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Summary

The aim of this thesis was to investigate how fiber growth of goats is determined by
genotype, (purebred Angora and crossbred between Angora and Boer goat), physiological
stages of the females from mid pregnancy until fifty days after the kids had been weaned
and the plane of nutrition. Twelve Angora (pure bred) and ten Angora x Boer goat doe’s
with an initial mass of 28.70+4 .42, between three and five years of age were used.

Half of them received 120% NRC energy requirements and the other half received 80%
requirements. Mohair patches of 100cm® were collected from the animals at parturition,
mid-lactation, weaning and fifty days post weaning.

The fiber greasy weight started declining with commencement of lactation in crossbred
animals of both high and low nutrition. The greasy mass again increased from the period
of weaning until fifty days post weaning suggesting that crossbred animals do not
produce a lot of fiber at the expense of fetal and kid growth. Since fiber production from
the crossbred animals is lower, I recommend that the Angora genotype be increased to

gain more fiber and futher research be done on the topic.
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Chapter one

1. Aims and motivation

1.1 Problem statement

The nutrient drain of pregnancy and lactation demand more nutrients from the animal,
which in case of non-pregnant and non- lactating ewes are used for fiber production. The
nutrients that are diverted to maintain pregnancy in terms of pregnant animals are derived
from the same source, even during lactation the nutrients found in milk are synthesized
from the animal body, being derived from the feed the animal eats. As Herselman et al.,
(1998) put it, adaptation to an environment is reflected in reproduction, survival and
growth. Many researchers have worked on the effects of pregnancy and lactation on fiber
growth. Reid (1978) reported that in conjunction pregnancy and lactation have more
effects on the reduction of fiber growth than when considered individually.

It has been suggested that Angora goats are poor mothers. In some cases, even under
adequate nutritional conditions, individual animals may be inherently poor milk producers
with msufficient milk to raise twins or even a single kid (Van der Westhuizen, 1981). An
adequate milk intake is crucial to the survival of young mammals. As in any other
production system, the production of more offspring that survive up to weaning is crucial
to the economic and biological efficiency of the system.

In the Angora, 12% of all kids die before weaning, and 85% of these deaths occur during
the first few days after birth (Van der Westhuizen, 1981). This is mainly due to the
inability of the kid to ingest sufficient milk or colostrum, which is often aggravated by low
milk production.

On the other hand, the Angora is very effective in the conversion of feed to fiber, and
because of this metabolic priority for mohair production, mohair does not develop a break
in the fiber during under-nutrition to the same extent as wool.

South Africa currently produces approximately 50% of world mohair and is considered to
be the undisputed world leader in terms of breeding and clipping quality. The clip is

exported virtually in its entirety and is an important earner of foreign exchange. It is clear
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that a need exists for fiber producing goats, which can produce good quality fiber without
a high incidence of neonatal mortality.

Boer goats, on the other hand, are very hardy under tropical or subtropical range grazing
conditions. Twin or triplets are frequent, and under good husbandry conditions, milk yield
is sufficient to enable kids to reach live-weights of 40 kg by 12 months of age or less.

A cross between the Angora and the Boer goat may therefore, represent a genotype that
will produce both mohair and milk in balanced quantities.

When dealing with fiber production however, nutrition also plays a significant role so the
farmer should not expect his animals to perform beyond their maximum capabilities due to
the fact that the plane of nutrition is high. This is mainly due to the fact that animals
respond differently to the plane of nutrition according to their genotype. Many workers, by
the results they found out after the investigation of the effects that these physiological
stages have on fiber production, agree or have found the same effects on fiber growth
(Sahlu, Fernadez, Cameiro & Flasher, 1992).

These effects of nutrition of sheep on the amount of fiber grown, on the components of
fibre growth (length and diameter) and on the protein composition and strength have been
studied extensively, in contrast, the effects of nutrition of Angora goats on the amount of
fibre grown, and particularly on the length growth and diameter of fibres (Reis and Sahlu,

1994) have received limited research attention.
1.2. Effects of pregnancy on fiber growth

Corbett (1979), compared fiber growth results form other authors who compared ewes that
bore one or two lambs but lost them at birth so that no lactation ensued, and ewes that
were fertile but were withheld from the ram. Ewes that were pregnant were fed at
maintenance. Fiber growth was reduced by 30% during the second half of pregnancy. The
reduction during this period probably accounted for most of the whole term reductions of
25-55%. Slen and Whiting (1965) concluded that the effects of gestation on nutrition are
manifest at an earlier stage (first trimester of gestation) at a low plane of nutrition.

The reduced fiber growth due to gestation expressed in terms of annual fleece production

falls within the range of 3-10% for both greasy and clean fleece weight (Corbett, 1979).
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Corbett and Fumival (1976) found that the effects of pregnancy on wool growth were
greater at high compared to low stocking rates. There was a reduction of 9.8% in annual
clean fleece weight under poor nutritional conditions when live-weights of pregnant ewes
showed negligible change during the last months of gestation, compared with a 2.3%
reduction under better conditions when live-weights during the last months of pregnancy
increased by 3kg. It is likely that the nutritional environment was poorer in those studies
where the greatest effects of pregnancy on fleece mass were observed (Doney, 1964,
Brown, Tumner, Young & Dolling, 1966).

Bosman (1935), however, reported that pregnancy did not influence wool fibre diameter in
Merino sheep, although lactation did result in a decrease in fibre diameter. A staple of
wool from lambing ewes, will therefore, show no difference between the fiber growth
produced from months during pregnancy and that produced normally (Bosman, 1935).
However, (Oddy & Annison, 1979; Oddy, 1985) found that both gestation and lactation

reduce fiber diameter and fiber length.

Reid (1978) found that barren ewes and pregnant ewes at 51-108 days of pregnancy grew
0.26 mm and 0.23 mm of fiber per day respectively. At 108-142 of pregnancy, barren
ewes still grew 0.26 mm/d and the pregnant ewes only 0.19 mm per day. This shows that
barren ewes had no other extra place to divert nutrients to, other than normal maintenance
and fiber production and hence they had more fiber growth while others were pregnant.
This concludes that more nutrients are used by the animal during pregnancy than when the
animals are dry.

Doney (1964) compared barren sheep, pregnant sheep, non-lactating sheep and lactating
sheep under different nutritional conditions (hill grazing conditions versus down the hill
with supplementary feeding). Under hill grazing conditions, non-pregnant ewes produced
20% more wool per unit area of skin than those carrying a single lamb. The rate of wool
production per unit skin area during the winter period was 30% of the peak value in late
summer and autumn in ewes with lambs and 37% in barren ewes. Supplementary feeding
during pregnancy resulted in the much smaller weight loss in ewes rearing a single lamb,

wool production was however not affected by supplementary feeding. Under uncontrolled
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grazing conditions, the nutrition was very poor and hence the animals there lost more of
their live weight than did the animals that were receiving supplementary feeding. This
shows the importance of nutrition during the pregnancy period for fiber producing

animals.
1.3. Effects of lactation on fiber growth

Fiber production during the first weeks of lactation for ewes in the harsh environments of
the Pilbara districts of Western Australia (Williams and Suijendorp, 1968) was 44% less
than that of non- lactating ewes, and was 26% less over the complete lactation of 20
weeks. Comparisons with ewes that gave birth to, but did not rear their lambs, show a 16%
reduction in fiber growth during a three-months lactation (Corbett, 1979). Langlands
(1977) compared lactating and non-lactating Merino ewes at different stocking rates.
Clean wool production during a 12-week lactation was reduced by 29%, but there were no
apparent effects of stocking rate. However, the major part of the reduction occurred during
the first few weeks of lactation and the effect became less as lactation advanced (Corbett,
1979). Corbett (1979) also reported that suckling a single lamb reduces annual fleece
grown by 5-8%. The suckling of twins would on the other hand, double the reduction of
fiber growth.

Langlands (1977) observed that grazing Merino ewes with single lambs ate 80% more
organic matter during their 105-day lactation than did non-lactating ewes. Efficiency of
wool production in lactating ewes (1g clean wool per 356g organic matter consumed) was
only 40% of that of non- lactating ewes (1g wool per 137g organic matter consumed).
Efficiency of wool production is reduced during lactation, the extent of the reductions
being determined mainly by the extent of change in feed intake and its reduction after
weaning (Corbett, 1979).

Corbett (1979) also reported that non- lactating ewes produce 60- 150% more fiber per
unit of feed intake than those that are lactating. On an annual basis, efficiency 1s reduced
by 32%.

Doney (1964), found that ewes rearing a single lamb increased their production to 53% of

the peak value during the first two months period after weaning period, and during this
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time live weight increased from the winter minimum to the previous premating level. The
barren ewes increased their live weights to a level higher than their previous autumn peak

and produced 92% of peak wool production.

The ewes which had their lambs removed were between the barren and lactating ewes both
in live weight gain and in wool production (Doney, 1964). A higher level of nutritional
provision, in the form of low land grass, did not have as much effect on live weight

relative to the other groups during lactation as it did in the pregnancy period.

1.4. Effects of pregnancy and lactation on fiber growth

Compared with non breeding ewes, the full cycle of reproduction reduces annual fleece
growth by 10 to 14 %, the higher values applying in general to ewes rearing twin lambs
and the lower ones to ewes rearing singles (Corbett, 1979). Corbett (1964) found a
reduction of 15.9% in fibre growth over the whole lactation. This reduction may result
from competition for nutrients between milk and wool, but it is possible that some other
aspects of physiological stage of lactation is involved (Corbett, 1964). Reproduction has
only a small and variable effect on the percentage clean and scoured yield of the fleece.
The effect in South Australian strong woolen ewes raising one lamb was to drop daily
fiber growth rates from 14.0 to 13.4g, while wool growth in ewes rearing twins declined to
1.26g fiber per day (Mcguirk, Paynter & Dun, 1966). Whethers, on the other hand might
be expected to grow about 1g wool / day more than reproducing ewes (Hogan, 1970).

In commercial flocks, the carrying and rearing of a lamb generally decreases fiber
production in ewes by 10- 15 % (Oddy and Annison, 1979), this is in contrast with a report
by Corbett, (1979) who reported a reduction of 3-10% and the findings of (Doney 1962)
who reported 25 — 55% reduction. The largest reduction in the wool growth rate of ewes
occurs in late pregnancy and early lactation, and is greater in twin bearing ewes than in
ewes with single lambs, suggesting that the nutrient demands of reproduction exceed the
ability of the pregnant and lactating ewes to increase feed intake.

Oddy and Annison (1979) concluded that it is more likely that increased competition for

essential nutrients stemming from the requirements of foetal and mammary tissue is the
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causal factor of reduced fiber production during pregnancy and lactation, rather than the

reduced affinity of wool follicles for circulating nutrients.

Brown, Turner, Young & Dolling (1966) reported reductions on both greasy and clean
fleece weight while Sanderson, McFarlane & Pratley (1976) found that the overall effects
of rearing a lamb to weaning was a reduction of 1.5% units. In Brown 's experiment, he
found that the combined effects of pregnancy and lactation is a loss of 1.50Ib greasy or
1.251b clean fleece, representing 17 and 22 percent respectively of all mean values for
ewes which failed to lamb.

The pregnancy losses are 11 and 15% and the lactation losses 6 and 7 % (Brown et a/.,
1966).

He concluded that about one- third of the reduction in wool growth by Merinos during
pregnancy and lactation stems from a decrease in fiber numbers and two- thirds from a
decrease in fiber volume. The decrease in volume is due partly to a shorter length of staple
and partly to a reduction in fiber diameter (Brown er al., 1966). These changes affect wool

quality characteristics, including an increase in the incidence of cotting and breaking.

The reduction in fiber diameter appears to be greater in ewes bearing and rearing twin
lambs than in ewes rearing only a single lamb (Slen and Whiting, 1956).
Turner et al. (1968) estimated the decrease as about 12% in ewes rearing twin lambs and

6% in ewes rearing single lambs.

Again the effect of twin lambs is much higher in the reductions of fiber growth than that of
single lambs, either in pregnancy, lactation, or both.
Brown et al. (1966) observed the number of fibers per unit skin area and indicated that

there may be a greater decrease during pregnancy than during lactation.

Corbett and Furnival (1976) reported an inverse relationship between wool production
during the last seven weeks before lambing and birth of the lamb: an increase of lkg in
birth weight was associated with a reduction during this period of 0.22g/day in clean wool

grown by Corriedale ewes.
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All in all, the combined effects of pregnancy and lactation result in a 25% loss 1n clean
wool weight, of which one third derives from a fall in total number of fibers and two thirds

from a lower fiber volume (Brown et al., 1966).

1.5. Relationship between fiber growth in pregnancy and lactation

The effects of pregnancy and lactation are confounded by the non- nutritional
environmental factors involved in the annual rhythm of wool production (Doney, 1964).

It seems that in the hill environment, the nutritional drain of a single lamb pregnancy
during winter produced only a small reduction in wool production, whereas the drain
consequent on lactation was much greater (Doney, 1964).

During lactation, however, the evidence suggests that the level of feed intake can affect
wool production as shown by the unexpectedly low level of wool production in the spring
of 1962 corresponding with an outstandingly poor grazing season, and also by the increase

shown in each year corresponding to the provision of low ground grass.

Sharkey, Davis & Kenny (1962) concluded that the effect of increasing the stocking rate 1s
to reduce total wool growth per sheep and increase variation in wool growth through the
year.

Pregnancy and lactation are associated with a reduction in wool growth and this is greater

in ewes with twins than with single lambs (Kenny and Davis, 1975).

1.6. Relationship between milk protein secretion and wool production

The response in wool growth to a protein supplement will depend on the amino acid made
available for absorption from the intestines relative to those required for wool (Neutze,
1990).

During lactation of various lengths, the clean wool grown by well fed ewes on average
decreased by 0.002g per gram milk protein, and with undemourished ewes by about

0.008g per gram milk protein (Corbett and Furnival, 1976). This may have indicated
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greater utilisation of amino acids by the undernourished ewes as a source of energy, and

the remaining supplies being used more for the synthesis of milk than fiber proteins.

Synthesis of wool, however, is dependent particularly on the supply of sulphur -
containing amino acids (Corbett, 1979).

However, Williams, Tyrell & Gilmour (1978), after supplementing casein or methionine
and cystine in the abomasum, concluded that the availability of these nutrients was not a

primary limitation to wool production by breeding ewes.

1.7. Fiber growth recovery

The recovery in fiber growth that occurs as found by Corbett and Furnival (1976), when
lactation ceases is therefore probably due both to an increase in the volume of individual
fibers and to an increase in the number of fibers consequent on reactivation of follicles
such as occurs when undernourished fiber producing animals are again well fed. The
recovery 1s not complete until some weeks after the end of lactation and occurs more
slowly in animals that are in poor than in good nutritional conditions (Corbett and
Fumival, 1976).

In good nutritional conditions it is probably hastened by the persistence for some times
after weaning of the substantial increase in the feed intake of the grazing ewes that
generally occurs during lactation (Langlands and Donald, 1977).

In poor grazing conditions, the slow recovery of follicle activity may be related to the lack
of opportunity to increase intake, and the small quantity of nutrients that would be spared

by the cessation of lactation.
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1.8. Fiber growth rate and feed intake

A positive relationship between wool growth and feed intake was first demonstrated in the
1930's and has been noted by many others since. There is, however, no unanimity on the
precise form of the relationship (Allden, 1979).

Marston (1948) noted a linear response in fiber growth rate to different amounts of a
ration, which supplied from half to twice the energy required for maintenance. Within this
range, the nitrogen retained as fiber increased five fold from 0.23-1.17g / day, while the
changes in nitrogen retained in the body tissue were more substantial, increasing from -
2.23 to +2.29g/day; both responses were closer to linear (Allden, 1979).

In the experiments of Daly and Carter (1955), they found that the regression of wool
growth on feed intake was essentially linear. There are, however, many experiments In
which the efficiency of conversion of feed to fiber has been greater in low intakes than in
high intakes of the same diet (Allden, 1979).

Allden (1979) highlights the importance of the difference between the different forms of
responses of fiber growth exhibited by animals to changes in feed intake. The evidence of
direct proportionality between intake and fiber growth rate implies that the fiber
production from an area of land will be proportional to the amount of herbage consumed,
and independent of intake per animal (Langlands and Donald, 1977).

On the other hand, the evidence that the efficiency of conversion of feed to wool declines
as intake increases, implies that a large number of animals each receiving a small amount
of feed will produce more fiber than a few animals consuming the same total quantity
(Allden, 1979).

Williams (1966) provided evidence that when the feed intake of Merinos in selction
experiment was changed from a restricted to an unrestricted amount, the efficiency of
conversion of feed to fiber fell by 40%, from 0.81g to 0.46g wool per 100g dry matter

consumed.
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1.9. Reasons for the variation in the form of a relationship between fiber growth and

feed intake

Changes in digestibility with increasing intake may account for a substantial portion of the
observed differences in the efficiency of feed utilisation for fiber growth (Nagorcka,
1977). To support this view, Blaxter (1964) shows a reduction of up to 12 digestible units

when the intake of pelleted hay was increased from maintenance to twice maintenance.

The other reason for the variations in the form of the relationship between fiber growth
rate and intake relate to the technical problems of estimating carryover effects from the
previous diet, to the experimental procedures concerned with feeding sequences, to the
possible influence of body weight change on conversion efficiency, and to interaction
between nutrition and the environment (Allden, 1979).

Nagorcka (1977), analyzing the results of Ferguson (1972), detected a lag of about 25 days
before wool production and feed intake came into equilibrium after a dietary change, and
other workers have reported that the carryover effects from the previous diet may persist
for a period of one to three months (Allden, 1979).

Changes in the fiber follicle population in response to nutrition may also affect the time
taken to establish a new equilibrium (Allden 1979).

Nutritional deprivation during early life has been shown to depress permanently the
number of fiber producing follicles in an animal thereby influencing its future productivity
(Allden, 1968b; Corbett, 1979), whereas under nutrition in later life causes only a
temporary reduction in the number of active follicles with consequent fiber shedding

(Lyne, 1964).

The changes in the wool follicle population and the time taken for follicle generation
possibly account for the delay in the response of wool growth after prolonged periods of
severe under nutrition. Although previously undernourished sheep commonly grow faster
and eat more than their previously better fed mates during the recovery period, the
increased feed consumption is not immediately reflected in greater wool production

(Allden, 1979).
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1.10. Feeding regimes

In many studies, the experimental animals have received their feeding treatments
sequentially, either commencing at a lowest intake and progressing in successive
increments until the maximum intake is attained in the final period, or vice versa
(Ferguson, 1972). Consequently, changes in fiber growth rate are confounded with both
fiber growth rhythms and the residual effects of the previous treatment.

When an animal changes from a high to a low intake the residual fiber growth enhances
efficiency at the lower level, and when the change is from low to high, the slower fiber
growth rate is carried in to the period of high feeding. Thus, in this circumstance,
carryover effects always temporarily reduce the efficiency of high intake treatments
relative to the low intake treatments (Allden, 1979).

Simultaneous comparisons of fiber growth are preferable to sequential.feeding treatments,
unless the experimental design permits the estimation of residual and period effects

(Saville and Roberts, 1972).

It should be recognized that contemporary comparisons may also be influenced by the
carryover effects of the pre- experimental feeding regime, so that, irrespective of the
method of feeding adopted, ample time must always be allowed for diet and fiber growth
rate to reach a new equilibrium (Allden, 1979).

Adjustments have been made for seasonal rhythms either by reference to a group recetving
a uniform amount of feed throughout the experiment or by use of regression analysis
relating fiber growth to non-nutritional factors of the environment (Ferguson, 1972).

Such corrections are commonly based on the belief that there is no interaction between the
level of intake and seasonal rhythms of fiber growth, an assumption that has not been
validated (Allden, 1979).

Adams, Briegel & Ritchie (1997) after a comparison of two groups of sheep in pasture
indicated that the relative wool growth rate appeared to depend more on whether the

pasture was green or dry, rather on the total feed availability.
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1.11. Body weight status

Several workers have suggested that the efficiency of conversion of feed to wool may be
influenced by the body weight status of the animal. This concept is based on the
assumption that circulating substrates supplied from weight loss have the same effect on
fiber growth as the nutrients supplied from the diet, thereby enhancing the apparent
conversion of feed to fiber; the reverse would be true for the storage of nutrients during

weight gain, which would cause an equivalent loss in fiber growth (Ferguson, 1972).

Williams and Winston (1965) noted that 100g feed produced 1.07g wool when sheep lost
1.5% of body weight, 0.92g wool at body weight maintenance, and only 0.78g wool when
body weight increased by 5%. In these results, it can be assumed that when the animal

looses weight, most of the nutrients lost from the body go for fiber production.

A causal relationship between fiber growth rate and weight change is difficult to establish
because the two variables are closely related to feed intake (Allden, 1979). However, there
has not been any convincing evidence that weight change alone has any effects on fiber
growth. If it 1s shown that the apparent conversion of feed to wool is enhanced by tissue
depletion, the greater efficiency should be related to the feed associated with the storage of

that tissue and not to the current level of nutrition or feeding (Allden, 1979).
1.12. Interaction between nutrition and environment

Although most workers agree that changes in feed intake are likely to affect fiber growth,
the extent to which nutrition interacts with the non-nutritional components of the
environment 1s clearly understood. Some breeds are more affected than others (Allden,
1979).

Doney (1964) noted that variations in feed intake were reflected in varation in fiber
growth at all times in Merinos, whereas for the Cheviot breed, there was a close
relationship between intake and fiber production in the summer but bot in the winter. The

same work by Doney (1964) showed that improved nutrition in the winter produced no
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increase in fiber growth in Scotish Blackface although it had a marked effect on live

weight.

The important point that arises out of these observations is that the same amount of feed
provided to a sheep may result in different rates of wool growth according to both season
and genotype (Nagorcka, 1977). This in turn precludes the possibility of deriving a general

equation relating intake and fiber growth for animals recetving the same diet.
1.13. Feed intake and fiber characteristics

The ratio of length growth to a diameter (L/D ratio) is independent of the amount of fiber
grown under natural feeding conditions. However, changes in the L/D ratio have been
induced experimentally by abomasal infusions of zein and by the omission of lysine,
luecine or isoluecine from amino acids infusions; the omission of lysine resulted in the
growth of weaker fibers (Allden, 1979). Reis and Tunks (1976) observed that Zein
increased the L/D ratio. The adverse effects of zein on fiber strength were corrected by the

addition of lysine (Reis and Tunks, 1976).

Reis (1992) indicated that wool fibers can be weakened substantially by treatments that
vary the supply of Lysine or Methionine to wool follicles.

Sahlu er al, (1996), after the infusion of lysine together with a constant level of
methionine in Angora goats, found that there was no difference between treatment groups
in fiber diameter. However, the percentage of medullated fibers in this study decreased,
which is beneficial to the mohair industry as medullated fiber is not desirable due to its

poor die absorbing quality (Sahlu ez al,, 1996).

Oddy (1985) also found that cortisol depresses the growth of both length and diameter of
fibers, and the rate of change in fibre diameter has been closely related to staple strength

(Hansford and Kennedy, 1988).
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Reis & Schinckel (1963) found that the highest producing sheep in a flock generally have
wool with the lowest sulphur content, showing that more wool production does not
necessarily mean that it is wool of good quality.

Wool sulphur content increased during pregnancy but not during lactation (Oddy, 1985).
When wool growth is limited by the amounts of Cyst(e)in, some animals can presumably
produce more wool than others by favouring the synthesis of those proteins relatively low

in cyst(e)in (Hogan, Elliot & Hughes, 1979).
1.14. Effects of protein and energy on fiber growth

It 1s still not very clear on the roles of dietary energy and proteins on fiber growth.
However, different authors observed appreciable responses in wool growth when maize
starch was added to the diet. Other workers have noted changes in wool growth rate with
increasing dietary protein and interpreted these changes as responses to protein, even

though protein and energy were confounded (Ferguson, Carter & Hardy, 1949).

Allden (1969) also observed a linear relationship between wool production and energy
intake in two field experiments involving supplementary feeding. In these experiments
1.96g and 1.85¢ fiber was produced for each 100g digestible matter. In pen studies, Allden
(1968b) in Allden (1979) found that 2.04g wool /100g digestible dry matter was produced.

As far as protein is concerned, Leng & Leonard (1965) found that wheat gluten meal was
more resistance to rumen degradation and thereby allowing more protein to be digested in
the intestine and therefore available for various body functions, and he cited this as the
reason why wheat gluten meal was found to increase wool growth by other researchers.
This can be concluded as that the additional dietary crude protein fed to animals does not

reach the abomasum in enough quantities.

To further supplement this, Kempton (1979) said that when the rumen is bypassed, or

protein passes the rumen undegraded, there are clear-cut responses in fiber growth to
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protein and only small responses associated with energy, a reversal of the effect noted in

diets digested in the rumen.

Hogan (1970) in Allden (1979) showed that the microbial protein available for digestion
and absorption in the intestines is more clearly related to the intake of digestible energy by

the animal than to protein content by the diet.

The need for protein in relation to energy appears to be satisfied in concentrations of about
1% nitrogen in diets of low digestibility; as digestibility increases, a proportionality
between metabolizable energy and intestinal protein absorption is established, and for this
reason energy commonly appears to be the main factor correlated with the growth of wool

(Ferguson, 1972).
1.15. Relationship of feed intake to body weight change and stage of growth

The prediction of wool growth rate by animals of different genotypes, or at different stages
of growth, requires an understanding of the relationship between voluntary feed intake and
body weight (Allen, 1979).

Edwards and Hynd (1992) after comparing fine wool and strong wool Merino for the
genetic difference in the structure and function of wool follicles, concluded that genotype
determines the volume of potential mitotically-active‘ tissue in the skin, however the
dynamic mechanism of fibre production is not controlled by a single factor, but rather a
combination of a number of characteristics.

Allden (1979) found that a maximum dry matter intake of 90- 100g/ kg maximum weight
was attained at about 35% of mature body size, declining to about 40g/ kg maximum
weight at maturity. He also stated that wool p:«-duction of a sheep under ad libitum should
be greatést when about 40% of adult weight is attained and intake is at its peak. The feed
used in this experiment had 65- 75% digestibility. Thereafter wool production might be

expected to decline.
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1.16. Relationship between bodyweight, weight change and fiber production

Allden (1969) noted a linear relationship between the intake of digestible energy and wool
production on the one hand and intake and weight gain on the other, for sheep of similar
imitial weight. There is a possibility of simple association between wool growths, body

weight (which reflects the energy expenditure for maintenance).

Adams et al. (1997) observed increased stability in wool growth rate, which was
accompanied by greater relative changes in liveweight in sheep. It appears that the group
with an increasing liveweight had a greater buffer for the supply of amino acids available
for wool, thereby reducing the variation in the rate of wool growth.

Marston (1948) and Black and Thompson (1973) compared nitrogen retention in wool and
in body tissue by using feeds, which passed through the rumen and diets in which the
rumen was completely or substantially avoided respectively. The ratio of nitrogen retained
as body tissue to nitrogen in wool differed in these two experiments, with Marston finding
6,3:1 and Black finding 2,8:1. These differences therefore show us that differences in the
partitioning of nitrogen between wool and other body tissue is not similar in all diets, but
differs according to where the ingesta were digested, with the highest correlation being

found where the rumen was bypassed.

1.17. Competition between milk and fiber production

Doney (1964) on his study with Scotish Blackface sheep concluded that lactation does
have inhibitory effect on fiber production. In all groups that he compared, the regression of
wool production on lactation index did not differ, despite the differences in conditions
under which they were reared.

Lactation increased the intake of the ewe but reduced its wool production (Langlands,

1977).
It was concluded therefore that whilst lactation has a depressive effect on wool or fiber

production from grazing ewes, those ewes that were producing more milk didn't

necessarily do that at the expense of wool production.
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Demands of foetal development, live weight maintenance and presumably temperature
regulation are all satisfied before wool production can be raised above the minimum
(Doney, 1964).

As according to Doney (1964), both increases in live weight and lactation demands are
satisfied before wool production can benefit, it implies that a genetic difference exists
amongst breeds 1n their responses to nutritional and non- nutritional seasonal factors.

This is so when we consider the results of Ferguson et al. (1949) working with Merino,
which shows there is a considerable increase in wool production when the diet changes
from one which results in the loss of body weight to one that maintains it, whereas in the
study of Doney (1964) there seems to be no change in wool production with changes in

diet below maintenance level.

1.18. Nutrient partitioning between milk and fiber

Sahlu ef al. (1992) compared Angora goats receiving 9; 12; 15 and 18% crude protein
(CP) during their lactation. He found out that milk increased in a linear fashion with
increase in dietary protein and then decreased at the 18 percent crude protein level,
however percentage milk protein and solids not fat were not affected.

As far as mohair production is concerned, it was found out that it responded differently to
different CP levels in the diet. In the 15 and 18% CP groups, milk yield increased for 10
weeks after parturition and peaked at 1.099 and 945g/day respectively at week six of
lactation; however, milk production did not increase above the pretreatment level for does
in the 9 and 12% CP groups (Sahlu et al, 1992), whereas mohair production was
drastically depressed to the lowest in the group fed the 15% CP and did not return to

pretreatment level until week eight of lactation.

The does receiving 9 and 12% CP diets gained the most body weights compared to the 15
and 18% CP and Sahlu attributed this to the lower metabolic demand of their lactation, and
hence these goats showed a steady increase in body weight and fiber production at the

expense of milk yield (Sahlu et al., 1992).
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The does in the higher protein groups were able to divert both protein and body reserves
into milk production, and at the highest level of dietary CP, they were able to increase both

milk and mohair.
1.19. The Effects of pregnancy and lactation on feed intake

The physiological state of the animal affects feed intake, with intake generally higher if
the physiological state is associated with increased demand. Forbes (1977) after a
consideration of interrelationships between physical and metabolic control of feed intake
in pregnant and lactating sheep, found that feed quality and litter size as well as stage of

pregnancy could affect intake.

The predictions indicate that with low quality roughage intake will decline continuously
during pregnancy, the decline being greater in ewes bearing twins than with those bearing
singles. With medium quality roughage, increase in feed intake is expected until week
twelve of gestation followed by a decline, with ewes bearing twins again being more
affected.

With high quality feed, a progressive increase is predicted until week 16 followed by the
decline, unaffected by the number of foetuses. Werston (1979) found the intake of medium
quality roughage to be unaffected by the litter size. It seems likely that the increase in the
rate of oestrogen secretion, together with an accompanying decrease in rumen capacity,

could be important for the decrease in feed intake during late pregnancy (Werston, 1979).

Lactation in the sheep is always consistently accompanied by enhanced feed intake
(Werston, 1979). Forbes (1979) found that the increase in intake is directly related to feed
quality and litter size. It is presumed that the additional feed intake is related to the
increased energy output in milk (Werston, 1979). There is little doubt that changes in

hormone secretion are involved in mediating the intake response (Werston, 1979).
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1.20. Interaction between physiological state of the animal, the protein to energy ratio

of absorbed nutrients and fiber growth

The protein requirements are influenced by such factors in the animal as the potential rates

of tissue growth, foetal growth and milk production (Kempton, 1979).

Assuming a biological value of 0.7 for absorbed protein and a ME requirements of 5.8
MlJ/day, Kempton (1979) says that the ratio of absorbed nutrients required for maintenance
would be 4g digestible protein/MJ of ME. Again assuming an efficiency of utilisation of
ME for pregnancy of 0.2 and a biological value of absorbed protein of 0.7, then 17g
digested protein would be required for conceptus gain, in a twin bearing ewe 30 days from

term, 33g absorbed protein and 3.63 MJ of ME would be required for conceptus gain.

The requirements for pregnancy would therefore increase the required balance of nutrients
to 5.0 and 5.7g digestible protein/MJ of ME in single and twin bearing ewes respectively
(Kempton, 1979).

To achieve a maximum wool growth of 13g clean wool/day as well as maintain foetal
development, Kempton (1979), an additional 80g absorbed protein would be required,
assuming an efficiency of utilization of absorbed nutrients for wool growth of 0.1.

The balance of absorbed nutrients required for supporting maximum wool growth in single
and twin-bearing ewes would therefore be 15.5 and 14.2g digestible protein/ MJ of ME.

In lactation, Kempton (1979) further said that assuming milk contains 5% crude protein
and 4.8MJ/Kg, and the efficiency of utilisation of ME for lactation in ewes is 0.75, eight g
digestible protein/MJ of ME would be required for peak lactation. In ewes with twins,
milk production would be increased by 30% and the balance of absorbed nutrients
required for lactation would be increased to 8.5g digestible protein/MJ of ME. Therefore
the balance of nutrients required to support maximum wool growth at peak lactation would
be 13.8 and 13.4g digestible protein/MJ of ME in ewes suckling singles and twin lambs
respectively (Kempton, 1979).
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Kempton (1979) further indicated that, where the major source of amino acids is from
microbial protein, the amino acid supply would not meet the requirements for growth, late
pregnancy, early lactation and wool growth.

Therefore in order to obtain maximum wool growth, live weight gain and milk production,
at least 6g digestible protein/MJ of ME must be available to the duodenum in addition to
the 6.6g digestible protein/MJ of ME supplied from microbial protein (Kempton, 1979).

1.21. Conclusion ofliterature review

Fiber growth has been reduced by about 30% during the second half of pregnancy, and
where the level of nutrition is poor, the effects of pregnancy on wool growth manifest
themselves very late.

Barren ewes have always been found to be superior in fiber production when compared to
pregnant ewes during the pregnancy and also during lactation period. This can be
attributed to the low requirements of nutrients in the body of barren ewes.

Lactation has different effects on the animal, dry matter intake increases, and more than
80% dry matter can be consumed by a single animal. On fiber production, lactation causes
a reduction of 44%, this was seen when lactating ewes produced 44% less fiber than the
ewes made sterile, for the first six weeks of lactation. In overall, complete lactation caused
reduction of 26%. In the first few weeks of lactation, there is a major part of fiber
production reduction and the effect becomes less as lactation advances. It therefore shows
that up to the peak of lactation, there is much reduction of fiber growth than after the peak.
The full cycle of reproduction reduces annual fleece growth by 10-14%, with the higher
values applying more to the ewes rearing twin lambs. In this reduction in fiber growth
during pregnancy and lactation, about one- third stems from a decrease in fiber number
and two- thirds from a decrease in fiber volume.

The evidence from studies of the relationship between feed intake and wool growth rate
indicates that the experiments based on contemporary comparisons, and which allow
sufficient time for wool growth and diet to come into equilibrium, are likely to provide

more reliable estimates than experiments that involve sequential feeding regimes. In the
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