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SUMMARY 
 
 
 
Animal welfare is the viewpoint that animals should not suffer 

unnecessarily, including when the animals are used for food, work, 
companionship, or research. The welfare of an animal is clearly affected by 
both failure to cope and difficulty in coping with the environment. Welfare 
occurs when all those factors that may reduce the ability of an animal to adapt 
to the environment are avoided. Those factors are named stressors and can be 
analyzed. An individual is stressed when control systems are overtaxed and 
there is an actual or potential reduction in fitness. 

Stress can affect the endocrine/metabolic asset, nutritional status, normal 
growth and development, productivity and even the environmental impact of 
farm animals.  

In the life of young ruminants, the most dramatic event is weaning, which 
often coincides with a period of growth stasis. Weaning is the process of 
switching young animals from milk to solid feed. This change needs adaptation 
in digestive activity and in rumen functions. 

In light of this, the aim of the present study was to evaluate welfare status 
of goat kids, during the peri-weaning period, with a view to obtaining 
information that may help to minimize the stress of this crucial period. 

For this purpose, 11 Saanen goat kids were separated from their mothers, 
immediately after birth, and randomly assigned to one of two groups: MILK (6 
animals) and WMIX (5 animals). All kids were fed colostrum for the first three 
days of life. The MILK group then received ad libitum goat milk for the rest of 
the study period (to age 50 days). The WMIX group received ad libitum goat 
milk to age 29 days and then underwent weaning in which milk was 
progressively replaced by solid feed. WMIX kids were completely weaned on 
day 48 of age. 

During the experimental period, the total consumption per group was 
recorded daily. Individual body weights were recorded weekly. Every day, all 
the kids were observed during expectation, administration and consumption of 
feeds, in order to observe eventual abnormal behaviours. Samples of the fed 
milk and weaning mixture were collected and analyzed for dry matter and 
macro-nutrients composition.  

At 23, 30, 37, 44 and 50 days of age, jugular vein blood samples were 
taken from each animal before the first meal of the day. Plasma was analyzed 
for metabolic traits, such as glucose, total protein, albumin, free amino acids, 
urea and creatinine; for metabolic  hormones, such as leptin,  insulin, IGF-1 and 
ghrelin; and for enzymatic activity of alanine aminotransferase (ALT), aspartate 
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aminotransferase (AST) and α-amylase. Haematic parameters of welfare, such 
as cortisol and haptoglobin were determined. 

At age 50 days all animals were slaughtered. Liver and carcass weights 
were recorded and samples of liver and pancreas were taken. Liver samples 
were analyzed for DNA, RNA, phospholipids and soluble protein content, ALT 
and AST activity. Pancreas was analyzed for DNA, RNA and zymogen content 
and for α-amylase activity. Data were evaluated by the two-ways analysis of 
variance. 

During the entire experimental period, no abnormal behaviour has been 
recorded.  

As long as all the kids were fed milk only (from day 3 to day 29), dry 
matter intake (DMI) was similar in both groups. Seven days after the addition 
of solid feed (day 36), DMI in the WMIX group began to decrease compared to 
the MILK group. From day 37 of age, DMI began to be significantly different 
between the experimental groups. The initial decrease could be due to refusal of 
the new diet by the WMIX animals. Subsequently, lower DMI in this group 
could be because products from ruminal activity increasingly contributed to the 
nutritional requirements of the animals. Despite the difference observed in 
DMI, body weight did not differ between the two groups throughout the entire 
period. 

Overall means of plasma glucose and free amino acids were lower in 
WMIX kids, creatinine was higher in WMIX group, compared to MILK one. 
The largest differences were found at age 50 days, when glucose, free amino 
acids and urea were significantly lower, and creatinine was significantly higher 
in the WMIX than the MILK group. The lower glucose and free amino acids in 
WMIX kids could have been due to the relative inability of the solid diet to 
supply sufficient protein and energy. The lower plasma urea in the WMIX 
group may have been a consequence of urea recycling to the rumen. The 
development of rumen activity may have stimulated urea recycling to the 
rumen for microbial protein synthesis, thereby enhancing the efficiency of 
protein utilization. Furthermore, since only in the MILK group plasma urea was 
directly related to amino acid levels, it is possible that animals of this group 
used dietary amino acids as energy source as well as to meet their anabolic 
needs. The higher levels of plasma creatinine in the WMIX group might be the 
consequence of an initial tissue wasting, due to the change of the diet, not yet 
resulting in alteration in carcass weight.  

At 50 days of age, plasma insulin and IGF-1 were more than three times 
lower and ghrelin was significantly higher in the WMIX than the MILK group. 
As ghrelin acts on the central nervous system to stimulate food intake, the 
higher plasma ghrelin levels in the weaned animals could have been due to the 
lower DMI, which was particularly low at the completion of weaning. The 



Summary 

Welfare in Goat Kids During the Peri-weaning Period:  
Endocrine/Metabolic Asset and Functional Development 

3 
 

lower levels of insulin and IGF-1 in WMIX kids may have been related to the 
lower plasma glucose and amino acids in the WMIX group. In fact, at this time, 
both plasma insulin and IGF-1 strongly correlated to glucose and amino acids. 
The possibility arises that the higher insulin and IGF-1 in the MILK group 
could be due to insulin and IGF-1 supplied with the milk. In fact, both 
hormones are naturally present in goat’s milk. Moreover, several milk-borne 
peptides can pass the gastro-intestinal mucosa in a receptor-mediated process to 
enter the systemic circulation and supplement the suckling animal’s production 
of these substances. 

Two days after the completion of weaning, plasma activity of ALT and 
AST were significantly higher in the WMIX group than the MILK one, as 
possible consequence of the change of the diet. In humans, in fact, the 
reduction of protein intake may increase plasma ALT and AST activity.  

Plasma cortisol level began to be higher in the MILK group on day 44 of 
age. By contrast, no difference was observed in the concentration of plasma 
haptoglobin, during the entire study period. The correlation between plasma 
urea and amino acid levels in MILK kids induces to hypothesize that animals of 
this group used a part of the dietary amino acids as energy source. So, their 
higher level of plasma cortisol could have stimulated the liver to convert amino 
acids to glucose for energy. 

No difference was observed in carcass weight between the experimental 
groups. This letter result, together with data obtained on cortisol and 
haptoglobin, suggests that the weaning process adopted in the present study 
was not stressful and did not affect animal welfare. 

Liver glycogen was higher in the MILK kids, as possible consequence of 
the higher level of plasma glucose in these animals. 

Finally, both pancreatic amylase activity expressed as international units 
(IU) per gram of fresh tissue and pancreatic amylase activity expressed as IU 
per mg of DNA were more than three times lower in the WMIX than the MILK 
group. This latter result is surprising as the presence of starch in the diet of the 
WMIX animals did not stimulate pancreatic α-amylase activity. Even more 
intriguing is the fact that the greater α-amylase activity in milk-fed kids could 
have been stimulated by the higher insulin levels, which were possibly 
increased by the consumption of milk-borne insulin. In fact, in rats there is a 
close relationship between the increased plasma insulin just before weaning, 
and pancreatic α-amylase activity, suggesting that insulin may stimulate 
pancreatic functional development. In support of this, plasma insulin was 
strongly correlated to pancreatic α-amylase.  

In conclusion, the adopted weaning process minimized the stress of the 
transition from milk to solid diet. During this transition, milk-borne insulin 
played a possible role in the development of pancreatic amylase synthesis and 
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activity. Further studies are required to determine whether milk-borne insulin 
passes the gastro-intestinal mucosa of suckling kids and contributes to the 
functional development of the pancreas. 

 



1   INTRODUCTION 
 
 
 
1.1   Animal Welfare 
 
Animal welfare is commonly considered as the viewpoint that animals 

should not suffer unnecessarily, including when the animals are used for food, 
work, companionship, or research (Medical Research Council, 1999). 

Suffering occurs when unpleasant subjective feelings are acute or continue 
for a long time because an animal is unable to carry out the actions that would 
normally reduce risks to life and reproduction in those circumstances (Dawkins, 
1990).  

Suffering and poor welfare often occur together, but welfare is a somewhat 
wider term. Unpleasant subjective feelings will clearly affect the state of an 
individual as regards its attempts to cope with its environment. However, it 
could be that the state is affected without suffering occurring (Broom, 1991). In 
addiction to the absence of sufferings, animals  have a wide range of needs that 
are a consequence of the many functional systems that make life possible. A 
need is a deficiency in an animal that can be remedied by obtaining a particular 
resource or responding to a particular environmental stimulus (Fraser and 
Broom, 1990). 

If an animal has a need, its motivational state is affected so that 
behavioural and physiological responses that should result in remedying that 
need can be made. These coping responses allow the animal to control and 
maintain mental and bodily stability. The animal may succeed in its attempts to 
cope with the conditions in which it finds itself, in which case it has adapted to 
those conditions. Sometimes it may succeed only with great difficulty. 
Alternatively, it may fail to cope and the individual lacks control over 
interactions with its environment (Broom, 1988a). 

The welfare of an animal is clearly affected by both failure to cope and 
difficulty in coping (Broom, 1991). In light of this, welfare may be considered 
as “the state of an individual in relation to its ability to adapt to the 
environment” (Broom and Johnson, 1993). 
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1.2   Animal Welfare and Ecology  
 
The term “Ecology” was coined by the German biologist Ernst Haeckel in 

1866 when he defined it as “the comprehensive science of the relationship of 
the organism to the environment”. Haeckel did not elaborate on the concept and 
the first significant textbook on the subject – together with the first university 
course – was written by the Danish botanist Eugenius Warming (1895). For this 
early work, Warming is often identified as the founder of Ecology. 

The word “Ecology” derives from Greek οικοζ??1 and λογοζ2 and, today, it 
is considered the scientific study of the processes regulating the distribution and 
abundance of organisms and the interactions among them, and the study of how 
these organisms in turn mediate the transport and transformation of energy and 
matter in the biosphere (Krebs, 1972).  

All the organisms that live in the environment are in a close relation with 
it: they constantly attempt to modify it or adapt to it with the aim to maintain 
and extend life, as it represents the principle of life itself.  

The maintenance of life is the result of a complex bidirectional flux of 
materials and energy between the individual and its environment. Balance only 
occurs when this bidirectional flux takes place avoiding damages to all the 
component of the system.  

In light of this, it’s not possible to dissert on ecology without considering 
the environmental impact of farm animals. Moreover, as this impact is 
dependent on the state of welfare of animals, it is possible to assume that 
ecology is strictly concerned to animal welfare.   

 
 
 
1.3   The concept of Stress 
 
In accordance to its definition, welfare occurs when all those factors that 

may reduce the ability of an animal to adapt to the environment are avoided 
(Amadori et al., 2002). “Those factors” are named “stressors”. An individual is 
stressed when control systems are overtaxed and there is an actual or potential 
reduction in fitness (Broom, 1988b). 

The term “stress” was used for the first time by the Canadian 
endocrinologist of Austro-Hungarian origin Hans Hugo Bruno Selye in 1936. 
He defined it as a “General Adaptation Syndrome” (GAS): a typical syndrome 
that appears if an organism is severely damaged by acute non-specific nocuous 
                                                 
1 Oikos: household 
2 Logos: knowledge 
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agents, the symptoms of which are independent of the nature of the damaging 
agent (Selye, 1936). Stress is a physiological response to environmental 
changes produced by external or internal factors which involves the whole 
organism (Selye, 1951). 

Selye discerned between two different kinds of stress: “distress”, having 
negative implications, and “eustress”, considered a positive form of stress, 
usually related to desirable events or producing good reactions. Both can be 
equally taxing and both are cumulative (Selye, 1975). Distress is the most-
commonly referred to type of stress. 

 
 
 
1.4   Endocrine/Metabolic Effects of Stress 
 
In his seminal work on the general adaptation syndrome, Selye observed 

marked changes in the sizes of endocrine tissues subsequent to stressors 
exposure (Selye, 1939). Selye's observations have been confirmed many times 
over, and it is clear that endocrine responses constitute an integral component 
of the stress response (Van de Kar et al., 1991; Stratakis and Chrousos, 1995). 
Stress can affect the hormonal control of metabolism (Weissman, 1990; Wenk, 
1981), reproduction (Moberg, 1991; Rivier and Rivest, 1991), growth (Stratakis 
et al., 1995) and immunity (Peterson et al., 1991; Sheridan et al., 1998). Since 
hormone signalling plays a vital role in the maintenance of homeostasis, 
virtually every endocrine system responds in some fashion to specific stressors. 
The overall effect on the animal's adaptive response to stress is an integration of 
multiple, and often interactive, hormone responses that directly affect physical 
health and well-being (Matteri et al., 2000). 

One of the best known and consistent neuroendocrine responses to stress is 
the activation of the hypothalamus-pituitary-adrenal axis (HPA), resulting in 
the secretion of steroid hormones from the adrenal gland (Matteri et al., 2000). 
This relationship between stress and adrenocortical activation was one of the 
first recognized in the study of the endocrinology of stress (Selye, 1939). The 
regulation of glucocorticoids secretion from the adrenal gland depends on a 
linkage between the hypothalamus and the pituitary gland: factors produced in 
hypothalamic neurons regulate the secretion of adrenocorticotrophic hormone 
(ACTH) from the anterior pituitary (Guillemin and Rosenberg, 1955; Saffran et 
al., 1955; Porter and Jones, 1956). ACTH stimulates the synthesis and release 
of steroids from the adrenal cortex by promoting the uptake of cholesterol and 
its enzymatic conversion to cortisol and corticosterone, the glucocorticoid 
hormones. Glucocorticoids play an important role in gluconeogenesis by 
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stimulating the liver to convert fat and protein to intermediate metabolites that 
are ultimately converted to glucose for energy (Matteri et al., 2000). 

Glucocorticoids also support this response by potentiation of the synthesis 
and action of epinephrine (adrenaline), norepinephrine (noradrenaline) and 
dopamine: catecholamines that influence the HPA axis at many levels, 
including stimulating neurohormone release from the hypothalamus (Plotsky et 
al., 1989), ACTH release from the pituitary gland (Giguere and Labrie, 1983; 
Axelrod and Reisine, 1984; Dinan, 1996) and cortisol release from the adrenal 
cortex (Dinan, 1996). 

The maintenance of a sufficient, yet not excessive, concentration of 
glucocorticoids is necessary in order to maintain homeostasis. Chronic 
elevation of glucocorticoids results in protein catabolism, hyperglycaemia, 
immune suppression, susceptibility to infection and depression (Matteri et al., 
2000). 

 Chronic elevation of corticosteroids can also affect mental performance 
and reduce hippocampal volume (McEwen and Sapolsky, 1995). 

Considering the potent deleterious actions of chronically elevated 
glucocorticoids, an important function of these steroids is to curtail the HPA 
response to stress. This occurs through negative feedback inhibition, where 
glucocorticoids inhibit further HPA response at the levels of the brain and 
pituitary (McEwen, 1979; Fink et al., 1991). 

Factors involved in the regulation of ACTH secretion are corticotropin-
releasing hormone (CRH) and vasopressin (VP), which work independently, as 
well as in concert, to mediate glucocorticoids secretion at the level of the 
pituitary and adrenal glands. CRH and VP may also regulate glucocorticoids 
production and secretion via paracrine (local) actions within the adrenal gland. 
The magnitude and duration of the glucocorticoid response are secretogogue-
dependent (Matteri et al., 2000). 

Another regulatory factor that has been reported to induce ACTH secretion 
from the anterior pituitary is oxytocin (Link et al., 1993). In fact, high affinity 
receptors for oxytocin have been identified in the rat pituitary gland (Antoni, 
1986). The biological need for multiple stimulators of ACTH secretion has not 
been fully elucidated; however, the existence of multiple stimulators does 
highlight the relative importance of this system in the maintenance of 
homeostasis.  

Some authors suggest that specific stressors elicit specific patterns of 
neuro-hormonal activation, supporting the concept that activation of the HPA 
axis is stressor specific (Mason, 1974; Seggie and Brown, 1982). The 
effectiveness of glucocorticoid-mediated negative feedback on the HPA axis 
also varies among specific stressors (Plotsky et al., 1993). It would appear that 
the brain has the ability to distinguish between stressors and to release ACTH 



Introduction 

Welfare in Goat Kids During the Peri-weaning Period:  
Endocrine/Metabolic Asset and Functional Development 

10 
 

secretogogues depending on the physiological response needed to cope with the 
current stressor. Similarly, plasma concentrations of catecholamines, which 
regulate the HPA response, are elevated by acute stress, but the magnitude of 
the increase is dependent on the intensity of the stressors (Natelson et al., 1981; 
Goldstein et al., 1983).  

Stress may also affect growth hormone (GH) secretion by the anterior 
pituitary gland and insulin-like growth factor 1 (IGF-I) secretion by the liver. 
IGF-1 is a 7.6 kDa peptide which is considered to have a crucial role in 
mediating the effect of GH in the regulation of growth and differentiation on a 
variety of peripheral tissues, during post-natal life (Breier, 1999). The anabolic 
action of plasma IGF-1 consists in stimulating the uptake of amino acids and 
glucose by the cells (Noguchi, 2000). Stress-induced reductions of GH and 
IGF-I secretion has been reported in rats (Armario et al., 1987; Straus, 1994; 
Peisen et al., 1995); whereas data from other vertebrate species indicate that the 
somatotrophic axis responds to stress by concurrently increasing GH and 
decreasing IGF-I secretion (Vance et al., 1992; Kakizawa et al., 1995; 
Bruggeman et al., 1997; Carroll et al., 1998; McCusker, 1998). The increase in 
circulating GH antagonizes the effects of insulin by direct GH receptor-
mediated actions on peripheral target tissues, thus reserving blood glucose. A 
reduction in IGF-I is thought to minimize growth during times of distress, 
further preserving energy. Concurrent elevation in GH and suppression of IGF-
I secretion in non-rodent species seem to be an important adaptive response that 
diverts energetic substrates from growth to survival (Matteri et al., 2000). GH 
response can be enhanced by glucocorticoids (Casanueva et al., 1990). By 
contrast, a rapid reduction in IGF-I level can be induced by cortisol (McCarthy 
et al., 1990). 

Most pituitary and hypothalamic hormones can be influenced by stress. 
Acute psychological stress elevates PRL secretion in a variety of species 
(Klemcke et al., 1987; Jurcovicova et al., 1990; Kirschbaum et al., 1993; 
Matthews and Parrott, 1994; Juszczak, 1998). 

The best-documented function of PRL is to stimulate milk synthesis and 
secretion; however, a variety of other functions may exist (Bole-Feysot et al., 
1998). PRL seems to play a role in the maintenance of the corpus luteum 
(Bazer et al., 1991) and it is implicated in the control of salt-water balance, 
immunity, growth, development and metabolism (Nicoll, 1980; Weigent, 
1996). Circulating level of PRL arises in response to stress (Matteri et al., 
2000). Since there are several potential functions of PRL in vertebrates, it’s 
difficult to assign a specific adaptive purpose to stress-induced PRL secretion. 
There is speculation, however, that PRL may induce analgesia and offer 
protection against stress effects (Drago et al., 1989). While most of the PRL 
responses to stress are characterized by increase in hormone secretion, reduced 
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PRL level may occur as a consequence of chronic-stress, such as that 
encountered during prolonged illness (Van den Berghe and de Zegher, 1996).  

Luteinizing hormone (LH) and follicle-stimulating hormone (FSH) are 
collectively termed gonadotropins due to their positive effects on gonadal 
structure and function. These hormones are produced in specialized cells of the 
anterior pituitary gland called gonadotrophs. Acute stress can elicit a short-
lived increase in LH, but not FSH, secretion (Siegel et al., 1981; Sakamoto et 
al., 1991), whereas chronic stress is recognized as a cause of decreased 
gonadotropin secretion and reproductive failure (Moberg, 1991; Rivier and 
Rivest, 1991). In cases of emergency, the pituitary tends to produce more 
adrenocorticotropic and less gonadotropic hormone than under normal 
conditions. The reason for this is probably that, under certain conditions, an 
abundant supply of the life-maintaining principle of the adrenal cortex is a 
more imminent necessity than the preservation of normal sex function' (Selye, 
1939). The neural and endocrine mechanisms underlying stress-induced 
reproductive failure are complex and have yet to be fully elucidated, but 
scientific  evidences exist for suppressive effects of glucocorticoids, 
vasopressin, ACTH and CRH on gonadotropin secretion (Matteri et al., 1984; 
Moberg, 1991; Ferin, 1993; Rivest and Rivier, 1995; Dobson and Smith, 1995; 
Xiao et al., 1996).  

Stress can affect hypothalamic thyrotropin-releasing hormone (TRH), 
pituitary thyroid-stimulating hormone (TSH) and the thyroid hormones tri- and 
tetra-iodothyronine, (T3 and T4). 

TRH is released into the hypophysial portal vessels, where it is carried to 
the anterior pituitary. The pituitary cell type that produces and secretes TSH in 
response to TRH is called the thyrotroph. As potent metabolic regulators, 
thyroid hormones play a major role in controlling body temperature and 
metabolism (Danforth and Burger, 1984). 

The effect of acute stress on TSH secretion may vary between species. 
Short-term stress produces a transient increase in TSH secretion in humans 
(Richter et al., 1996), whereas a decrease in secretion is observed in rodents 
(Goya et al., 1995; Marti et al., 1996).  

The physiological benefit of stress-altered TSH secretion has not been 
elucidated yet (Matteri et al., 2000). 
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1.5   Influence of Stress on Appetite 
 
The suppression of appetite due to stress has long been discussed. Various 

stressors may influence neural and neuroendocrine mechanisms involved with 
appetite control (Forbes, 1995).   

Regulation of food intake is currently a topic of great interest in human 
and animal science.  

Regions of the hypothalamus have long been associated with the control of 
essential homeostatic functions including appetite.  
The most potent stimulators of feed intake in animals are neuropeptide Y 
(NPY) and Aguti-related peptide (AgRP). NPY has a 36 amino acids structure 
(Tatemoto et al., 1982) whereas AgRP is composed by 132 amino acids 
(Wilczynski et al., 2004). NPY and AgRP are co-expressed in arcuate nucleus 
neurons of the hypothalamus. NPY and AgRP are traditionally classified as 
food-stimulating neuropeptides and feed restriction increases both transcription 
and levels in the hypothalamus, indicating that these highly co-localized 
neuropeptides are also highly co-regulated following fasting (Kas et al., 2005). 
The main opponent to NPY/AgRP synthesis is leptin (Houseknecht and 
Portocarrero, 1998; Kas et al., 2005). Leptin  is a 16 kDa protein produced by 
the ob gene (Zhang et al., 1994). Leptin is expressed in many tissues, including 
skeletal muscle, gastric epithelium, brain, placenta (during pregnancy) and 
mammary gland (during lactation) (Ahima and Flier, 2000). Anyway, the main 
site of leptin secretion is white adipose tissue (Auwerz and Staels, 1998). 
Leptin is a 167 amino acid peptide with an amino-terminal secretory signal 
sequence of 21 amino acids. The translocation of leptin into microsomas of 
adipose cells is followed by the subsequent removal of the signal peptide and 
secretion into the blood stream. Circulating leptin is a peptide of 146 amino 
acids with a molecular mass of 14 kDa (Prolo et al., 1998). 

Adipocytes produce and secrete leptin in quantities directly and positively 
correlated with the adiposity of the animal and thus indirectly correlated with 
body weight. Leptin receptors have been identify within the arcuate (ARC, 
lower medial) area of the hypothalamus of sheep (Dyer et al., 1997) and they 
are co-localized with NPY/AgRP neurons (Mercer et al., 1996).  

In normal animals, leptin and NPY/AgRP work in concert to maintain 
energy balance. Feedback mechanisms exist which would further ensure 
homeostasis. Leptin receptors appear to be down-regulated by leptin and highly 
expressed when leptin level is low (Dyer et al., 1997; Mercer et al., 1997; 
Baskin et al., 1998).  

A variety of other peptides may influence appetite.  
Insulin is a 5.8 kDa protein synthesized in the pancreatic ß-cells and 

secreted in response of elevation of plasma glucose level. Insulin is responsible 
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for glucose uptake from the blood stream into adipose, muscular and hepatic 
cells with a mechanism similar, although much quicker, to that of IGF-1 
(Breier, 1999; Pessin and Saltiel, 2000), but it also modulates peripheral satiety 
signals and directly targets the central nervous system to inhibit food intake. 
Insulin and leptin share many properties: in a manner similar to leptin, insulin 
crosses the blood-brain barrier and interacts with specific receptors in the 
arcuate nucleus of the hypothalamus reducing food intake and body weight in a 
dose-dependent manner (Gale et al., 2004). 

By contrast, ghrelin is a 28 amino-acids acylated peptide from stomach, 
which plays a role in stimulating GH release by the pituitary gland and in 
affecting feeding behaviour as stimulator of food intake. Ghrelin-containing 
neurons have been identified in the arcuate nucleus of the hypothalamus, where 
directly enforce the release of NPY/AgRP, potently stimulating food intake 
(Kojima and Kangawa, 2005). 

The recently discovered neuropeptide orexin (ORX) also increases feed 
intake in adult rats (Sakurai et al., 1998) and in weanling pigs (Dyer et al., 
1999). Like NPY/AgRP, orexin mRNA expression increases in rats which have 
been feed-restricted (Sakurai et al., 1998).  

Stressors differently affect the level of pepdides involved in the control of 
appetite. In example, glucocorticoids secretion and inflammatory stress 
increase serum leptin level (Mastronardi et al., 2001), but hypothermia 
consistently decreases leptin expression (Trayhurn et al., 1995). Endogenous-
induced acute stress results in a rapid decrease in plasma leptin (Schafroth et 
al., 2001), whereas there is no clear effect of surgical stress on the release of 
leptin into the circulation (Mastronardi et al., 2001). In human and rats, 
glucocorticoids increase plasma leptin level. This suggests that the decrease of 
feed intake associated with stress is at least partially induced by the increase in 
leptin secretion (Newcomer, 1998). By contrast, a recent report states that 
ghrelin augments ACTH release in response to stress secretion-inhibiting the 
effect of leptin (Ueta et al., 2003). Anyway, the roles of leptin and ghrelin in 
stress responsiveness in farm animals needs further investigations.  

Insulin level arises in consequence of stress, to contrast the arise of 
glucose caused by glucocorticoid secretion. Anyway, cases of insulin-resistance 
are usually observed during stressor exposure (Burén and Eriksson, 2005; Chan 
et al., 2005). This is probably due to the insulin-antagonistic action of 
hormones like glucocorticoids.  Insulin resistance may develop diabetes (Burén 
and Eriksson, 2005). 

Data reported on ghrelin inhibiting effect on leptin and insulin-resistance 
suggest that feed intake may increment during stressors exposure. Moreover, 
acute stress generally increases neuropeptide Y mRNA within the arcuate 
nucleus of hypothalamus (Conrad and McEwen, 2000). However, NPY up-
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regulation within the arcuate nucleus does not reflect a general up-regulation of 
brain NPY gene expression. It happens because NPY and AgRP mRNA 
expression in the arcuate nucleus are dissociated after a stressful event. (Kas et 
al., 2005), thus explaining the stress-induced suppression of feed intake in farm 
animals.  

 
 
 
1.6   Nutritional Stress 
 
Nutritional stress poses a serious challenge to homeostasis. The 

importance of nutritional intake in maintaining reproductive function is well 
established (Chilliard et al., 1998). Inadequate nutrition delays or prevents the 
onset of puberty, interferes with normal cyclicity in the female and results in 
hypogonadism and infertility in males (Matteri et al., 2000). 

A consistent observation across species is that undernutrition results in 
decreased gonadotropin secretion (Schillo, 1992; Brown, 1994). A complex 
array of neural and neuroendocrine signals convey information of nutritional 
status to the reproductive system. More recent evidence suggests that leptin is 
required for reproduction (Houseknecht et al., 1998; Vitali et al., 2005). 
Reduced leptin secretion due to inadequate nutrition may play an important role 
in mediating the associated disruption of reproductive neuroendocrine function 
(Houseknecht et al., 1998; Vitali et al., 2005). Analogously, stress-induced 
interferences to leptin secretion and biological activity must be avoided in order 
to ensure normal reproduction. 

Nutritional stress also decreases overall activity of the thyroid axis. The 
elevation in HPA activity during chronic undernutrition may contribute to 
suppressed activity of the thyroid axis. Infusion of cortisol at level similar to 
that observed during fasting suppresses TSH secretion (Samuels and McDaniel, 
1997). In addition to reducing thyrotroph function, undernutrition diminishes 
hypothalamic TRH release, thyroid hormone production and levels of 
peripheral thyroid hormone receptors (Diano et al., 1998; Matteri et al., 2000). 
The decrease in thyroid axis function at so many levels reflects an important 
adaptive response to undernutrition. A reduction in metabolic rate and 
associated energy use has a positive survival value at times when the food 
supply is limited (Chilliard et al., 1998). 
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1.7   Immune System Response to Stress   
 
Organisms have evolved many strategies to defend against stressful 

environments and conditions. Indeed one could argue that the immune system 
is the result of the evolving response of the host to the stress of pathogen 
challenge. Exactly how the immune system responds to stress, however, is a 
difficult question to answer, in part because of the complexities of the host 
immunity and the stress response systems (Blecha, 2000). 

The assumption that stress influences host immunity arises from 
observations of increased disease occurrence in animals exposed to extreme 
stressful environments (Blecha, 2000). 

Calves exposed to stressful conditions develope a leukocytosis that is 
caused primarily by a neutrophilia. Neutrophilia is a common observation in 
stressed animals and is thought to be caused by a glucocorticoid-induced 
change in neutrophil trafficking and release from bone marrow reserves (Kelley 
et al., 1981; Roth and Kaeberle, 1982; Murata et al., 1987). 

Together with evidences on the stress-induced increase in cortisol 
concentrations and neutrophilia, there are also studies that have failed to show a 
direct correlation between concentrations of plasma cortisol induced by various 
stressors and immune function, suggesting that other factors, in addition to 
cortisol, are involved in stress-induced immune alterations (Blecha, 2000). 

Although acute increase in glucocorticoids is  considered a classic 
characteristic of the stress response – as indicated previously – it is often 
difficult to establish a relationship between stress-induced activation of the 
HPA axis and alterations in immune function (Blecha, 2000).  

Anyway, it has been observed that some stressful conditions (such as 
physical restraint) can increase ACTH and cortisol concentrations in pigs and 
lambs, together with alteration of some immune parameters, including 
lymphocyte proliferative responses and expression of some leukocyte 
differentiation antigens (McGlone et al., 1993; Minton et al., 1992). 

 
 
 
1.8   Effect of Stress on Productivity 
 
Farm animal agriculture has experienced massive 

change since the turn of the century. Mechanization and the implementation of 
new technologies have resulted in major increases in efficiency and intensity of 
production (Swanson, 1995). 

Intensive farming practices have become common because of the rapid 
increase in the global human population. The old style of agriculture and 
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livestock can no longer produce enough food to feed all the people in the world. 
However, not always “more” means “better” (Barton, 2002). In fact, 
excessively intense livestock practice may lead to a stressor situation in which 
animals are no longer able to maintain homeostasis and can develop ipofertility 
and metabolic diseases and reduce resistance to pathogens, compromising the 
productivity itself of the farm (Verga, 2000).  

Many intensive livestock production management practices may affect 
host immunity and disease susceptibility (Blecha, 2000). One of the most 
frequently used examples of this relationship is bovine respiratory disease in 
cattle. The bovine respiratory disease complex has been studied intensely for 
decades, yet it continues to cause large economic losses in the cattle industry. 
This multifaceted disease complex involves the interaction of respiratory 
viruses and bacteria and stress (Loan, 1984). 

In addition, a reduction in body weight has been observed in stressed pigs 
compared to unstressed ones (McGlone et al., 1993), thus confirming the 
possibility for stress to affect farm productivity. 

For this reason, in the last years, together with intensive farming systems, 
farmers are trying to develop new technologies able to improve livestock 
quality and animal well-being (Verga and Ferrante, 2002), in order to increase 
the quality of the end products (Carenzi et al., 2001). 

 
 
 
1.9   Stress and Environmental Impact 

 
As reported above, physical or psychological stress affects various 

physiological factors, such as the secretion of hormones, the activity of 
autonomic neurons, and the regulation of the immune system.  These factors 
are closely associated with the regulation of gastrointestinal functions. Both in 
humans and experimental animals, many reports have indicated that stress 
affects gastric emptying, gastric secretion, intestinal transit, and colonic 
motility (Williams et al., 1988; Plourde, 1999). In the colon, stress has been 
reported to stimulate motility via the activation of autonomic neurons, 
increasing faecal pellet output, or diarrhoea (Okano et al., 2005). The 
mechanism of this increase has not been fully elucidated, but it is usually 
associated to a significant increase in the plasma concentration of ACTH. In 
gerbils under novelty stress, faecal pellet output increases 1.5 times, while 
ACTH level is quadruple, in relation to non-stressed animals (Okano et al., 
2005).  

The stimulation of intestinal motility and the increase in faecal output 
under stressful conditions may indicate that stress can reduce the efficiency of 
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dietary nutrients utilization. Moreover, the latter data represent evidences that 
stress can affect the environmental impact of animals and enforce the theory 
that ecology is strictly concerned to animal welfare.  

 
 
 
1.10   The Five Freedoms 

 
The Five Freedoms are a well-established set of propositions which 

provide a core framework encompassing an animal’s basic needs, whether on 
farm, in transit, at market or at the place of slaughter. They declare a series of 
“freedoms” and implied husbandry requirements, which underlie good farm 
animal welfare, involving: 

1.  Freedom from hunger and thirst, by ready access to fresh water and a 
diet to maintain full health and vigour. 

2.  Freedom from discomfort, by providing an appropriate environment 
including shelter and a comfortable resting area. 

3.  Freedom from pain, injury and desease, by prevention or rapid diagnosis 
and treatment. 

4.  Freedom to express normal behaviour, by providing sufficient space, 
proper facilities and company of the animal’s own kind. 

5.  Freedom from fear, by ensuring conditions and treatment which avoid 
mental suffering. 

The concept of the “five freedoms” appeared for the first time in 1965, in 
the “Report of the Technical Committee to Enquire Into the Welfare of 
Animals Kept Under Intensive Livestock Husbandry System” of the British 
Government. That concept was precisely defined in April 1999, when the Farm 
Animal Welfare Council (FAWC) was asked by the English Ministry of 
Agriculture, Fisheries and Food (MAFF) to consider the relationship between 
farm assurance schemes and animal welfare. 

The content of the “five freedoms” have guided FAWC’s philosophy of 
approach in all its studies. They provide widely accepted guidelines to all 
concerned with the keeping of livestock as to how they might fulfil their 
obligation to the animals they use at every stage of production. The freedoms 
have 
provided the backdrop to the most of the studies into the relationship between 
farm assurance schemes and farm animal welfare (FAWC, 2001).  
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1.11   Indicators of Stressful Conditions  
 
Farm animal welfare is usually measured using different indicators (Pol et 

al., 2002). Although the most of the present treatment focuses on the effects of 
stress on metabolism and immune system, one of the best known method to 
provide information on animal welfare condition is animal observation (Pol et 
al., 2002).  

The FAWC’s fourth freedom states that animals should be able to express 
their normal behaviour patterns. One interpretation of this freedom is that, in 
general, animals that can perform normal behaviour are more likely to achieve 
better welfare than those that cannot (Kilgour, 1978). According to this, 
abnormal behaviours can be considered as indicators of poor welfare (Gonyou, 
1994). However, what are “abnormal behaviours”? Some examples of these 
behaviors are aggression, injurious behaviors such as feather pecking or tail 
biting, and repeated movements, or stereotypies (Gonyou, 1994). 
Unfortunately, many behaviours that are considered indicative of poor welfare 
have multiple causes, so stress assessment requires more specific evaluation 
methods (Pol et al., 2002). 

Stress is usually assessed by the level of plasma cortisol, which reflects the 
activity of the HPA axis (Brown-Borg et al., 1993; Bradshaw et al., 1996; Pol 
et al., 2002). However, plasma levels of cortisol vary with circadian rhythm, 
season and photoperiod or food intake rhythm (Barnett et al., 1981). Moreover, 
blood sampling itself causes a rise in cortisol level, so the withdrawal must be 
done as carefully and as rapidly as possible, in order to avoid restrain stress 
(Magnusson et al., 1998). 

In light of this, together with cortisol, metabolic and endocrine traits must 
be determined, in order to evaluate correctly the effect of stressful conditions 
on the whole body homeostasis. In particular, as stress may induce the 
suppression of feed intake, the analysis of hormones involved in the regulation 
of feeding behaviour (such as leptin, insulin and ghrelin) can be a useful tool to 
evaluate the presence of stressful conditions.  

Another haematological parameter for the evaluation of the welfare status 
is represented by a group of plasmatic proteins called Acute Phase Proteins 
(APP). The most investigated APP is haptoglobin. APP are synthesized by the 
liver and their level rapidly increase in respond to pathogens infections and 
stressful events (Asai et al., 1999; Chen et al., 2003).     
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1.12   Stress and Weaning 
 

In the life of farm animals, it is often possible to attend to a period of 
growth stasis, witch coincides to weaning (McCracken et al., 1995).  

Weaning is the process of switching young animals from milk to solid 
feed. Usually, in ruminants weaning is not just an event, but a period in which 
milk is progressively substituted by forage and concentrate or grain-based diets. 
The weaning program is generally chosen according to economic and practical 
criteria, since it can influence growth (Owens et al., 1993), maturation of the 
reproductive tract (Lawrence et al., 2005) and even the quality of the end 
products (Schoonmaker et al., 2002). 

During the weaning period, diet shifts from a mixture of casein, lactose 
and triglyceride to a more complex source of nutrients. This change needs 
adaptation in rumen functions (Baldwin et al. 2004)  and digestive activity 
(Kinouchi et al. 2000); in example, administration of vegetable feeds, 
containing starch, requires the secretion of novel digestive enzymes in the small 
intestine, even if a part of it could be fermented in the developing rumen 
(Ortega-Cerrilla and Mendoza-Martinez, 2003). 

Weaning-induced stress could be the result of the interaction between new 
dietary substrates and developing ruminal activity. Weaning is a dramatic 
metabolic event for young mammals, in whom the maturation of the digestive 
system is still incomplete (Kelly and Coutts, 2000). 

In light of this, it is worth of interest to investigate the effects of weaning, 
with a view to obtaining information that may help to minimize stress, 
improving animal welfare and productivity and reducing the environmental 
impact of farm animals, during this crucial period. 
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2   EXPERIMENTAL DESIGN 
 
 
 
2.1   Aim of the Study 
 
As previously stated, weaning is a crucial period in the life of farm animals 

(Owens et al., 1993; McCracken et al., 1995; Schoonmaker et al., 2002; 
Lawrence et al., 2005). 

The process of transitioning animals from their neonatal reliance on 
nutrients supplied from milk to nutrients supplied from hay and concentrate or 
grain-based diets is of substantial economic importance to the producer 
(Baldwin et al., 2004). 

The choice of the weaning protocol is particularly important for ruminants, 
since this period is characterized not just by the adaptation of digestive activity, 
but also by the development of rumen function. The events surrounding the 
development of the rumen are considered the most dramatic physiological 
challenges to young ruminants (Baldwin et al., 2004).  

The rumen epithelium is responsible for several physiologically important 
functions, including absorption, transport, short-chain fatty acid metabolism, 
and protection (Galfi et al., 1991). Its maturation is the result of differential 
expression of numerous genes regulating both physical and metabolic 
characteristics of the tissue (Baldwin et al., 2004). While the most dramatic 
physical changes occurring during development are associated with the rumen 
epithelium, changes in intestinal mass and metabolism are also realized in 
response to dietary changes (Baldwin et al., 2004). 

According to the importance of weaning in the life of farm animals the aim 
of the present study was to evaluate the welfare status of goat kids during the 
transition from pre-ruminant to ruminant state, trough the analysis of the 
endocrine/metabolic asset. Another aim was to determine the activity of 
internal organs (such as liver and pancreas), in order to estimate the functional 
development of young animals at the time of weaning. 

The knowledge of the endocrine and metabolic asset at weaning could also 
help to remove those stressors that can alter the development, welfare, 
productivity and even the environmental impact of farm animals.  
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2.2   Materials and Methods  
 
2.2.1 Animals 

 
Eleven Saanen goat kids were separated from their mothers, immediately 

after birth, and randomly assigned to one of two groups: MILK (6 animals) and 
WMIX (5 animals). Mean body weight (BW) was 3.72 ± 0.57 kg (mean ± SD) 
in the MILK group and 3.60 ± 0.47 kg in the WMIX group. The kids of the 
both groups were housed in separated steel boxes (2.0 m x 1.3 m) provided 
with straw bedding. The boxes were maintained under identical lighting (13.8 ± 
0.9 h/d) and temperature (16.2 ± 6.5 °C) conditions over the study period. At 
age 50 days all animals were slaughtered five hours after the first meal of the 
day. The animals used in the present study were cared for and slaughtered in 
accordance with the guidelines established by the European Union and the 
Italian Ministry of Health. 

 
 

Figure 1. A Saanen goat kid. 
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2.2.2   Diets 
 
All animals were fed colostrum for the first three days of life. The MILK 

group then received ad libitum goat milk for the rest of the study period (to age 
50 days). The WMIX group received ad libitum goat milk to age 29 days and 
then underwent weaning in which milk was progressively replaced by solid 
feed. Specifically, from age 30 to 36 days the WMIX group received 2.5 l/d per 
head of milk plus ad libitum weaning mixture. From age 37 to 47 days the milk 
was gradually reduced to 1.0 l/d per head. On the 48th day, milk was completely 
withdrawn. All animals were fed twice a day (9:00 am and 7:00 pm). 

The weaning feed mixture consisted of grass hay (30 %), dehydrated 
alfalfa hay (10 %), steam-flaked corn (19 %), corn gluten meal (3 %), dried 
sugar beet pulp (8 %), soybean meal (15 %), sunflower seeds (4 %), sugar cane 
molasses (4 %) and mineral/vitamin supplement (7 %). 

 
2.2.3   Measures and Samples 
 
During the experimental period, the total consumption per group was 

recorded daily. Individual BWs were recorded weekly, before the first meal of 
the day. 

Every day, all the kids were observed during expectation, administration 
and consumption of feeds, in order to observe eventual abnormal behaviours.  

On days 23, 30, 37 and 44 of life, samples of the fed milk were collected 
from the morning and from the evening feedings. On days 30, 37 and 44, also 
weaning mixture samples were collected. 

At 23, 30, 37, 44 and 50 days of age, jugular vein blood samples were 
taken from each animal before the first meal of the day. The blood was 
collected into vacuum tubes containing K3EDTA and aprotin (Trasylol, Bayer, 
50 µl/ml) and immediately centrifuged at 2000 x g for 15 minutes. The plasma 
obtained was stored at –20 °C pending analysis. 

At slaughtering, liver and carcass weights were recorded and slaughtering 
yield was measured. With the term “carcass” it is considered the eviscerated 
animal after removal of blood and skin: it includes the head. The yield is the 
carcass weight over the live weight, expressed as percentage. 

At slaughtering, samples of liver and pancreas were taken, cooled in liquid 
nitrogen and stored at   –80 °C until analysis.  

 
2.2.4   Analysis   
 
Immediately after sampling, milk was analyzed for dry matter, crude 

protein, fat and lactose, by IDF-approved methods (Hopkin, 1984). Weaning 
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mixture samples were analyzed for dry matter, crude protein, ether extract, and 
starch, according to AOAC guidelines (AOAC, 1990).  

Plasma was analyzed for glucose (Wako Chemicals - Neuss, Germany), 
free amino acids (Goodwin, 1968), total protein, urea, creatinine (Giesse 
Diagnostics - Colle Prenestino, Rome, Italy) and albumin (Boehringer 
Mannheim - Mannheim, Germany) by spectrophotometric methods. On plasma, 
leptin (Multispecies Leptin RIA Kit, Linco Research - St. Charles, MO, USA), 
insulin (Insik-5, Dia Sorin - Saluggia, Italy) and IGF-1 (Total IGF-1 With 
Extraction, Diagnostics System Laboratories - Webster, TX, USA) were 
determined by radio-immune assays (RIA); ghrelin was determined by enzyme-
linked immunosorbent assay (ELISA) (Total Ghrelin, Diagnostics System 
Laboratories - Webster, TX, USA). Plasma activity of alanine aminotransferase 
(ALT), aspartate aminotransferase (AST) (Boehringer Mannheim - Mannheim, 
Germany) and α-amylase (Giesse Diagnostics - Colle Prenestino, Rome, Italy) 
were analyzed by enzymatic-spectrophotometric methods. Finally, plasma was 
tested for cortisol (DSL-2000, Diagnostic System Laboratories - Webster, TX, 
USA) and haptoglobin (Giesse Diagnostics - Colle Prenestino, Rome, Italy) 
content by RIA and turbidimetric method,  respectively. 

Liver samples were analyzed for DNA, RNA, phospholipids and soluble 
protein content, ALT and AST activity. According to Munro and Fleck (1966), 
200 mg of liver were homogenated in 4 ml of ice-cold distilled water, added 
with 2.5 ml of 0.6 N HClO4 and incubated 10 minutes at room temperature, 
after mixing. The precipitate formed after incubation was separated by 
centrifugation for 5 minutes at 1500 x g and then washed twice with 2 ml of 0.2 
N HClO4. After that, the precipitate was added with 4 ml of 0.3 N KOH and 
incubated for 1 hour at 37 °C. The obtained solution was added with 2.5 ml of 
1.2 N HClO4 and incubated on ice for 10 minutes to allow complete 
precipitation. The precipitate was separated by centrifugation and washed twice 
with 5 ml of 0.2 N HClO4.  

For the analysis of RNA in liver, washings and the supernatant were 
combined and further 10 ml of 0.6 N HClO 4 were added and the volume was 
made up with distilled water to 100 ml. The extinction (E) of the solution was 
measured at 232 nm and 260 nm. The content of RNA phosphous was 
calculated with the formula: PRNA (µg/ml) = 3.40 E260 – 1.44 E232 and RNA 
content was calculated considering PRNA as the 6.4 % of the tissual RNA 
(Munro and Fleck, 1966). 

For the analysis of DNA content in liver, the precipitate, obtained after 
incubation on ice for 10 minutes, was dissolved in 5 ml of 0.3 N KOH and 
added with 12 ml of 0.3 N KOH. Then the volume was made up to 50 ml with 
distilled water. 2 ml of the solution were added with a 0.04 % indole solution 
and 1 ml of concentrated HCl and mixed. The mixture was placed in a boiling 
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water bath for 10 minutes, then cooled in running water. The mixture was 
extracted 3 times with CHCl3 and the aqueous layer was read at 490 nm. The 
amount of DNA was obtained from a standard curve of different concentrations 
of thymus DNA (Munro and Fleck, 1966).    

For the analysis of suluble protein and phospholipids content and ALT and 
AST activity in liver, 250 mg of fresh tissue were homogenized in 1 ml of 
water with an Ultra Turrax homogenizer. 0.5 ml of the suspension were 
transferred in a centrifuge tube and then centrifuged for 5 minutes at 800 x g. 
The supernatant was analyzed for soluble protein content (Pierce Biotecnology 
Inc. – Rockford, IL, USA) and ALT and AST activity (Boehringer Mannheim - 
Mannheim, Germany) with spectrophotometric methods. ALT catalyzes the 
conversion of alanine to pyruvate. Pyruvate, in presence of NADH is converted 
into lactate by the enzyme lactate dehydrogenase. The estintion of NADH can 
be measured spectrophotometrically at 340 nm and its variation per minute is 
properly related to the concentration of ALT. Instead, AST is an enzyme that 
catalyzes the conversion of aspartic acid to oxaloacetate, which is rapidely 
converted into malate, in presence of NADH, by the enzyme malate 
dehydrogenase. Once again, the measure of the variation of the extinction per 
minute of NADH gives the concentration of AST. Transaminase activity is 
usually expressed in international unit (IU/l), which is considered as the amount 
of enzyme that converts 1 µmol of amino acids into oxo acids per minute at 37 
°C. 

According to Folch (1957), 0.5 ml of the homogenized suspension were 
extracted twice with 10 ml of 2:1 mixture of CHCl3-CH3OH. The two extracts 
were added with 4.5 ml of 0.73 % NaCl solution and then centrifuged for 10 
minutes at 1000 x g. After removing and discarding the upper layer, the volume 
was made up to 25 ml with methanol. Phosphorus was determined with Allen’s 
procedure (1940). 3 ml of the extract were evaporated to dryness at 100 °C and 
digested with 0.4 ml of 72 % HClO4 at 200 °C for 1 hour. After cooling, the 
digested extract was added with 4 ml of distilled water, 0.4 ml of 1 % amidol 
solution in 20 % sodium metabisulfite and 0.2 ml of 8.3 % ammonium 
molybdate solution, mixing after each addition. After 5 minutes, the obtained 
mixture was read at 725 nm.  The amount of phosphorous was obtained from a 
standard curve and phospholipids content was calculated considering 
phosphorus as the 4 % of phospholipids.    

From pancreas, zymogen granules were extracted by Kinouchi’s method 
(Kinouchi et al., 1998). According to this method, 100 mg of pancreas were 
homogenized with Ultra Turrax homogenizer in 2 ml of ice-cold buffer (0.25 M 
sucrose, 5 mM MOPS, and 0.1 mM MgSO4, pH 7.0). The homogenate was 
centrifuged at 150 x g for 10 minutes to remove unbroken cells and nuclei. The 
supernatant was re-centrifuged at 1300 x g for 10 minutes. The white layer at 
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the bottom was suspended in 0.15 M Tris HCl (pH 8.2) containing 0.01 M 
CaCl2 and then briefly sonicated to break the membranes of the zymogen 
granules. The suspension was centrifuged at 3000 x g for 5 minutes and the 
resultant supernatant was analyzed for zymogen content (Pierce Biotecnology 
Inc. – Rockford, IL, USA) and for α-amylase activity (Giesse Diagnostics Snc, 
Colle Prenestino – Roma, Italy). This method is based on the chromogenic 
substrate 2-chloro-4-nitrophenyl maltotrioside. The reaction of amylase with 
this substrate results in the formation of 2-chloro-4-nitrophenol, that can be 
spectro-photometrically measured at 405 nm. One IU of amylase activity was 
defined as the amount of enzyme which released 1 µmol of dichlorophenol  per 
minute at 37 °C. 

Pancreas samples were also analyzed for DNA and RNA content, as 
previously described. 

 
2.2.5   Statistical Analysis  
 
Data obtained were evaluated by the two-ways ANOVA procedure 

(analysis of variance) of SAS (SAS, 1999), considering the effects of weaning 
and of period as the independent variables. Differences were considered 
significant when P<0.05 and highly significant when P<0.01.  

The results from analysis of the experimental feeds will be presented as 
mean value ± standard deviation (SD). All the other results will be presented as 
mean value ± standard error of means (SEM). 
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3   RESULTS 
 
 
 
Results will be presented in form of tables and graphs. Significant 

differences will be indicated with a single asterisk (*), highly significant 
differences will be indicated with a double asterisk (**). The MILK group 
will be represented in blue, while the WMIX group will be indicated with the 
yellow colour. Bars indicate SEM.  

Attention will focus chiefly on day 50 of age. 
 
 
 
3.1   Diets 
 
Goat’s milk composition and weaning mixture composition are expressed 

in table 1 and 2, respectively. Data are expressed as fed and on dry matter 
(DM). All values are means ± SD. n = 8 for milk; n = 3 for weaning mixture. 

The energy supplied by the goat’s milk was calculated from the mean 
value of nutrients, according with Sandrucci et al. (1995). The energy supplied 
by the weaning mixture was calculated from the mean value of nutrients, 
according with Ewan (1989).  

As observed, the glucose source for WMIX kids changed from lactose to 
starch during the transition to the solid diet. 

 
 

Table 1. Goat’s milk composition and gross 
energy. 
 

 As Fed On Dry Matter 
Dry Matter (%) 12.2 ± 0.64  
Crude Protein (%)  3.22 ± 0.09 26.3 ± 0.72 
Fat (%) 3.68 ± 0.48 29.5 ± 3.93 
Lactose (%) 4.73 ± 0.09 38.6 ± 0.75 
Gross Energy (kJ/kg) 2.72 22.2 
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3.2   Abnormal Behaviours  
 
During the entire experimental period, no case of aggression, neither 

injurious behaviours, nor stereotypies has been recorded. 
 
3.3   Ingestion and Body Weights 
 
As observed in figure 2, as long as all the kids were fed milk only, dry 

matter intake (DMI) was similar in both groups. Seven days after the addition 
of solid feed, DMI in the WMIX group began to decrease compared to the 
MILK group. From day 37 of age, DMI began to be significantly different 
(P<0.01) between the experimental groups. DMI has been calculated as mean 
for each kid.  

Despite the difference observed in DMI, starting from day 37 of age, body 
weight did not differ between the two groups throughout the entire study period 
(figure 3). 

 

Table 2. Weaning mixture composition and gross 
energy. 
 

 As Fed On Dry Matter 
Dry Matter (%) 88.8 ± 0.09  
Crude Protein (%)  14.6 ± 1.44 15.9 ± 2.38 
Fat (%) 3.93 ± 1.17 4.43 ± 1.32 
Starch (%) 16.0 ± 0.75 18.9 ± 0.84 
Gross Energy (kJ/kg) 16.1 18.2 
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Figure 3. Mean BW.  
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Figure 2. DMI expressed as gram per head per 
day. Red line indicates the change of WMIX 
diet. 
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3.4   Metabolic Traits 
 
Data obtained for glucose, free amino acids, total protein, albumin, urea 

and creatinine are shown in figure 4, 5, 6, 7, 8 and 9, respectively. During the 
last four weeks of life, the WMIX group had significantly lower plasma levels 
of glucose (6.55 mM vs. 6.90; SEM=0.27, P<0.05) and free amino acids (4.89 
mM vs. 5.27 mM; SEM=0.17, P<0.01) and significantly higher plasma 
creatinine (71.7 µM vs. 69.3 µM; SEM=1.44, P<0.05) than the MILK group. In 
the course of the same four weeks, overall means of plasma total protein, 
albumin and urea were not different between the groups. 

The largest differences were found at age 50 days (two days after the 
completion of weaning), when glucose (figure 4), free amino acids (figure 5) 
and urea (figure 8) were significantly lower, and creatinine (figure 9) was 
significantly higher in the WMIX than the MILK group. Plasma free amino 
acids and urea began to differ (P<0.05) between the experimental groups on 
day 44 of age (figure 5 and 8, respectively). 

 

 
 
 

Figure 4. Plasma glucose.  
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Figure 5. Plasma free amino acids.  
 

*      **

0

2

4

6

8

23 30 37 44 50

Days of Age

m
M WMIX

MILK

 
 

Figure 6. Plasma total protein.  
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Figure 7. Plasma albumin.  
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Figure 8. Plasma urea.  
 

*      **

0
2

4

6

8

10

23 30 37 44 50

Days of Age

m
M

WMIX
MILK

 
 



Results 

Welfare in Goat Kids During the Peri-weaning Period:  
Endocrine/Metabolic Asset and Functional Development 

60

 
3.5   Plasma Hormones 
 
Data obtained for leptin, insulin, IGF-1 and ghrelin are shown in figure 10, 

11, 12 and 13 respectively. During the last four weeks of life there was no 
difference between the two experimental groups for the hormones analyzed.  

It is worthy of note to observe that plasma leptin level constantly 
decreased (P<0.05) in both groups, between the third and the sixth week of life 
(figure 10). By contrast, IGF-1 increased (P<0.01), until the sixth week, then 
decreased (P<0.01) in the WMIX kids, during the last week of the experimental 
period (figure 12).  

At 50 days of age, plasma insulin and IGF-1 were more than three times 
lower (P<0.05) (figure 10), and ghrelin was significantly higher (P<0.05) in the 
WMIX than the MILK group (figure 12). 

 
 

 

Figure 9. Plasma creatinine.  
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Figure 11. Plasma insulin.  
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Figure 10. Plasma leptin.  
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Figure 12. Plasma IGF-1.  
 

**

0
15
30
45
60
75
90

23 30 37 44 50

Days of Age

nM WMIX
MILK

**

 
 

Figure 13. Plasma ghrelin.  
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3.6   Enzymatic Activity in Plasma 
 
Results obtained from the analysis of plasmatic activity of ALT, AST and 

α-amylase are shown in figures 14, 15 and 16, respectively. 
The activity of plasma ALT was significantly higher (P<0.01) in the 

WMIX group than the MILK one, during the last two weeks of life (figure 14). 
Plasmatic activity of AST began to be higher (P<0.05) in the WMIX kids 

on day 44 of life. The difference was even greater (P<0.01), two days after the 
completion of weaning (figure 15). 

No difference was observed in the activity of plasma α-amylase, between 
groups, during the whole study period (figure 16). 

 

Figure 14. Plasmatic activity of ALT.  
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Figure 15. Plasmatic activity of AST.  
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Figure 16. Plasmatic activity of α-amylase.  
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3.7   Haematic Parameters of Welfare 
 
Data about cortisol and haptoglobin are presented in figure 17 and 18 

respectively.  
Plasma cortisol level began to be lower (P<0.05) in the WMIX group on 

day 44 of age. By contrast, no difference was observed in the concentration of 
plasma haptoglobin, during the entire study period. 
 

Figure 17. Plasma cortisol.  
 

*        *

0

10

20

30

40

50

23 30 37 44 50

Days of Age

nM WMIX
MILK

 
 



Results 

Welfare in Goat Kids During the Peri-weaning Period:  
Endocrine/Metabolic Asset and Functional Development 

66

 
 
 
3.8   Slaughtering Parameters 
 
Slaughtering parameters are presented in table 3.  
Although BW, carcass and liver weights did not differ between the two 

groups, the MILK kids had a significantly higher (P<0.05) slaughtering yield 
than the WMIX ones (Table 3).  

Table 3. Slaughtering parameters. 
 

 WMIX MILK SEM 
Live BW (kg) 15.3 16.2 1.56 
Carcass Weight (kg)  9.54 10.7 0.93 
Yield (%) 62.2* 66.2* 0.86 
Liver Weight (g) 330 377 18.7 

 

Figure 18. Plasma haptoglobin.  
 

0

15

30

45

60

23 30 37 44 50

Days of Age

m
g/

l

WMIX
MILK

 
 



Results 

Welfare in Goat Kids During the Peri-weaning Period:  
Endocrine/Metabolic Asset and Functional Development 

67

3.9   Liver and Pancreas Analysis 
 

Results obtained from the analysis of liver and pancreas samples are 
shown in tables 4 and 5, respectively. 

As observed in table 4, no difference was observed nor in liver DNA and 
RNA content, neither in their ratio, which is considered a measure of the 
synthetic potentiality of the liver (Munro and Flack, 1966). Similarly, no 
difference was observed in enzymatic activity of liver and phospholipids 
content, between the experimental groups. Also liver ribosomal capacity 
(RNA/soluble protein ratio) was not different between groups. However, epatic 
glycogen content was lower (P<0.05) in WMIX kids, compared to the MILK 
ones.   
 

Table 4. Liver analysis. SP indicates soluble 
protein; P-lipids indicates phospholipids. 
 

 WMIX MILK SEM 
DNA (mg/g liver) 2.96 2.54 0.18 
RNA (mg/g liver)  5.47 5.29 0,17 
RNA/DNA 1.87 2.16 0.15 
ALT (IU/g liver) 7.71 8.22 0.97 
AST (IU/g liver) 200 229 17.9 
ALT/DNA (IU/mg DNA) 2.63 3.50 0.53 
AST/DNA (IU/mg DNA) 68.3 97.4 13.4 
SP (mg/g liver) 223 238 8.90 
ALT/SP (IU/mg SP) 34.2 34.5 2.29 
AST/SP (IU/mg SP) 899 965 69.2 
RNA/SP  0.025 0.022 0.002 
Glicogen (mg/g liver) 40.9* 55.3* 4.77 
P-lipids (mg/g liver) 3.80 3.87 0.12 
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As shown in table 5, pancreatic DNA and RNA content did not differ 

between the two groups, and there was no difference in RNA/DNA ratio which 
is an estimate of the extent of protein synthesis within each cell (Colombo et 
al., 2005). Pancreatic zymogen content did not differ either and there was no 
difference in RNA/zymogen (indicator of ribosomal capacity – Attaix et al., 
1989) between the groups. By contrast, both pancreatic amylase activity 
expressed as international units (IU) per gram of fresh tissue and pancreatic 
amylase activity expressed as IU per mg of DNA were more than three times 
higher in the MILK than the WMIX group. Plasma insulin correlated strongly 
with pancreatic α-amylase activity expressed per gram of fresh tissue (r=0.70, 
n=11, P<0.05) and also with pancreatic α-amylase activity expressed per 
milligram of DNA (r=0.67, n=11, P<0.05). The correlation between insulin and 
amylase activity per mg of zymogen was even stronger (r=0.85, n=11 P<0.01). 
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Table 5. Pancreas analysis. Z indicates zymogen. 
 

 WMIX MILK SEM 
DNA (mg/g pancreas) 3.36 3.16 0.45 
RNA (mg/g pancreas)  13.3 11.8 1.09 
RNA/DNA 4.43 4.12 0.66 
α-amylase (IU/g pancreas) 8.23* 29.5* 6.24 
α-amylase (IU /mg DNA) 2.94* 8.87* 1.64 
Z (mg/g pancreas) 10.8 9.65 1.17 
α-amylase /Z (IU/mg Z) 0.70** 2.79** 0.50 
RNA/Z  0.54 0.60 0.07 
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4   DISCUSSION 
 
 
 
4.1   Abnormal Behaviours  
 
The absence of aggression, injurious behaviours and stereotypies, 

throughout the entire experimental period, suggests that all the animals were 
able to express normal behaviours, in accordance with the principles expressed 
by the “five freedoms” (FAWC, 2001). 

 
 
 
4.2   Ingestion and Body Weights 
 
DMI began to differ between the groups soon after WMIX were subjected 

to the weaning protocol based on the progressive substitution of milk with the 
solid feed (§ 2.3.3). The initial decrease could be due to refusal of the new diet 
by the WMIX animals. Subsequently, lower DMI in this group could be 
because products from ruminal activity were making an increasing contribution 
to the nutritional requirements of the animals. Nevertheless the groups did not 
differ in body weight, possibly because feed in the gut could have inflated 
WMIX body weight, particularly during the last week of life.  

 
 
 
4.3   Metabolic Traits 
 
In adult ruminants nutritional effect on metabolic traits is not so clear. In 

example, blood glucose level fluctuates minimally relative feed intake because 
its concentration is hormonally maintained within the physiological range by 

the interplay of the glucose-lowering action of insulin (Bharathi and Cryer, 
2005) and the glucose-raising action of glucagon (Jiang and Zhang, 2003). 
Hyperglycemia can only develop when the rate of entry of glucose into plasma 
exceeds its rate of disposal. This occurs throughout the day in response to 
meals. However, this condition is quite transitory and within a short time 
euglycemia is restored (Chen et al., 1988). Anyway, in the present study, 
WMIX kids were subjected to a three-weeks period of profound changes in 
digestive function and activity and it is possible to suppose that all those 
changes have produced modifications in the basal levels of the investigated 
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parameters, that are more difficult to evidence in the adult animal, in which 
digestive functions are mature. 

At two days post-weaning (age 50 days), plasma glucose, free amino 
acids and urea were lower in WMIX than MILK kids (§ 2.3.4). In adult 
ruminants, only starch that escapes from the rumen undergoes digestion by 
pancreatic enzymes, whereas plasma glucose is chiefly formed by 
gluconeogenesis from starch-derived propionate (Ortega-Cerrilla and Mendoza-
Martinez, 2003) or from deamination of amino acids (Heitmann et al., 1973). 
As WMIX kids were in the early ruminant state, they may not have been able to 
use dietary starch efficiently, thereby explaining the low glucose and possibly 
also low free amino acids. In young lambs it is known that normal rumen 
maturation takes about 12 weeks (Baldwin, 2000). The lower glucose and free 
amino acids in WMIX kids could also have been due to the relative inability of 
the solid diet to supply sufficient protein and energy.  

The lower plasma urea in the WMIX group may have been a consequence 
of urea recycling to the rumen. The lower N intake associated with the weaning 
diet may have stimulated urea recycling to the rumen, where it would have 
been used for microbial protein synthesis, thereby enhancing the efficiency of 
protein utilization (Ludden et al., 2003).  

Furthermore, since only in the MILK group plasma urea was directly 
related to amino acid level (r=0.49, n=30, P<0.01), it is possible that animals of 
this group used dietary amino acids as energy source as well as to meet their 
anabolic needs. In non-ruminants and in the absence of kidney disease, amino 
acid transamination/deamination are the main factors influencing plasma urea 
level (Finco, 1989).    

Plasma creatinine is considered an index of the muscle mass (Fekry et al., 
1989) and increased levels may reflect increased protein catabolism (Finco, 
1989). The higher levels of plasma creatinine in the WMIX group might 
therefore be the consequence of an initial tissue wasting, due to the change of 
the diet, not yet resulting in alteration in carcass weight or in plasma protein or 
albumin level.  

 
 
 
4.4   Plasma Hormones 
 
As observed in § 2.3.5, the differences in diet had no effect on plasma 

leptin at any time during the study period. Other researchers, in a recent 
experiment on lambs, have not observed differences in plasma leptin 
concentration between pre- and post-weaning lambs (Tokuda et al., 2003). 
Plasma leptin level of kids of both groups decreased, between day 30 and day 
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44 of life. This result is in accordance with other observations in humans. In 
1998, in fact, Helland and coll. observed a reduction in plasma leptin level from 
birth to 4 weeks of age. After that, it was observed an increase in plasma leptin 
concentration from 4 to 14 weeks after birth (Helland et al., 1998). The 
experimental period of the present study was too shirt to detect an eventual 
arise in plasma leptin level, that in goats occurs at the onset of puberty (Vitali et 
al., 2005).   

Contrarily to leptin, ghrelin level was similar in both groups during the 
most of the study period, but, two days after the completion of weaning, they 
were significantly higher in the WMIX group, compared to the MILK one (§ 
2.3.5). In infants ghrelin exerts a strong growth hormone-releasing action 
primarily to promote body growth (Savino et al., 2006); in mammals it also acts 
on the central nervous system to stimulate food intake (Kojima and Kangawa, 
2005). In sheep, circulating ghrelin peaks before the onset of a meal (Sugino et 
al., 2002) and in humans, plasma ghrelin level increases during fasting and 
decreases after food intake (Tschop et al., 2001). Obtained data induce to 
speculate that the higher plasma ghrelin level in the weaned animals could have 
been due to the lower DMI, which was particularly low at the completion of 
weaning. This hypothesis is in contrast with other recent findings. In fact, in 
2006, Kobayashi and coll. observed that plasma ghrelin concentration in goats 
was not changed by feeding or weaning, suggesting that it has to be clarified 
whether the regulation of ghrelin secretion in goat kids is similar to that of 
other species (Kobayashi et al., 2006). 

Plasma insulin was three times lower in the WMIX than MILK group two 
days after complete weaning (age 50 days) (§ 2.3.5). The difference may have 
been related to the lower plasma glucose and amino acids in the WMIX group 
at this time. In fact, plasma insulin level strongly correlated to glucose (r=0.54, 
n=55, P<0.01) and amino acids (r=0.39, n=55, P<0.01). Anyway, the possibility 
arises that the higher insulin in the MILK group could be due to insulin 
supplied with the milk. In 1998, Kinouchi and coll. found that plasma insulin 
increased in rats during early weaning, and that spiking of milk with 
physiological levels of insulin reinforced this increase. Insulin is naturally 
present in goat’s milk at levels of about 272 pmol/l, in mid lactation 
(Magistrelli et al., 2005). On day 50, MILK kids were ingesting about 1000 
pmol of insulin per head per day. Several milk-borne peptides can pass the 
gastro-intestinal mucosa (Gonnella et al., 1987) in a receptor-mediated process 
(Xu et al., 2000; Blum and Baumrucker, 2002) to enter the systemic circulation 
and supplement the suckling animal’s production of these substances (Kinouchi 
et al., 2000). However it is unclear whether milk-borne insulin can cross the 
mucosa and enter the circulation in suckling kids in a long-lasting bioactive 
form. 
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Plasma level of IGF-1 constantly increased in both the experimental 
groups, between day 23 and day 44 of age, then rapidly decreased in the WMIX 
kids, during the last week of life (§ 2.3.5). Once again, the result could have 
been due to the lower DMI in WMIX animals, which was particularly low at 
the completion of weaning. In fact, IGF-1 is markedly dependent on nutritional 
status (Breier, 1999) and the main regulation of its plasma level is associated 
with feed intake, especially with amino acids and energy, respectively 
(Noguchi, 2000). In support to this idea, plasma IGF-1 strongly correlated to 
plasma glucose (r=0.61, n=55, P<0.01) and plasma amino acids (r=0.60, n=55, 
P<0.01), which were significantly lower in WMIX kids, two days after the 
completion of weaning. However, as done for insulin, it is not possible to 
exclude that the higher IGF-1 in the MILK group was due to IGF-1 
consumption with the milk. Also IGF-1 is naturally present in goat’s milk at 
levels of about 1.20 nmol/l, in mid lactation (Magistrelli et al., 2005). 
Moreover, both colostral and milk IGF-1 are supposed to transpass the gastro-
intestinal mucosa via a receptor-mediated process (Blum and Baumrucker, 
2002; Sparks et al., 2003). Insulin and IGF-1 share many properties. In 
particular, IGF-1 has an anabolic action consisting in stimulating the uptake of 
amino acids and glucose by the cells, with a mechanism similar, although much 
lower, to that of insulin (Noguchi, 2000). In the present study insulin and IGF-1 
were strongly correlated (r=0.65, n=55, P<0.01). 

 
 
 
4.5   Enzymatic Activity in Plasma 
 
As observed in § 2.3.6, WMIX kids had higher levels of plasmatic activity 

of ALT and AST. 
When certain types of cell are damaged, they can leak enzymes into the 

bloodstream. ALT and AST are examples of such enzymes. Their levels in 
plasma are markedly elevated in hepatitis or other acute liver damages (Teran et 
al., 1995). ALT and AST are members of the transaminase family of enzymes. 
ALT catalyzes the transfer of amino groups between alanine and glutamate to 
meet physiological needs. AST catalyzes the transfer of amino and keto groups 
between a-amino acids and a-keto acids. ALT and AST are also found in the 
heart, kidneys and in muscles (Tolman and Rej, 1999), so it is possible to 
hypothesize that the difference observed might therefore be the consequence of 
an initial tissue wasting, due to the change of the diet, as confirmed by the 
difference in creatinine level.  

However, in case of tissue damage, ALT and AST activity in plasma 
usually have an higher and more rapid increase than that observed in the 
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present experiment (Teran et al., 1995; Tolman and Rej, 1999). One possible 
reason for the obtained result is that the higher ALT and AST activities in 
plasma of WMIX kids have been caused by the change of diet. In humans, in 
fact, the reduction of protein intake may increase the activity of transaminases 
in plasma (Garza et al., 1977).  

   
 
 
4.6   Haematic Parameters of Welfare 
 
MILK kids had higher level of plasma cortisol, in the last seven days of 

the study period (§ 2.3.7). Analysis of haematic cortisol is considered the most 
powerful parameter to asses stress (Brown-Borg et al., 1993; Bradshaw et al., 
1996; Pol et al., 2002). However, MILK kids were maintained under the same 
conditions for the entire experimental period, so there is no reason to consider 
the MILK animals stressed, between day 44 and day 50 of age. The absence of 
difference in plasma haptoglobin level support this idea.   

The correlation between plasma urea and amino acid levels in MILK kids 
(r=0.49, n=30, P<0.01) induces to hypothesize that animals of this group used a 
part of the dietary amino acids as energy source (§ 3.3). In this case, the arise in 
plasma cortisol could have stimulated the liver to convert amino acids to 
glucose for energy. Glucocorticoids, in fact, play an important role in 
gluconeogenesis from non-glucidic substrates (Matteri et al., 2000). 

 
 
 
4.7   Slaughtering Parameters 
 
MILK group kids had a higher slaughtering yield than WMIX group 

animals (§ 2.3.8), although no difference was observed in body, carcass and 
liver weight. This result could be a possible consequence of the higher DMI 
and greater efficiency of the MILK diet. Anyway, the live weight of WEAN 
kids could have been overestimated by the presence of feed in the rumen, 
particularly during the last week of life. 
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4.8   Liver and Pancreas Analysis 
 
Liver was analyzed for DNA, RNA, soluble protein, glycogen and 

phospholipids content and ALT and AST activity. Pancreas was analyzed for 
DNA, RNA and zymogen content and α-amylase activity. 

DNA level provides an index of the number of cells in a tissue and, in 
consequence, can be considered one basis on which other cell components can 
be expressed, while the concentration of RNA in a tissue can be correlated with 
the intensity of protein synthesis (Munro and Fleck, 1966).  

As shown in § 2.3.9, liver analysis pointed out differences between 
weaned (WMIX) and unweaned (MILK) animals for epatic glycogen content, 
which was lower in WMIX group, as possible consequence of the lower level 
of plasma glucose in this group, respect the MILK one. Glycogen content of 
liver was correlated to plasma glucose (r=0.55, n=11, P<0.05). 

No difference was observed in pancreatic DNA and RNA content (or 
RNA/DNA ratio) between the two groups, suggesting no difference in the 
synthetic potential of the organ. This suggestion is supported by the findings 
that no difference was observed neither in pancreatic zymogen content and 
RNA/zymogen ratio, which can be considered an estimate of the ribosomal 
capacity of pancreas (Attaix et al., 1989). However these inferences depend on 
the assumption that, in the early post-weaning days, pancreas weight in the 
WMIX group did not differ from that of milk fed kids of the same age (Attaix 
et al., 1989). 

Although the plasma α-amylase activity and pancreatic zymogen content 
did not differ between the groups, at age 50 days, pancreatic amylase activities 
(per g pancreas, per mg pancreatic DNA and per mg of zymogen) were more 
than three times higher in the MILK than WMIX group (§ 2.3.9). This lower 
digestive enzyme activity could be due to weaning-induced stress due to an 
interaction between new dietary substrates and developing ruminal activity. 
However, in the present study stress was minimized by the gradual nature of 
the weaning process (lasting 18 days). Furthermore, the reduction in DMI at the 
beginning of weaning, with no significant stall in weight gain, suggests that the 
WMIX kids were successfully adapting to the new diet and that feed intake was 
adequate. 

The finding that, in newly weaned goat kids, pancreatic α-amylase activity 
was lower than in MILK kids represent the intriguing result of the present 
study. The presence of starch in the diet of the WMIX animals did not therefore 
stimulate pancreatic α-amylase activity. The enzyme content of the pancreas is 
the net result of continuous synthesis and secretion, although enzyme content 
and enzyme activity are not always directly related (Swanson et al., 2000). 
Weaned lambs fed a high energy/high starch diet tend to have more pancreatic 
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α-amylase and greater amylase activity, while transcript levels tend to be lower, 
suggesting that transcription is inhibited (or mRNA stability reduced) by the 
diet with parallel inhibition of secretion, resulting in the accumulation of 
enzyme in pancreatic tissue (Swanson et al., 2000). In any event, lowered 
transcript levels suggest that dietary regulation of pancreatic α-amylase 
expression is complex in ruminants and probably mediated both at the 
transcriptional and posttranscriptional levels (Swanson et al., 2000). 

It is possible that the absence of complex dietary carbohydrates could have 
inhibited the secretion of the enzyme into the duodenum of the MILK animals, 
while the synthetic activity of the pancreas was not impaired in newly weaned 
kids, resulting in a greater pancreatic storage. Our data on the RNA content and 
ribosomal capacity (RNA/zymogen) of the pancreas of weaned and milk-fed 
kids indicate similar synthetic potential and support this possibility. 
Furthermore, in eight-week old lambs, weaning does not alter pancreatic 
ribosomal capacity, compared to that in prolonged-suckling animals of the 
same age (Attaix et al., 1989).  

Another possible explanation for the obtained result is that the lower 
quality or quantity of dietary protein received by the WMIX group around 
weaning could have limited the pancreatic content and activity of α-amylase, as 
previously documented (Harmon, 1992). This idea is supported by the finding 
that weaned kids had lower plasma amino acids and urea. On the other hand, 
the finding that the RNA content and ribosomal capacity of the pancreas of 
weaned and milk-fed kids did not differ militates against this hypothesis. 

Another possible reason for the greater α-amylase activity in milk-fed pre-
ruminant kids is that it was stimulated by the higher glucose or insulin levels, as 
occurs in monogastric mammals (Brannon, 1990; Kinouchi et al., 1998). While 
in beef steers pancreatic secretion of α-amylase is not directly related to plasma 
glucose and insulin (Walker and Harmon, 1998), in rats there is a close 
relationship between the increased plasma insulin just before weaning, and 
pancreatic α-amylase activity, suggesting that insulin may stimulate pancreatic 
functional development (Kinouchi et al., 1998; Kinouchi et al., 2000). In 
support of this there is also the correlations founded between plasma insulin 
and pancreatic α-amylase activity expressed per gram of fresh tissue (r=0.70, 
n=11, P<0.05) and between insulin and pancreatic α-amylase activity expressed 
per milligram of DNA (r=0.67, n=11, P<0.05). The correlation between insulin 
and amylase activity per mg of zymogen was even stronger (r=0.85, n=11, 
P<0.01). 
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5   CONCLUSIONS 
 
 
 
In January 2004, Ireland took over the presidency of the European Union. 

The Irish Society for the Prevention of Cruelty to Animals presented a 
memorandum laying down the animal welfare priorities for the next six 
months. Safeguarding animal health and welfare became a key viewpoint for 
the European Union and its importance also improved during the second half of 
the year, when Netherlands held the presidency. 

Since then, animal welfare began to be seen as a trade opportunity for 
improving the quality of animal products. 

As demonstrated in the present experiment, good management and 
husbandry and adequate nutrition form the basis of disease prevention and good 
animal welfare. In particular, the adoption of a gradual weaning process, lasting 
18 days and consisting of a progressive substitution of milk with a solid diet, 
may help to minimize the stress of the transition from pre-ruminant to ruminant 
state, which represent the most dramatic event in the life of young ruminants.  

Moreover, the livestock practice adopted in the present study permitted the 
normal development of the animal used, avoiding growth stasis. 

Finally, attention is pointed out on the main findings of the present study: 
in goat kids undergoing weaning the introduction of starch to the diet greatly 
reduces pancreatic a-amylase activity. Plasma glucose, insulin and IGF-1 are 
also lower in weaned goat kids, compared to levels in milk-fed animals of the 
same age.  

It is therefore possible that milk-borne peptides, such as insulin and IGF-1, 
transpass the gastro-intestinal mucosa, via a receptor-mediated process and 
enter the systemic circulation of the suckling kids. Moreover, milk-borne 
insulin seems to play a role in the development of pancreatic amylase synthesis 
and activity. Further studies are required to determine whether milk-borne 
insulin passes the gastro-intestinal mucosa of suckling kids and contributes to 
the functional development of the pancreas. 
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