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1 1 Goat Nutrition for Fibre
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Produzioni Animali, Viale dell’Ateneo Lucano 10, Campus di Macchia
Romana, 85100 Potenza, Italy; 2CRA — Unita di Ricerca per la Zootecnia
Estensiva, Via Appia-Bella Scalo, Muro Lucano (PZ), 85054 Potenza, Italy

Introduction

The primary products of most goat breeds are milk and meat. Nevertheless, goat
breeds capable of producing a highly insulating and valuable fleece have evolved
in low-temperature environments. In such environments, goats are an important
resource for local animal production, since they produce milk, excellent fibre and
also meat from kids.

Even though goats for fibre represent about 20% of the world’s goat produc-
tion, consumers do not associate cashmere or mohair with goats as immediately
as they relate wool to sheep.

Goats for fibre are subdivided into two large groups: (i) Cashmere goats, to
which different breeds and populations belong; and (ii) Angora goats, from
which mohair is obtained. Cashmere goats can have a double or triple aptitude,
without showing the strong competition between fibre and milk for nutrients
found in Angora goats and sheep.

After providing a description of goats for fibre, focusing on the specific
nature of their fibres, information on their nutrition is given in this chapter.

Cashmere Goats

238

Almost all goat breeds can produce two types of fibre. The so-called secondary
fibre or down is extremely fine, generally shorter than the main fleece (called pri-
mary fibre or guard hair), and is visible especially in young goats. Figure 11.1
shows the presence of smaller fibres produced by secondary follicles (SFs) in
dairy goats, in comparison to fibre goats.

In Cashmere goats these fibres are far more developed, and therefore pro-
vide efficient thermal insulation. Goats are classified as Cashmere when their

© CAB International 2008. Dairy Goats Feeding and Nutrition
(eds A. Cannas and G. Pulina)
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Fig. 11.1. Comparison of the organization of the secondary follicles (S) and
primary follicles (P) in dairy and fibre goats. (Adapted from Millar, 1986.)

down fibre, or cashmere, is composed of fibres which have a precise diameter
and length, with features of elasticity and lightness.

This fibre owes its name to Kashmir, an area situated to the west of the
Himalayas. This fibre is also known as cachemire in French or as pashmina, the
Indian—Pakistan equivalent (which, however, has not been recognized by the
official nomenclature).

Several indigenous fibre goats are reared in Spain. Recently, a fibre aptitude
has been observed in certain Italian goat populations (Rubino et al., 2000), such
as the Nicastrese goat (Di Trana et al., 2004). Moreover, the presence of a modest
quantity of fibre has been found in the Bionda dell’Adamello, an autochthonous
goat breed from the Lombardy Alps.

Cashmere Fibre

Cashmere is a fibre without medulla, produced by secondary piliferous follicles,
characterized by the features described in Table 11.1.

Since diameter is the main characteristic for distinguishing cashmere from
other animal fibres, different industrial textile institutions have established
accepted upper limits for cashmere diameter (Table 11.2) (Phan and Wortmann,
2000).

The growth of cashmere is seasonal, as opposed to wool, which has a con-
tinuous growth. The development cycle of cashmere fibre is greatly influenced
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Table 11.1. Cashmere fibre characteristics.

Merchandise
Parameter Range considerations

Average diameter (um) 13-19 The smaller the diameter,
the smoother is the
product to the touch

Length (mm) 5-90 When shorter than
20 mm, product quality
decreases
Colour white, cream, grey, White is more
brown appreciated because of
minor coloration costs
Yield (%) 30-85 Combed cashmere has a

higher price than sheared
cashmere, due to its higher
yield and length

Crimps from tight to loose They give elasticity and
softness. When closing an
amount of cashmere in the
hand, the mass returns to
its original volume when
the hand is opened

Table 11.2. Upper limits for the diameter accepted by the main international textile
institutions. (Adapted from Phan and Wortmann, 2000.)

International institutions

Chinese
International CCMI (Europe,
Standard (China) Japan, USA) AATCC (USA) ASTM (USA)

Upper limit of 16.0+£ 0.5 185+05 18.5 19.0
cashmere
diameter (um)

CCMI, Cashmere and Camel Hair Institute; AATCC, American Association of Textile Chemists and
Colourists; ASTM, American Society for Testing and Materials.

by the photoperiod, and, as a consequence, by the concentration of the
melatonin and prolactin hormones in plasma. The growth phase (anagen) starts
between the spring equinox and the summer solstice and finishes between the
autumn equinox and the winter solstice. This is followed by a regressive phase of
the piliferous follicle (catagen) and a final phase of rest (telogen), which is associ-
ated with a natural loss of hair or moulting (Lynch, 1990). The latter phenome-
non occurs between the winter solstice and the spring equinox. Since
photoperiod is related to latitude, at lower latitudes the telogen comes about ear-
lier (in the middle of January) compared with higher latitudes (in February), and
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mostly coincides with the kidding period (McGregor, 1996a). According to the
Chinese point of view, the highest-quality cashmere is that produced on the 40th
parallel in Inner Mongolia (Petrie, 1995).

Fibre harvesting is carried out by two techniques: (i) combing; and (ii) total
shearing. Combing is done using combs which have long, closely set teeth. In
this way, a mass with a high yield (78-83%) is obtained, and is therefore much
appreciated by textile industries because of the reduced guard hair percentage.
Combing is carried out when the animal is ‘ready’, i.e. when a tuft of down fibre
comes away very easily.

In areas where drastic changes in temperature are unlikely (e.g. Australia
and Texas), total shearing is done. Sheared fleece has a lower price on the mar-
ket, because of the lower yield of dehairing (the elimination of the guard hair
from the mass), and the shorter cashmere produced.

Due to its high thermal insulation properties (three times higher than wool of
the same weight) and its extreme lightness, as well as its limited production and
high processing costs (due to the laborious dehairing process), cashmere is con-
sidered a luxury textile fibre and is utilized mostly in the clothing sector. Based on
diameter, cashmere is classified into two typologies: (i) hosiery (< 16 wm), uti-
lized for knitwear and luxury items of clothing such as stockings and ties; and (i)
weaving (16-18.5 um), for clothing and furnishings.

Since the demand from industry is fairly constant, prices vary depending on
the availability of the Chinese fibre on the market, which has been run by private
companies since 1991. Naturally, this has influenced the supply and price of raw
cashmere for the European industries (i.e. Italy and Scotland).

The diameter and length of cashmere are features which have very high
hereditability (h2 = 0.47 and 0.70 for down diameter and down length, respec-
tively), yet at the same time they are influenced by many different factors, such
as sex, age, nutritional status, health and environment. For example, female goats
produce better-quality cashmere, with a mean fibre diameter 1-2 um lower than
that of male goats (Ryder, 1989; Li et al., 1996). Peak production is reached at 2
years of age and drops, progressively, up to the sixth to seventh year (Zhang and
Shi, 1996). The nutritional, environmental and physiological factors which influence
fibre production are analysed as follows.

Nutritional Requirements of Cashmere Goats

The protein and energy requirements for the production of cashmere fibre are
estimated according to the chemical composition and energy content of the
fleece (Table 11.3) (Russel, 1990). Protein and energy are also required for
maintenance, milk production, pregnancy, grazing and thermoregulation (see
Cannas et al., Chapter 6, this volume).

Like other animal fibres, cashmere fibre and guard hair are composed of
proteins belonging to the a-keratin family. These proteins are rich in sulphurated
amino acids such as cystine and cysteine, as a result of the trans-sulphuration of
methionine. Apart from the two already-mentioned types of hair, the fleece con-
tains small quantities of sebum and sweat, produced by the sebaceous glands
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Table 11.3. Chemical composition and net energy content of cashmere fibre, guard hair and
their associated secretions, and nutrient and energy retention in cashmere and guard hair
production, considering a growth period of 6 months. (Adapted from Russel, 1990.)

N S Ca P Mg K Na Energy
Chemical composition (g/kg) Content
(MJ/kg)
Fibre 165 33 1 0.1 0.1 0.05 0.3 23.5
Sebum 1.5 - 0.3 0.8 0.1 6.8 0.3 40.8
Sweat 27 4 7 1.2 2 200 10 -
Nutrient retention (mg/day) Retention
(kJ/day)
Fibre 573 114 5 1 1 56 4 84
growth of
3.4 g/day

and sweat glands, respectively. These glands are associated with the primary
follicles (PFs).

The retention of nutrients in the fleece, such as cashmere, guard hair and
secretions, is evaluated on the basis of an annual production of 250 g of cash-
mere per head, which represents 30-40% of the fleece, and a growth period of 6
months (Table 11.3) (Russel, 1990).

The energy and protein requirements for the production of fleece in Cash-
mere goats are determined by the protein and energy retained in the fleece during
the growth period. Over the period during which the fibre is growing, the propor-
tion of the energy consumed that is stored in the fibre, or used to produce sebum
and sweat, is about 0.006 (0.6% of total energy consumed), or, on an annual
basis, about 0.003 (0.3% of total energy consumed) (Russel, 1990). The propor-
tion of protein ingested retained is about 0.02 (2% of protein ingested) over 6
months or 0.01 (1% of protein ingested) over the whole year (Russel, 1990).

Fleece weight of Scottish Cashmere goats varies from 300 to 700 g per head,
of which about 30-40% is cashmere (Table 11.4). The efficiency of utilization of
metabolizable energy (ME) to fibre energy is not known precisely, but it is esti-
mated to be 0.18 (McDonald et al., 1992). Therefore, a goat which produces a
fleece of 700 g with 280 g of cashmere and which retains 96.06 kJ of net energy
per day (Table 11.4) would require 534 kJ (i.e. 96.06/0.18) of ME per day (for
6 months) for fleece growth only. This energy requirement for fibre production
could be met by supplying daily 63 g of medium-quality hay or 42 g of barley grain.

Protein requirements are related to the quantity of energy supplied. On
average, 9 g of rumen-degradable protein per megajoule of ME should be sup-
plied (Russel, 1990). For most foodstuffs fed at normal levels, the degradability
of the protein fraction could be assumed to be approximately 0.75 and thus the
requirement for crude protein (CP) would be about 12 g CP/MJ ME (Russel,
1990). Therefore, for the production of 700 g of fleece with 280 g of cashmere,
6.4 g CP/day (for 6 months) are required, which could be supplied with 56 g of
barley grains or 24 g of broad beans.
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Table 11.4. Energy and protein retained in the fleece of Cashmere goats at
different productive levels, considering an average period of fleece growth of

6 months.
Cashmere weight (g/year)
Energy retained Protein retained
Fleece weight in the fleece in the fleece
(g/year) 30% yield  40% vyield (kJ/day) (g/day)
300 90 120 41.17 1.76
350 105 140 48.03 2.05
400 120 160 54.89 2.34
450 135 180 61.75 2.63
500 150 200 68.61 2.93
550 165 220 75.47 3.22
600 180 240 82.33 3.51
650 195 260 89.19 3.80
700 210 280 96.06 4.10

Nutrition of Cashmere Goats

Proper nutrition of Cashmere goats is needed to produce good-quality fibre, one
or two kids and sufficient milk, as well as to ensure high reproductive efficiency
and a marketable carcass.

Feed intake

The intake level of a Cashmere dry goat with a body weight (BW) of 40 kg, fed
natural pasture hay, was 40.9 g dry matter (DM)/kg BW?-75 per day (Table 11.5)
(Sepe et al., 1996). This value is within the wide range of values (40-140 g
DM/kg BWO-75) indicated for dairy goats and for French meat goats (Sauvant
et al., 1991). Moreover, an intake of 40.9 g DM/kg BWO-75 per day is lower than
the intake level of dry dairy goats reared in southern Italy (Fedele et al., 2002).

Feed quality has a major impact on DM intake. For example, as organic
matter digestibility of hay increased from 0.47 to 0.63, an increase in intake from
42.8 to 77.7 g DM/kg BW°75 occurred in Scottish Cashmere castrated male
goats (Hadjigeorgiou et al., 2001).

The herbage intake of Cashmere dry goats grazing natural Mediterranean
pastures, characterized by high botanical variability and seasonal changes in
quality, averaged 47 g DM/kg BW%75 on a season basis. A supplement of com-
mercial concentrate with 16% CP, at a level of 12 g/kg BW%-75, reduced herbage
intake by 9 g DM/kg BWO-75, for a total DM intake only slightly higher than that of
the unsupplemented goats (Table 11.5) (Sepe et al., 1996). Intake levels varied
between 57 and 140 g DM/kg BWC75 in Cashmere goats reared in northern
European pastures (Merchant and Riach, 1994).
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Table 11.5. Level of dry matter intake of Cashmere goats
fed indoors (natural pasture hay plus commercial concentrate
200 g/day) or grazing on hill pasture (360 m above sea level)
in late spring. (Adapted from Sepe et al., 1996.)

DM intake (g/kg BWO-75)

Mean SD

Housed goats
Dry 40.88° 16.93
Lactation 68.892 21.22
Grazing goats
With supplement 49.922 19.45
Without supplement 46.872 18.95

DM, dry matter; BW, body weight; sSb, standard deviation.
abMean values in a column with different superscript letters were
significantly different (P < 0.05).

Proteins

In contrast to sheep and Angora goats, an increase in the amount of dietary
protein did not have any positive effect on down length and production of
Cashmere goats (Russel, 1995). It should be noted, however, that such an
increase led to a greater BW, guard hair growth and thickening of cashmere.

Once production (maintenance and fleece) requirements are satisfied, no
additional improvements in quality and quantity of the produced cashmere are
determined by a further increase in dietary protein, by supplementation with
feeds rich in sulphurated amino acids (casein, cotton, sunflower, lupin and
lucerne), or with rumen-protected protein. This was observed in goats fed either
in housed conditions or on pasture, as well as for different genetic types, with
various production levels of cashmere (McGregor, 1998).

However, when animals fed on a diet lacking in protein were given a protein
supplement, both cashmere growth and diameter thickening of the fibre increased
(McGregor, 1998).

In contrast to cashmere, the guard hair, originating from the PF adjacent to
the SF, is sensitive to increasing N content in the diet, even if these two types
of fibre have similar chemical composition. This suggests that SFs producing
cashmere have a reduced activity of the enzymes involved in the process of
trans-sulphuration of the methionine in cysteine (Russel, 1990). Follicles which
produce cashmere have fewer cells able to synthesize fibre proteins, and less
intrinsic capacity for protein synthesis, as far as single cells are concerned, than
mobhair follicles (Lee et al., 1994). Such a hypothesis might be extended to guard
hair, based on the similar responses of both guard hair and mohair to protein
supplements.
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Table 11.6 reports the productive responses of Scottish Cashmere goats
reared in mountain environments (1180 m above sea level (asl)) in southern
[taly with a feeding regimen consisting of natural pasture (40% grasses, 30%
legumes and 30% forbs), or of natural pasture (CP content of 15 and 12% of DM
in spring and summer, respectively) plus supplements of 13 or 18% CP (Di
Trana and Sepe, 2007). The use of a supplement increased the length of guard
hair and the diameter of the down. The latter, however, was not advantageous
for production, since it reduced cashmere quality. The highest dietary protein
concentration increased guard hair yield and reduced cashmere yield (percent-
age of down fibre on the total fleece). This may also be related to the shorter
growth period of cashmere fleece, caused by an earlier start of moult of cash-
mere in comparison to the other two diets (Di Trana and Sepe, 2007).

On the basis of these considerations, the most advantageous diet for a better
cashmere output seems to be the one with a CP level of 13%, even if a thicker
down was obtained compared with goats which have utilized pasture only. Feeding
regimen based only on pasture reduced fibre length, without worsening signifi-
cantly the cashmere yield with respect to the groups fed a supplement. Actually,
the use of pasture alone improved the quality of cashmere, which became 2 and
4% thinner than that of goats fed 18% CP and 13% CP, respectively. Moreover,
the availability of natural pasture caused a delay in moulting of about 1 month

Table 11.6. Effect of feeding regimen on fibre production traits of Scottish
Cashmere goats grazing on natural pastures (CP content of 15 and 12% of DM
in spring and summer, respectively) with or without supplements. (Adapted from
Di Trana and Sepe, 2007.)

Feeding regimen

Grazing plus supplement

Grazing natural

Parameter pasture CP 13% CP 18%
Cashmere length (mm) 49 55 54
Maximum guard hair 59 63 75
length (mm)

Cashmere growth rate 0.28 0.30 0.36
(mm/day)

Growth period of cashmere 1822 1802 1480
(days)

Cashmere diameter (um) 16.8° 17.52 17.22b
Cashmere production 5.20 5.92 5.10
(g/kg BW)

Cashmere yield (%) 33.5 34.1 32.0
Guard hair yield (%) 66.5 65.9 68.0
Start of moult (days) 3932 361 350P

CP, crude protein; DM, dry matter; BW, body weight.
abWwithin rows, values with different superscript letters were significantly different (P < 0.05).
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compared with the feeding regimen at 13% CP, and a 6-week delay compared
with the feeding regimen of 18% CP (Table 11.6) (Di Trana and Sepe, 2007).

Ivey et al. (2000) studied the effects of diets differing in concentrations of CP
(10 and 15%) and ME (2.00, 2.35 and 2.70 Mcal/kg; DM basis), fed ad libitum,
on growth and cashmere fibre production of cashmere-producing Spanish
wether goats, in an 84-day trial during autumn. Guard hair weight and cashmere
length were not affected by dietary treatments. Cashmere fibre diameter was not
altered by dietary ME level but was greater for 15% CP than for 10% CP (16.92
versus 16.06 um; P < 0.05). Cashmere weight was influenced by an interaction
between CP and ME levels; cashmere fibre weight with 10% CP was 92, 82 and
95 g, and with 15% CP was 63, 115 and 99 g for diets with 2.00, 2.35 and
2.70 Mcal ME/kg, respectively.

No cashmere growth responses have been observed by supplying protected
protein to low-production goats or to high-production goats when the basal diet
appeared to contain sufficient protein. When high-protein legume grains were
fed to cashmere goats consuming a basal diet deficient in protein, large increases
in both cashmere growth and mean fibre diameter were obtained (McGregor,
1998).

Amino acids

Energy

In Australia, cashmere growth of fully grown male Cashmere goats was not influ-
enced by integration with methionine (Ash and Norton, 1987). However, other
studies on Scottish Cashmere yearling goats showed that the inclusion of
methionine (2.5 g/day), in addition to a basal diet containing 9.9 MJ ME and
107 g CP (per kg DM), increased cashmere yield and diameter, while the guard
hair was not influenced (Souri et al., 1998; Galbraith, 2000). These opposing
results could be attributed to a different genetic potential for cashmere produc-
tion of the animals utilized, and to an inadequate supply of the amino acids
required in the non-supplemented group.

Considering that the annual production of cashmere is seldom higher than
300 g per head, the requirement for amino acids (< 1 g protein/day) for cash-
mere growth can be easily satisfied by the circulating amino acid pool, without
being limited by the availability of protein in the diet (Galbraith, 2000).

Fibre production is less affected by energy supply than by protein supply (Reis,
1989). For the Cashmere goat, neither the timing nor increasing levels of feeding
above maintenance increased the growth of down fibre, although these same
feeding regimes promoted significant increases in both guard hair growth and
BW gain in the same goats (Galbraith et al., 2000).

In grazing goats, neither decreased stocking rate (Norton et al., 1990) nor
supplementary grain feeding (McGregor, 1996b) increased cashmere production.
On the other hand, undernourishment, i.e. when maintenance requirements are
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not satisfied, reduced animal weight and cashmere growth in goats. This phenom-
enon was more evident when undernourishment occurred during the anagen
phase of fibre growth (McGregor, 1998).

In castrated goats reared in Australia, undernourishment (at 0.73 of mainte-
nance level), between the summer solstice and winter solstice, caused a 16% BW
loss, a 24% reduction in cashmere production and a 2% reduction in fibre diam-
eter, as compared with control goats fed at maintenance levels (McGregor,
1988). Similarly, when Australian cashmere does of two genotypes (a Random
line, made of goats selected from a population mated in a random manner,
under no selection pressure; and a Cashmere Plus line, selected for down pro-
duction) were fed at 0.7 x maintenance, weight loss and reduction in cashmere
production occurred (Restall et al., 1994).

It should be pointed out that the response to undernourishment varies
according to the origin of Cashmere goats. In fact, in selected breeds of Australian
origin, probably having Angora blood, weight loss and reduction in the growth
and diameter of cashmere were observed, while in non-selected types the responses
to an inadequate dietary supply were not clear (Restall et al., 1994).

Therefore, in goats of Australian origin, the most convenient feeding treat-
ment, which increased cashmere production without decreasing its quality, led to
an increase of 1-2 kg in BW during the period of maximum growth of the down
fibre (i.e. between summer and autumn) (McGregor, 1998). Feeding goats to
gain 4 kg in BW (Fig. 11.2a) (McGregor, 1998) over summer and autumn gave
maximum cashmere growth. Maximum production was achieved at energy
intakes of about 1.4 x maintenance. On average, cashmere production is great-
est in heavier goats, which increase BW, and lowest in goats of inferior size,
which lose weight (Fig. 11.2b) (McGregor, 1998).

In conclusion, the convenience of feed integration depends on several fac-
tors: (i) the cost of integration; (ii) seasonal conditions, such as dry or wet years,
and duration of feed supplementation; (iii) goat productivity; (iv) the level of
response to better nutrition; and (v) the quality of the cashmere produced.

Effects of Energy Supply on Cashmere Moulting

Nutrient supply has indirect effects on fibre moulting because of its relationship
with the concentration of hormones which regulate nutrient distribution and
competition between tissues. The mechanisms that regulate fibre shedding are
still not well understood, but a large body of evidence indicates that this event is
related to seasonal changes in hormonal concentration of prolactin (Dicks,
1994). Growth hormone indirectly stimulates wool growth in sheep (Wynn et al.,
1988), while no evident influence of this hormone on the cashmere growth cycle
was found (Kloren et al., 1993). In a more recent study, insulin-like growth
factor-I (IGF-I) receptors have been identified in hair follicles (Dicks et al., 1996),
suggesting a direct role of IGF-I in the control of hair follicle activity. Thyroid hor-
mones also seemed to be involved in the regulation of seasonal pelage exchange
in goats (Rhind and McMillen, 1995).
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Fig. 11.2. (a) Relationship between the annual production of cashmere and the
body weight change in Australian Cashmere goats; (b) relationship between cash-
mere growth and mean body weight for goats with different body weight changes
during the cashmere growing season. (Adapted from McGregor, 1998.)

Energy restrictions at levels lower than maintenance (0.8 x maintenance),
during the 6 months following the winter solstice, caused weight loss and delay
in moulting of about 1 month. Energy levels higher than maintenance (1.2 and
2 X maintenance) anticipated moulting (Merchant and Riach, 2002). These
authors have proposed that undernutrition also delayed the onset of regrowth
of the new coat. At latitudes of 40-41°N, where Cashmere goats were reared
either in mountain environments (1200 m asl) or on hills (360 m asl), the moult-
ing peak was reached earlier in the mountains. In fact, during February, 79% of
the cashmere is harvested in the mountain environment and 67% in the hilly
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areas. These results are also related to the different dietary regimens of the two
environments. From autumn until the beginning of winter, goats reared on the
hills grazed pastures for a longer period of time, during which the amount and
quality of the available biomass may not have satisfied nutrient requirements. By
contrast, in mountain environments, due to the bad weather conditions of that
period, goats were fed indoors, thus assuring a more constant supply of nutrients
(Di Trana et al., 1998).

At latitudes of 40—41°N, for Cashmere kids at first moult, maximal fibre
shedding occurred a month earlier in males than in females. This was due to the
higher prolactin and growth hormone concentration in males (Celi et al., 2003).

Environmental and Physiological Factors

Cashmere goats reared in different altitudes and weather conditions show differ-
ent productive capacities. At higher altitudes (1180 m asl) and low temperature
humidity index (THI), the percentage of active SFs, fibre length, cashmere vield
and growth period increased in comparison to animals at lower altitudes (50 m
asl) and a higher THI, while diameter remained the same (Celi et al., 2000,
2001; Di Trana et al., 2001, 2003).

The effects of latitude on down production are similar for high- and low-pro-
ducing Cashmere goats. The down produced by Cashmere and Spanish goats,
reared at a latitude above the 40th parallel, was higher and finer by 59 and 83%,
respectively, compared with that of the same breeds reared at a latitude near the
30th parallel (Lupton et al., 2000).

In the Cashmere goat where the anagen phase is shorter and more concen-
trated in certain months of the year, the overlap between lactation and the produc-
tion cycle of cashmere fibre reduces the activity of the SF. This was limited to the
first 4 months of lactation (between June and September), with negligible effects
on yield, the total annual production and diameter of cashmere (Celi et al., 2002).

At Italian latitudes (40—41°N), the overlap between the period of pregnancy
and the beginning of lactation with that of the activity of SFs (May-December)
decreased production, length and vyield of cashmere, without influencing its
diameter (Celi et al., 2005). Similar behaviour was observed in Cashmere goats
of Australian origin (Kléren and Norton, 1993).

Milk Production and Quality in Cashmere Goats

Information regarding milk quantity and quality produced by Cashmere goats is
scarce. Table 11.7 reports the milk production and fat and protein content, at the
4th week after the colostrum phase, of Scottish feral Cashmere goats that had
previously been reared in extensive systems until 14 or 9 weeks before delivery.
Following housing the does were fed according to BW and were turned out to
graze following kidding (Galbraith et al., 1992).

In extensive systems, individual milk production increases according to the
availability of the fodder biomass.
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Table 11.7. The production and quality of milk produced by Scottish feral
Cashmere goats reared in extensive systems, housed before delivery and turned
out to graze following kidding. (Adapted from Galbraith et al., 1992.)

Housed before delivery for

Values at 4 weeks postpartum 14 weeks 9 weeks SED
Milk production (g/day) 200-230 225-379 66.9
Fat (%) 2.5-3.0 4.1-6.4 1.0
Protein (%) 4.0-4.1 3.8-3.9 0.3

SED, standard error of the difference.

Table 11.8. Milk production and chemical composition of Cashmere goat's milk. (Adapted
from Di Trana and Sepe, 2000.)

Days after delivery

ltem 45 60 75 90 105 120 SEM
Milk (g/day) 10792 10282 9432 725b 558¢ 534¢ 59.2
Fat (%) 3.5 3.620 3.22 3.5 3.7° 43¢ 0.2
Protein (%) 3.9 3.9 3.7 3.8 3.8 3.8 0.1
Lactose (%) 4.8 4.8 4.9 4.6 4.5 4.3 0.1
Casein N 497 457 445 462 464 465 22
(mg/di)

Whey N 100 97 105 95 94 94 8
(mg/di)

Non-protein 44 45 42 46 47 44 2
N (mg/dl)

SEM, standard error of the mean.
ab.cMean values in rows with different superscript letters were significantly different (P < 0.05).

From Cashmere goats of Scottish origin, introduced into a Mediterranean envi-
ronment and reared in an extensive system, a fair amount of milk is obtained together
with the production of fibre of excellent quality. During the 75 days of lactation
after the sale of kids, pluriparous goats kidding at the beginning of March pro-
duced 60.9 kg of milk per head. Contents of milk fat, protein and its nitrogenous frac-
tion (Table 11.8) (Di Trana and Sepe, 2000) were similar to those of autochthonous
goat breeds in southern Italy (De Maria Ghionna et al., 1984). This suggests that
milk and its products could be a further source of profit for the fibre goat sector.

The Dahlem Cashmere breed, created in the 1980s by cross-breeding the
Angora breed with milk breeds, has a high level of milk production with a total
protein content of 3.6%, which is similar to that observed in the Scottish Cash-
mere goats. Since Scottish Cashmere goats showed lower milk production, their
milk casein content was higher (2.9 g/100 g) (Di Trana and Sepe, 2000) than
that of the Dahlem Cashmere breed (2.7 g/100 g) (Dimassi et al., 2004).
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The Angora Goat

Unlike Cashmere goats, the Angora goat experiences strong competition for
nutrients between milk and fibre, similar to that found in sheep. The main differ-
ence between the Angora and the Cashmere goat is in the physiology of their
fibre growth as well as the structure of the epidermic scales of the fibrous filament
and the ratio between SFs and PFs (Fig. 11.1).

The Angora goat has been reared as a pure breed in Turkey and was first
exported to South Africa in 1838; subsequently it reached Russia and Australia,
where cross-breeding was carried out with local Cashmere breeds (Millar, 1986).
This created a breed named Cashgora, with fibre which had intermediary fea-
tures between cashmere and mohair.

Mohair Fibre

Mohair fibre is produced exclusively by Angora goats from the SF, and is charac-
terized by the features described in Table 11.9 (Shelton, 1981; Epplestone and
Moore, 1990; Antonini et al., 1994b).

The fineness of the fibre is the main element which distinguishes mohair
from other fibres. In Italy, this fibre is classified by diameter and length according
to the South African method (Table 11.10) (Gallico, 1992).

In Angora goats a marked aptitude for fibre production is demonstrated by a
predominant number of SFs compared with PFs (Fig. 11.1), attaining the SF/PF
ratio of 8-10 (Shelton, 1981).

In contrast to cashmere, mohair has a continuous anagen all year long, even
if it is faster in the summer. This kind of growth has a stronger influence on the

Table 11.9. Characteristics of mohair fibre. (Adapted from Shelton, 1981;
Epplestone and Moore, 1990; Antonini et al., 1994b.)

Merchandise

ltem Range considerations

Average diameter (um) 25-39 The thinner the softer

Length (mm) 75-150 Turkish mohair is longer
and, owing to this, more
requested

Yield (%) 70-90

Colour white, grey, brown, Normally white;

black occasional black hairs

depreciate the mass

Sheen - Main characteristic which
makes mohair especially
valuable

Kemp (fibres with medulla, 1-2 As kemp increases, flock

short and dead) (%) quality decreases
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Table 11.10. Classification of mohair used in Italy according to diameter and
length; quality increases from adult to super kid and from E to A. (Adapted from Gallico,
1992.)

Type Diameter (um) Class Length (mm)
Super kid 24.0-26.5 A 150 and above
Kid 26.5-29.5 B 125-150
Young goat 29.5-34 C 100-125
Fine adult 34-36 D 75-100
Adult 36-39 E <75

nutritional requirements during the various physiological stages of Angora goats
compared with that of fibre growth on Cashmere goats.

A well-reared and well-fed adult Angora goat has an average monthly
growth of mohair of 2-5 cm (Shelton, 1981). Thanks to its particular structure,
mohair has a characteristic silken sheen and a mean tenacity about 30% higher
than that of wool.

The harvesting of the fleece takes place by shearing. The first shearing, car-
ried out on 6-month-old kids, supplies the very best quality fibre. In general, two
shearings are carried out annually, the first in April, when the fibre is 120 mm
long, and the second in September. Turkish mohair is obtained from one single
shearing per year, and is therefore longer. In this case, the annual production per
head is reduced to 2.5 kg compared with the 3 kg of double shearing in Australia
and the 4-5 kg from the South African goat population.

Mohair is considered a luxury fibre for both its quality and its limited avail-
ability, even if it is evaluated at a lower price than cashmere. This depends on
the lower costs for transformation into yarn. There is a traditional use of mohair
for rugs and curtains by Arab nomads. The use of this fibre for men’s and
women’s clothing is widespread. Other than for luxury upholstery, the demand
for mohair varies according to the requirements of the textile industry and the
designers. Age is the determining factor for both the quality and quantity of
mohair in a rearing system which satisfies the nutritional requirements of the
Angora goat. The number of SFs increases from the moment of birth up to 2
years of age, bringing the SF/PF ratio from the initial 2-3 to 8-10. As kids grew,
mohair diameter increased from 24 pm in a 6-month-old kid to 49 um in an
adult goat, so the mohair production and yield also increased (Shelton, 1981).

Female goats had a higher number of follicles per square millimetre, and
lower diameter and percentage of medullated fibres than the males (Antonini
et al., 1994b). As confirmed by this information, the best-quality mohair comes
from females, and this has led to the use of castration in male kids (Willingham
et al., 1988).

The production of kemp increases with age and has a high degree of
hereditability (h%2 = 0.43); therefore, there is potential for genetic improvement
of this trait.
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Nutritional Requirements of Angora Goats

The amount of fibre produced by the Angora goat on a daily basis varies
between 5 g/day (1.8 kg/year) and 16.7 g/day (6.0 kg/year), being higher than
the amount produced by sheep.

Recently, a system for goats, with specific predictions for Angora goats, has
been developed by the E(Kika) de la Garza Institute for Goat Research at
Langston University (USA) to estimate the nutritional requirements for mainte-
nance, fibre and milk production and also weight gain under different grazing
and climatic conditions (Luo et al., 2004a,b). A summary of these requirements
is reported in Table 11.11.

Mineral and vitamin requirements

Fibre-producing goats do not have any particular requirements for minerals and
vitamins. A mineral deficiency, as with other goat breeds, causes a decrease in
production and threatens animal health. In areas where the soil-plant system
does not guarantee the right amount of microelements (e.g. Se, Cu, Co, I and
Zn), diet integration with these is necessary. Anyway, mineral and vitamin inte-
gration for Cashmere and Angora goats must be taken into consideration when-
ever the feeds utilized in their diet are deficient.

Specific nutritional requirements for Angora goats have been established for
S, an essential microelement for the synthesis of sulphurated amino acids, microbial
protein in the rumen and fibre proteins. An intake of S equal to 0.267% of DM
and a ratio of 7.2:1 between N and S are considered optimal (Qi et al., 1992).

Table 11.11. Daily total nutritional requirements and intake of the Angora goat at
different fibre production levels grazing on hill pastures (body condition score was
equal to 2, and average air temperature was 12°C). (Adapted from Luo et al.,
2004a,b.)

Clean mohair
production DM intake
BW (kg) (g/day) ME (MJ/day) MP (g/day) CP (g/day) (% of BW)

30 5 6.85 51 76 2.70
10 7.64 59 88 2.77
15 8.42 68 101 2.84
40 5 8.22 61 92 2.45
10 9.00 70 104 2.51
15 9.79 78 116 2.56
50 5 9.50 71 106 2.28
10 10.29 79 118 2.33
15 11.07 88 131 2.37

BW, body weight; ME, metabolizable energy; MP, metabolizable protein; CP, crude protein;
DM, dry matter.
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By increasing the S in the diet, the production of mohair and the length and
resistance of the flock increase, without any reduction in fibre quality.

A deficit in P and vitamin A reduced the keratinization of the skin and the
activity of piliferous follicles (Morand-Fehr and Galbraith, 1992). Therefore, it is
better to integrate these nutrients in the diet, especially when fresh forage avail-
ability is limited.

In Inner Mongolian White Cashmere goats, the optimum Cu level is
27.46 mg/kg of diet during the cashmere growing period (Zhang et al., 2004).

Among the vitamins, biotin has an important influence on the growth of teg-
umental tissues and piliferous follicles. In fact, deficiency of this vitamin in kids
led to a reduction of weight gain, an in vivo mohair loss and a reduction of in
vitro vitality of the mohair follicles (Galbraith et al., 2000).

Nutrition of Angora Goats

Feed intake

As for all ruminants, the intake of Angora goats differs according to the type
of hay utilized. In fact, the daily intake was 716, 546 and 724 g of DM per head
for hays of lucerne, poliphita lowland pasture and meadow (73.7% Trifolium
repens and 26.3% Lolium perenne), respectively. Daily intake was 576 and
864 g of DM per head for sorghum and oat hays, respectively (Antonini et al.,
19%a).

As NDF concentration in the hay increased from 38.2 to 73.6% and up to
75.8%, organic matter intake was, respectively, 67.6, 45.5 and 34.6 g/kg BW?-75
(Morand-Fehr, 1993). During lactation, increases in the CP level of the diet from
9 to 18% of DM caused a non-significant increase of DM intake from 1.54 to
1.56 kg/day (P > 0.05) (Sahlu et al., 1992a).

Pasture intake is greater in periods of time when forage availability is high.
As for other breeds (see Avondo et al., Chapter 7, this volume), intake of Angora
goats is influenced by animal factors, especially selective behaviour, as well as
by the type of herbage utilized. Pasture intake is also related to stocking rate
and individual production. Both the productivity and the economic efficiency
of fibre-producing farms are influenced by stocking rates. The effects of high
stocking rates (higher than 7.5 head/ha) on mohair features of grazing Angora
goats are often negative and commercially relevant (Table 11.12) (McGregor,
1998).

On pastures in temperate areas, it is advisable to use a stocking rate of 7.5
head/ha (season average) for Angora goats. Such a stocking rate minimizes
both gastrointestinal parasite infections and post-shearing weather stress. At high
rates of stocking the mortality rate (primarily gastrointestinal parasitism and
post-shearing weather stress) was twice that at lower rates of stocking (McGregor,
1998). Under such conditions, the goats increase in weight fairly quickly and
produce more and longer mohair, which, however, is not as fine as that of goats
reared at high stocking rates.
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Energy

Table 11.12. The main effects of high stocking rates (> 7.5 head/ha) of Angora
goats grazing annual pastures in temperate areas on mohair production and quality
parameters. (Adapted from McGregor, 1998.)

ltem Effect of high stocking rate

Weight of mohair 20% reduction in fibre production per head
Fibre diameter Thinner coat — diameter decrease by > 5 um
Kemp Increase in the incidence of kemp

Clean mohair yield Decrease by > 5%

Mohair length Reduction of fibre length

In Mediterranean environments, energy deficit usually occurs in summer. This is
determined by scarce pasture resources and leads to a decrease in body condi-
tion score and BW of the animals. During this time, weight loss can be minimized
by utilizing cereal grains (e.g. barley, oats and wheat), which are relatively
low-cost energy sources that do not dirty the fleece remaining on the flocks. The
use of energy supplements influences BW and mohair diameter. Goats losing
weight produced less mohair (from 15 to 40%) and their fibre was thinner by
2-3 um than goats at constant weight. On the other hand, goats fed for BW gain
produced much more mohair (up to 100% increase) and fibre which was
2-3 um thicker than animals with a constant weight (McGregor, 1998). When
integration was supplied, an increase of 0.26 and 0.40 wm in diameter for each
kilogram of weight gain was recorded, respectively, for animals on pasture and
those housed (McGregor, 1998).

Determination of the economic convenience of using energy integration
should take diameter increase into consideration, since a 5% depreciation of the
price occurs for each micrometre increase (up to diameters of 32 um) (van der
Westhuysen, 1982). In young animals, a dietary supplement which increased
weight reduced the incidence of medullated fibres when compared with goats
which had an unvaried BW during the growth cycle of the fibre. In 6-month-old
Angora kids, during a period of scarce herbage availability, supplementation
actually doubled fibre production. The percentage of medullated fibre (7.6 and
0.9% in New Zealand and South African genotype, respectively) and kemp (4
and 0.5% in New Zealand and South African genotype, respectively) (Newman
and Paterson, 1999) was not strongly influenced by the utilization of dietary
supplement, but rather by genetic factors and age (Galbraith et al., 2000).

Energy supplementation in pregnant or lactating goats is advisable when
goat welfare is at risk (e.g. scarce pasture availability or pregnancy) or when ani-
mal reproductive and productive performance is to be improved. An increase in
fleece value at the kid’s first shearing is added to these benefits.

In extreme situations, such as bad weather conditions after shearing, or a
lack of hay or pasture availability, a quick and high intake of cereal grains could
induce rumen acidosis. In this case, it is advisable to supply rumen buffers
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together with cereal grains to limit the increase in rumen acidity or to supply feed
as dried beet pulps, citrus pulp and soybean hulls.

Proteins

Protein supplements with high rumen escape and rich in sulphurated amino
acids increase weight and diameter of mohair. The beneficial effects of this kind
of integration depend on the quantity and the balance of nutrients in the basal
diet (Galbraith et al., 2000).

During the period of the year in which the lengthening of the mohair is more
rapid, a substantial increase in fibre growth can be obtained with diets contain-
ing large amounts of sulphurated amino acids reaching the intestine.

The effects of two protein (108 and 180 g CP/kg DM) and energy (10.0 and
11.9 MJ ME/kg DM) levels on the production and the quality of the mohair were
evaluated in castrated Angora goats. The results confirmed the fact that mohair
growth can be significantly limited by an inadequate amount of dietary protein,
and also that protein supplement stimulates yield (Shahjalal et al., 1992;
Galbraith, 2000). However, such supplement also increases fibre diameter,
which is a commercially undesirable consequence. As an example, an increase
in dietary protein from 12 to 18% increased the yield of the clean fleece by about
23% and the average fibre diameter by 5.2% (Galbraith et al., 2000).

It is difficult to optimize protein supplements in the diet of goats to improve
at the same time the quality and the quantity of the fibre. The highest production
of mohair was reached by supplying 165 g CP/kg DM per day, while the lowest
fibre diameter was achieved by a lower CP supply (102 g/kg DM) (Shahjalal
et al., 1991).

In 18-month-old Angora female goats, high mohair yield was reached with
CP levels up to 190 g/kg DM with an isoenergetic diet (Sahlu et al., 1992a,b). A
dietary supplementation with horsebeans (Vicia faba var. minor) in 90- and
150-day-old kids increased fibre growth rate, follicle activity and fibre length,
and decreased mohair diameter, as opposed to what happens with adult animals
(Trabalza Marinucci et al., 2003).

Protein sources with a high biological value or a high content of rumen-
protected protein, such as cysteine treated with formaldehyde and heat-treated
soybean, increased the growth of mohair fibre (Morand-Fehr and Galbraith,
1992; Galbraith et al., 2000).

Methionine, cystine and cysteine are amino acids involved in the synthesis
of the proteins deposited in mohair. A great amount of cystine and cysteine can
be recuperated through the trans-sulphuration of methionine. This amino acid
has a specific role in the stimulation of mohair growth. In fact, with 1-year-old
Angora goats the inclusion of protected methionine (2.5 g/head per day), in
a diet of 9.9 MJ ME/kg DM and 107 g CP/kg DM, increased both the yield
and the diameter of the mohair produced in 2 months (Souri et al., 1998;
Galbraith, 2000). Protected methionine improved mohair production by
0.8 g/head per day for each gram of methionine supplied (Morand-Fehr and
Galbraith, 1992).



Nutrition for Fibre Production 257

In conclusion, Angora goats respond to a dietary supplementation of good-
quality protein, or protected methionine, with an increase in mohair yield and a
decrease in its quality.

Photoperiod

The seasonal photoperiod has an influence on mohair growth. In the winter, the
lengthening of mohair is at a minimum whereas it reaches its maximum value in
the summer. Castrated Angora goats kept at a constant BW had 55% higher fibre
growth in the summer than in the winter. Medullated fibre and kemp showed a
similar trend. In the winter, the percentage of inactive piliferous follicles was
greater and increased as the animals aged (McGregor, 1998). The practical
implications of these observations are: (i) an increase in the presence of kemp in
the fleece collected in the autumn; and (ii) an indication for the most appropriate
slaughtering age based on the reduction in the percentage of active follicles as
the animal ages.

Conclusions

The Cashmere goat is recognized to have a large productive potential due to: (i)
its limited nutritional requirements for fibre production; (ii) the reduced influence
of protein or energy supplementation on the yield; (iii) its easy adaptation to var-
ious rearing environments; and (iv) its production, in addition to fibre, of kids
and milk.

For these particular reasons, the rearing of Cashmere goats could give a real
boost to farm activities or even to farm holidays utilizing market niches, so as to
guarantee an added income for that type of enterprise. Another advantage
would be that this goat could utilize and protect native pasture systems.

On the other hand, the Angora goat, having undergone a selective process,
is characterized by nutritional requirements closely associated to its fleece
production.

The productive response of the Angora goat is sensitive to both protein and
energy supplementation, with an increase in mohair yield and a decrease in
quality. Therefore, since the value of the product decreases as fibre diameter
increases, an economic analysis of feed supplementation is necessary.

Because of its functional features and the strong competition for nutrients
between milk and fibre, the Angora goat expresses a productive potential which
is limited to luxury fibres.
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