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STATEMENTS

The general allometric law developed by Huxley {1832} is only valid for
relatively short periods of growth under homogeneous conditions.

This thesis

Deiayed 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 investrment 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. {19925) are valid, if at
least also econamic 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
praduction system.

11 There are aspects of life which are not always played fairly. Sometirnes, 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 19986
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Chapter 1

GENERAL INTRODUCTION



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
gquality 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
remarkabie.

During periods with insufficient feed availability, /.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 generaliy 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
areas. In the villages, mixed crop-
livestock systems are the main

Table 1. Number of livestock in Iran.

Sheep 45,000,000

production systems, particuiarlyin Goats 23,500,000
the drier areas. In the areas with Cattle 6,900,000
less than 300 mm rainfall there Buffaloes 330,000
are few alternatives to cereals and Camels 250,000
small ruminants are predominant.

Livestock preducts 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
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sea, the indigenous sheep breeds are of a fat-tailed type. In general the sheep are
mainty 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 pericd
of early growth, the lambs can potentially deposit 160 g protein per kg weight gain
(McDonald et a/., 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 tow 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 pratein 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 pouliry meat. By implementing a
more suitable strategy the concentrates can be used maore 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 mare 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 fluctuation, the periodic restriction of feed supply is
an important natural component of animal preduction systems. The nutrient
deficiency can be overcome with supplementary feeding or alternatively, it can be
incorparated 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, respanses expressed by animals vary
from a complete compensation (Graham & Searle, 1975; Thornton et a/., 1979:
Allden, 1968b), a partial compensation (Butler-Hogg & Tulloh, 1982; Ryan et al.,
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 irmplies 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, 1972}, the relative mature weight of the animal at
the onset of restriction (Joubert, 1954}, the severity and duration of restriction
{Mevyer & 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 a/., 1992) and sex differences {(Marais et a/.,
1891}.
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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 (1920), 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 {1980}, 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-
rmaintenance. During the winter, the maintenance and the sub-maintenance groups
lost 0.08 and Q.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 parallef 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 et al., 1972; Butler-Hogg & Tullch,
1982}, an increase in the growth efficiency {Ryan, 1990}, an increase in feed
intake {Graham & Searle 1979}, changes in the body dimensions {Searle et a/.,
1989} and organ size {Ferrell et a/., 1986}, changes in the content of the digestive
tract {(Winter, 1971) and changes in the body composition {(Kabbali et a/., 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®7®.d" at zera energy retention and a value
of 26 g DOMI.kg®7®.d™" 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®7’5.d" {Graham &
Searle, 1975). Lower values of 275 kJ ME.kg®5.d" {Gingins et a/., 1980} and 266
kJ ME.kg"”.d"' (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 Q.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 fibitum.
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 a. {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 fromthe rumen. However, rumen holding capacity appeared quite variable,
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particularly in relation to stage of lactation. Ketelaars & Tolkamp {1921) 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 et a/. (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 reparted in some studies with sheep (Winter, 1971; Graham & Searle 1979;
Allden 1968a). In contrast, Hogg (1977) and Foot & Tulloch (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 15 days for realimented sheep to achieve the same intake as
their controls, while, Ryan et a/. (1993) reported that it took approximately 100
days for both realimented sheep and cattle, before they consistently ate more than
their controls.

Itis 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 gquantity, 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
{1988) 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 40%
of fasting heat production in spite of comprising only 10-15% of total live weight
(Koong et al., 19856). 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 et al., 1976; Ferrell et a/., 1986; Wright
& Russel, 1991) as well as live weight maintenance (Burrin et a/., 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 (Winter et a/., 1976; Koong et a/., 1985}. Burrin
et al. {1988) reported that the rate of blood flow 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, 1284}. Winter et a/. (1976) observed that the
biggest changes in relative growth occurred in the liver and small intestine. While,
Foat & 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 compaosition of gain usually differs between restricted/realimented animals
and unrestricted animals. 1t is generally believed that protein gain in the carcass is
increased during compensatory growth. Some studies {Drew & Reid, 1975a,b;
Carstens et al, 1291, Kabbali ef a/., 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 /ib. fed controls. After realimentation, however,
the carcass of the previously restricted animals contained less fat but more protein
and water. Cowan et al. {1980) and Butler-Hogg (1984} have also reported that
water and protein were mobilized reilatively 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 /ib.,
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 a/. {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. Ininternal organs, a large part of the recovery
in weight is due to cell enlargement (hypertrophy). In muscle, this is through
increases in cell number thyperplasia} as well as hypertrophy. Hyperpiasia 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 (1975h) and Butler-Hegg (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 initake

In many studies (Brody, 1927; Searle et a/., 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
monotonic increasing or sigmoid function of t starting at O 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 camposition has changed.

(3) To develop (new) models to0 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 /ib. for
a period of 3 months, taking lambs fed ad /ib. 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 &) 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 tow-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.

REFERENCES

Agricultural Research Council (ARC). 1980. The nutrient requirements of ruminant
livestock. pp 73-119 Common wealth Agricultural Bureaux: Farnham Rovyal,
England.

Allden, W. G. 1968a. Undernutrition of the Merino sheep and its sequelae. Ill. The
effect on lifetime productivity of growth restrictions imposed at two stages
of early post-natal life in a Mediterranean environment. Austral. J. Agric.
Res. 19: 981-996.



General Introduction 15

Allden, W. G. 1968b. Undernutrition of the Merino sheep and its sequelae. |. The
growth and development of lambs following prolonged periods of nutritional
stress. Austral. J. Agric. Res. 19: 621-638.

Allden, W. G. 1970. The effects of nutritional deprivation on the subsequent
productivity of sheep and cattle. NMut. Abstr. and Rev. 40: 1167-1184,

Allden, W. G. 1979. Undernutrition of the Merino sheep and its sequelae. V. The
influence of severe growth restriction during early post-natal life on
reproduction and growth in later life. Austral. J. Agric. Res. 30: 939-948,

Bosch, M. W., Tamminga, S. and Van Bruchem, J. 1992. Dietary and animal
factors affecting rumen capacity in dairy cows. Archives of Animal Breeding,
34: 469-481.

Brody, S. 1927. Growth and development with special reference to domestic
animals, VIII. Relation between weight and linear growth with special
reference to dairy cattle. University of Missouri Agricultural Experiment
Station Bulletin 103.

Burrin, D, G., Britton, R. L. and Ferrell, C. L. 1988. Visceral organ size and
hepatocyte metabolic activity in fed and fasted rats. J. Nutr. 118: 1547-
1552.

Butler-Hogg, B. W. and Tulloh, N. M, 1982, Growth patterns in sheep: the effects
of weight losses on compensatory growth and feed intake in Corriedale
sheep. J. Agric. Sci., Camb. 99: 641-649.

Butler-Hogg., B. W. 1984. Growth patterns in sheep: changes in the chemical
composition of the empty body and its constituent parts during weight loss
and compensatory growth. ., Agric. Sci., Camb. 103: 17-24.

Butler-Hogg., B. W. and Johnsson, |. D. 1986. Fat partitioning and tissue
distribution in crossbred ewes folowing different growth paths. Anim. Prod.
42: 65-72.

Carstens, G. E., Johnson, D. E., Ellenberger, M. A. and Tatum, J. D. 1991.
Physical and chemical components of the empty body during compensatory
growth in beef steers. J. Anim. Sci. 69: 3251-3264.

Coleman, 8. W. and Evans, B. C, 1986. Effect of nutrition, age and size on
compensatory growth in two breeds of steers. J. Anim. Sci. 63: 1968-1982.

Cowan, R. T., Robinson, J. J., McDonald, I. and Smart, R. 1980. Effects of body
fatness at lambing and diet in lactation on body tissue loss, feed intake and
milk yield of ewes in early lactation. J. Agric. Sci., Camb. 95: 497-514.

Drew, K. R. and Reid, J. T. 1975a. Compensatory growth in immature sheep. Ill.
Feed utilization by sheep subjected to feed deprivation followed by



16 Chapter 1

realimentation. J. Agric. Sci., Camb. 85: 215-220.

Drew, K. R. and Reid, J. T. 1975b. Compensatory growth in immature sheep. Il.
The effects of weight loss and realimentation on the whole body
compaosition. J. Agric. Sci., Camb. 85: 193-204.

FAQ. 1993, Economic and social policy dept. Country tables: basic data on the
agricultural sector. FAQ. Rome.

Ferrell, C. L., Koong, J. L. and Nienaber, J. A. 1986. Effects of previous nutrition
on body composition and maintenance energy costs of growing lambs. Brit.
J. Nutr. 56: 595-605.

Foot, J. Z. and Tulloh, N. M. 1977. Effects of two paths of live-weight change on
the efficiency of feed use and on body composition of Angus steers. J.
Agric. Sci., Camb. 85: 135-142.

Forbes, J. M. 19295, Physical limitation of feed intake in ruminants and its
interactions with other factors affecting intake. In: Ruminant Physiology:
Digestion, Metabolism, Growth and Reproduction. Proceedings of the VIl
International Symposium on Ruminant Physiology, Willingen, Germany, 10-
14 September, 1994, (eds. W. van Engelhardt, 8. Leonhard-Marek, G.
Breves and D. Giesecke), pp. 217-232. Ferdinand Enke verlag, D-70443
Stuttgart, Germany.

Fox, D. G., Johnson, R. R., Preston, R. L., Dockerty, T. R., Klosterman, E. W.
1972. Protein and energy utilization during compensatory growth in beef
cattle. J. Anim. Sci. 34: 310-318.

Gingins, M., Bickel, H., Schurch, A. 1980. Efficiency of energy utilization in
undernaurished and realimented sheep. Livest. prod. sci. 7: 465-471.

Graham, N. M. and Seaile, T. W. 1975. Studies of weaner sheep during and after
a period of weight stasis. |. Energy and nitrogen utilization. Austral. J. Agric.
Res. 26: 343-353.

Graham, N. M. and Searle, T. W. 1979. Studies of weaned lambs before, during
and after a period of weight loss. . Energy and nitrogen utilization. Austra/.
J. Agric. Res. 30: 513-523.

Hahn, J., Foote, R. H. and Seidel, Jr, G. E. 1969. Testicular growth and related
sperm output in dairy bulls. J. Anim. Sci. 29: 41-47.

Hammond, J. 1932. Growth and development of Mutton Qualities in the sheep.
Oliver and Boyd, Edinburgh.

Hood, R. L. and Thornton, R. F. 1979. The cellularity of ovine adipose tissue.
Austral. J. Agric. Res. 30: 153-161.

Hoed, R. L. and Thornton, R. F. 1980. The effect of compensatory growth on



General Introduction 17

lipogenesis in ovine carcass adipose tissue. Austral. J. Agric. Res. 31: 155-
161.

Hogg, B. W. 1977. Effects of growth patterns on body composition and
compensatory growth in sheep. PhD thesis, University of Melbourne.
Hopkins, D. L. and Tulloh, N. M. 1285, Effects of a severe nutritional check in early
post-natal life on the subsequent growth rate of sheep to the age of 12-14

months. J. Agric. Sci.,, Camb. 105: 551-562.

lason, G. R., Mantecon, A. R., Milne, J. A., Sim, D. A., Smith, A. D. M. and White,
I. R. 1992. The effect of pattern of food supply on performance,
compensatory growth and carcass composition of Beuiah and Welsh
Mountain lambs, Anim. Prod. 54: 235-241.

Joubert, D. M. 1954. The influence of winter nutritional depression on the growth,
reproduction and production of cattle. J. Agric. Se¢i., Camb. 44: 5-65.

Kabbali, A., Johnson, W. L., Johnson, D. W., Goedrich, R. D. and Allen, C. E.
1992. Effects of undernutrition and refeeding on weights of body parts and
chemical components of growing Moroccan lambs. J. Anim. Sci. 70: 2859-
2865.

Ketelaars, J. J. M. H. and Tolkamp, B. J. 199%. Towards a new theory of feed
intake regulation in ruminants. PhD thesis, Agricultural University
Wageningen, The Netherlands.

Koeng, L. J., Ferrell, C. L. and Nienaber, J. A. 1985. Assessment of
interrelationships among levels of intake and production, organ size and
fasting heat production in growing animals. J. Nutr. 115: 1383-1390.

Lawrence, T. L. J. and Pearce, J. 1964. Some effects of wintering beef cattle on
different planes of nutrition. I. Live-weight gain, food consumption and body
measurement changes during the winter period and the subsequent grazing
period. J. Agric. Sci., Camb. 63: 5-20.

Ledin, |. 1983. Effects of restricted feeding and realimentation on compensatory
growth, carcass compaosition and organ growth in lambs. Swed. J. Agric.
Sci. 13: 175-187.

Marais, P. G., Van der Merwe, H. J. and Toit, J. E. J. du. 1991. The effect of
compensatory growth on feed intake, growth rate, body composition and
efficiency of feed utilization in Dorper sheep. South African J. Anim. Sci. 21:
80-87.

McDonald, P., Edwards, R. A. and Greenhalgh, J. F. D. 1988. Animal Nutrition;
fourth edition p:304. Longman Scientific & Technical, New York.

Meyer, J. H. and Clawson, W. J. 1964, Undernutrition and subsequent



18 Chapter 1

realimentation in rats and sheep. J. Anim. Sci. 23: 214-224.

Morgan, J. H. L. 1972, Effect of plane of nutrition in early life on subsequent live
weight gain, carcass and muscle characteristics, and eating quality of meat
in cattle, J. Agric. Sci., Camb. 78: 417-423.

Oosting, S. J., Van Bruchem, J. and Chen, X. B. 1995. Intake, digestion and small
intestinal protein availability in sheep in relation to protein supplementation
to ammoniated straw. Brit. J. Nutr. 75: 347-368.

Parks, J. R. 1982. A Theory of Feeding and Growth of Animals. Springer-Verlag,
Berlin Heidelberg, New York.

Ryan, W. J. 1990. Compensatory growth in cattle and sheep. Nutr. Abstr. and
Rev. series B, 60: 653-664.

Ryan, W. J., Williams, |. H. and Moir, R. J. 1993. Compensatery growth in sheep
and cattle. Il. Changes in body composition and tissue weights. Austral. J.
Agric. Res. 44: 1623-1933.

Scales, G. H. and Lewis, K. H. C. 1971. Compensatory growth in yearling beef
cattle. Proceedings of the New Zealand Socciety of Animat Production, 31:
51-61.

Searle, T. W., and Graham, N. McC. 1975. Studies of weaner sheep during and
after a period of weight stasis. |l. Body composition. Austral. J. Agric. Res.

26: 355-361.
Searle, T. W., Graham, N. McC. and Smith, E. 1979, Studies of weaned lambs
before, during and after a period of weight loss. Il. Body composition.

Austral. J. Agric. Res., 30: 525-531,

Searle, T. W., Graham, N. McC. and Donnelly, J. B. 1989. Changes of skeletal
dimensions during growth in sheep: the effect of nutrition. J. Agric. Sei.,
Camb, 112: 321-327.

Thomson, E. F. 1979. Energy retabolism of sheep and cattle during compensatory
growth. PhD thesis ETH No. 6382. Zurich.

Thornton, R. F., Hooed, R. L., Jones, P. N., and Re, V. M. 1979. Compensatory
growth in sheep. Austral. J. Agric. Res. 30: 135-151,

Turgeon, Q. A. jr., Brink, D. R., Bartle, S. J., Klopfenstein, T. J. and Ferrell, C. L.
1986. Effects of growth rate and compensatory growth on body composition
in lambs. J. Anim. Sci. 63: 770-780.

Webster, A. J. F. 19B0. The energetic efficiency of growth. Livest. Prod. Sci. 7:
243-252.

Wilsan, P. N. and Osbourn, D. F. 1960. Compensatory growth after undernutrition
in mammals and birds. Biological Reviews, 3b: 324-363.



General Introduction 19

Winter, W. H. 1971. A study of weight loss and compensatory gain in sheep. PhD
thesis, University of Melbourne.

Winter, W. H., Tulloh, N. M. and Murray, D. M. 1976. The effect of compensatory
growth in sheep on empty body weight, carcass weight and the weights of
some offals, J. Agric. Sci., Camb. 87: 433-441.

Wright, . A. and Russel, A. J. F. 1991. Changes in the body composition of beef
cattle during compensatory growth. Anim. Prod. 52: 105-113.



Chapter 2

Feed quality restriction and compensatory growth in growing
sheep: feed intake, digestion and nitrogen balance.

A, KAMALZADEH", J. VAN BRUCHEM™, S. TAMMINGA®, M. J. N. LOS* and C. P.
LEFFERING®

'Department of Animal Husbandry - Animal Production Systems,
*Dapartment of Human & Animal Physiology and
SPDepartment of Animal Nutrition
Wageningen Institute of Animal Sciences (WIAS)
Agricultural University
PO Box 338
6700 AH Wageningen

Submitted



23

Feed quality restriction and compensatory growth in growing sheep:
feed intake, digestion and nitrogen balance.
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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 2 X Texel &) male lambs, born in March 1293 and weaned at = 2 months
old, were fed grass straw {51 g crude protein per kg dry matter (DM)} ad Jlibjtum
and 35 g.kg®75.d"! mixed concentrates (173 g crude protein per kg DM}, Atan 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 significantlty (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 guality
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 erf a/., 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 a/. (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, 1981).

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, 1390; 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 et a/., 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 et al., 1292).

Compensatory growth may be associated with an increased feed intake
(Graham & Searle, 1975}, lower maintenance requirements brought about by feed
restriction {Fox et a/., 1972; Butler-Hogg & Tulloh, 1982), an increased efficiency
of nutrient utitization (Mevyer & Clawson, 1864; 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
et al. (1975}, reported a higher efficiency in the metabolism of protein, whereas
Keenan et al. {(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 et a/., 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 ¢ X Texel &} 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 =25 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
tor 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.

Experimental groups

The control group (C) was fed low-quality roughage ad fibitum and a
coricentrate 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
fibitum including a mineral mixture, but no concentrates.

Diets

The low-guality roughage consisted of chopped grass {Festuca arundinaceal
straw {51 g crude protein per kg dry matter {DM}). Grass straw was offered at 70
g.kg®7%.d"!, which was sufficient to keep the animals at maintenance level. Grass
straw refusals approximated 40% of the amount offered. The supplement (173 g

0.7 d-1

crude protein per kg DM) was offered at 35 g.kg . 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),
NaH,P0,.2H,0 (9 g/kg}, FeS50,.7H,0 (0.15 g/kg}, and MgS0,.7H,0 (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 concenirate; dry matter [DM), organic matter (OM),
crude protein (CP}, ash and in vitro digestible organic matter (OMD).

composition {g/kg DM)
Diet DM {(g/kgl

oM CP ash OMD
grass straw 875 923 51 88 377
concentrate 869 924 173 78 615

Management

From weaning untii 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 seascnal 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. Foliowing 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} HCI 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 peliet with 7.5 g Cr-NDF
was administered to the sheep. Subsequently, the following 5-day period, separate
faecal samples of approximately 150 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 aminc acid nitrogen available for absorption in the small intestine
(AAN} was estimated on the basis of microbial AAN synthesized in the rumen
{AAN,} and dietary N {AAN,) escaping rumen degradation, as follows:

AAN, = (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 a/,, 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 et al., 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.kg®’5.d"}.
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AAN, =F*G *N

F = 0.5 : proportion of N escaping rumen degradation.,
G = 0.8 : true digestibility in the small intestine.

N : nitrogen in feed {g.kg®75.d").

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.

straw intake {g/day)
200

800
700
600

500 -

20 30 40 50 60 70
bhody welght (kg)

Figure 1. Straw intake (g/day} versus body weight {kg} frem the onset of restriction to the end
of experiment’ (—<¢—) C, {--O--) R during restriction, (--@--) R during realimentation.

Table 2 gives the values based on metabolic weight {(g.kg™®’®.d ") 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®75.d™),
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while C animals gained 8.4 ¢

kg

0.76 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®™.d") of straw and
concentrate consumption, Intake of organic mafter (OM), digestible OM (DOM} and
nitrogen (N}, amino acid nitrogen (AAN), N balance, gain and rumen residence time
{RRT/), of the control (C) and the restricted (R) groups, the latter during restriction and

during realimentation.

age, 14-28 weekst

age, 28-52 week}i

c se R§ se c se R]| se
intake (g.kg™™d")
Straw 36.90 0.51 4845 148 3577 0.88 43407 1.20
Concentrate 3500 0.0 0007 0.0 3500 0.0 3500 000
oM 60.28 050 45457 104 58.38 054 65.757 0.74
DOM 37.02 029 20927 0.54 35.87 0.44 40.457 0.50
N 118  0.0% 0.49™ 0.02 107 001 1147 0.01
AAN (mg.kg™".0")
-microbial 529 419 223" 5.80 512 823 5787 882
-feed 471 388 198”7 7.32 429 223 4547 339
N-balance (mg.kg®™.d") 341 1240  -98"  19.80 304 830 4517 710
Fascal excretion {g.kg®".d™")
oM 2343 035 2456 062 2245 0.34 25.30" 045
N 0.51 0.01 0407 0.01 047 001 0.50" 0.01
Urinary N excretion (g.kg*™.d") 029 001 0.197 0.01 021 0.00 0.187 0.00
Gain (g.kg®™.d”) 840 054 072" 0.93 621 046 10.727 0.44
RRT () 28.16 185 41547 40 2826 143 2503 084

1) means of 3 balance trials {number of observations 38 per treatmen?).
$) means of 4 balance trials (number of observations 25 per treatment).
§) restriction; |} realimentation; ”) and ) indicate significant diffetences 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 significantty (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 R?

in which: Y
X

N balance (mg.kg™®7d™")
DOMI (g.kg®™®d "}

0.89)
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N-balance (mg.kg*"™.d)

DOMI (g.kg7.d)

Figure 2. Relationship between N balance (mg.kg™®7%.d") and DOMI {g.kg®7’5.d™"), combined data
of both C {®) and R {C) 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 R* = 0.91}

in which: Y
X

N balance (mg.kg®75.d™")
AAN (mg.kg®75.d™")

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 far 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®’*.d") and amino acid nitrogen availability
{myg.kg®”5.d""), 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 (R%) is
presented in Fig. 4. The following equations were found {s.e. of estimate between
brackets).

Cc Y = 4.21 (0.64) + 0.02 (0.01) * X (n=63 and R*=0.086).
Rt : Y = 4.53(1.25) - 0.22 (0.07) * X {(n=38 and R>=0.20).
Rt Y = 4.03(0.44) + 0.04 (0.01) * X In=25 and R*=0.33).
in which: Y = N balance {(g/day}

X = BW (kqg}
DISCUSSION

Fibrous feed intake during feed gquality 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 ef al. (1992), feed intake is determined
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by physical and metabaolic factors. Physical factors, ie. 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 waeight {kg) for control {C} animals
(©), restricted animals during restriction {O) and during realimentation (®}. The lines
present the predicted values.

An alternative theory was formulated by Ketelaars & Totkamp (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 NE| {O, / NEI},
Therefore, increasing the quality of a feed through supplementation could increase
voluntary intake as a result of an increased NEI-level at minimal O, / 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).






