
goats that the protein content of milk increased with the progress of lactation. The increase in protein and fat 
content could be due to the decline milk yield (Mioc et al., 2008). During earlier and mid stages of lactation, the 
milk yield was high, however, during late lactation when milk yield was low, protein and fat content were higher 
(Mahmoud et al., 2014). 

4. Fat content and stages of lactation in goats 

The quality of milk is better explained by the fat and protein concentration (Quinn et al., 2006). Goat milk 
contains higher contents of long-chain fatty acids than cow milk (Juarez and Ramos, 1987). Additionally, goat milk 
contains a much higher proportion of the short and medium chain fatty acids in comparison to cow milk (Haenlein, 
2001).  Fat and total solid percentage was at its highest at the late stage of lactation and  followed by early stage  
and mid stage  of lactation. This variation could be explained by the negative correlation between milk yield with 
fat and total solid content (Merkhan, 2011). A similar trend was found earlier by Baker (2007), Agnihotri and 
Rajkumar, (2007), Mohammed et al. (2007), Guler et al. (2007) and  Rajkumar, (2007). Palmquist et al. (1993) 
reported that the variations in fat content were related to lactation stages in addition to  other various factors, 
such as, temperature, quantity of milk produced, breed and feed type. Milk fat showed a decline from week 1-8 in 
different goat breeds raised in the same environment in South Africa (Pambu et al., 2011). The behaviour of fat 
content showed a  decreased with advances in stage of lactation (Zahraddeen, et al., 2007). This was contray to 
reports by Beyene and Seifu (2005) who observed significant increase in the fat content of Borana goat with stage 
of lactation. This decline was also observed by Bouattour et al. (2008) who reported that the response of milk fat 
secretion is usually higher during early lactation because de novo lipogenesis is usually more active after peak 
lactation than before it. After peak lactation, dietary fatty acids would probably be partitioned more to the adipose 
tissues synthesis. However, Egbowon (2004) 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 lactaton; an inverse 
relationship with milk production similar to the case of protein content. Fat content was lowest in mid lactation 
and significantly increased in early and late lactation stages. The influence of stage of lactation on goat milk fat was 
reported by Bhosale et al., (2009). Earlier findings by Morand-Fehr et al. (2007) suggested that milk fat content was 
stable at the first stage and then decreased under the effect of dilution; this was also the opinion of Chilliard et al. 
(2003) indicated that milk fat content is high after parturition and decreases during the major part of lactation in 
goat, which was related to a decrease in fat mobilization. These explanations are all in agreement with Fernandez 
et al. (2008) who arguered that in general fat and protein content were greater at the beginning than at the end of 
lactation when milk volume decreased. Goat milk lipolysis and lipoprotein lipase activity vary considerably and in 
parallel across goat breeds or genotypes, and are low during early and late lactation, as well as when animals are 
underfed or receive a diet supplemented with protected or unprotected vegetable oils (Chilliard et al., 2003). This 
could contribute to decreases in the specific flavor of goat dairy products with diets rich in fat. The content of 
conjugated linoleic acid in goat milk increased significantly with the progress of lactation (Strzałkowska  et al., 
2009), but it was lower than that reported by Park et al. (2007). The level of short chain fatty acids in  goat milk 
reached its maximum at the start of lactation  and next dropped reaching a minimum during stage 3. This trend 
was in disagreement with observation by Soryal et al. (2005), who observed a high content of  short chain fatty 
acids at the beginning, and then in the last stage of lactation. The short chain fatty acids concentration in the milk 
of goats is important, as it decides about the palatability and sensory properties of milk and dairy products 
obtained (Eknes et al. 2009, Talpur et al. 2009). Conjugated linoleic acid concentration of milk fat during lactation 
from goats managed in a semi-intensive production system, which consisted of grazing on a woody and 
herbaceous pasture with the supplementation of mixed concentrate and vetch hay, did not vary significantly 
throughout the lactation. This was in agreement with the findings of Tsiplakou et al., (2006), however contrary to 
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obsrvation in  goats grazing on a 60 % Leguminosae and 40 % grass pasture which fluctuated significantly during 
lactation (D’Urso et al.,  2008). It was suggested that  the difference in milk conjugated linoleic acid content of 
goats between the  two  studies might be attributed to variations in botanical and chemical (especially poly 
unsaturated fatty acids) compositions of the pastures grazed by the goats. Atasoglu  et al., (2009)  reported that 
fatty acid composition of goat milk shows variations, depending upon  stage of lactation. The physiological and 
biochemical facts of the unique qualities of goat milk are just barely known and little exploited, especially not the 
high levels in goat milk of short and medium chain fatty acids, which have recognized medical values for many 
disorders and diseases of people (Haenlein, 2004). 

5. Lactose and stages in lactation in goats 

Higher content of lactose were observed at the beginning of lactation in comparison with middle of lactation 
(Bhosale et al., 2009). The lactose content was initially high (in the colostrum) but decreased significantly during 
the remainder of lactation. Similarly, Brendehaug and Abrahamsen (1986) found that lactose content decreased 
throughout lactation. Boros (1986) however observed that lactose was fairly constant over the lactation period 
showing no substantial changes. Lactose content showed the lowest value during early lactation and then 
significantly increased to attain the maximum value during mid and late lactation (Soryeal and El Shaer, 2006;   
Hassan et al.,  2010). The lactose content in the course of lactation was relatively the most constant of all 
components of milk which confirms its role as an osmotic regulator and a compensator for variations in all other 
components. Small variations were observed between lactation phases for lactose (Pina et al., 2006). Lactose is 
synthesized and secreted at the same rate as the milk, which makes it the most stable milk nutrient (Pulina et al., 
2008). Ahamefule et al., (2012) observed that lactose composition was fairly comparable in  two goat breeds, 
recorded lactose concentrations of 4.46, 4.62 and 4.60% in early, mid and late lactation stages in West African 
Dwarf goat which affirm the relative consistency of lactose in milk. Lactose is a disaccharide synthesized in the 
udder. It is composed of a molecule of galactose joined to a molecule of glucose. 

6. Nutritional requirements and stage of lactation in goats 

As it is known, nutritional value of milk is closely related with its composition, which is highly affected by 
factors such as  stage of lactation,  breed, feed, season, etc. (Meri et al., 1988; Haenlein, 1980).  Provision of 
appropriate dairy goat nutrition involves combining various feedstuffs into an acceptable and palatable ration to 
meet nutrient requirements for lactation in different stages The nutrients considered in dairy goat diet formulation 
are energy, protein, minerals, vitamins and water and these vary depending on the stage of lactation, gestation, 
growth and the season of the year. The balance of nutrients will determine the performance, health and financial 
gain from a dairy goat enterprise. According to Tovar-Luna, et al., (2010) efficiency of use of dietary metabolizable 
energy for lactation differed among stages of lactation and was greater for the higher concetrate diets. However, 
the recovered energy in tissue gain was similar among stages of lactation and between diets and was not different 
from 0. Early lactation  is a critical time for does because they need to be challenged, but dry matter intake lags 
behind the milk demand. Challenge or lead feeding is necessary to determine the genetic potential of  dairy 
mother. However, in mid lactation should concide with peak dry matter which is  approximately equal to nutrient 
requirements for milk production. However, in late lactation, grain feeding should be equal to milk production fed 
along with ad libitum good quality hay or forage. Milkers may need to gain extra weight to replenish body stores 
for the next lactation. It is more efficient to add extra weight to does in late lactation than in the dry period. Proper 
nutrition in dairy goats  is critical during dry period because mistakes can adversely affect the subsequent 
lactation. Three diets namely,  mountain natural rangelands during early lactation, agricultural pastures during 
mid-lactation, and indoor stall feeding during late lactation were tested to assess body weight, body condition and 
plasma metabolites as well as milk production (milk yield, milk fat and milk protein contents). At the end of 
lactation milk yield decreased in all feeding situations, proving  that  goats gave  priority to the body reserves 
through replenishment over milk production in order to ensure the next cycle (Kharrat et al., 2010). Dairy goat 
nutrition is the main factor in performance and production efficiency, and its study is necessary for the formulation 
of diets, to predict animal performance and to plan and to control the production system (Pina et al., 2006) at 
different stages of lactation. Therefore, when alternative feeds are included in the diet, the ability of the feed to 
influence the animal performance should be evaluated in relation to the stage of lactation. Goetsch et al. (2001) 
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reported that high levels of concentrate diet (65%) depressed milk yield in does in late lactation compared with a 
50% concentrate diet. High levels of concentrate diet that depress milk production during late lactation might not 
be true for efficiency of energy use and milk production over the entire lactation period in Alpine dairy goats (Min 
et al., 2005). 

7. Implications 

The significant stage of lactation effect in most studies  may have practical implications for  determining 
optimal feeding management to maximize total milk  yield througout the  lactation period. It seems by applying  
specific management practices, or a combination thereof, at any time during lactation, the farmer has tools to 
manipulate the performance of dairy goats at each lactation stage. It is suffice to suggest that appropriate 
management practices could be applied after peak lactation to increase milk yield, and perhaps slow down the rate 
of postpeak decline in milk yield, but can also be used to promote mammary involution near drying-off. Therefore, 
the  knowledge of physiological activities  during different stages of lactation  is critical to  goat  dairy nutrition and 
management decision support systems for optimization of dairy herd production processes. Details of physiological 
udder activities related to specific lactation stage are  important in milk production , and could  be used to identify 
and promote  the most productive animals in the flock. The prediction of annual milk production  within different 
lactation stages can assist dairy farmers in determining the efficiency of their farming operation in relation to their 
physical inputs resulting in a wider gross profit margin. 

References 

Addass, P.A., Tizhe,  M.A., Midau, A., Alheri, P.A., Yahya, M.M., 2013.  Effect of genotype, stage of lactation, season 
and parity on milk composition of goat, in Mubi, Adamawa State, Nigeria. Annal. Biolog. Res., 4 (8),248-252. 

Aganga, A.A., Amarteifo, J.O., Nkile, N., 2002. Stage of lactation on nutrient composition of Tswana sheep and goat 
milk. J. Food Comp. Analys., 15 (5), 533-543. 

Agbede, J.O.,  Ologun, A.G.,  Alokan, J.A., 1997.  Nigerian Journal of Animal Production.  24 (2), 175-179. 
Agnihotri, M. K., Rajkumar, V. 2007. Effect of breed, parity and stage of lactation on milk composition of western 

region goats of India. Inter. J. Dairy Sci., 2(2),172-177. 
Ahamefule, F.O., Ibeawuchi, J.A.,  Ejiofor, C.A., 2003. A comparative study of the constituents of cattle, sheep and 

goat milk in a hot humid env. Disc. Innov. 15(1/2), 64-68. 
Ahamefule, F.O.,  Odilinye, O.,  Nwachukwu, E.N., 2012.  Milk Yield and Composition of Red Sokoto and Wea Dwarf 

Does Raised Intensively in a Hot Humid Environment. Iran. J. Appl. Anim. Sci., 2(2),143-149. 
Akinsoyinu, A.O., Mba, A.U., Olubajo, F.O., 1977. Studies on milk yield and composition of the West African dwarf 

goat in Nigeria. J. Dairy Res., 44(1),57-62. 
Akinsoyinu, A.O., 1974. Studies on protein and energy utilization by West African Dwarf  goats . Ph. D Thesis. Univ. 

Ibadan, Nigeria. 
Andrade,  P.V.D., Schmidely, P.H., 2006. Influence of percentage of concentrate in combination with rolled canola 

seeds on performance, rumen fermentation and milk fatty acid composition in dairy goats. Livest. Sci., 104, 
77-90. 

Atasoglu, C., Uysal-Pala., C., Karagul-Yceer, Y., 2009.  Changes in milk fatty acid composition of goats during 
lactation in a semi-intensive production system. Arch. Tierzucht., 52(6),627-636.  

Baker, I.A., 2007. Studies on milk composition of black goat and meriz during lactation period. J. Univ. Duhok., 
10(2),65-69. 

Beyene, F.,  E Seifu, E., 2005.  Variations in quality and fermentation, properties of milk from local goats. Longston 
Univ. goat Res. Extens. 

Bhosale, S.S., Kahate, P.A., Kamble, K., Thakare, V.M., Gubbawar, S.G. 2009. Effect of lactation on physico-chemical 
properties of local goat milk. Veter. World. 2(1), 17-19. 

Bhosale, S.S., Kahate, P.A., Kapila, K., Thakare, V.M., Gubbawar, S.G., 2009. Effect of Lactation on   physico-
chemical properties of local goat Milk. Veter. World, 2(1), 17-19. 

Boros,  V., 1986.  Influence of the lactation period on variations in the levels of certain components of bulked goat 
milk. Inter. Dairy Federat. Bullet., 202, 81-83.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Akinsoyinu%20AO%5BAuthor%5D&cauthor=true&cauthor_uid=558234
http://www.ncbi.nlm.nih.gov/pubmed?term=Mba%20AU%5BAuthor%5D&cauthor=true&cauthor_uid=558234
http://www.ncbi.nlm.nih.gov/pubmed?term=Olubajo%20FO%5BAuthor%5D&cauthor=true&cauthor_uid=558234
http://www.ncbi.nlm.nih.gov/pubmed/558234


N. Assan / Scientific Journal of Animal Science (2014) 3(12) 291-300 

  

297 

 

  

Bouattour, M.A., Casals, R., Albanell, E., Such, X., Caja, G., 2008. Feeding Soybean oil to dairy goats increases 
conjugated linoleic acid in milk. J. Dairy Sci., 91(6),2399- 2407. 

Brendehaug,  J., Abrahamsen, R.K., 1986. Chemical Composition of Milk from a herd of Norwegian goats. J. Dairy 
Res., 53, 211-221. 

Cannas, A., Nudda, A., Pulina, G., 2002. Nutritional strategies to improve lactation persistency in dairy ewes. In, 
Proceedings of the 8th Great Lakes Dairy Sheep Symposium, Ithaca, 7-9 November, 2002. Cornell Univ., 
Ithaca, New York, pp. 17-59.  

Carnicella, D., Maria, M.D., Ayres, C.C., Laudadio, V., Dario, C., 2008. The effect of diet, parity, year and number of 
kids on milk yield and milk composition in Maltese goat. Small Rum. Res., 77,71-74. 

Charnobai, C.A.,Damasceno, J.C., Vise, J.V., Souza, M.E.D., Matsushita, M., 1999. Physical-chemical composition of 
Mathura goat milk from cross Saanen throughout lactation period. Archivas Latina Americanos-de-Nutrician., 
49 (3), 283-286. 

Chilliard,  Y., Ferlay, A., Rouel, J., Lamberet, G., 2003. A review of nutritional and physiological factors affecting goat 
milk lipid synthesis and lipolysis. J. Dairy Sci., 86(5),1751-70. 

Chilliard, Y., Ferlay, A., Rouel, J., Lamberet, G., 2003. A review of nutritional and physiological factors affecting goat 
milk lipid synthesis and lipolysis. J. Dairy Sci., 86, 1751-70. 

Cismaş, T.,  Acatincăi, S., Cziszter, L.T.,  Erina, S., Baul, S., Tripon, I., Răducan, G., 2012. Study regarding the 
influence of parity, age at first calving and farm management on the milk yield and composition in Romanian 
Black and White cows. Scientific Papers. Anim. Sci. Biotechnolog., 45(2),289. 

Crepaldi, P., Corti, M., Cicogna, M., 1999.  Factors affecting milk production and prolificacy of Alpine goats in 
Lombardy (Italy). Small Rum. Res., 32, 83-88. Devendra C and Mcleroy G B 1988 Sheep and goat production in 
the tropics. ELBS Longman Ltd, Singapore, pp 271. 

D’Urso, S., Cutrignelli, M.I., Calabro, S., Bovera, F., Tudisco, R., Piccolo, V., Infascelli, F., 2008. Influence of pasture 
on fatty acid profile of goat milk. J Anim Physiol Anim Nutr 92, 405-10. 

Darwesh, K.A., Merkhan, K.Y., Buti, E.T.S., 2013. Impact of lactation stage on the body condition and milk quality of 
Black goat. Inter. J. Agr. Food Res., 2(2),48‐52. 

Economides, S., Louca, A., 1981. In, Nutrition and Systems of goat feeding, International Symposium, Tours-France 
May, 1981.Ed. P. Morand-Fehr, A Bourbouze and D. de Simiane. 

Ehoche, O.W., Buvanendran, V., 1983. The yield and composition of milk and pre-weaning growth rate of Red 
Sokoto goats in Nigeria. World Rev. Anim. Product., 19,19-24. 

Fernandez, M., Castillo-Juarez, H., Gonzalez-Montana, J.R., Fernandez, F.J., Castaneda, V.H., Saltijeral-Oaxaca, J.A., 
2008. Somatic cell counts and quality of goat milk produced in the central region of Mexico. J. Dairy Sci., 2,45-
50. 

Flamant, J.C.,  Morand-Fehr, P., 1982. Milk production in sheep and goats. Page 275 in Sheep and Goat Production. 
I. E. Coop, ed. Elsevier, Amsterdam, The Netherlands. 

Gall, C., 1981. Milk production. Page 10 in Goat Production. C. Gall, ed. Acad. Press, New York, NY. 
Gorecki, M.T., Wojtowskim, J., Kaczmarek, P., Dankow, R., Cais-Sokolinska, D., Nowak, K.W., 2004. Concentrations 

of progesterone and 17β-estradiol in blood and milk and those of natural inhibitors in milk of goats in various 
physiological stages. Arch Tierz 47 SI, 90-6. 

Guler, Z., Keskin, M., Masatcioglu, T., Gul, S., Bicer, O., 2007. Effects of breed and lactation period on some 
characteristics and free fatty acid composition of raw milk from Damascus goats and German Fawn X Hair 
goat B1 crossbreds. Turk. J. Veter. Anim. Sci., 31(5), 347-354. 

 Haenlein, G.F.W.,  2001. Past, present and future perspectives of small ruminant dairy research. J. Dairy Sci., 84, 
2097–2115. 

Haenlein, G.F.W., 1980. Mineral nutrition of goats. J. Dairy Sci., 63, 1729-1748. 
Haenlein, G.F.W., 2004. Goat milk in human nutrition. Small Rum. Res., 51,155-1. 
Haenlein, G.F.W., Wendorff, W.L., 2006. Sheep Milk – Production and Utilization of Sheep Milk. In, Handbook of 

Milk of Non-Bovine Mammals. Blackwell Publishing Professional, Oxford, UK, and Ames, Iowa, USA, 137-194. 
Harding, F., 1999. Milk quality. In, Food Science. 2nd Edn., Chapman and Hall, Aspen., pp, 65-67, 75-76. 
Ibeawuchi,  J.A., Ahamefule,  F.O.,  Ringim, I.A., 2003. The influence of lactation stage on the milk constituents of 

Sahelian goats. Niger. J. Anim. Product., 30(2), 259-264. 
Jennes, P., 1980. Composition and characteristics of goat milk. Review 1968-1979. J. Dairy Sci.,  63,1605-1630. 

javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
http://www.ncbi.nlm.nih.gov/pubmed?term=Chilliard%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12778586
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferlay%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12778586
http://www.ncbi.nlm.nih.gov/pubmed?term=Rouel%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12778586
http://www.ncbi.nlm.nih.gov/pubmed?term=Lamberet%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12778586
http://www.ncbi.nlm.nih.gov/pubmed/12778586


N. Assan / Scientific Journal of Animal Science (2014) 3(12) 291-300 

  

298 

 

  

Juarez, M., Ramos, M., 1987. Physico-chemical characteristics of goat's milk as distinct from those of cow's milk. 
Inter.  Dairy Fed., 202, 54–67.  

Kanwal, R., Ahmed, T., Mirza, B., 2004. Comparative analysis of quality of milk collected from buffalo, cow, goat 
and sheep of Rawalpindi/Islamabad region in Pakistan. Asian J. Plant Sci., 3,300-305. 

Karapehlivan, M., Atakisi, E., Atakisi O., Yucart, R., Pancarci, S. M. (2007). Blood biochemical parameters during the 
lactation and dry period in Tuj ewes. Small Rum. Res., 73, 267-271. 

Katanos, J., Skapetas, B., Laga, V., 2005. Machine milking ability and milk composition of some imported dairy goat 
breeds and some crosses in Greece. Czech J. Anim. Sci., 50(9), 394-401.  

Keskin, M., Avsar, Y.K., Bicer, O., Guler, M.B., 2004. A Comparative study on the milk yield and milk composition of 
two different goat genotypes under the climate of the eastern Mediterranean. Turk. J. Vet. Anim. Sci., 28, 
531-536. 

Kharrat, M.,  Bocquier, F., 2010.  Impact of indoor feeding at late lactation stage on body reserves recovery and 
reproductive performances of Baladi dairy goats fed on pastoral system. Small Rum. Res., 90(1–3),127–134. 

Knight, C.H., 1995. The environment of the mammary secretory cell. Page 1 in Intercellular Signalling in the 
Mammary Gland. C. J. Wilde, M. Peaker, and C. H. Knight, ed. Plenum Press, London, United Kingdom. 

Knight, C.H., Wilde, C.J., 1993. Mammary cell changes during pregnancy and lactation. Livest.  Product. Sci., 35(1-
2),3–19. 

Komprej, A., Gorjanc, G., Kompan, D.,  Kovač, M., 2012.  Lactation curves for milk yield, fat, and protein content in 
Slovenian dairy sheep. Czech J. Anim.  Sci., 57(5), 231–239. 

 Krajnicakova, M., Kovac, G., Kostecky, M., Valocky, I., Maracek, I., Šutiakova, I., Lenhardt, L., 2003. Selected 
clinical-biochemical parameters in the puerperal period of goats. Bullet. Veter. Inst. Pulawy., 47, 177-182. 

Krzyzewski, J., Strzalkowska, N., Jozwik, A., Bagnicka, E., Horbanczuk, J.O., 2009. Nutritive value and functional 
properties of goat milk. Proc. Inter. Confer. Impr. Qual. Anim. Products Obtained in Sustainable Production 
Systems with Special Reference to Bioactive Components and their Benefit for Human Health. Jastrzębiec, 14-
15 May 2009, 41-48. 

Kuchtik, J., ,Šustova, K., Urban, T.,  Zapletal, D., 2008. Effect of the stage of lactation on milk composition, its 
properties and the quality of rennet curdling in East Friesian ewes. Czech J. Anim. Sci., 53(2), 55–63. 

Laes-Fettback, C., Peters, K.J., 1995. A comparative study of performance of Egyptian goat breeds 1. Reproductive 
and dairy performance. Arch. Tierz. Dummerstorf., 38, 93-102. 

Lafuente, A.,  Falaga’n, A., Urrutia, B., Carrizosa, J.A., 1993. Notas preliminares lactaciones normalizadas de cabras 
Murciano-Granadinas en Murcia, II. Efecto nu´mero de parto. Inf. Te´c. Econ. Agraria. Prod. Anim., 
12(Suppl.),6. 

Leibetseder, J., 1996. Influence on the composition of animal fat by nutrition. Arch Tierz 39, 333-45 [in German]. 
Lindmark-Mansson, H., Svensson, U., Paulsson, M.,  Alden, G., Frank, B., Johnsson, G., 2000. Influence of milk 

components,  somatic cells and supplemental  zinc on milk processability. Inter. Dairy  J., 10, 423-433. 
Mabjeesh, S.J., Kyle, C.E., MacRae, J.C., Hanigan, M.D., Bequette, B.J., 2002. Vascular sources of amino acids for 

milk protein synthesis in goats at two stages of lactation. J. Dairy Sci., 85(4),919-29. 
Mahmood, A., Sumaira, U., 2010. A comparative study on the physicochemical parameters of milk samples 

collected from buffalo, cow, goat and sheep of Gujrat, Pakistan. Pakistan J. Nutrit., 9 (12), 1192-1197. 
Mahmoud, N.M.A., El Zubeir, I.E.M., Fadlelmoula, A.A., 2014. Effect of Stage of Lactation on Milk Yield and 

Composition of First Kidder Damascus does in the Sudan. J. Anim. Product. Adv., 4(3), 355-362.  
Malau-Aduli, B.S., Eduvie, I.O., Lakpini, C.A.M., Malau-Aduli, A.E.O., 2001. Effects of supplementation on the milk 

yield of Red Sokoto does. Proc. Annu. Confer. Niger. Soc. Anim. Product., March 2001, ABU, Zaria, Nigeria, pp 
353-355.  

Malau–Aduli, B.S., Eduvie, I.O., Lakpini, C.A.M., Malau–Aduli, E.O., 2001. Effects of supplementation on the milk 
yield of Red Sokoto does. Proc. Annu. Confer. Niger. Soc. Anim. Product., March 2001, ABU, Zaria, Nigeria, pp 
353–355. 

Martinez-Parra, P.A., Heberbe, M., Saenz, P., Byerly, K.F., Thomas, N., 1981. In , Nutrition and Systems of goat 
feeding, Symposium International, Tours, France. 12–15 May, 1981. Ed; P. Morand-Fehr, A; Bourbouie and M. 
de Simiane. 

Martini, M., Caroli, A., 2003. Evaluation of ovine milk clotting aptitude. Italian  J. Anim. Sci., 2, 89–95. 

http://www.sciencedirect.com/science/article/pii/S0921448810000556
http://www.sciencedirect.com/science/article/pii/S0921448810000556
http://www.sciencedirect.com/science/journal/09214488
http://www.sciencedirect.com/science/journal/09214488/90/1
http://www.ncbi.nlm.nih.gov/pubmed?term=Mabjeesh%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=12018437
http://www.ncbi.nlm.nih.gov/pubmed?term=Kyle%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=12018437
http://www.ncbi.nlm.nih.gov/pubmed?term=MacRae%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=12018437
http://www.ncbi.nlm.nih.gov/pubmed?term=Hanigan%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=12018437
http://www.ncbi.nlm.nih.gov/pubmed?term=Bequette%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=12018437
http://www.ncbi.nlm.nih.gov/pubmed/12018437


N. Assan / Scientific Journal of Animal Science (2014) 3(12) 291-300 

  

299 

 

  

Mba, A.U., Boyo, B.S., Oyenuga, V.A., 1975. Studies on the milk composition of West African dwarf, Red Sokoto and 
Saanen goats at different stages of lactation. I. Total solids, butterfat, solids-not-fat, protein, lactose and 
energy contents of milk. J. Dairy Res., 42(2),217-26. 

Merin, U., Rosenthal, I., Maltz, E., 1988. The composition of goat milk as affected by nutritional parameters. Milc-
hwissenschaft., 43, 363-365. 

Mestawet, T.A., Girma, A., Ådnøy, T., Devold, T.G., Narvhus, J.A., Vegarud, G.E., 2012. Milk production, 
composition and variation at different lactation stages of four goat breeds in Ethiopia. Small Rum. Res., 
105(1–3),176–181. 

Min, B.R., Hart, S.P., Sahlu, T., Satter, L.D., 2005.The Effect of Diets on Milk Production and composition, and on 
lactation curves in pastured dairy Goats. American Dairy Science Association. J. Dairy Sci., 88,2604–2615. 

Mioc, B., Prpic, Z., Vnucec, I., Barac, Z., Samarzija, D., Pavicm, V., 2008. Factors effecting milk yield and 
composition. Mljekarstvo., 58, 305-313. 

Mohammed, S.A., Sulieman, A.h., Mohammed, M.E., Siddg, F., Sir, E., 2007. A study on the milk yield and 
compositional characteristics in the Sudanese Nubian Goat under farm condition. J. Anim.  Veter. Adv., 6,328-
334. 

Morand-Fehr, P., Sauvant, D., 1978. Livest. Product. Sci., 5, 203–213. 
Morand-Fehr, P., Sauvant, D., 1980. J. Dairy Sci., 63, 1671–1680. 
Morand-Fehr, P., Blanchart, G., Le Mens, P., Remeuf, F., Sauvant, D., Lenoir, J., Lamberet, G., Le Jaouen, J.C., Bas, 

P., 1986. Donne´es recentes sur la composition du lait de che`vre. lle`mes J. Rech. Ovine Caprine., 11,253. 
Nazifi, S., Saeb, M., Ghavami, S.M., 2002. Serum lipid profile in Iranian fat-tailed sheep in late pregnancy, at 

parturition and during the post-parturition period. J. Veter. Med., 49, 9-12. 
Oravcova, M., Margetin, M., Peškovičova, D., Daňo, J., Milerski, M., Hetenyi, L., Polak, P., 2006. Factors affecting 

milk yield and ewe’s lactation curves estimated with test-day models. Czech J. Anim. Sci., 51,483–490. 
Oravcova, M., Margetin, M., Peškovičova, D., Daňo, J., Milerski, M., Hetenyi, L., Polak, P., 2007. Factors affecting 

ewe’s milk fat and protein content and relationships between milk yield and milk components. Czech J. Anim. 
Sci., 52,189–198. 

Palmquist, D.L., Beaulieu, A.D.,  Barbano, D.M., 1993.  Milk fat synthesis and modification. J. Dairy Sci., 76, 1753-
1771. 

Pambu, R.G., Webb, E.C., Mohale, L., 2011. Differences in Milk Yield and Composition of Different Goat Breeds 
Raised in the Same Env. South Africa. 6(5),237-242. 

Park, Y.W., Juarez, M., Ramos,  M., Haenlein, G.F.W., 2007. Physico-chemical characteristics of goat and sheep 
milk. Small Rum. Res., 68, 88-113. 

Pavić, V., Antunac, N., Mioč, B., Ivanković, A., Havranek, J.L., 2002. Influence of stage of lactation on the chem. 
composition and physical properties of sheep milk. Czech J. Anim. Sci., 47,80–84. 

Pedauye, J., 1989. Curvas de lactacio´n y composicio´n en cabras de raza Murciano-Granadina. An. Vet. Murcia 5,3. 
Pina, D.S., Valadares, F.S.C., Valadares, R.F.D., 2006. Consumo e digestibilidade aparente total dos nutrientes, 

produção e composição do leite de vacas alimentadas com dietas contendo diferentes fontes de proteína. 
Rev. Bras. Zootecnia. 35(4),1543-1551. 

Pollott, G.E., 2004. Deconstructing milk yield and composition during lactation using biologically based lactation 
models. J. Dairy Sci., 87, 2375-2387. 

Pulina, G., Nudda, A., Battacone, G., 2008.  Nutrition and quality of goat's Milk. In, Cannas, A.; Pulina,  G. (Eds.) 
Dairy goats feeding and nutrition. 2.ed. Bologna, 2008. p.1-30.  

Quinn, N., Killen, L., Buckley, F., 2006. Modelling fat and protein concentration curves for Irish dairy cows. Irish J. 
Agr. Food Res., 45, 13–23, 2006. 

Rashmi, A., Bhojak, N., Rajani, J., 2013. Comparative aspects of goat and cow milk. Inter. J. Eng. Sci. Invent., 2(1),7-
10. 

Schmidt, G.H., Van Vleck, L., 1974 . Principles of dairy science. W.H. Freeman and Co, San Francisco, California. 
Shiarma, K., 1982. In, Proc. 3rd International  Conference of Goat Production and Disease. Tuscon, Arizona, U.S.A. 
Singh, G., Sharma, R.B., Kumar,  A., Chauhan, A., 2014. Effect of Stages of Lactation on Goat Milk Composition 

under Field and Farm Rearing Condition. Adv. Anim. Veter. Sci., 2 (5), 287 – 291. 
Skjevdal, T., 1982. In, Proc. 3rd International  Conference of  Goat Production and Disease, Tuscon, Azizona., U S.A. 

pp 105–108. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Mba%20AU%5BAuthor%5D&cauthor=true&cauthor_uid=1141476
http://www.ncbi.nlm.nih.gov/pubmed?term=Boyo%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=1141476
http://www.ncbi.nlm.nih.gov/pubmed?term=Oyenuga%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=1141476
http://www.sciencedirect.com/science/article/pii/S0921448811004536
http://www.sciencedirect.com/science/article/pii/S0921448811004536
http://www.sciencedirect.com/science/article/pii/S0921448811004536
http://www.sciencedirect.com/science/article/pii/S0921448811004536
http://www.sciencedirect.com/science/article/pii/S0921448811004536
http://www.sciencedirect.com/science/article/pii/S0921448811004536
http://www.sciencedirect.com/science/journal/09214488/105/1
http://scialert.net/asci/author.php?author=Roger%20G.&last=Pambu
http://scialert.net/asci/author.php?author=E.C.&last=Webb
http://scialert.net/asci/author.php?author=L.&last=Mohale


N. Assan / Scientific Journal of Animal Science (2014) 3(12) 291-300 

  

300 

 

  

Stelwagen, K., 2001. Effect of Milking Frequency on Mammary Functioning and Shape of the Lactation Curve. J. 
Dairy Sci., 84(Suppl ), 204–211. 

Stojević, Z., Piršljin, J., Milinković-Tur, S., Zdelar-Tuk, M., Beer Ljubić, B., 2005.  Activities of AST, ALT and GGT in 
clinically healthy dairy cows during lactation and in the dry period. Veter. Arhiv., 75, 67–73. 

Strzałkowska, N., Jóźwik, A., Bagnicka, E.,  Krzyżewski, J., Horbańczuk, K., Pyzel, B., Horbańczuk, J.O., 2009. 
Chemical composition, physical traits and fatty acid profile of goat milk as related to the stage of lactation. 
Anim. Sci. Paper. Rep., 27(4),311-320. 

Strzalkowska, N., Jozwik, A., Bagnicka, E., Krzyzewski, J., Horbanczuk, K., Pyzel, B., Horbanczuk, J.O., 2009. Chemical 
composition, physical traits and fatty acid profile of goat milk as related to the stage of lactation. Anim. Sci. 
Paper. Rep., 27(4), 311-320. 

Swalve, H.H., 1995. Test day models in the analysis of dairy production data – a review. Arch Tierz., 38, 591–612. 
Tovar-Luna, I., Puchala, R., Sahlu, T., Freetly, H.C., Goetsch, A.L., 2010. Effects of stage of lactation and dietary 

concentrate level on energy utilization by Alpine dairy goats. J. Dairy Sci., 93(10),4818-28. 
Tsiplakou, E., Mountzouris, K.C., Zervas, G., 2006. Concentration of conjugated linoleic acid in grazing sheep and 

goat milk fat. Livest. Sci., 103,74-84. 
Ueckermann, L., Joubert, D.M.,  van der Stein, G.J., 1974. The milking capacity of Boer goat does. World Rev. Anim. 

Product., 10(4),73-83. 
Wojtowski, J., Dankow, R., Gut, A., Pikul, J., Slosarz, P., Stanisz, M., Steppa, R., 2001. Fatty acid composition and 

cholesterol content of sheep and goat milk fat during lactation. Arch. Tierz., 44, 299-308. 
Wood, P.D.P., 1976. Algebraic models of the lactation curves for milk, fat and protein production,with estimates of 

seasonal variation. Anim. Product., 22, 35–40. 
Wuschko, S., Seifert, H., 1992. Lactation curve, milk yield and milk composition in African Dwarf Goats’. Reihe 

Agrarw., 41, 49-55. 
Yamazaki, T., Takeda, H., Nishiura, A., Togashi, K., 2009.  Relationship between the lactation curve and udder 

disease incidence in different lactation stages in first-lactation Holstein cows. Anim. Sci.J., 80(6),636-43. 
Zahraddeen, D., Butswat, I.S.R., Mbap, S.T., 2007. Evaluation of some factors affecting milk composition of 

indigenous goats in Nigeria. Livest. Res. Rur. Dev., 19 (11). 
Zehra, G., Mahmut, K.,  Tu.rul, M.,  Sabri, G.,  Osman, B., 2007. Effects of breed and lactation period on some 

characteristics and free fatty acid composition of  raw milk from Damascus Goats and German Fawn × Hair 
Goat B1 Crossbreds. Turk. J. Vet. Anim. Sci., 31(5), 347-354. 

javascript:void(0);
http://www.journalofdairyscience.org/issue/S0022-0302%2801%29X7008-2
http://www.ncbi.nlm.nih.gov/pubmed?term=Tovar-Luna%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20855015
http://www.ncbi.nlm.nih.gov/pubmed?term=Puchala%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20855015
http://www.ncbi.nlm.nih.gov/pubmed?term=Sahlu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20855015
http://www.ncbi.nlm.nih.gov/pubmed?term=Freetly%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=20855015
http://www.ncbi.nlm.nih.gov/pubmed?term=Goetsch%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=20855015
http://www.ncbi.nlm.nih.gov/pubmed/20855015
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamazaki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20163652
http://www.ncbi.nlm.nih.gov/pubmed?term=Takeda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20163652
http://www.ncbi.nlm.nih.gov/pubmed?term=Nishiura%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20163652
http://www.ncbi.nlm.nih.gov/pubmed?term=Togashi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20163652
http://www.ncbi.nlm.nih.gov/pubmed/20163652
http://www.lrrd.org/lrrd19/11/cont1911.htm

