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STATEMENTS 

The general allometric law developed by Huxley (1932) is only valid for 
relatively short periods of growth under homogeneous conditions. 

This thesis 

Delayed growth during periods of feed quality restriction in small ruminants, can 
potentially be fully compensated and yield an even better carcass quality. 

This thesis 

Body reserves are an underexploited resource in improving the sustainability of 
ruminant production systems. 

This thesis 

Whether compensatory growth is an effective mean to overcome seasonal 
fluctuations in feed availability depends on the onset and duration of feed 
quality restriction. 

This thesis 

Longer term productivity of an animal production system benefits from a better 
matching of animals to the ecosystem's carrying capacity. 

This thesis 

The statement made by Oldham, J . D. & Tamminga, S. (1995) that "animal 
production systems should be much more closely tuned to efficient and 
environmentally sound production of desirable products than ever before", does 
not have general applicability. 

Forbes ( 1995) stated that ruminants eat that amount of feed which leaves them 
with the most comfortable feelings. The inability to measure feelings 
considerably weakens this statement. 

Sustainable developments constitute an investment for the future, aiming at 
improving the longer-term resilience of a system. Such developments have to 
be focused at continuity and optimization, at preservation of natural resources 
and appropriate recycling of nutrients, rather than at maximal output. 
These statements by Van Bruchem, J & Zemmelink, G. (1995) are valid, if at 
least also economic considerations are taken into account. 

Many new progress which man has made, is at the expense of the ecosystem, 
which he can not always repair. 



10 To quantify the real importance of results of experiments with farm animals, it 
is necessary to evaluate these results in the longer term perspective of the 
production system. 

11 There are aspects of life which are not always played fairly. Sometimes, during 
the game itself the rules are changed, without consulting the players. 

Azizollah Kamalzadeh 
Prospects of compensatory growth for sheep production systems. 
Wageningen, 15 May 1996 
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GENERAL INTRODUCTION 

Livestock production systems in most parts of the world, particularly in the 

developing countries, mainly depend on natural vegetation of the range and farm 

lands. Periods of drought are interspersed with periods of rainfall, making forage 

availability and quality very unpredictable. Seasonal variations in feed quantity and 

quality cause periods of live weight loss and gain in grazing animals. The 

productivity of the animals is low compared to performance of the same species 

in more favourable environments, but their ability to survive in bad periods is 

remarkable. 

During periods with insufficient feed availability, i.e. during the dry and cold 

seasons, suitable feeding strategies need to be developed to minimize the adverse 

effect on livestock production. 

Sheep production in Iran 

In Iran, there is a wide spectrum of environmental conditions, from the areas 

of higher rainfall around the Caspian sea, high elevation in the north and west, the 

subtropical climates in the south, to the drier steppe and desert areas in the centre. 

Irrigated agriculture is important along the rivers but most agricultural lands are 

rainfed. Farms are generally small, with over 95% being less than 50 hectare and 

more than 70% less than 5 hectare. The main agricultural products are wheat, 

barley, rice, and milk and meat from small ruminants and cattle. 

Grain legumes are also grown, 

mainly in high rainfall and irrigated 
, Table 1. Number of livestock in Iran. 

areas. In the villages, mixed crop-

livestock systems are the main 

production systems, particularly in 

the drier areas. In the areas with 

less than 300 mm rainfall there 

are few alternatives to cereals and 

small ruminants are predominant. 

Livestock products are the main Source: FAO (1993). 

source of income and an 

important component of people's diets. Small ruminants (sheep and goats) 

constitute the major basis of livestock production (Table 1). Sheep alone account 

for about 60% of livestock population. 

Sheep and goats produce 70 percent of the red meat and 35-40% of the 

milk and milk products. Apart from the Zel breed which is found near the Caspian 

Sheep 
Goats 
Cattle 
Buffaloes 

Camels 

45,000,000 
23,500,000 

6,900,000 
330,000 
250,000 
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sea, the indigenous sheep breeds are of a fat-tailed type. In general the sheep are 

mainly bred for meat, milk and wool production, with the exception of the northern 

pelt breed of Karakul. Sheep and goat by-products such as hides, intestines, hair 

and related products constitute also parts of the country's exports. 

Feed resources 

Flocks of small ruminants are mainly managed under two different systems, 

namely, village and migratory. Both systems are extensive. Natural grasslands and 

farm lands are the main sources of livestock nutrition. Intensive systems of sheep 

production are employed in only a few cases. 

The nomadic tribes depend for their existence almost exclusively on breeding 

of small ruminants. The flocks migrate annually from the lowland winter ranges to 

the higher mountain grazing areas in the summer. In the village system, the flocks 

are allowed on the natural communal grazing pastures, or irrigated farm lands, or 

even mountain ranges in summer. 

The majority of the lambs is born in March/April. Usually the lambs are 

weaned in June/July. However, during the subsequent period the available feed 

does not fully meet the nutrient requirements for early growth. During this period 

of early growth, the lambs can potentially deposit 160 g protein per kg weight gain 

(McDonald et al., 1988). For this purpose small intestinal digestible protein (SIDP) 

is required in excess of SIDP derived from the rumen microbes synthesized in the 

reticulo-rumen. With insufficiently high quality forage available, however, the extent 

and efficiency of microbial protein synthesis are low, and rumen by-pass protein 

more or less negligible. As a result, the young sheep cannot fully exploit their 

growth potential or may sometimes even loose rather than steadily gain weight. 

The problems dealing with the present animal production systems can be 

formulated as follow: 

* Low-quality grasses. 

* Lack of rain, little ratoon crops available due to low temperature and 

unsuitable raining intervals. 

* Insufficient and inadequately balanced nutrients for early growth (pre-

fattening phase). 

* Live weight loss due to periodic restriction as a result of seasonal variation. 

* Low extent and efficiency of rumen microbial protein synthesis and negligible 

rumen by-pass protein due to low-quality available forages. 

* Less favourable protein to fat ratio in the carcass due to feeding high energy 
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and low protein concentrates in fattening farms. 

* Insufficient knowledge about composition and potential of compensatory 

growth in relation to stage of growth. 

* Lack of appropriate feeding strategies during periods with insufficient feed 

availability. 

The present system of nutritional management which completely depends 

on natural vegetation, is unsatisfactory. The alternative, an intensive production 

system gives higher outputs, but it needs a large amount of concentrates. In the 

intensive system, the conversion of concentrate to live weight is low (7:1) 

compared to 2.5 to 3 kg concentrates which is needed to produce 1 kg poultry. 

But, the population interest to red (particularly sheep) meat is high, the price of 

sheep meat is 2 to 3 times more compared to poultry meat. By implementing a 

more suitable strategy the concentrates can be used more efficiently for the 

production of the red meat. 

With the present conditions of overgrazing as a result of high stocking rates, 

there is little doubt that range improvement would be a very time-consuming 

programme and presumably, unsuccessful. In order to overcome present nutritional 

problems of poor ranges, sheep should be taken off the ranges as much as possible 

to reduce the grazing pressure on the vegetation and to allow regeneration of the 

range species. In recent years, on one side, there was more attention for increasing 

the amount of concentrates in order to overcome the nutritional problems of poor 

ranges. On the other side, the contribution of the fibrous crop residues and 

agricultural by-products as basal feed for ruminants have increased. 

So, as to be able to take the sheep from the ranges, it is suggested that the 

present extensive system of production should be gradually changed to a more 

productive semi-intensive system. In this respect, the compensatory growth 

strategy could be of special importance and a suitable way to increase the 

efficiency of the available feed. With the implementation of such strategy less high 

quality feed is needed to supplement the low-quality feed and part of the year, 

animals can be taken off from the ranges. The delay in growth during the dry 

period is compensated by supplying supplementary (protein rich) feed at a proper 

time, resulting in a more efficient use of the scarce supplement. However, the 

growth could be delayed until the coming green season, but then it is presumably 

too late for animals to fully express their potential for compensatory growth. The 

potential of such production system largely depends on the intake of the low 

quality feed during periods of nutritional limitation. 
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Compensatory growth 

The term 'compensatory growth' is used to describe the increase in the rate 

of growth commonly observed following a period of nutritional stress. In 

environments with seasonal f luctuation, the periodic restriction of feed supply is 

an important natural component of animal production systems. The nutrient 

deficiency can be overcome with supplementary feeding or alternatively, it can be 

incorporated as a normal part of the annual cycle of production. This is especially 

feasible when considering compensatory response of young animals when adequate 

nutrients are made available. 

Following the period of realimentation, responses expressed by animals vary 

from a complete compensation (Graham & Searle, 1975; Thornton et ai, 1979; 

Allden, 1968b), a partial compensation (Butler-Hogg & Tulloh, 1982; Ryan eta/., 

1993), no compensation (Allden, 1968a) or even reduced growth rate and reduced 

mature size (Allden, 1979). Complete compensation occurs when previously 

restricted animals show an enhanced growth rate that is maintained long enough 

to attain the same weight for age as animals not restricted. Partial compensation 

occurs when growth rate of the previously restricted animals is higher at the 

beginning of realimentation but does not persist long enough, so that they do not 

attain the same weight for age as those animals not being restricted. No 

compensation occurs when following recovery, the growth rate is the same for 

both restricted and unrestricted animals. In this case, the previously restricted 

animals can either stop growing at the same time as their counterparts and become 

stunted or they can continue growing for a longer time until they have reached the 

same mature size. 

This discrepancy in the responses after realimentation implies that several 

factors may be involved in the rate and persistency of compensatory gain after a 

period of nutritional restriction. The most important factors are the age at which 

restriction is imposed (Morgan, 1 972), the relative mature weight of the animal at 

the onset of restriction (Joubert, 1954), the severity and duration of restriction 

(Meyer & Clawson, 1964; Ryan, 1990) and the nature of the restriction (Wilson & 

Osbourn, 1960). Other factors involved are different levels of protein and energy 

in the diet, as well as breed (lason et al., 1992) and sex differences (Marais et al., 

1991). 
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Age at restriction and relative mature weight 

Age can be a factor when it is considered in relation to the relative mature 

weight. It is well known that various breeds have different ages at weaning, 

puberty and maturity. Supplying high quality feed may increase rate of gain and 

cause earlier maturity. Some researchers, cited by Ryan (1990), reported that 

lambs and calves restricted soon after birth, are not likely to compensate. They 

may be permanently stunted or need a longer period to catch up weight compared 

to animals restricted at later stages of growth. The critical period for lambs when 

nutritional restriction does not result in compensatory growth seems to be between 

birth and three months of age. 

Severity and duration of restriction 

The extent and severity of restriction may vary from a mild restriction 

(reduced rate of gain), moderate restriction (at maintenance level), to severe 

restriction (loss of body weight). Ryan (1990), concluded that increasing the 

severity of restriction is likely to result in a prolonged period of compensatory gain. 

Scales & Lewis (1971) restricted steers at two levels, maintenance and sub-

maintenance. During the winter, the maintenance and the sub-maintenance groups 

lost 0.08 and 0.23 kg/day respectively. During the grazing period the maintenance 

group showed compensatory growth for only 82 days. The sub-maintenance group 

compensated for 180 days before their growth curve ran parallel to that of the 

control group. 

Extending the duration of the restriction may result in a higher growth rate 

after realimentation. Graham & Searle (1975), noted that sheep maintained at the 

same body weight for 6 months consistently grew faster than sheep that were 

maintained for 4 months. 

Changes during compensatory growth 

Compensatory growth may be associated with lower maintenance 

requirements during the recovery period (Fox etal., 1972; Butler-Hogg & Tulloh, 

1982), an increase in the growth efficiency (Ryan, 1990), an increase in feed 

intake (Graham & Searle 1979), changes in the body dimensions (Searle et al., 

1989) and organ size (Ferrell etal., 1986), changes in the content of the digestive 

tract (Winter, 1971) and changes in the body composition (Kabbali etal., 1992). 
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Maintenance requirements 

The energy required to maintain an animal at energy balance can be 

estimated from the relationship between energy intake and energy retention. 

Similarly, from the relationship between intake of digestible organic matter (DOMI) 

and gain or nitrogen retention, the digestible organic matter (DOM) requirement at 

zero weight gain and zero nitrogen retention can be estimated. ARC (1980) 

estimated a value of 420-450 kJ ME.kg"0 75.d"1 at zero energy retention and a value 

of 26 g DOMI.kg0 7 5 .d'1 at zero weight gain for growing animals. However, after a 

period of weight stasis of 4 to 6 months, maintenance requirements of weaner 

sheep were estimated to be decreased to about 300 kJ ME.kg'075.d_1 (Graham & 

Searle, 1975). Lower values of 275 kJ ME.kg"075.d"1 (Ginginsef al., 1980) and 266 

kJ ME.kg 0 7 5 .d 1 (Ryan, 1990) have also been reported for sheep. After 

realimentation, the reduced maintenance requirement temporarily resulted in 

comparatively higher energy for gain. The longer the reduced maintenance 

requirement persists after realimentation, the greater the contribution it will make 

to compensatory growth. 

Feed efficiency 

The efficiency of energy deposition may change during compensatory 

growth. ARC (1980) suggested a range of 0.32 to 0.55 for the feed efficiency in 

the continuous growing ruminants but, Parks (1982) reported a range of 0.17 to 

0.64 for the efficiency of feed utilization for various species fed ad libitum. 

Thomson (1979) and Ledin (1983) suggested that particularly the efficiency of 

protein deposition may be increased during the initial period after realimentation. 

Allden (1970) reported that animals subjected to sustained periods of energy 

restriction achieved the same weight as controls without consuming significantly 

more feed. Kabbali et al. (1992) and Turgeon et al. (1986) also reported an 

increased feed efficiency during the recovery period. 

It thus appears that nutrients energy may be used more efficiently, 

particularly during the early stages of realimentation. 

Feed intake 

Recently, various mechanisms controlling feed intake have been proposed. 

The physical intake mechanism, states that rumen holding capacity is the major 

determinant of voluntary feed intake. Bosch et al. (1992) suggested that fibrous 

feed intake in dairy cattle is restricted by the rate of passage of undigested 

particles from the rumen. However, rumen holding capacity appeared quite variable, 
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particularly in relation to stage of lactation. Ketelaars & Tolkamp (1991) stressed 

that fibrous feed intake is not simply physically regulated. They suggested that the 

animals balance the costs and benefits of feed intake, in other words optimize the 

ratio between net energy (NE) and oxygen consumption, with the intention to 

minimize the harmful effect of oxygen radicals. While, Forbes (1995), postulated 

that ruminants eat that amount of feed which leaves them with the most 

comfortable feelings, these deriving from physical and chemical receptors in the 

wall of the digestive tract as well as unidentified receptors for metabolic balance 

in the body. Oosting era/. (1995), feeding ammoniated straw as a basal ration, 

showed that fibrous feed intake responded positively to protein availability from the 

small intestine. Hence, the environment, physiological status of the animal and 

nutrient availability may have an effect on rumen processing capacity. 

There is an abundance of conflicting research results on amount of feed 

which animals consume following realimentation. The major feature of the response 

is its variability between animals. An increase in intake of realimented animals has 

been reported in some studies with sheep (Winter, 1971; Graham & Searle 1979; 

Allden 1968a). In contrast, Hogg (1977) and Foot & Tulloh (1977) found no 

difference in feed intake of realimented animals and their controls. In the study of 

Butler-Hogg & Tulloh (1982), realimented sheep had significantly lower intake than 

controls for the first 10 kg of live weight gain. Similarly, Drew & Reid (1975a) 

noted that it took 1 5 days for realimented sheep to achieve the same intake as 

their controls, while, Ryan et al. (1993) reported that it took approximately 100 

days for both realimented sheep and cattle, before they consistently ate more than 

their controls. 

It is commonly believed that the contents of the digestive tract are decreased 

when animals are under-nourished. However, when animals are restricted in quality 

rather than quantity, it is unlikely that the contents of the digestive tract decrease. 

Body dimensions 

In a number of studies, the changes in body dimensions have been identified 

by measuring the body surface on the live animals (e.g. Brody, 1927; Lawrence & 

Pearce, 1964; Searle et al., 1989). Brody (1927) found that the weight and 

circumference of chest in dairy cattle was affected to about the same extent by the 

conditions of undernutrition. Lawrence & Pearce (1964) reported greater effects of 

nutrition on length than on height for beef cattle. However, Coleman & Evans 

(1986) reported that the growth of both height and length was suppressed by 

restricted feeding. The length of the forearm has been found to be the most accurate 
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of the surface measurements (Hopkins & Tulloh, 1985). Further, there is a high 

correlation between sperm production and the weight and size of the testes (Hahn 

et al., 1969). Size of the testes can be measured accurately in the live animals by 

scrotal circumference. 

Body organs 

Changes in the nutritional condition of the animals have a direct effect on the 

relative metabolic activities of organs. Internal organs, particularly liver, digestive 

tract, kidneys and heart are metabolically very active, accounting for about 4 0 % 

of fasting heat production in spite of comprising only 10-1 5% of total live weight 

(Koong et al., 1985). The greatest rate of protein synthesis occurs in the gut and 

the liver (Webster, 1980). The liver is essential in regulating metabolism. Plasma 

albumins (formed in the liver) and globulin serve important roles in body fluid 

balance. Periods of live weight loss (Winter era/., 1976; Ferrell etal., 1986; Wright 

& Rüssel, 1991) as well as live weight maintenance (Burrin etal., 1988) caused a 

reduction in both the absolute weight and the proportions of the internal organs. 

The liver and small intestine showed the biggest changes and appeared to be most 

sensitive to nutritional restriction (Winterers/. , 1976; Koong etal., 1985). Burrin 

etal. (1988) reported that the rate of blood f low to the liver and digestive tract of 

young sheep and their metabolic activities as measured by oxygen uptake, were 

rapidly reduced during starvation. 

During compensatory growth, all internal organs showed an accelerated 

growth rate in sheep (Butler-Hogg, 1984). Winter et al. (1976) observed that the 

biggest changes in relative growth occurred in the liver and small intestine. While, 

Foot & Tulloh (1977) observed lower liver weight (3.5 kg) for realimented cattle 

compared to 4.4 kg for controls at the same live weight. In contrast, the digestive 

tract constituted 8.5% of live weight in realimented cattle compared to 7 .9% for 

controls. 

Body composition 

The composition of gain usually differs between restricted/realimented animals 

and unrestricted animals. It is generally believed that protein gain in the carcass is 

increased during compensatory growth. Some studies (Drew & Reid, 1975a,b; 

Carstens et al., 1991; Kabbali et al., 1992) have shown that realimented animals 

were leaner than their unrestricted controls. However, there is also evidence to 

suggest that realimented animals were not leaner than their controls. Searle et al. 

(1979) noted that 1 kg gain during compensatory growth in sheep contained 170 
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g protein, while for control animals this figure was 160 g. While, Allden (1970) 

observed that fat tissue responded more readily than any other tissue to high 

nutrient intakes in the period immediately after rehalibitation. However, the 

composition of gain may be related to the composition of the diet (i.e. by pass 

protein, high energy, etc). 

Ledin (1983) reported that at the end of a period of nutritional restriction in 

quantity, the carcasses of the restricted sheep were fatter and contained less water 

and protein than those of the ad lib. fed controls. After realimentation, however, 

the carcass of the previously restricted animals contained less fat but more protein 

and water. Cowan era/ . (1980) and Butler-Hogg (1984) have also reported that 

water and protein were mobilized relatively faster and earlier than fat during 

nutritional restriction. Searle & Graham (1975) restricted 4 months old wether 

sheep at 20 kg live weight for either 4 or 6 months and then fed them ad lib., 

found no difference in the body composition between realimented animals and 

controls at any given body weight above 32 kg. Although during the early stages 

of recovery, the compensating sheep gained more protein and fat and less water 

than their controls, but during the fattening phase, no differences occurred. Both 

Fox et al. (1972) and Ryan et al. (1993) noted that animals appear to deposit a 

greater amount of protein during the initial stages of realimentation. 

Burrin et al. (1988) stressed that cell size rather than cell numbers was 

reduced during nutritional restriction. In internal organs, a large part of the recovery 

in weight is due to cell enlargement (hypertrophy). In muscle, this is through 

increases in cell number (hyperplasia) as well as hypertrophy. Hyperplasia may 

have some impact on the process of fattening, depending upon the physiological 

stages at which the nutritional stress occurred. It has been shown by Thornton et 

al. (1979) for sheep that in older animals (more than 50% mature) hyperplasia is 

essentially complete, and thus cell numbers are unchanged. In younger animals 

some hyperplasia may accompany hypertrophy, although hypertrophy is the major 

mechanism whereby fat depots increase in size (Hood & Thornton, 1979). 

The various adipose tissue depots behave differently to both nutritional 

restriction and realimentation. According to Butler-Hogg & Johnsson (1986), during 

restriction the subcutaneous fat appears to be the first to be utilized and the 

internal depots fat follow. During recovery the opposite occurs. Hood & Thornton 

(1980) found that older sheep required longer to reach high rates of lipogenesis. 

Drew & Reid (1975b) and Butler-Hogg (1984), both found reduced rates of fat 

deposition in the early stages of compensatory growth. Probably at this time 

lipogenic capacity is reduced. Hood & Thornton (1980) reported that realimented 
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sheep took between 50 to 100 days to reach similar levels of fatness as their 

unrestricted controls. 

Growth curves and feed intake 

In many studies (Brody, 1927; Searle etal., 1989), growth in various species 

of animals has been determined from the relation between age and body weight or 

body measurements. The growth function [y(t) = A.f(t)], relates a body constituent 

y (dependent variable) at age t, to its asymptotic value (A) and f(t) which is some 

monotonie increasing or sigmoid function of t starting at 0 and having an 

asymptote of one for t -» oo. 

In some studies (e.g. Hammond, 1932; Parks, 1982), it has been realized 

that growth can also be determined from the relation between feed intake and body 

weight. Parks (1982) proposed a model to relate the body weight to cumulative 

feed intake. This enables to calculate feed efficiency from the relation between the 

ratio of daily weight gain over daily feed intake (dW/dF) and degree of maturity. 

However, all these approaches only apply when feed is available ad libitum and 

growth is not affected by environment and internal factors. Therefore, description 

of changes in growth paths or stages of development with different treatments is 

not possible with these models. 

THIS STUDY 

The present system of small ruminant (sheep and goats) production in Iran 

alike most parts of the world (sub(tropics)), Mediterranean areas, south and west 

Asia and Africa, mainly depends on vegetation ranges and farm lands. Overgrazing 

and as a consequence land degradation is high and the overall performance of 

animals is low. To be able to overcome these problems, suitable feeding strategies 

need to be developed to (1) reduce the adverse effects on agricultural production 

and (2) increase the efficiency of the available feed resources. 

The aims of this study are: 

(1) To determine the physiological changes during feed quality restriction and 

subsequent periods of compensatory growth in order to explain the possible 

mechanisms of compensatory growth and feed intake. 

(2) To investigate whether after a period of feed restriction, the sheep are still 
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able to attain the weight of the control animals, and if so how the empty 

body composition has changed. 

(3) To develop (new) models to measure the relative growth patterns and the 

efficiency of feed utilization under nutritional restriction and following 

compensation periods. 

(4) To develop a flock growth model to evaluate the assessment of growth 

(productivity) and structure of sheep flock in different production systems. 

(5) To evaluate the productivity of a sheep production system based on 

compensatory growth strategy compared to existing systems. 

(6) To develop a more suitable strategy for small ruminant production systems 

with regard to the seasonal variations in the quality and availability of feed 

resources. 

These aspects were studied by comparing a group of immature non-castrated 

male lambs restricted in feed quality by supplying low-quality roughage ad lib. for 

a period of 3 months, taking lambs fed ad lib. on low-quality roughage plus 

supplement as a control group. The comparison was made in terms of: 

* Growth rate (body weight gain, empty body weight gain). 

* Voluntary intake of low-quality roughage, efficiency of feed utilization, rumen 

retention time, digestibility and nitrogen balance. 

* Growth curve of the individual organs and carcass weight/composition. 

* Body dimensions changes. 

OUTLINE OF THE THESIS 

This thesis describes the results of a long-term experiment in which young 

lambs were subjected to a period of 3 months feed quality restriction from 3 to 6 

months of age. Animals were Swifter (Flemish ? x Texel S) non-castrated male 

lambs born in March 1993 and weaned at » 2 months age. The rations consisted 

of a basal grass straw (51 g crude protein per kg dry matter (DM)) and a 

concentrate mixture (173 g crude protein per kg DM). 

Chapter 2 describes the effects of feed quality restriction and consequential 

compensatory effects on voluntary feed intake, digestion, gain and nitrogen 

balance. The voluntary low-quality feed intake during restriction and realimentation 

are discussed relative to the suggested mechanisms for feed intake regulation. 
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From the relation between digestible organic matter (DOMI), nitrogen balance, and 

gain, the maintenance requirements of DOMI were estimated. The efficiency of 

amino acid nitrogen deposition was estimated from the relation between nitrogen 

balance and amino acid nitrogen available for absorption. 

Chapter 3 deals with the changes which occurred in the body dimensions as 

a result of feed quality restriction. A growth model was developed to identify the 

pattern of the changes in various body dimensions during restriction and following 

realimentation. 

Chapter 4 describes the responses of various body organs to restricted 

feeding. The trend of changes during restriction and compensation was 

characterized by the growth function used in chapter 3. 

In Chapter 5, the changes in body composition (water, protein, fat, ash) 

during restriction and compensatory growth were determined. The composition of 

loss and gain were measured. The growth model which was used in chapters 3 and 

4, was also used to identify the pattern of changes in body composition. 

Chapter 6 describes the changes in the pattern of feed intake, feed efficiency 

and growth. Two models were developed to measure feed efficiency from the 

relation between cumulative feed intake and body weight and the relation between 

feed intake and gain per unit of time. 

In Chapter 7, the implementation of the compensatory growth strategy in 

sheep production system is presented. The productivity of a system based on 

compensatory growth approach is simulated and compared with the two existing 

systems. A flock growth model was developed to assess the growth or productivity 

of a sheep flock in different production systems. 

Finally, in the General Discussion (Chapter 8) the major findings of Chapters 

2-7 are discussed in an integrated manner. 
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ABSTRACT 

The effects of feed quality restriction on intake, digestion, nitrogen balance 

and performance of growing lambs were examined. A total of 56 crossbred Swifter 

(Flemish ? X Texel cî) male lambs, born in March 1993 and weaned at ~2 months 

old, were fed grass straw (51 g crude protein per kg dry matter (DM)) ad libitum 

and 35 g.kg"075.d"1 mixed concentrates (173 g crude protein per kg DM). At an age 

of 3 months, the animals were randomly divided into a restricted (R) and a control 

(C) group. Group R was restricted in feed quality by withholding concentrates from 

3-6 months of age. 

During restriction, the R animals lost weight and showed a slightly negative 

nitrogen (N) balance. Grass straw intake of the R animals gradually increased to a 

level significantly higher (P < 0.001 ) than of the C animals. The R animals showed 

a significantly (P < 0.001) higher rumen retention time (RRT). 

Linear relationships were observed between digestible organic matter intake 

(DOMI), truly absorbed small intestinal amino acid nitrogen (AAN) and N balance. 

Regression of N balance on AAN resulted in an estimated marginal efficiency of 

utilization of AAN of 0.78. After realimentation, the R animals persisted in showing 

a higher (P < 0.001) straw intake, gained in weight significantly (P < 0.001) 

faster than the C animals and showed a significantly (P < 0.001 ) higher DOMI and 

N balance. 

{Key words: sheep, feed intake, compensatory growth, digestibility, feed quality 

restriction) 

INTRODUCTION 

Livestock production systems in Iran, like most parts of the world, mainly 

depend on natural vegetation of range and farm lands. Feed availability fluctuates 

throughout the seasons and as a consequence, animals cope with periodical 

restriction in feed quality and quantity. During periods with insufficient feed 

availability, appropriate feeding strategies need to be developed to minimize the 
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adverse effect on livestock production. The producers may choose for the option 

of nutrient restriction and delay of growth until an adequate good quality feed 

supply is available in the next wet season and benefit from compensatory growth. 

Weaning is towards the warm and dry season, when the fodder quality decreases 

and the available feed does not fully meet the nutrient requirements for early 

growth. During this period, lambs can potentially deposit approximately 165 g 

protein per kg gain (McDonald et al., 1988), and small amounts of intestinal amino 

acid nitrogen are required in excess of that derived from the rumen microbes. With 

insufficiently high-quality forage available, however, the extent and efficiency of 

microbial protein production are low, and rumen by-pass protein negligible. As a 

result, the young sheep cannot fully exploit their growth potential or may 

sometimes even loose rather than gain weight. 

According to Hoover (1986), supplementation of proteins to low-quality 

roughages, could increase the efficiency of microbial protein production. Egan 

(1977), Preston & Leng (1987) and Oosting et al. (1995) reported that ruminants 

may show higher roughage intake as a result of an increased small intestinal 

availability of amino acids. However, in other experiments this was not confirmed 

(Kellaway & Leibholz, 1983; Ketelaars & Tolkamp, 1991). 

Accelerated (compensatory) growth is observed when adequate nutrients are 

offered to animals which have been previously restricted in nutrient intake. There 

has an abundance of seemingly conflicting research results been published on this 

issue (O'Donovan, 1984; Ryan, 1990; Hogg, 1992). Some researchers have shown 

that the response of animals after a period of deprivation depends on the severity 

and duration of the restriction (Meyer etal., 1956), the nature of the restriction, 

the age at which the restriction is imposed (Morgan, 1972) and the relative mature 

weight of the animal (Joubert, 1954). Other factors involved are level of protein in 

the feed, as well as breed and sex (lason etal., 1992). 

Compensatory growth may be associated with an increased feed intake 

(Graham & Searle, 1975), lower maintenance requirements brought about by feed 

restriction (Fox etal, 1972; Butler-Hogg & Tulloh, 1982), an increased efficiency 

of nutrient utilization (Meyer & Clawson, 1964; Ryan, 1990), and changes in body 

composition. Thomson ( 1979) suggested that particularly the efficiency of protein 

deposition may be increased during the initial period after realimentation. Asplund 

era/ . (1975), reported a higher efficiency in the metabolism of protein, whereas 

Keenan era/. (1969) reported an increase in water content of the gut. 

The objective of this study was to quantify the effect of a period of feed 

quality restriction on intake, digestion, N balance, amino acid nitrogen availability 
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for absorption and performance of growing lambs fed grass straw with/without 

concentrates. 

Data of this paper are part of the results of a main experiment in which, the 

effects of feed quality restriction in immature sheep were investigated. Results on 

body dimensions changes are described (Kamalzadeh etal., 1995). The results with 

regard to modelling feed efficiency, the development of body organs and analysis 

of body composition will be reported later. 

MATERIAL 

Animals 

Intact male Swifter (Flemish 9 X Texel ô) lambs born in March 1993 were 

selected randomly from flocks in Wageningen/Swifterbant. Birth weight averaged 

« 4 kg and average weight at weaning (approx. 10 weeks of age) was = 2 5 kg. 

Thereafter, the lambs were adapted to the control diet. The lambs grew slowly, 

reaching a live weight of 27 kg at the age of approx. 14 weeks. From a total of 56 

lambs, 8 were slaughtered at the onset of the experiment to determine initial body 

composition. A number of 28 lambs (14 per group) were housed in metabolism 

cages, whereas the remaining 20 ( 10 per group) were group housed with facilities 

for individual feeding. The data include measurements of 48 sheep (24 per group) 

at the beginning of the restriction, gradually reducing to 8 sheep (4 per group) at 

the end of the experiment due to slaughtering at intervals of three weeks. 

Expérimenta/ groups 

The control group (C) was fed low-quality roughage ad libitum and a 

concentrate supplement. The same diet was fed to the restricted group (R), 

however, between age of 3 to 6 months only low-quality roughage was fed ad 

libitum including a mineral mixture, but no concentrates. 

Diets 

The low-quality roughage consisted of chopped grass (Festuca arundinacea) 

straw (51 g crude protein per kg dry matter (DM)). Grass straw was offered at 70 

g.kg"°-75.d"\ which was sufficient to keep the animals at maintenance level. Grass 

straw refusals approximated 40% of the amount offered. The supplement (173 g 

crude protein per kg DM) was offered at 35 g.kg"a75 .d' \ and consisted of a ground 

and pelleted mixture of sugar beet pulp (870 g/kg), potato protein (100 g/kg), a 
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mineral mixture of (mervit 318), vitamin A, D and trace elements (14 g/kg), 

NaH2P04.2H20 (9 g/kg), FeS04.7H20 (0.15 g/kg), and MgS04 .7H20 (6 g/kg). The 

composition and the in vitro (Tilley & Terry, 1963) organic matter digestibility 

(OMD) of the diets are in Table 1. Concentrates were eaten completely at all times 

by all animals. 

Table 1 . Composition of grass straw and of concentrate; dry matter (DM), organic matter (OM), 

crude protein (CP), ash and in vitro digestible organic matter (OMD). 

Diet DM (g/kg) 

OM 

composition (g/kg DM) 

CP ash OMD 

grass straw 

concentrate 

875 

869 

923 
924 

51 

173 

88 

78 

377 

615 

Management 

From weaning until the onset of the restriction period (14 weeks old), all 

lambs were kept together for a period of 3 weeks. The C and R animals were 

placed alternately, both in metabolism cages and ground pens. The ambient 

temperature was kept at ~ 20°C. An artificial lighting regime was imposed of 12/12 

h day/night to avoid seasonal effects of day length. Grass straw was offered at 

07.00, 14.00 and 18.00 h, and concentrates at 07.00 and 18.00 h. Water and salt 

licking blocks were freely available. Grass straw residues were collected daily prior 

to the afternoon feeding. 

During the experiment, 12 successive balance trials were conducted; four ( 1 -

4) trials were carried out in the period that the R animals were restricted and the 

other 8 (5-12), after the R animals had been realimented. Following the 8 lambs 

slaughtered at the onset of the experiment, every three weeks 4 (2 per group) were 

slaughtered leaving 8 lambs (4 per group) for slaughtering at the end of the 

experiment. Therefore, the data presented in this paper, include measurements of 

28 lambs (14 per group) at the beginning of the experiment, gradually decreasing 

to 8 (4 per group) at the end of the experiment. 

Animals were weighed weekly. Each balance trial had a duration of 3 weeks, 

and consisted of a preliminary period of 11 days and a collection period of 10 days. 

The amounts of offered feed were adjusted biweekly on the basis of metabolic 

weight. During each collection period, representative samples were taken from the 
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straw and concentrates offered. Straw residues, faeces and urine were collected 

daily. A small amount of 30% formalin was added to the faeces container for 

preservation. Before starting the daily collection of urine, one litre water acidified 

by 20 ml (6N) HCl were put in the collection bucket, to prevent evaporation of 

ammonia. The feed residues, faeces and urine were pooled over each collection 

period, weighed, while representative samples were taken for chemical analyses. 

The DM content of the offered feeds, refusals and faeces was determined by 

drying representative sub-samples to constant weight at 103°C, while organic 

matter (OM) was calculated as weight loss of the same sub-samples during ashing 

at 550°C. The nitrogen (N) content of the feeds, refusals, faeces and urine was 

determined according to the Kjeldahl method. 

A total number of 8 animals (4 per group) were used to determine the mean 

residence time of the feed in the rumen (RRT) with an oral pulse dosage of Cr-NDF. 

On the 4th day of each collection period, 50 g of marker pellet wi th 7.5 g Cr-NDF 

was administered to the sheep. Subsequently, the following 5-day period, separate 

faecal samples of approximately 1 50 g were collected over 12-h periods. The rate 

of passage of the marker Cr-NDF was estimated from the descending part of the 

logarithmically transferred faecal Cr excretion curve (Grovum & Williams, 1973). 

The amount of amino acid nitrogen available for absorption in the small intestine 

(AAN) was estimated on the basis of microbial AAN synthesized in the rumen 

(AANJ and dietary N (AANd) escaping rumen degradation, as follows: 

AANm = ( A * B * C * D * DOMI) / E 

in which: 

A = 0.7 : partial digestion in the rumen (rumen degraded organic matter; 

RDOM). 

B = 0.2 : efficiency of microbial protein synthesis (Oosting et al., 1995), (to 

avoid overestimation, this value was set at 0.15 for the R group 

during the period of restriction). 

C = 0.75 : true protein in microbial protein (van Bruchem eta/., 1985). 

D = 0.85 : true small intestinal digestibility of microbial protein (van Bruchem et 

al., 1985). 

E = 6.25 : protein to N conversion factor. 

DOMI : digestible organic matter intake (g.kg0 7 6 .d1)-
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AANd = F * G * N 

F = 0.5 

G = 0.8 

N 

proportion of N escaping rumen degradation, 

true digestibility in the small intestine, 

nitrogen in feed (g.kg"076.d'1). 

RESULTS 

The difference in straw intake, at similar body weight (BW), is presented in 

Fig. 1. As the figure shows the straw intake of R group at a constant BW was 

increased remarkably and was significantly higher (P < 0.001) than C group. At 

the initial stage of realimentation, the straw intake of R sheep dropped, but 

remained significantly higher than C sheep. This difference became larger with 

increasing BW. 
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Figure 1 . Straw intake (g/day) versus body weight (kg) f rom the onset of restriction to the end 

of experiment- (—O—) C, ( - -O-) R during restr ict ion, (•••••) R during real imentation. 

Table 2 gives the values based on metabolic weight (g.kg ° 75.d 1) for intake of 

organic matter (OM) and nitrogen (N), amino acid nitrogen available for absorption 

(AAN), N balance, daily gain and rumen residence time (RRT/h). During restriction, 

R animals had a significantly (P < 0.001) lower whole diet organic matter intake 

(OMI), DOMI, nitrogen intake (NI) and AAN, and lost weight (-0.7 g.kg ^ . d 1 ) , 
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while C animals gained 8.4 g.kg"°-75.d"1. Surprisingly, the R animals showed a 

significantly (P < 0.001) higher RRT than the C animals. 

Table 2. Means and standard errors based on metabolic weight (g.kg~°r5.d~1) of straw and 

concentrate consumption, intake of organic matter (OM), digestible OM (DOM) and 

nitrogen (N), amino acid nitrogen (AAN), N balance, gain and rumen residence time 

(RRT/h), of the control (C) and the restricted (R) groups, the latter during restriction and 

during realimentation. 

age, 14-28 weekst 

R§ 

age, 28-52 weekt 

Ril 

Straw 

Concentrate 

OM 

DOM 

N 

AAN (mg.kg^.d') 
-microbial 

-feed 

N-balance (mg.kg"7s.<f') 

Faecal excretion (g.kg"7s.d~') 

OM 

N 

Urinary Nexcretion (g.kg'°'s.rf') 

Gain (g.kg"T5.d-') 

RRT (h) 

36.90 0.51 

35.00 0.00 

60.28 0.50 

37.02 0.29 

1.18 0.01 

529 4.19 

471 3.88 

341 12.40 

23.43 0.35 

0.51 0.01 

0.29 0.01 

8.40 0.54 

28.16 1.85 

48.45'" 1.46 

0.00'" 0.00 

45.45'" 1.04 

20.92"" 0.54 

0.49'" 0.02 

223'" 5.80 

198"" 7.32 

-98"" 19.80 

24.56 0.62 

0.40'" 0.01 

0.19"" 0.01 

-0.72"' 0.93 

41.54'" 4.01 

35.77 0.86 

35.00 0.00 

58.38 0.54 

35.87 0.44 

1.07 0.01 

512 6.23 

429 2.23 

394 8 3 0 

22.45 0.34 

0.47 0.01 

0.21 0.00 

6.21 0.46 

28.26 1.43 

43.40 1.20 

35.00 0.00 

65.75'" 0.74 

40.45'" 0.60 

1.14'" 0.01 

578"' 8.62 

454'" 3.39 

4 5 1 ' " 7.10 

25.30'" 0.45 

0.50" 0.01 

0.18'" 0.00 

10.72'" 0.44 

25.03 0.84 

t ) means of 3 balance trials (number of observations 38 per treatment). 

t) means of 4 balance trials (number of observations 25 per treatment). 

§) restriction; ||) realimentation; ") and '") indicate significant differences from C group (P < 0.01 and P < 0.001). 

After realimentation of the R animals, with the grass straw supplemented by 

concentrates, they gained in weight significantly (P < 0.001) faster than the C 

animals did. The R animals persisted to show a significantly (P < 0.001) higher 

straw intake (SI), OMI, DOMI, NI and N balance than the C animals. 

There was a linear relation between N balance and DOMI (Fig. 2; s.e. of 

estimate between brackets): 

Y = -656 (81.7) + 26.8 (1.10) * X, (n = 76 and R2 = 0.89) 

in which: Y = N balance (mg.kg°75d'1) 

X = DOMI (g.kg'075d-1) 
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Figure 2. Relationship between N balance (mg.kg"075.cT1) and DOMI (g.kg"075.d"'), combined data 

of both C (•) and R (O) groups during restriction period. 

The efficiency of AAN deposition was estimated by regression of N balance 

on AAN (Fig. 3; s.e. of estimates between brackets): 

Y = -435 (73) + 0.78 (0.03) * X, (n = 76 and R2 = 0.91) 

in which: Y = N balance (mg .kg 0 7 5 ^ 1 ) 

X = AAN (mg .kg 0 7 5 ^ 1 ) 

To present the relationship between N balance and BW, 63 individual animal 

data in 7 balance trials during whole experiment (14-52 week period) are used for 

C sheep. The data of R sheep divided to two parts: 38 observations during 

restriction (3 balance trials, 14-28 week period) and 25 observations during 

realimentation (4 balance trials, 28-52 week period). The differences between C 

and R sheep were tested by Student t-test. The average absolute value (g/day) of 

N balance for R sheep was significantly higher (P < 0 .001 , t-value = 4.14), at a 

body weight, during the 28-52 week period for the R treatment (5.4, se = 0.11 vs 

4.9, se = 0.08). 
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Figure 3. Relationship between N balance (mg.kg"075.d1) and amino acid nitrogen availability 

(mg.kg~075.d~1), combined data of both C (•) and R (O) groups during restriction period. 

The relationship between N balance and BW for the C sheep during whole 

experiment and for the R sheep during restriction (Rt) and realimentation (Rt) is 

presented in Fig. 4 . The following equations were found (s.e. of estimate between 

brackets). 

C 

Rt 

Rt 

Y = 4.21 (0.64) + 0.02 (0.01) * X (n = 63 and R2 = 0.06). 

Y = 4.53 (1.25) - 0.22 (0.07) * X (n = 38 and R2 = 0.20). 

Y = 4.03 (0.44) + 0.04 (0.01) * X (n = 25 and R2 = 0.33). 

in which: Y = N balance (g/day) 

X = BW (kg) 

DISCUSSION 

Fibrous feed intake during feed quality restriction 

Part of the compensatory growth was brought about by a sustained increase 

in fibrous feed intake. Several mechanisms for feed intake regulation in ruminants 

have been proposed. According to Bosch etal. (1992), feed intake is determined 
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by physical and metabolic factors. Physical factors, i.e. rumen capacity and 

turnover, have been suggested predominant with low-quality forages while 

metabolic factors play a more pronounced role with high-quality diets (Baile & 

Forbes, 1974). 
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Figure 4. Relationship between N balance (g/day) and body weight (kg) for control (C) animals 

(O), restricted animals during restriction (O) and during realimentation ( • ) . The lines 

present the predicted values. 

An alternative theory was formulated by Ketelaars & Tolkamp (1991). They 

proposed, that feed intake behaviour of animals is related to the physiological costs 

and benefits associated with intake, that the animal's aim is to minimize costs 

relative to benefits. They postulated that low-quality feed will result in a lower net 

energy intake (NEI) level, to minimize oxygen consumption per unit NEI (0 2 / NEI). 

Therefore, increasing the quality of a feed through supplementation could increase 

voluntary intake as a result of an increased NEI-level at minimal 0 2 / NEI. However, 

the higher voluntary intake of grass straw by the R animals during restriction as 

observed in this experiment can not be explained by this theory. In fact, the 

animals partly substituted the lack of easily digestible concentrates by ingesting 

more straw, particularly during the last month of the restriction period. However, 

the data from slaughtering indicated that during restriction, when R animals lost 

BW, except for the small intestine, the weight of the other parts of the empty 

gastrointestinal tract (GIT) did not reduce (Kamalzadeh, unpublished results). 
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Hence, R animals managed to well develop GIT compartments in terms of weight 

and volume. This can be seen as a physiological adaptation of the digestive tract 

to ingest more low-quality roughages. As indicated in Table 2, the R animals 

managed to retain the low-quality feed longer in the rumen. Contrary to the present 

findings, Ryan (1990) reported that the weight of the digestive tract was reduced 

when both cattle and sheep were subjected to nutritional restriction. This is 

probably related to the type of restriction imposed. Restriction in feed quantity 

allows a reduction of the weight of the GIT. 

The physical intake regulation mechanism is based on the assumption that, 

in the case of low-quality feed, the rumen is filled to its maximum capacity, and 

that an increased intake can only occur if rumen disappearance of particulate 

matter increases. The longer RRT of R animals during restriction shows that the 

physical regulation mechanism of feed intake does not hold for immature sheep fed 

low-quality fibrous feeds. 

Another hypothesis, which has been proposed by Egan (1977), Preston and 

Leng (1987) and Oosting (1993), is that voluntary intake of low-quality feeds is 

related to the availability of protein to the tissues. However, the present results can 

not be explained by an increased small intestinal protein availability. The R animals 

increased intake of low-quality feed without protein supplementation. Hence, the 

results of this experiment suggest that under low plane of nutrition, physiological 

changes and as a consequence, metabolic changes in the body create a condition 

that animals can take benefit from ingesting low-quality feed. 

0rskov et al. (1976) fed two groups of lambs ad libitum low ( 120 g CP/kg dry 

matter) and high protein diets (200 g CP/kg dry matter), consisting of barley or a 

mixture of barley and fishmeal. They reported a lower intake of the animals which 

received the low protein diet, relative to those which received the high protein diet. 

These latter findings are not in line with the present results, most likely because a 

different type of feed restriction was imposed. 

Compensatory intake of low-quality feed after realimentation 

In literature, there is contradictory information with regard to the amount of 

feed which animals consume following feed restriction. Most of the available 

results on this issue, is related to the changes in feed intake following feed quantity 

restriction rather than feed quality deprivation. Fox et al. (1972) reported higher 

intake by realimented animals on high than on low energy diets. Hogg (1992) 

reported that feed intake increases largely up to 2 & 3 fold on the first day after 

realimention, followed by a drop on the second day, then followed by a slow but 


