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Coconut oil has been used to improve feed intake and lactation performance in 
dairy cattle. However, there was no information of coconut oil supplementation in crossbred 
dairy goat under tropical condition. Therefore, the current study designed to investigate the 
effect of coconut oil supplementation on eating behavior and lactation performance in 
crossbred dairy goat during early lactation. Ten crossbred Saanen goats were used in the 
current experiment. Before parturition, animals were randomly divided into two groups of 
five animals each. Diets were control diet (without coconut oil supplementation) and 
experimental diet (with 2% coconut oil supplementation). Both diets were isoenergetic and 
isonitrogenous. Each goat was fed ad libitum twice daily as total mix ration (TMR) with free 
access to water. Dry matter intake (DMI), water intake (WI) and milk yield (MY) of each animals 
were measured every day throughout experiment. Meal pattern of each animal was recorded 
at day 25 post-partum. Blood samples were collected at one week before parturition, week 
3 and 5 post-partum. DMI, dry matter intake/body weight (DMI/BW), WI, nutrient digestibility, 
nitrogen metabolism, milk yield were not significant difference in both groups. In addition, 

concentration of blood glucose, plasma non-esterified fatty acid (NEFA), plasma β-
Hydroxybutyrate (BHBA) and cortisol hormone were not affected by coconut oil 
supplementation. However, coconut oil supplementation increased milk fat and protein 
composition. The results from meal pattern revealed that coconut oil supplementation 
increased significantly meal size and duration of crossbred Saanen dairy goat. The latter 
information suggested that 2% coconut oil supplementation may influence the palatability 
of diet fed to crossbred Saanen dairy goat. 
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CHAPTER 1 
INTRODUCTION 

Milk and product from milk are good food for human consumption. The milk 
production of dairy animal is limited by energy and nutrition content of diet, feed 
intake and digestibility (Allen, 2000). During early lactation period, dairy animals require 
high energy for maintenance and production, but their feed intake is reduced (Herdt 
et al., 1988; Grummer, 1991). Many studies have been conducted to improve lactation 
performance during early lactation by dietary supplementation. Fat supplementation 
has been suggested because it is the direct way to increase both energy intake and 
utilization efficiency (Chilliard, 1993). Fat supplementation increased milk production 
in both cattle and goat (Chilliard et al., 2003; Mele et al., 2010). In dairy goat, milk 
production when fat supplementation increased in early lactation, but it was not 
increased in mid and late lactation (Chilliard et al., 2003). In dairy goat, fat 
supplementation increased milk protein and fat content (Ollier et al., 2009; Mele et 
al., 2010), but milk protein content was reduced when fat supplementation in dairy 
cattle (Chilliard, 1993).  

The effect of fat supplementation on milk yield and composition relate with 
effect of fat on feed intake and nutrient digestibility (Coppock and Wilks, 1991; Doreau 
and Chilliard, 1997). Unfortunately, fat supplementation reduced DMI (Chilliard, 1993) 
and NDF digestibility in dairy cattle, but reduction in DMI when fat supplementation 
has not been shown in small ruminant as sheep and goat (Rossell, 1985; Martínez 
Marín et al., 2013). In dairy cattle supplemented with fat that contained high 
unsaturated fatty acid decreased DMI and meal size (Harvatine and Allen, 2006). 
Coconut oil is one of coconut by products (Storry et al., 1974; Lee et al., 2011; 
Hollmann and Beede, 2012) and it contains mainly saturated fatty acid (Rossell, 1985). 
Previous study found that coconut oil supplementation did not change DMI (Hristov et 
al., 2009), whereas other found that DMI was reduced in dairy cattle (Lee et al., 2011; 
Hollmann and Beede, 2012). In dairy cattle, effect of coconut oil supplementation on 
DMI was varied and depended on level of coconut oil in diet (Hristov et al., 2009). 
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Coconut oil supplementation at high level (4 or 5%) decreased DMI, while the low 
level of coconut oil supplementation (2 or 3%) decreased DMI in next two to six day 
of experiment (Hollmann and Beede, 2012). The difference in DMI when different level 
of coconut supplementation may be caused by palatable of diet when fed to dairy 
cattle (Hollmann and Beede, 2012) as a result eating behavior may be affected by 
coconut oil. 

Although, many studies observed the effect of coconut oil supplementation 
on feed intake and lactation performance. However, the effect of coconut oil 
supplementation on lactation performance and eating pattern in dairy goat fed under 
tropical condition has not been investigated. In addition, the project aimed firstly at 
the effect of coconut oil supplementation on lactation performance and secondly on 
meal pattern during early lactation. The current experiment will provide the important 
information of the coconut oil supplementation effect in crossbred dairy goat fed 
under hot and humid condition of Thailand. 
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CHAPTER 2 
LITERATURE REVIEW 

2.1. Eating behavior and meal pattern 

Eating behavior of ruminant has been studied for a long time (Ungar, 1996). This 
behavior consist of the two main activities in ruminant including eating and ruminating 
(Abijaoudé et al., 2000). In all living organism, the spontaneous eating pattern could 
be measured using an automatic weighing system and the variables consist of meal 
size, duration, rate and inter-meal interval. Research on eating behavior in ruminant 
focus mainly on effect of diet on satiation which is indicated in part by meal size and 
duration. The effect of diet on hunger is indicated by inter-meal interval, but less 
researches has been conducted about it (Allen, 2000). Dietary characteristics, 
management, housing, environment, and individual animal were factor affecting meal 
pattern (Dado and Allen, 1995). In ruminant, meal pattern differs between species and 
it has been recorded by visual observation techniques or advances in technology via 
electrical balance and recording by computer (Nielsen, 1999; Haddad and Husein, 
2004). In goat, the new technology of electronic scale and computer programing 
supported the measurement of meal pattern in whole day (Nielsen, 1999). The 
variables from meal pattern are importance factor for estimate the DMI in ruminant 
(Senn et al., 1995). 

2.2. Effect of fat supplementation on dry matter intake and nutrient digestibility 

Fat supplementation had the negative effect on DMI (Chilliard, 1993). Negative 
effect on DMI when fat supplementation is variation in ruminant species, it happens in 
cow more than in ewe and goat (Martínez Marín et al., 2013). Soybean oil 
supplementation with 2.5 and 4.0% were no effect on DMI of dairy goat (Bouattour et 
al., 2008; Mele et al., 2010). In another vegetable oil source, Ollier et al. (2009) found 
that 4.4% sunflower oil supplementation did not decrease DMI in dairy goat. 

Reduction of DMI when fat supplementation could relate with effect of fat on rumen 
activity and gut hormones secretion (Allen, 2000). Ruminant animals reduce the eating 
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time and DMI, because negative effect of fat in rumen activity increases ruminating 
time (Martínez Marín et al., 2013). Fat supplementation reduces emptying rumen due 
to appearance of long chain fatty acid in rumen (Chilliard, 1993). In dairy cow 
supplemented with fat, gut peptides concentration as insulin and cholecystokinin (CCK) 
were decreased and increased, respectively (Choi and Palmquist, 1996). Negative effect 
of CCK on DMI comes from the satiety effect of brain (Reidelberger, 1994). The satiety 
effect from brain could stimulate by oxidation of fat in the liver, but it did not show in 
the ruminants (Allen, 2000). So, the negative effect of fat on DMI related with 
hypophagic effect which stimulated by satiety signal from brain. The connection 
between DMI and nutrient digestibility have been suggested, but data was variation in 
this area. In dairy cow, DMI was no difference while DM digestibility was lower in fat 
diet compare with control diet (Murphy et al., 1987). 

Fat supplementation reduced neutral detergent fiber (NDF) digestibility due to 
reduction on microorganism digestion in fiber coating with fat and negative effect of 
fat on rumen microorganism (Palmquist and Jenkins, 1980). Organic matter intake and 
NDF were reduced when fat supplementation (Pantoja et al., 1994). Organic matter 
(OM) and neutral detergent fiber digestibility (NDFD) were reduced when 
supplemented fat in diet. In dairy cow, sunflower seed with 4.1% reduced 18% of 
organic matter digestibility (OMD) (Beauchemin et al., 2009) and 5% of saturated tallow 
decreased 43.8% to 51.4% of NDF rumen digestibility (Pantoja et al., 1994). 

2.3. Effect of fat supplementation on lactation performance 

Dietary fat supplementation can affect lactation performance on both yield and major 
milk compositions (Chilliard et al., 2001). Fat supplementation apparently influences 
milk yield in 2 different ways. First, the high energy density in dietary fat has been 
shown to improve energy balance and thereby increasing in milk yield. Fat 
supplementation with 1.6 - 3.2% increased milk yield (Chilliard et al., 2001).  However, 
fat supplementation has been shown to produce the negative effect on DMI and 
digestion. The latter mechanism of dietary fat on MY seems to be the indirect effect 
via DMI and depends on the percentage of fat.  In goat, milk yield and DMI of animal 
were reduced when diet supplemented with 3% tuna oil (Kitessa et al., 2001).  
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In dairy goat, milk fat composition is higher in early lactation period than 
another period (Chilliard et al., 2003). Higher milk fat composition after parturition 
come from increase milk yield and available of plasma NEFA from fat mobilization for 
milk fat synthesis (Chilliard et al., 2003). The effect of fat supplementation on milk fat 
composition is partially influenced by the effects of fat in the rumen (Emmanuel, 1974; 
Emmanuel, 1978). The effect of fat supplementation on milk fat composition related 
with degree of protection fat sources (Martínez Marín et al., 2013). Protected fat sources 
increased amount of milk fat, while non-protected fat sources decreased milk fat 
content (Martínez Marín et al., 2013). Reduction of milk fat when non-protected fat 
supplementation come from negative effect of non-protected fat on rumen 
fermentation and concentration of acetate (Martínez Marín et al., 2013). The reduction 
of milk fat content when fat supplemented in dairy animals related with amount of 
unsaturation fatty acid in fat sources. Milk fat content was reduced 0.26% with 12.7% 
of extruded linseed (Gonthier et al., 2005) and 0.31% with 20% of sunflower seeds in 
diet (Casper et al., 1988). The unsaturation fatty acid reduced milk fat composition due 
to inhibit effect of unsaturation fatty acid on de novo synthesis of fatty acid in 
mammary gland  (Chilliard et al., 2000). The response of cow, ewe and goat on milk 
fat content when fat added in diet were difference, ewe and goat increased milk fat 
content but it was not in dairy cow (Martínez Marín et al., 2013). In addition, in ewe, 
milk fat content was higher in early lactation than in late lactation. In opposite, milk 
fat content in dairy goat during early lactation (0.6 ± 0.1 g of fat/kg of milk) was lower 
than mid lactation (1.0 ± 0.2 g of fat/kg of milk) (Teh et al., 1994; Mir et al., 1999; 
Brown-Crowder et al., 2001; Bernard et al., 2005; Bouattour et al., 2008; Rapetti et al., 
2009). 

Milk protein content of cow and ewe were decreased by fat supplementation, 
but dairy goat fed with fat supplementation did not show reduction of protein content 
in milk (Martínez Marín et al., 2013). In cow, 3.5% fat supplementation decreased milk 
protein content, and 7% fat supplementation significantly reduced the ratio of casein 
in total nitrogen (DePeters and Cant, 1992). Fat supplementation could reduce 1.6 g 
protein/kg milk and 1.5 casein g/kg milk in dairy cow (Martínez Marín et al., 2013). 
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However, reduction of milk protein when fat supplementation does not usually 
happen in small ruminant, spectacularly goat (Sanz Sampelayo et al., 2007). In dairy 
goat, milk protein content was not depress when supplemented with 2.5% of soybean 
oil and with 4.4% of sunflower oil (Bouattour et al., 2008; Ollier et al., 2009). Lower 
milk protein content when fat supplementation manipulated by a simple dilution 
effect, because fat supplementation had an insufficiency of amino acid which was 
sources for protein synthesis (Smith et al., 1981; Wu and Huber, 1994). In another hand, 
an increase of gluconeogenesis from amino acid due to reduction of propionate 
concentration (Smith et al., 1981) or a decrease of rumen microbial protein population 
(Coppock and Wilks, 1991) occurs when fat supplementation. Another reason for the 
negative effect of fat on milk protein ratio comes from decrease amount of amino acid 
uptake in mammary glands because of reduction in release of insulin (Mackle et al., 
2000). A simple dilution effect, glucose metabolism or release of insulin has been 
suggested as some hypothesis to explain for negative effect of fat supplementation on 
milk protein composition. 

2.4. Coconut oil for supplementation in dairy animal feed 

Coconut oil is the oil extracted from coconut by various method as dry and 
wet method (Marina et al., 2009). The dry method is the most popular extraction 
method that uses high temperature. On the other hand, the wet or cold press method 
is the extraction without using the high temperature. The cold extraction coconut oil 
is for human consumption (Dia et al., 2005). Coconut oil consists mainly of medium 
change fatty acid including lauric acid (47.5%), myristic acid (18%) and another fatty as 
palmitic acid (8.8%), caprylic acid (7.8%), capric acid (6.7%), oleic acid (6.2%), stearic 
acid (2.6%) linoleic acid (1.6%), caproic acid (0.5%). Coconut oil supplementation at 2 
to 4% clearly decreased DMI of dairy cattle (Hollmann and Beede, 2012). However, 
2.1% coconut oil supplementation did not effect on DMI in dairy cattle (Hristov et al., 
2009).  

In dairy cattle, coconut oil supplementation at the comparable level (2.1% 
versus 2.3%) produced either no effect or decrease in milk yield (Hristov et al., 2009; 
Lee et al., 2011). Coconut oil supplementation from 2 to 5% did not affect the major 
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milk composition (Hristov et al., 2009; Lee et al., 2011). However, coconut oil 
supplementation may increase lauric and myristic acid content of milk fat (Steele and 
Moore, 1968; Rindsig and Schultz, 1974; Dohme et al., 2004). 

2.5. Mammary function  

The lactation period of crossbred dairy goat in Thailand is about 5 months and 
peak of lactation was at day 35 post-partum (Thepparat et al., 2015). Milk provides the 
major sources of nutrient and growth factors to the young mammalian species: 
carbohydrate (lactose), protein (casein), fat (triglyceride) and mineral as well as water. 
Goat milk consists 12.1% of total solid, 3.6% of fat, 3.3% of protein, 4.6% of lactose 
and 0.8% of Ash (Harding, 1995). These composition of goat milk depend on both 
internal and external factors; feeding and management conditions, breed, parity, stage 
of lactation, environmental conditions, udder health, season of year or kidding. 
Moreover, the difference in milking practices and collection system also affected to 
goat milk composition (Park, 2005). 

Milk synthesis depends in part on nutritional factors. The synthetic pathways 
can be separated into 3 main milk compositions including; lactose, protein and fat. For 
milk fat synthesis, the fatty acids in milk are derived from 3 main sources. The 
mammary epithelium has its own capacity to generate fatty acids, de novo synthesis, 
from acetate and BHBA. The product of de novo fatty acid synthesis is mainly the 
medium chain fatty acids (C8-C14). Dietary and depot fats are the other 2 sources 
provides long chain fatty acids for fatty acid in milk (Dils, 1986; Neville and Picciano, 
1997; Bauman and Griinari, 2003). Amino acid from the circulation is the main substrate 
for protein synthesis from mammary gland (DePeters and Cant, 1992). Both of essential 
and non-essential amino acids are utilized for milk protein synthesis (Mepham, 1982). 
Finally, glucose is the main precursor for lactose synthesis, and it is utilized 85% of 
carbon in lactose (Bell, 1995). The uptake of glucose by mammary gland increases 
dramatically during early lactation and is related with increase in milk secretion (Bell, 
1995; Chaiyabutr, 2012). 
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2.6. Metabolism during early lactation period 

Dairy animals encounter one important physiological stress of the negative 
energy state. The energy demand of milk and the ability to eat during this period are 
usually uncoupling (Banos and Coffey, 2010; Weber et al., 2013). In many aspects of 
metabolism, this kind of stress is similar to fasting. However, the phenomenon has its 
own characteristic that is the cause of negative energy balance. While decrease in 
energy input or eating is the main cause of fasting, the high energy output for milk 
drives the dairy animals into energy deficit state. The characteristic of metabolism 
during this period will be shortly presented in this section. 

Negative energy balance during early lactation, the increase in lipolysis and 
decrease in abdominal adipose tissue weight have been demonstrated (Tulloh, 1966; 
Sidhu and Emery, 1972; Yang and Baldwin, 1973). NEFA is widely used for synthesis of 
milk fat (Hartmann and Lascelles, 1964). During the balance state, the mobilization of 
body fat provides only for 10% of the fatty acids in milk fat. However, when dairy 
ruminant is in negative energy balance, fatty acids in milk come mainly from adipose 
tissues (Bauman and Griinari, 2003). 

The negative nitrogen balance in cow and ewes have been demonstrated as 
well during early lactation. This is indicated by 25% reduction in muscle fiber diameter 
in dairy cows immediately after calving and a decline in muscle protein: DNA ratio 
during early lactation in ewes (Reid et al., 1980; Smith et al., 1981). In dairy goat, the 
negative nitrogen balance may occur due to an increase in protein degradation, a 
decrease in body synthesis, or both (Baracos et al., 1991). The amino acids for 
mammary metabolism or hepatic gluconeogenesis has been mobilized from the tissue 
protein (Bauman et al., 1983) and mostly from skeletal muscle (Bell, 1995). 

During early lactation period, the metabolic status of dairy goat is significantly 
changed in part due to changing in endocrine profile. This change facilitates diversion 
of nutrients away from maternal stores toward the fetus during pregnancy and milk 
production (Sadjadian et al., 2012). The metabolic status of dairy animals could be 
identified in part by the concentration of plasma metabolites plasma as BHBA, NEFA 
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and glucose. Both of BHBA and glucose concentration are lower in pre-partum period 
than in early lactation period, but NEFA concentration is higher in pre-partum period 
than in early lactation period (Sadjadian et al., 2012). 

Glucose plays the major role in carbohydrate metabolism during early lactation 
due to increment of the milk production. The glucose in the circulation of ruminant 
mostly be utilized by the lactating udder for lactose synthesis, so mammary glucose 
uptake is highly related with lactose synthesis or output (Bickerstaffe et al., 1974; 
Horsfield et al., 1974; Chaiyabutr, 2012). Therefore, the milk synthesis is highly 
correlated with the level of glucose which converted into lactose in the udder 
(Chaiyabutr, 2012). Glucose concentration was highest level on the day of parturition 
due to changing metabolic towards gluconeogenesis and enhancing glycogenolysis 
(Herdt et al., 1988; Vazquez-Anon et al., 1994). After day of parturition, glucose 
concentration has been shown to decrease and it is at the lowest level on day 13 of 
postpartum period because of elevation energy demands for lactation in high milk-
producing breeds of goats (Sadjadian et al., 2012).  

In dairy goat, BHBA concentration increases in early lactation period due to 
enhancement of energy requirement for milk secretion (Vazquez-Anon et al., 1994). 
During early lactation period, plasma BHBA concentration increased from parturition 
day to day 21, after that it reduced (Sadjadian et al., 2012). 

The plasma NEFA concentration indicates the negative energy balance by 
reflects the fat mobilization rate from fat reserves (LeBlanc, 2006). NEFA concentration 
was highest level at parturition day (Busato et al., 2002; Taghipoor et al., 2011), because 
of  elevation of energy demand for parturition and for milk production (Vazquez-Anon 
et al., 1994; Grum et al., 1996). During early lactation period, plasma NEFA decreased 
from day 13 until 35 post-partum period (Sadjadian et al., 2012). 

The plasma cortisol level is related with the parturition time, milk secretion 
and stress. In addition, cortisol may influence glucose metabolism and increase plasma 
glucose concentration due to inhibition glucose tissue uptake (Kusenda et al., 2009). 
In dairy goat, plasma cortisol was higher in pre-partum period than in early lactation 
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period (Khan and Ludri, 2002). Increasing of plasma cortisol is in part required for the 
acceleration of mammary growth and the initiation of lactation (Kitts, 1984; Hydbring 
et al., 1999). In addition to the role of plasma cortisol during early lactation period, 
this hormone plays an important role during stress responses. In fasting period induced 
negative energy balance, plasma cortisol is increased and the concentration remains 
higher than the concurrent control dairy cow (Moyes et al., 2009). 

Conceptual frame work 

 

 

 

 

 

 

 

 



 

 

15 

CHAPTER 3 
MATERIAL AND METHOD 

3.1. Location and environmental temperature of the study area 

The experiment was conducted at Veterinary Student Practice Center, Faculty 
of Veterinary Science, Chulalongkorn University, Nakhon Pathom province, Thailand. 
The average temperature in the shed was 25.02 ± 0.58oC at 0700 am to 32.62 ± 0.53oC 
at 0300 pm. The average relative humidity was 82.94 ± 2.29% at 0700 am to 65.64 ± 
0.94% at 0300 pm. The calculated temperature humidity index (THI) according to the 
formula below (NRC, 1971) was 75.44 ± 1.10 at 0700 am to 84.69 ± 0.79 at 0300 pm 
throughout the experiment.  

THI = (1.8 x dry bulk temperature + 32) - [(0.55 – 0.0055 x relative humidity) x 
(1.8 x dry bulk temperature – 26.8)] 

3.2. Animals and management 

Ten crossbred Saanen does goats, at first lactation period, average BW 33.9 ± 
2.2 kg, were used in the current experiment. Two groups of experiment were control 
group (without coconut oil supplement) and experimental group (with 2% coconut oil 
supplement). The coconut oil was extracted by heated (hot methods) processes. 
Before parturition, animals were kept in the individual metabolic cage for adaptation 
and randomly assigned into two groups of five animals each. They were fed ad libitum 
with control and experimental diet as TMR, containing corn by product silage and 
concentrate, shown in table 1. Animal were fed twice daily at 0700 am and 0200 pm 
and free access with water and mineral block. The experimental period was 35 days 
after parturition (Fig 1). Animal and experimental protocols were approved by Faculty 
of Veterinary science, Chulalongkorn University, Thailand (Approval No.1431075).  
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Figure 1 Experiment schedule. 
 

Table 1 Ingredients of control and experimental diets (Dry matter basic). 

Diet composition (%) 
Diets 

Control Experimental 

Corn by product silage 44.0 44.0 

Cassava 3.3 8.8 

Soybean meal 19.6 20.2 

Coconut oil 0.0 2.0 

Molasses 3.7 4.9 

Corn meal 25.8 7.0 

Rice bran  2.2 11.2 

Premix  0.5 0.5 

Limestone 0.9 0.9 
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3.3. Body weight measurement  

After parturition, the weight of each animal was measured at day 0, 14, 25 
and 35. All animals were weighed before morning feeding.  

3.4. Determination of dry matter intake, water intake and nutrient digestibility  

Feed offered and feed refusals were daily recorded in the morning starting 
from parturition to day 35 postpartum. 

Daily dry matter intake was calculated by following formula: 

Daily feed intake = feed offered - feed refusals (Dry matter basis) 

Feed samples were collected from day 26 to 35 and divided into two sub-
samples. First sub-sample was dried in 1050C ovens for overnight to determine dry 
matter. The second sub-sample was kept at -200C for later proximate analysis. All feed 
samples in each animal were mixed thoroughly and dried at 55oC overnight (about 
12h) and determined nutrient composition by proximate analysis (Association of 
Official Analytical Chemists, 2000), NDF and ADF by the procedure of Van Soest et al. 
(1991).  

Total fecal collections were performed during day 26 to 35. Ten percent of 
total fecal amount was collected and divided into two sub-samples. The first sub-
sample was dried at 105 oC in oven until constant weight to measure the dry matter 
of feces. The remaining sub-sample was kept at -200C for analysis of nitrogen, ash, NDF 
and ADF concentration. 

Nutrient digestibility was determined by: 

Digestibility nutrients (%)  =
Nutrients in feed intake-Nutrients in feces

Nutrients in feed intake
x100 

Water intake (WI) was daily measured from parturition to day 35 postpartum. 
The measurement of water intake was performed by subtracting the weight of water 
offered with the weight of water refusal. 
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3.5. Determination of meal pattern 

At day 25 post-partum, meal pattern was recorded continuously for 24h using 
digital balance equipped to data processing software (PBA 665 & Weigh Term 231G, 
Mettler Toledo, Zürich, Switzerland). Digital balance was fixed under the feed 
containers of goats. Balance with feed containers was protected by wood boxes. The 
actual weight of feed containers was checked and recorded automatically by a 
personal computer in 2 times/minute. Parameters recorded were meal size, meal 
duration, meal frequency and inter-meal interval (Fig 2). Meals were defined as feed 
removals exceeding 5g that are separated by at least 15 minutes of non-feeding (Rossi 
et al., 1998). 

Animal was fed two times each day, morning and afternoon feeding. The first 
meal immediately after providing the feed is defined as meal 1. The meals that animal 
spontaneously eat after the first meal (meal 2 and meal 3) are defined as the resting 
meal. Meal size and duration are the weight of feed and time of eating in each meal. 
Meal frequency is the number of meal during 24 h. The inter-meal interval is the time 
between 2 meals and correspond to the time that the feed could not interest the 
animal eating behavior.   

Figure 2 The diagram determined the meal patterns in ruminant 

3.6. Determination of milk yield and milk composition 

Daily milk yield from each animal was the sum of milk that was manually 
collected by hand at 0730 am and 0230 pm. Milk was weighed from parturition to day 
35 post-partum. 

Milk samples (30 ml) were collected during morning and evening milking on 
day 26 to 35. The milk samples were kept at -20 oC until analysis. Milk samples were 

Meal 1 Meal 2 Meal 3 Meal 1 Inter-
meal 

interval 
Morning feeding Afternoon 

feeding Resting meal 
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analyzed for total solids, protein, fat, lactose and solid not fat using Milkoscan FT 6000 
(Foss Electric, Hillerød, Denmark).  

4% fat corrected milk (FCM) was calculated by formula below (NRC, 2001): 

4% FCM (L/day) = (0.4 x milk yield) + (15 x milk fat yield) 

3.7. Determination of nitrogen balance 

Total urine was collected on the same day as feces using plastic containers 
with 10% sulfuric acid solution (13 ml H2SO4 10% in 100 ml urine) to prevent nitrogen 
loss (final pH of urine was kept below 3). Ten percent of total volume urine for each 
day was collected. All urine samples were kept in refrigerator and pooled at the end 
of each period and kept at -200C till analysis. The urine was measured for nitrogen 
content by the Kjeldahl method (Association of Official Analytical Chemists, 2000).  

To determine the nitrogen retention the following formula was performed: 

Nitrogen retention = Total nitrogen in feed intake – (total nitrogen in feces + 
total nitrogen in urine + total nitrogen in milk) 

3.8. Determination of blood glucose, plasma BHBA, NEFA and cortisol 

From one week before parturition and week 3 and 5 of post-partum, blood 
samples were collected at two hours after morning feeding. Blood samples were 
obtained from the jugular vein, placed in Ethylenediaminetetraacetic acid (EDTA) tube 
and kept under crushed ice. To separate plasma, blood samples were centrifuged at 
3,000 rpm for 10 minutes, aliquot of plasma was kept at -20 C for further analysis. 
Blood glucose was immediately determined by ACCU-CHEK® advantages glucose meter 
(Roche interamericana S.A). The plasma samples were analyzed for plasma NEFA by 
free fatty acid quantification kit (Abcam plc, catalog number ab65341), plasma BHBA 
by ß-hydroxybutyrate assay kit (Abcam plc, catalog number ab83390), plasma cortisol 
hormone by goat cortisol ELISA (The enzyme-linked immunosorbent assay) kit 
(Biovision inc, catalog number MBS935829). 
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3.9. Statistical analysis 

All data were reported as the mean value ± the standard error of the mean (SEM). 
Effect of treatment and time were analyzed by analysis of variance (ANOVA). The 
means difference between groups were compared using the unpaired t test at P<0.05. 
The meal frequency between treatments was analyzed by Wilcoxon rank sum test. 
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CHAPTER 4 
RESULTS 

4.1. Chemical composition of control and experimental diets 

The nutrient composition of control and experimental diets were shown in 
table 2. The composition of DM, CP, NDF, ADF, Ash and net energy (NE) were balance 
between both diets. Control and experimental diets contained 37.7 vs. 37.7% of DM, 
16.4 vs. 16.7% of CP, 42.9 vs. 42.5% of NDF, 25.6 vs. 25.9% of ADF, 7.4 vs. 7.5% of Ash 
and 1.7 vs. 1.7 Mcal/kg DM of NE (NRC, 1981), respectively. In the other hand, Ether 
extract (EE) composition differed in both diets and higher for experimental diet. Ether 
extract composition was 3.0% in control diet, while experimental diet with 2% coconut 
oil contained 4.7% of ether extract. 

Table 2 Chemical composition of control and experimental diets. 

Items (% DM basic) 
Diets 

Control Experimental 

DM 37.7 37.7 

CP 16.4 16.7 

NDF 42.9 42.5 

ADF 25.6 25.9 

EE 3.0 4.7 

Ash 7.4 7.5 

NE (Mcal/kg DM)* 1.7 1.7 

*Calculated from (NRC, 1981) 
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4.2. Effect of 2% coconut oil on body weight, dry matter intake, dry matter 
intake/body weight, water intake and water intake/dry matter intake 

Effect of 2% coconut oil supplementation on BW, DMI, DMI/BW, WI and WI/DMI 
were shown in table 3. There was no significant difference in BW, DMI, DMI/BW, WI and 
WI/DMI between both diets (P>0.05). The initial BW of control and experimental animals 
were 31.4 ± 3.0 and 30.0 ± 2.0 kg, respectively. The final BW of control and 
experimental animals were 31.5 ± 2.4 and 31.1 ± 2.3 kg, respectively. The average BW 
of control and experimental animals were 31.6 ± 2.5 and 30.5 ± 2.0 kg, respectively. 
Daily food intake from both control and experimental groups as DMI were 1.22 ± 0.10 and 
1.23 ± 0.10 kg DMI/day, respectively. In addition, the calculated DMI/BW from both control 
and experimental groups were 4.25 ± 0.36 and 4.29 ± 0.34 % BW, respectively. Daily water 
intake from both control and experimental groups were 4.1 ± 0.6 and 4.3 ± 0.6 L/day, 
respectively. WI/DMI from both control and experimental groups were 3.37 ± 0.40 and 
3.69 ± 0.59 L/kg, respectively. 

Table 3 Effect of 2% coconut oil supplementation on body weight, dry matter intake, 
dry matter intake/body weight, water intake, and water intake/dry matter intake of 
lactating crossbred Saanen goat (means ± SEM). 

Items 
Diets 

P 
Control Experimental 

Initial body weight (kg) 31.4 ± 3.0 30.0 ± 2.0 0.71 

Average body weight (kg) 31.6 ± 2.5 30.5 ± 2.0 0.74 

Final body weight (kg) 31.5 ± 2.4 31.1 ± 2.3 0.92 

Dry matter intake (kg DM/day) 1.22 ± 0.10 1.23 ± 0.10 0.94 

Dry matter intake/body weight (% BW) 4.25 ± 0.36 4.29 ± 0.34 0.94 

Water intake (L/day) 4.1 ± 0.6 4.3 ± 0.6 0.79 

Water intake/DMI (L/kg) 3.37 ± 0.40 3.69 ± 0.59 0.66 
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4.3. Effect of 2% coconut oil supplementation on meal pattern  

Effect of 2% coconut oil supplementation on feed intake at day 25 of post-
partum during 24h, day time (0600 to 1800h) and night time (1800 to 0600h) from 
control and experimental groups were shown in figure 3. There was no effect of 2% 
coconut oil supplementation on total feed intake of lactating  crossbred Saanen goat 
in 24h, day and night time (P>0.05). Feed intake of control and experimental groups 
were 1.25 ± 0.15 vs. 1.36 ± 0.17 kg DM/day in 24h, 1.05 ± 0.13 vs. 1.08 ± 0.18 kg DM/day 
in day time and 0.20 ± 0.07 vs. 0.28 ± 0.07 kg DM/day in night time, respectively. 

 

 

Figure 3 Effect of 2% coconut oil supplementation on total feed intake in 24h, day 
(0600 to 1800 h) and night time (1800 to 0600 h) of lactating crossbred Saanen goat at 
day of 25 post-partum. 
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The data of meal pattern as meal size, meal duration, meal frequency and 
inter-meal interval during 24h, day time (0600 to 1800h) and night time (1800 to 0600h) 
from control and experimental groups at day 25 post-partum were shown in table 4. 
Goats in experimental group had significantly greater meal size and longer meal 
duration but lower meal frequency than control group (P<0.05). Meal size of 
experimental diet was significantly greater than control diet at 24h (0.12 ± 0.01 vs. 0.07 
± 0.01 kg DM /meal, P<0.05), day time (0.15 ± 0.01 vs. 0.09 ± 0.01 kg DM/meal, P<0.05), 
night time (0.07 ± 0.01 vs. 0.03 ± 0.01 kg DM/meal, P<0.05), respectively. Meal duration 
at 24h, day time and night time were significantly longer for experimental group than 
control, control versus experimental group; 31.20 ± 5.35 vs. 51.06 ± 5.63 min/meal for 
24h; 37.33 ± 7.00 vs. 58.67 ± 5.98 min/meal for day time; 22.19 ± 2.98 vs. 35.22 ± 2.80 
min/meal for night time, respectively (P<0.05). The meal frequency of experimental 
diet was significantly lower than control at 24h (control vs. experimental group; 18.00 
± 1.72 vs. 11.00 ± 1.95 meals, P<0.05), day time (control vs. experimental group; 11.00 
± 0.86 vs. 7.00 ± 1.24 meals, P<0.05) and night time (control vs. experimental group; 
7.00 ± 1.28 vs. 3.00 ± 1.11 meals, P<0.05). The inter-meal interval was no difference 
between control and experimental groups during 24h (40.18 ± 6.07 vs. 69.59 ± 22.49 
min, respectively), day time (28.35 ± 2.20 vs. 64.50 ± 30.10 min, respectively) and night 
time (65.30 ± 21.24 vs. 87.92 ± 17.41 min, respectively) (P>0.05). 

 

 

 

 

 

 

 

 



 

 

25 

Table 4 Effect of 2% coconut oil supplementation on meal pattern as meal size, meal 
duration, meal frequency and inter-meal interval at 24h, day (0600 to 1800 h) and 
night time (1800 to 0600 h) of lactating crossbred Saanen goat at day 25 of post-partum  
(mean ±SEM). 

Items 
Diets 

P 
Control Experimental 

Meal size (kg DM/meal) 24h 0.07 ± 0.01 0.12 ± 0.01 0.005 

 Day time 0.09 ± 0.01 0.15 ± 0.01 0.015 

 Night time 0.03 ± 0.01 0.07 ± 0.01 0.013 

Meal duration (min/meal) 24h 31.20 ± 5.35 51.06 ± 5.63 0.034 

 Day time 37.33 ± 7.00 58.67 ± 5.98 0.049 

 Night time 22.19 ± 2.98 35.22 ± 2.80 0.013 

Meal frequency (times) 24h 18.00 ± 1.72 11.00 ± 1.95 0.020 

 Day time 11.00 ± 0.86 7.00 ± 1.24 0.030 

 Night time 7.00 ± 1.28 3.00 ± 1.11 0.030 

Inter-meal interval (min)  24h 40.18 ± 6.07 69.59 ± 22.49 0.242 

 Day time 28.35 ± 2.20 64.50 ± 30.10 0.265 

 Night time 65.30 ± 21.24 87.92 ± 17.41 0.434 
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Meal size of first morning and afternoon meal from control and experimental 
groups at day 25 of post-partum were 0.27 ± 0.08 kg DM/meal vs. 0.37 ± 0.07 kg 
DM/meal and 0.30 ± 0.05 kg DM/meal vs 0.27 ± 0.04 kg DM/meal, respectively (figure 
4 a) (P>0.05). Resting morning meal size of control and experimental groups at day 25 
of post-partum were 0.05 ± 0.02 and 0.09 ± 0.03 kg DM/meal, respectively (figure 4 b) 
(P>0.05). For the resting afternoon meal, animal of experimental group consumed 0.17 
± 0.04 kg DM/meal which was significantly greater than control animal (0.06 ± 0.01 kg 
DM/meal) (P<0.05).   

 

 

 

 

 

 

 

 

 

Figure 4 Effect of 2% coconut oil supplementation on first morning and afternoon 
meal size (a). Effect of 2% coconut oil supplementation on resting morning and 
afternoon meal size (b). Asterisk show the significant effect, P<0.05. 
 

Meal duration of first morning and afternoon meal form control and 
experimental groups at day 25 of post-partum were shown in figure 5 a. For the first 
morning meal, meal duration of experimental group was significantly longer than 
control group (112.30 ± 17.86 vs. 54.10 ± 12.55 min/meal respectively, P<0.05). For the 
first afternoon meal, meal duration of both control and experimental groups were 
73.98 ± 16.17 and 79.92 ± 13.97 min/meal, respectively (P>0.05). Meal duration of 
control and experimental groups were 31.74 ± 7.25 vs. 42.02 ± 5.11 min/meal in resting 

(a) (b) 
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morning meal, and 35.71 ± 5.85 vs. 63.00 ± 12.00 min/meal in resting afternoon meal, 
respectively (P>0.05). 

 

 

 

 

 

 

 

 

 

 

 

4.4. Effect of 2% coconut oil supplementation on nutrient intake and total tract 
nutrient apparent digestibility 

The nutrient intake and apparent digestibility of control and experimental 
groups were shown in table 5. There was no difference between control and 
experimental groups on intake of organic matter (1.13 ± 0.10 vs. 1.14 ± 0.09 kg/day, 
respectively), crude protein (0.20 ± 0.02 vs. 0.21 ± 0.04 kg/day, respectively), neutral 
detergent fiber (0.52 ± 0.04 vs. 0.52 ± 0.04 kg/day, respectively), acid detergent fiber 
(0.31 ± 0.03 vs. 0.32 ± 0.03 kg/day, respectively) (P>0.05). However, fat intake of 
experimental group with 2% coconut oil supplementation (0.06 ± 0.005 kg DM/day) 
was significantly higher than control group (0.04 ± 0.003 kg DM/day) (P<0.05). 
Digestibility of dry matter, organic matter, crude protein (CP), neutral detergent fiber, 
acid detergent fiber (ADF) and ether extract (EE) were no significant difference between 
two diets (P>0.05). Nutrient digestibility (%) in control and experimental groups were 
74.48 ± 2.43 vs. 70.21 ± 3.65% for DM, 76.31 ± 2.36 vs. 72.95 ± 3.35% for OM, 79.45 ± 
1.83 vs. 77.03 ± 2.72% for CP, 63.94 ± 4.01 vs. 57.09 ± 5.47% for NDF, 62.76 ± 4.91 vs. 
53.51 ± 6.14% for ADF and 85.96 ± 2.04 vs. 88.57 ± 1.70% for EE.  

Figure 5 Effect of 2% coconut oil supplementation on first morning and afternoon 
meal duration (a). Effect of 2% coconut oil supplementation on resting morning and 
afternoon meal duration (b). Asterisk show the significant effect, P<0.05. 

(a) (b) 
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Table 5 Effect of 2% coconut oil supplementation on nutrient intake and total tract 
nutrient apparent digestibility in lactating crossbred Saanen goat (mean ± SEM). 

Items  
Diets 

P 
Control Experimental 

Intake (kg DM/day)    

OM 1.13 ± 0.10 1.14 ± 0.09 0.951 

CP 0.20 ± 0.02 0.21 ± 0.04 0.830 

NDF 0.52 ± 0.04 0.52 ± 0.04 0.984 

ADF 0.31 ± 0.03 0.32  ± 0.03 0.853 

EE 0.04 ± 0.003 0.06 ± 0.005 0.004 

Apparent digestibility (%)    

DM 74.48 ± 2.43 70.21 ± 3.65 0.358 

OM 76.31 ± 2.36 72.95 ± 3.35 0.436 

CP 79.45 ± 1.83 77.03 ± 2.72 0.483 

NDF 63.94 ± 4.01 57.09 ± 5.47 0.343 

ADF 62.76 ± 4.91 53.51 ± 6.14 0.274 

EE 85.96 ± 2.04 88.57 ± 1.70 0.355 
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4.5. Effect of 2% coconut oil supplementation on milk yield  

During five weeks of experiment, average daily milk yield of control and 
experimental groups was 1.55 ± 0.06 vs. 1.05 ± 0.24 L/day for week 1, 1.80 ± 0.19 vs. 
1.20 ± 0.25 L/day for week 2, 1.77 ± 0.12 vs. 1.28 ± 0.22 L/day for week 3, 1.76 ± 0.16 
vs. 1.37 ± 0.22 L/day for week 4, 1.80 ± 0.19 vs. 1.37 ± 0.19 L/day for week 5, 
respectively. Mean 4% fat corrected milk production of control and experimental 
groups were 1.76 ± 0.19 and 1.57 ± 0.23 L/day, respectively. The percent change of 
milk yield from both control and experimental groups during five weeks of post-partum 
had no significant difference (P>0.05) (figure 6). Milk yield increased every week start 
from second week to fifth week in both diets when compared with the first week. 
Percent change of milk yield in control and experimental groups were 16.36 ± 4.58 vs. 
18.02 ± 5.67% for second week; 22.07 ± 5.35 vs. 29.61 ± 10.30% for thirds week; 24.31 
± 6.31 vs. 40.09 ± 11.89% for fourth week; 27.14 ± 8.86 vs. 44.08 ± 15.44% for fifth 
week, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6 Effect of 2% coconut oil supplementation on percent change of milk yield 
in lactating crossbred Saanen goat, lines showed percent change of milk yield from 
week 1 to week 5 of post-partum, baseline value was obtained for milk yield in the 
first week of post-partum. 
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4.6. Effect of 2% coconut oil supplementation on milk composition  

The effect of 2% coconut oil supplementation on milk composition of control 
and experimental animals were shown in table 6. Experimental group was significantly 
higher than control group in milk total solid composition (13.96 ± 0.32 vs. 12.12 ± 
0.19% respectively, P<0.05), milk protein composition (3.56 ± 0.17 vs. 2.98 ± 0.09% 
respectively, P<0.05), milk fat composition (4.85 ± 0.16 vs. 3.84 ± 0.21% respectively, 
P<0.05) and milk solid not fat composition (9.11 ± 0.23 vs. 8.29 ± 0.23%, respectively, 
P<0.05). However, there was no significant difference in milk lactose composition of 
control and experimental groups (4.60 ± 0.12 vs. 4.85 ± 0.10%, respectively, P>0.05). 

 

Table 6 Effect of 2% coconut oil supplementation on milk composition in lactating 
crossbred Saanen goat (means ± SEM). 

Items (%) 
Diets 

P 
Control Experimental 

Total solid 12.12 ± 0.19 13.96 ± 0.32 0.003 

Protein 2.98 ± 0.09 3.56 ± 0.17 0.024 

Fat 3.84 ± 0.21 4.85 ± 0.16 0.015 

Lactose 4.60 ± 0.12 4.85 ± 0.10 0.192 

Solid not fat 8.29 ± 0.23 9.11 ± 0.23 0.027 
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4.7. Effect of 2% coconut oil supplementation on nitrogen intake and nitrogen 
utilization 

Nitrogen intake and utilization in control and experimental animals were shown 
in table 7. Two percent coconut oil had not significant effect on nitrogen intake, 
absorption, retention and excretion in milk, feces and urine (P>0.05).  

 

Table 7 Effect of 2% coconut oil supplementation on nitrogen intake and utilization 
in lactating crossbred Saanen goat (means ± SEM). 

Items (g/day) 
Diets 

P 
Control Experimental 

Intake 34.4 ± 2.6 35.6 ± 2.9 0.76 

Fecal excretion 6.9 ± 0.5 8.2 ± 1.4 0.39 

Absorbed 27.5 ± 2.5 27.4 ± 2.0 0.97 

Urinary excretion 4.7 ± 0.4 4.8 ± 0.9 0.92 

Milk secretion 9.4 ± 0.8 8.0 ± 1.8 0.46 

Retained 15.7 ± 1.6 16.0 ± 2.1 0.91 
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4.8. Effect of 2% coconut oil supplementation on blood glucose, plasma BHBA, 
NEFA and cortisol hormone 

The blood glucose concentration from control and experimental groups at 
week -1 of pre-partum, week 3 and 5 of post-partum were shown in figure 7 and it was 
no significant difference between both groups (P>0.05). At week -1 of pre-partum, 
blood glucose concentration of control and experimental groups were 65.40 ± 2.62 vs. 
64.40 ± 6.07 mg/dl, respectively (P>0.05). At post-partum period, blood glucose 
concentration of control and experimental groups were 69.20 ± 4.16 vs. 73.40 ± 3.12 
mg/dl in week 3 and 72.60 ± 3.17 vs. 72.20 ± 3.68 mg/dl in week 5, respectively 
(P>0.05).  

 

 

Figure 7 Effect of 2% coconut oil supplementation on blood glucose 
concentration in lactating crossbred Saanen goat at week -1 of pre-partum, 
week 3 and 5 of post-partum. 
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Plasma BHBA concentration from control and experimental groups at week -1 
of pre-partum, week 3 and 5 of post-partum were shown in figure 8, and 2% coconut 
oil supplementation did not influence plasma BHBA concentration (P>0.05). At week -
1 of pre-partum, plasma BHBA concentration of control and experimental groups were 
similar (0.12 ± 0.05 vs. 0.13 ± 0.03 mmol/L respectively, P>0.05). In post-partum period, 
plasma BHBA concentration of control and experimental groups were 0.21 ± 0.05 vs. 
0.23 ± 0.04 mmol/L in week 3 and 0.19 ± 0.05 vs. 0.21 ± 0.03 mmol/L in week 5, 
respectively. 

 

 

 

 

 

 

Figure 8 Effect of 2% coconut oil supplementation on plasma BHBA concentration in 
lactating crossbred Saanen goat at week -1 of pre-partum, week 3 and 5 of post-partum. 



 

 

34 

The figure 9 showed percent change of plasma NEFA in control and 
experimental animals at week 3 and 5 of post-partum period based on plasma NEFA 
concentration at week -1 of pre-partum period and 2% coconut oil supplementation 
had no effect on percent change of plasma NEFA (P>0.05). At week 3 of post-partum, 
percent change of plasma NEFA in control and experimental groups were 11.02 ± 16.01 
vs. 26.50 ± 12.08%, respectively. Percent change of plasma NEFA in control group was 
similar with experimental group in week 5 of post-partum (30.81 ± 5.62 vs. 30.11 ± 
5.12%, respectively). 

 

 

 

 

Figure 9 Effect of 2% coconut oil supplementation on percent change of plasma NEFA 
in lactating crossbred Saanen goat, bars showed percent change of plasma NEFA at week 
3 and 5 of post-partum, baseline value was obtained for plasma NEFA at one week before 
parturition. 
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The plasma cortisol concentration of control and experimental groups at week 
-1 of pre-partum, week 3 and 5 of post-partum were shown in figure 10 and 2% 
coconut oil supplementation had no effect on plasma cortisol concentration (P>0.05). 
At week -1 of pre-partum, plasma cortisol level of both control and experimental 
groups were 158.13 ± 38.59 and 106.93 ± 40.70 ng/ml, respectively. In post-partum 
period, plasma cortisol level of both control and experimental groups were drop down 
in week 3 (44.32 ± 12.51 vs. 37.33 ± 6.89 ng/ml respectively, P>0.05) and week 5 (63.52 
± 19.99 vs. 42.51 ± 12.42 ng/ml respectively, P>0.05) when compared with week -1 of 
pre-partum period.  

 

 

 

Figure 10 Effect of 2% coconut oil supplementation on plasma cortisol concentration in 
lactating crossbred Saanen goat at week -1 of pre-partum, week 3 and 5 of post-partum. 
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CHAPTER 5 
DISCUSSIONS 

In the current experiment, supplementation with 2% coconut oil had no effect 
on both DMI and DMI/BW. DMI/BW requirement for dairy goat in early lactation is about 
3.4 to 3.8% BW (NRC, 1981). In present experiment, DMI/BW of both diets were about 
4.2% BW, so animals were not in the negative energy balance status. The current result 
was consistent with the previous experiment in dairy goat. There was no negative effect 
of eating when 2.5 to 4.4% of vegetable oil as soybean oil and sunflower oil 
supplemented in dairy goat (Martínez Marín et al., 2013). In addition, coconut oil 
supplemented with 2.1% had no effect in DMI in dairy cattle (Hristov et al., 2009). In 
present experiment, coconut oil contain 90% saturation fatty acid (Rossell, 1985). In 
addition, saturation fatty acid had less negative effect on rumen microorganism than 
unsaturation fatty acid (Palmquist and Jenkins, 1980). The growth of microorganism in 
the rumen is inhibited due to double bonds of unsaturation fatty acid alters structure 
membrane of microorganism (Keweloh and Heipieper, 1996). As the result of this 
accident, lipid synthesis by microorganism was inhibited. The interesting results in the 
current experiment came from the effect of coconut oil supplementation on eating 
pattern. Although there was no effect of treatment on the average DMI and the DMI 
of day time and night time (Fig 3). Coconut oil supplementation did modify eating 
pattern in the early lactation period (Table 4). In both day time and night time period, 
meal size and duration were significantly greater for animal consumed experimental 
diet (P<0.05). However, the meal frequency from experimental group was lower than 
control group. The results suggested that the effect of coconut oil supplementation 
that increased meal size could not overcome the compensate mechanism of eating 
pattern. This is the reason why there was no effect of coconut oil supplementation on 
DMI. It was well known that the reduction of meal frequency is the main mechanism 
used by laboratory rats fed with high energy diet to induce obesity (Treesukosol and 
Moran, 2014). It is difficult at this point to provide the specific reason or mechanism 
for the effect of coconut oil supplementation on meal pattern. Coconut oil 
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supplementation may increase the palatability of the TMR (Hollmann and Beede, 
2012). However, increasing meal size in the current study came together with longer 
duration of eating time which suggested that the rate of eating was not much changed. 
Moreover, there had no direct evidences of hedonic effect of coconut oil 
supplementation in dairy animals (Berridge, 2004). Taken together, the present 
experiment demonstrated that 2% coconut oil supplementation influenced eating 
pattern in crossbred Saanen dairy goat by increase meal size and duration with the 
compensatory reduction of meal frequency. Overall, the 2% coconut oil 
supplementation had no effect on DMI of crossbred Saanen dairy goat, which probably 
related to less negative effect of saturation fatty acid in coconut oil on rumen function 
and high palatability of coconut oil. 

There was no significant difference in total tract nutrient apparent digestibility 
between both diets (P>0.05). Similar with results of present experiment, 2.1% coconut 
oil supplementation had no effect on nutrient apparent digestibility in dairy cow 
(Hristov et al., 2009). In sheep, 3.5% coconut oil supplementation did not change 
nutrient apparent digestibility (Machmüller and Kreuzer, 1999). In contrary, coconut oil 
supplementation with 5% decreased DM, OM and NDF digestibility of dairy cow 
(Hollmann and Beede, 2012). However, present experiment supplemented only 2% 
coconut oil in diet. The unchanged of nutrient digestibility when coconut oil 
supplementation came from less inhibition on rumen microorganism and fermentation 
by high content saturation fatty acid of coconut oil (Palmquist and Jenkins, 1980). 

There was no significant difference in percent change of milk yield between 
both groups (P>0.05). Similar with present experiment, dairy cow unchanged in milk 
yield when supplemented with 2.1% coconut oil (Hristov et al., 2009). When fat 
supplementation, milk yield was influenced by DMI and nutrient digestibility, especially 
NDF digestibility (Martínez Marín et al., 2013). In present experiment, the gradually 
increase in milk yield during early lactation was not difference between both diets It 
was due to both control and experimental animals consumed almost the same 
amount of  DM, CP as well as all nutrient digestibility. In addition, plasma metabolite 
in present experiment such as glucose, NEFA and BHBA had no difference and nearly 
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similar in both diets. It is suggested from this study that animals in this experiment 
were in the same condition of energy balance. 

Two percent coconut oil supplementation significantly increased milk fat and 
protein composition (P<0.05). Similar with present experiment, dairy goat increased 
milk fat and milk protein composition when supplementation of fat as soybean oil and 
sunflower oil at 2.5 and 4.4%, respectively (Bouattour et al., 2008; Ollier et al., 2009). 
Fatty acids for milk fat synthesis are derived from acetate and BHBA and directly from 
diet (Dils, 1986; Neville and Picciano, 1997). In present experiment, NDF intake and 
digestibility as well as plasma BHBA concentration were no difference between control 
and experimental groups. In the other hand, experimental group with 2% coconut oil 
supplementation was significantly higher fat intake when compared with control group, 
so the increment of milk fat composition may come from greater fat content in 
experimental diet. A review of available literature in fat supplementation in dairy goat, 
Martínez Marín et al. (2013) pointed that milk protein did not reduce with difference 
fat sources supplementation. Overall, this experiment indicated that coconut oil 
supplementation in crossbred dairy goat increased milk fat and protein composition, 
but milk lactose was unchanged. 

In the present experiment, blood glucose was not affected by 2% coconut oil 
supplementation (P>0.05). Blood glucose concentration was higher in weeks of early 
lactation period than in pre-partum period, this pattern was similar with the result in 
Saanen dairy goat (Sadjadian et al., 2012), cattle (Vazquez-Anon et al., 1994) and sheep 
(Balıkcı et al., 2007). Similar with present experiment, 2.3% coconut oil supplemented 
in dairy cow did not affect blood glucose concentration (Lee et al., 2011). Propionate 
is the main precursor for glucose synthesis of ruminant (Bell and Bauman, 1997). The 
amount of propionate and another volatile fatty acid are influenced by feed intake 
and digestibility (France and Dijkstra, 2005). Therefore, concentration of glucose in 
ruminant is related with DMI and digestibility. In present experiment, the unchanged 
blood glucose concentration when dairy goat supplemented with coconut oil came 
from the similar in DMI and diet digestibility between both diets.  
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Two percent coconut oil did not influence on percent changes of plasma NEFA 
(P > 0.05). In present experiment, plasma concentration of NEFA during post-parturition 
was lower than from pre-parturition. This pattern was similar to the pattern of plasma 
NEFA during peri-parturition period reported in Saanen dairy goat (Sadjadian et al., 
2012). The concentration of plasma NEFA has been used as the indicator for the fat 
mobilization from reserve body fat (LeBlanc, 2006). Because the BW and DMI of animals 
were similar between control and experimental diets and because the concentration 
of plasma NEFA was not different between groups. The results suggested in part that 
supplementation of 2% coconut oil could not influence the whole body energy 
homeostasis and that there was an unchanged in the lipolysis rate from adipose tissue.  

Two percent coconut oil supplementation did not affect plasma BHBA 
concentration. In this experiment, plasma BHBA concentration from pre-partum period 
was lower than from post-partum period. During peri-parturition, plasma BHBA was 
synthesized from the gastrointestinal tract using ruminal volatile fatty acid as the 
substrate and from the liver using both volatile fatty acid and NEFA. An increase in 
post-partum plasma BHBA came from both increase in portal and hepatic flux of BHBA 
(VI and Jesse, 1992; Osborne et al., 2009). Since ruminal butyrate is the main substrate 
for BHBA production and the ruminal butyrate come mainly from the cellulose 
fermentation and in part convert from acetate (Van Houtert, 1993). The non-difference 
in pattern of plasma BHBA together with the non-difference in digestibility of NDF 
suggested that the supplementation with 2% coconut oil could not modify the BHBA 
metabolism.    

Level of plasma cortisol was not affected by 2% coconut oil supplementation 
during pre and post-partum (P>0.05). Level of plasma cortisol was higher in a week 
before parturition than in week 3 and 5 of post-partum. The pattern of plasma cortisol 
during peri-parturition is influenced not only by the gestation and parturition but it also 
come in part from the stress that caused by energy deficiency. Because 2% coconut 
oil supplementation could not modify both splanchnic BHBA metabolism and adipose 
tissue fatty acid metabolism, it is reasonable that the plasma cortisol from the current 
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experiment was influenced mainly by reproductive stage, however, there was no effect 
from 2% coconut oil supplementation.  

In conclusion, the current experiment found that 2% coconut oil 
supplementation modified meal pattern by increased meal size and duration, but it 
reduced meal frequency in early lactating crossbred dairy goat. The change in meal 
pattern may indicate the palatability of coconut oil in early lactating crossbred Saanen 
goat. So, coconut oil affected eating pattern of crossbred Saanen dairy goat under hot 
and humid condition. In addition, 2% coconut oil supplementation increased milk fat 
and protein composition. Supplementation with 2% coconut oil did not affect body 
weight, DMI, DMI/BW, nutrient digestibility, nitrogen retention as well as the unchanged 
in blood glucose and plasma NEFA, BHBA and cortisol. However, fat intake from 2% 
coconut oil supplementation group was higher than from control group. The latter 
result suggested the idea that the increase in meal size and duration apparently came 
from the effect of coconut oil on post-absorptive satiation. In addition, the increase in 
both meal size and duration caused no difference in the eating rate from both groups. 
This again supports the idea about pre-absorptive effect of coconut oil or the 
palatability.



 

 

 

REFERENCES 
 

Abijaoudé JA, Morand-Fehr P, Tessier J, Schmidely P and Sauvant D 2000. Diet effect 
on the daily feeding behaviour, frequency and characteristics of meals in dairy 
goats. Livest Prod Sci. 64(1): 29-37. 

Allen MS 2000. Effects of Diet on Short-Term Regulation of Feed Intake by Lactating 
Dairy Cattle. J Dairy Sci. 83(7): 1598-1624. 

Association of Official Analytical Chemists 2000. Official Methods of Analysis. In: 
Association of Official Analytical Chemists Inc, Washington D.C, the United 
States.  

Balıkcı E, Yıldız A and Gürdoğan F 2007. Blood metabolite concentrations during 
pregnancy and postpartum in Akkaraman ewes. Small Ruminant Res. 67(2): 247-
251. 

Banos G and Coffey MP 2010. Genetic association between body energy measured 
throughout lactation and fertility in dairy cattle. Animal. 4(2): 189-199. 

Baracos VE, Brun-Bellut J and Marie M 1991. Tissue protein synthesis in lactating and 
dry goats. Br J Nutr. 66(3): 451-465. 

Bauman D, Elliot J and Mepham T 1983. Control of nutrient partitioning in lactating 
ruminants. Biochemistry of lactation. 437-468. 

Bauman DE and Griinari JM 2003. Nutritional regulation of milk fat synthesis. Annu Rev 
Nutr. 23: 203-227. 

Beauchemin K, McGinn S, Benchaar C and Holtshausen L 2009. Crushed sunflower, flax, 
or canola seeds in lactating dairy cow diets: effects on methane production, 
rumen fermentation, and milk production. J Dairy Sci. 92(5): 2118-2127. 

Bell AW 1995. Regulation of organic nutrient metabolism during transition from late 
pregnancy to early lactation. J Anim Sci. 73(9): 2804-2819. 

Bell AW and Bauman DE 1997. Adaptations of glucose metabolism during pregnancy 
and lactation. J Mammary Gland Biol Neoplasia. 2(3): 265-278. 

 



 

 

42 

Bernard L, Rouel J, Leroux C, Ferlay A, Faulconnier Y, Legrand P and Chilliard Y 2005. 
Mammary lipid metabolism and milk fatty acid secretion in alpine goats fed 
vegetable lipids. J Dairy Sci. 88(4): 1478-1489. 

Berridge KC 2004. Motivation concepts in behavioral neuroscience. Physiol Behav. 81(2): 
179-209. 

Bickerstaffe R, Annison E and Linzell J 1974. The metabolism of glucose, acetate, lipids 
and amino acids in lactating dairy cows. J Agr Sci. 82(01): 71-85. 

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

Brown-Crowder I, Hart S, Cameron M, Sahlu T and Goetsch A 2001. Effects of dietary 
tallow level on performance of Alpine does in early lactation. Small Ruminant 
Res. 39(3): 233-241. 

Busato A, Faissler D, Küpfer U and Blum J 2002. Body condition scores in dairy cows: 
associations with metabolic and endocrine changes in healthy dairy cows. J Vet 
Med A. 49(9): 455-460. 

Casper D, Schingoethe D, Middaugh R and Baer R 1988. Lactational responses of dairy 
cows to diets containing regular and high oleic acid sunflower seeds. J Dairy Sci. 
71(5): 1267-1274. 

Chaiyabutr N 2012. Control of Mammary Function During Lactation in Crossbred Dairy 
Cattle in the Tropics. 

Chilliard Y 1993. Dietary fat and adipose tissue metabolism in ruminants, pigs, and 
rodents: a review. J Dairy Sci. 76(12): 3897-3931. 

Chilliard Y, Ferlay A and Doreau M 2001. Effect of different types of forages, animal fat 
or marine oils in cow’s diet on milk fat secretion and composition, especially 
conjugated linoleic acid (CLA) and polyunsaturated fatty acids. Livest Prod Sci. 
70(1): 31-48. 

Chilliard Y, Ferlay A, Mansbridge RM and Doreau M 2000. Ruminant milk fat plasticity: 
nutritional control of saturated, polyunsaturated, trans and conjugated fatty 
acids. Ann. Zootech. 181-205. 



 

 

43 

Chilliard Y, Ferlay A, Rouel J and Lamberet G 2003. A review of nutritional and 
physiological factors affecting goat milk lipid synthesis and lipolysis. J Dairy Sci. 
86(5): 1751-1770. 

Choi BR and Palmquist DL 1996. High fat diets increase plasma cholecystokinin and 
pancreatic polypeptide, and decrease plasma insulin and feed intake in 
lactating cows. J Nutr. 126(11): 2913-2919. 

Coppock CE and Wilks DL 1991. Supplemental fat in high-energy rations for lactating 
cows: effects on intake, digestion, milk yield, and composition. J Anim Sci. 69(9): 
3826-3837. 

Dado RG and Allen MS 1995. Intake limitations, feeding behavior, and rumen function 
of cows challenged with rumen fill from dietary fiber or inert bulk. J Dairy Sci. 
78(1): 118-133. 

DePeters E and Cant J 1992. Nutritional factors influencing the nitrogen composition of 
bovine milk: a review. J Dairy Sci. 75(8): 2043-2070. 

Dils R 1986. Comparative aspects of milk fat synthesis. J Dairy Sci. 69(3): 904-910. 
Doreau M and Chilliard Y 1997. Digestion and metabolism of dietary fat in farm animals. 

Br J Nutr. 78 Suppl 1: S15-35. 
Emmanuel B 1974. On the origin of rumen protozoan fatty acids. BBA-LIPID LIPID MET. 

337(3): 404-413. 
Emmanuel B 1978. The relative contribution of propionate, and long-chain even-

numbered fatty acids to the production of long-chain odd-numbered fatty 
acids in rumen bacteria. BBA-LIPID LIPID MET. 528(2): 239-246. 

France J and Dijkstra J 2005. Volatile fatty acid production. Quantitative aspects of 
ruminant digestion and metabolism. 157-175. 

Gonthier C, Mustafa A, Ouellet D, Chouinard P, Berthiaume R and Petit H 2005. Feeding 
micronized and extruded flaxseed to dairy cows: Effects on blood parameters 
and milk fatty acid composition. J Dairy Sci. 88(2): 748-756. 

Grum DE, Drackley JK, Younker RS, LaCount DW and Veenhuizen JJ 1996. Nutrition 
during the dry period and hepatic lipid metabolism of periparturient dairy cows. 
J Dairy Sci. 79(10): 1850-1864. 



 

 

44 

Grummer RR 1991. Effect of feed on the composition of milk fat. J Dairy Sci. 74(9): 
3244-3257. 

Haddad SG and Husein MQ 2004. Effect of dietary energy density on growth 
performance and slaughtering characteristics of fattening Awassi lambs. Livest 
Prod Sci. 87(2-3): 171-177. 

Harding F 1995. Milk quality. In: Springer.  
Hartmann P and Lascelles A 1964. The uptake of plasma lipid and some non-lipid 

constituents by the mammary gland of the cow. Aust J Biol Sci. 17(4): 935-944. 
Harvatine KJ and Allen MS 2006. Effects of fatty acid supplements on feed intake, and 

feeding and chewing behavior of lactating dairy cows. J Dairy Sci. 89(3): 1104-
1112. 

Herdt TH, Wensing T, Haagsman HP, van Golde LM and Breukink HJ 1988. Hepatic 
triacylglycerol synthesis during a period of fatty liver development in sheep. J 
Anim Sci. 66(8): 1997-2013. 

Hollmann M and Beede DK 2012. Comparison of effects of dietary coconut oil and 
animal fat blend on lactational performance of Holstein cows fed a high-starch 
diet. J Dairy Sci. 95(3): 1484-1499. 

Horsfield S, Infield JM and Annison E 1974. Compartmental analysis and model building 
in the study of glucose kinetics in the lactating cow. Proc Nutr Soc. 33(01): 9-
15. 

Hristov AN, Vander Pol M, Agle M, Zaman S, Schneider C, Ndegwa P, Vaddella VK, 
Johnson K, Shingfield KJ and Karnati SK 2009. Effect of lauric acid and coconut 
oil on ruminal fermentation, digestion, ammonia losses from manure, and milk 
fatty acid composition in lactating cows. J Dairy Sci. 92(11): 5561-5582. 

Hydbring E, Madej A, MacDonald E, Drugge-Boholm G, Berglund B and Olsson K 1999. 
Hormonal changes during parturition in heifers and goats are related to the 
phases and severity of labour. J Endocrinol. 160(1): 75-85. 

Keweloh H and Heipieper HJ 1996. Trans unsaturated fatty acids in bacteria. Lipids. 
31(2): 129-137. 

Khan JR and Ludri RS 2002. Hormone profile of crossbred goats during the 
periparturient period. Tropical animal health and production. 34(2): 151-162. 



 

 

45 

Kitessa S, Gulati S, Ashes J, Fleck E, Scott T and Nichols P 2001. Utilisation of fish oil in 
ruminants: II. Transfer of fish oil fatty acids into goats’ milk. Anim Feed Sci 
Technol. 89(3): 201-208. 

Kitts D 1984. Peripartal endocrine changes and the initiation of lactation in ewes of 
diverse breeds. Growth. 49(2): 176-189. 

Kusenda M, Starke A, Kaske M, Piechota M, Hoeltershinken M and Rehage J 2009. Insulin 
resistance after single dose dexamethasone treatment in dairy cows. Pages 
562–563 in Ruminant Physiology: Digestion, Metabolism, and Effects of Nutrition 
on Reproduction and Welfare. Chilliard Y, Glasser F, Faulconnier Y, Bocquier F, 
Veissier I, and Doreau M., eds. Wageningen Academic Publishers, Wageningen, 
the Netherlands. 

LeBlanc S 2006. Monitoring programs for transition dairy cows. Proceedings of the 26th 
World Biuatrics Congress, Nice. 460-472. 

Lee C, Hristov AN, Heyler KS, Cassidy TW, Long M, Corl BA and Karnati SK 2011. Effects 
of dietary protein concentration and coconut oil supplementation on nitrogen 
utilization and production in dairy cows. J Dairy Sci. 94(11): 5544-5557. 

Machmüller A and Kreuzer M 1999. Methane suppression by coconut oil and associated 
effects on nutrient and energy balance in sheep. Can J Anim Sci. 79(1): 65-72. 

Mackle T, Dwyer D, Ingvartsen KL, Chouinard P, Ross D and Bauman D 2000. Effects of 
insulin and postruminal supply of protein on use of amino acids by the 
mammary gland for milk protein synthesis. J Dairy Sci. 83(1): 93-105. 

Martínez Marín AL, Hernández MP, Pérez Alba LM, Carrión Pardo D, Garzón Sigler AI and 
Gómez Castro G 2013. Fat addition in the diet of dairy ruminants and its effects 
on productive parameters. Rev Colombiana Cienc Anim. 26(2): 69-78. 

Mele M, Serra A, Buccioni A, Conte G, Pollicardo A and Secchiari P 2010. Effect of 
soybean oil supplementation on milk fatty acid composition from Saanen goats 
fed diets with different forage: concentrate ratios. Ital J Anim Sci. 7(3): 297-312. 

Mepham T 1982. Amino acid utilization by lactating mammary gland. J Dairy Sci. 65(2): 
287-298. 



 

 

46 

Mir Z, Goonewardene L, Okine E, Jaegar S and Scheer H 1999. Effect of feeding canola 
oil on constituents, conjugated linoleic acid (CLA) and long chain fatty acids in 
goats milk. Small Ruminant Res. 33(2): 137-143. 

Moyes KM, Drackley JK, Salak-Johnson JL, Morin DE, Hope JC and Loor JJ 2009. Dietary-
induced negative energy balance has minimal effects on innate immunity 
during a Streptococcus uberis mastitis challenge in dairy cows during 
midlactation. J Dairy Sci. 92(9): 4301-4316. 

Murphy M, Uden P, Palmquist D and Wiktorsson H 1987. Rumen and total diet 
digestibilities in lactating cows fed diets containing full-fat rapeseed. J Dairy Sci. 
70(8): 1572-1582. 

Neville MC and Picciano MF 1997. Regulation of milk lipid secretion and composition. 
Annu Rev Nutr. 17(1): 159-184. 

Nielsen BL 1999. On the interpretation of feeding behaviour measures and the use of 
feeding rate as an indicator of social constraint. Appl Anim Behav Sci. 63(1): 79-
91. 

NRC 1971. A Guide to Environmental Research on Animals. In: National Academy Press, 
Washington, D.C.  

NRC 1981. Nutrition requirements of goats. In: National Academy Press, Washington, 
D.C.  

NRC 2001. Nutrient requirements of dairy cattle. In: 7th National Academy Press, 
Washington, D.C.  

Ollier S, Leroux C, de la Foye A, Bernard L, Rouel J and Chilliard Y 2009. Whole intact 
rapeseeds or sunflower oil in high-forage or high-concentrate diets affects milk 
yield, milk composition, and mammary gene expression profile in goats. J Dairy 
Sci. 92(11): 5544-5560. 

Osborne VR, Odongo NE, Cant JP, Swanson KC and McBride BW 2009. Effects of 
supplementing glycerol and soybean oil in drinking water on feed and water 
intake, energy balance, and production performance of periparturient dairy 
cows. J Dairy Sci. 92(2): 698-707. 

Palmquist D and Jenkins T 1980. Fat in Lactation Rations 1, 2: Review. J Dairy Sci. 63(1): 
1-14. 



 

 

47 

Pantoja J, Firkins J, Eastridge M and Hull B 1994. Effects of Fat Saturation and Source 
of Fiber on Site of Nutrient Digestion and Milk Production by Lactating Dairy 
Cows 1, 2. J Dairy Sci. 77(8): 2341-2356. 

Park YW 2005. Goat milk products: quality, composition, processing, marketing. Pages 
478-481. New York, USA: Marcel Dekker, Inc. 

Rapetti L, Crovetto GM, Galassi G, Sandrucci A, Succi G, Tamburini A and Battelli G 2009. 
Effect of maize, rumen-protected fat and whey permeate on energy utilisation 
and milk fat composition in lactating goats. Ital J Anim Sci. 1(1): 43-54. 

Reid I, Roberts C and Baird G 1980. The effects of underfeeding during pregnancy and 
lactation on structure and chemistry of bovine liver and muscle. J Agr Sci. 
94(01): 239-245. 

Reidelberger RD 1994. Cholecystokinin and control of food intake. J Nutr. 124(8): 1327S-
1333S. 

Rossell JB 1985. Fractionation of lauric oils. J Am Oil Chem Soc. 62(2): 385-390. 
Rossi R, Del Prete E, Rokitzky J and Scharrer E 1998. Effects of a high NaCl diet on eating 

and drinking patterns in pygmy goats. Physiol Behav. 63(4): 601-604. 
Sadjadian R, Seifi HA, Mohri M, Naserian AA and Farzaneh N 2012. Variations of energy 

biochemical metabolites in periparturient dairy Saanen goats. Comp Clin Path. 
22(3): 449-456. 

Sanz Sampelayo MR, Chilliard Y, Schmidely P and Boza J 2007. Influence of type of 
diet on the fat constituents of goat and sheep milk. Small Ruminant Res. 68(1-
2): 42-63. 

Senn M, Dürst B, Kaufmann A and Langhans W 1995. Feeding patterns of lactating cows 
of three different breeds fed hay, corn silage, and grass silage. Physiol Behav. 
58(2): 229-236. 

Sidhu K and Emery R 1972. Regulation of Blood Fatty Acids and Glycerol in Lactating 
Cows 1, 2. J Dairy Sci. 55(7): 926-930. 

Smith RW, Knight RA and Walsh A 1981. Effect of lactation on the concentrations of 
protein, lipids and nucleic acids in ovine skeletal muscle. Res Vet Sci. 30(2): 
253-254. 



 

 

48 

Storry JE, Brumby PE, Hall AJ and Tuckley B 1974. Effects of free and protected forms 
of codliver oil on milk fat secretion in the dairy cow. J Dairy Sci. 57(9): 1046-
1049. 

Taghipoor B, Seifi HA, Mohri M, Farzaneh N and Naserian AA 2011. Effect of prepartum 
administration of monensin on metabolism of pregnant ewes. Livest Sci. 135(2): 
231-237. 

Teh T, Trung L, Jia Z, Gipson T, Ogden K and Sweeney T 1994. Varying Amounts of 
Rumen-Inert Fat for High Producing Goats in Early Lactation 1, 2. J Dairy Sci. 
77(1): 253-258. 

Thepparat M, Boonkum W, Duangjinda M, Tumwasorn S, Nakavisut S and 
Thongchumroon T 2015. Genetic evaluation using random regression models 

with different covariance functions for test‐day milk yield in an admixture 
population of Thailand goats. J Anim Sci. 86(7): 655-660. 

Treesukosol Y and Moran TH 2014. Analyses of meal patterns across dietary shifts. 
Appetite. 75: 21-29. 

Tulloh N 1966. Physical studies of the alimentary tract of grazing cattle: IV. Dimensions 
of the tract in lactating and non-lactating cows. N Z J Agric Res. 9(4): 999-1008. 

Ungar ED 1996. Ingestive behaviour. Pages 185–218 in The Ecology and Management 
of Grazing Systems. Hodgson J and Illius A.W, eds. Commonwealth Agricultural 
Bureau International, Wallingford, UK. 

Van Houtert M 1993. The production and metabolism of volatile fatty acids by 
ruminants fed roughages: A review. Anim Feed Sci Technol. 43(3): 189-225. 

Van Soest P, Robertson J and Lewis B 1991. Symposium: carbohydrate methodology, 
metabolism, and nutritional implications in dairy cattle. J Dairy Sci. 74(10): 3583-
3597. 

Vazquez-Anon M, Bertics S, Luck M, Grummer R and Pinheiro J 1994. Peripartum liver 
triglyceride and plasma metabolites in dairy cows. J Dairy Sci. 77(6): 1521-1528. 

VI RB and Jesse B 1992. Developmental changes in glucose and butyrate metabolism 
by isolated sheep ruminal cells. J Nutr. 122(5): 1149. 

Weber C, Hametner C, Tuchscherer A, Losand B, Kanitz E, Otten W, Singh SP, Bruckmaier 
RM, Becker F, Kanitz W and Hammon HM 2013. Variation in fat mobilization 



 

 

49 

during early lactation differently affects feed intake, body condition, and lipid 
and glucose metabolism in high-yielding dairy cows. J Dairy Sci. 96(1): 165-180. 

Wu Z and Huber J 1994. Relationship between dietary fat supplementation and milk 
protein concentration in lactating cows: a review. Livest Prod Sci. 39(2): 141-
155. 

Yang Y and Baldwin R 1973. Lipolysis in isolated cow adipose cells. J Dairy Sci. 56(3): 
366-374. 



 

 

APPENDIX 

 
Figure 1. Meal pattern analysis in excel file 

Figure 2. The diagram determined meal pattern 
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