U. of K. J. Agric. Sci. 18(3), 402-421, 2010

Digestibility Coefficients, Some Blood and Rumen Metabolites
and Physiological Responses in Sudan Nubian Goats Subjected
to Varying Levels of Feed and Water Restrictions

Asim A. A.Lutfi and Waleed M. E. Elnour Ahmed

Department of Animal Production, Desertification Research Institute,
National Centre for Research, P.O.Box 2404 Khartoum, Sudan,
e-mail: waleedmohn@yahoo.com

Abstract: Three yearling uncastrated males of Sudan Nubian goats
ranging in weight between 14 and 20 kg were used in a 3x3 latin square
design experiment with the objective of studying the effects of feed and
water restriction on dry matter intake (DMI), water intake, digestibility of
nutrients, rumen components, blood urea-N (BUN), rectal temperature
and respiration rate. The experiment consisted of three treatments:
Adlibitum feed and water, feed restricted to 50% of adlibitum level with
adlibitum water, water restricted to 50% of adlibitum level with adlibitum
feed. The results revealed no significant treatment effects on water intake,
urine volume, rectal temperature and respiration rate. However, DMI
differed significantly between treatments. The adlibitum provision of
water resulted in insignificant higher water intake compared with the
other two treatments. Rectal temperature was higher in water restricted
goats than in feed restricted goats, whereas respiration rate decreased
insignificantly with both feed and water restrictions. Feed and water
restrictions had no effect on the digestibility coefficients of the various
nutrients. Water restricted goats showed, however, different trends except
for ether extract digestibility which tended to decrease. Treatment had no
significant effect on the total digestible nutrients (TDN) values. The TDN
tended to be higher with water restriction. There was no significant
treatment effect on rumen pH, ammonia-N (NH3-N) and BUN. Feed and
water shortage did not significantly affect digestibility of the proximate
components but tended to slightly affect rumen metabolites, BUN,
respiration rate and rectal temperature.
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INTRODUCTION

The lack of available food (Doreau et al. 2003), relatively low quality
forage (Silanikove 1986; Ahmed and El Shafei 2001) and limited water
availability (Shkolnik and Silanikove 1981; Mengistu et al. 2007), are
major factors influencing the productivity of ruminants in desert and
tropical regions.

Grazing lands constitute the main feed resource for ruminants in most
countries. In the Sudan, the most abundant sources of ruminant feeds are
natural pastures, crop residues and agro-industrial by products. The
concentration of livestock around water sources have created the present
situation that where there is still some water there is no more forage, and
where there is still forage there is no water (Qureshi 1986). Animals have
to walk long distances in search for food and water and spend up to five
days without water. The ability of a grazing animal to survive prolonged
periods of water deprivation allows them to graze far from the watering
site and to exploit the desert pasture evenly and efficiently (Nicholson
1987).

In many parts of the world, goats are preferred by animal producers due to
better tolerance and performance under harsh environments, especially in
predominantly semi-arid regions (Silanikove 2000). In Sudan, goats may
be classified into four major types: Nubian goats, Desert goats, Nilotic
goats and Tagger (Mason and Maule 1960).

There is a scarcity of information on Sudan Nubian goats when subjected
to stress (water and feed restrictions). The present study was thus initiated
with the objectives of investigating the effects of water and feed
restrictions on the digestibility of nutrients, some rumen fermentation
products, BUN concentration, rectal temperature and respiration rate in a
manner, to some extent, similar to that encountered by goats during
marketing and transport.
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MATERIALS AND METHODS

General procedures

Three yearling uncastrated intact males of Sudan Nubian goats ranging in
weight between 14 and 20 kg were used in this study. The animals were
bought from the local market. On arrival at the experimental farm, they
were treated with Levafas against endoparasites, sprayed with Gamatox
for control of ectoparasites and given a prophylactic dose of Alamycine.

The animals were left to acclimatize for 14 days, during which they were
allocated at random to each of the experimental treatments. Animals in
group one [T,] were given adlibitum feed and adlibitum water, in group
two [T,] were given feed restricted to 50% of the adlibitum intake and
adlibitum water and in the third group [T;] were given adlibitum feed and
water restricted to 50% of the adlibitum water intake. Water was served in
metal buckets tied securely on to the crates. The animals in T, and T, had
free access to water, and water consumed by each goat was determined by
measuring the depletion in the bucket and correcting for evaporation.
During the experiment, the animals in T; and Ts; were provided with
alfalfa (Medicago sativa) hay adlibitum. Prior to the experiment, fresh
alfalfa was dried into hay and then chopped and thoroughly mixed before
feeding. The chemical composition of alfalfa hay, on dry matter (DM)
basis, was as follows: organic matter (OM), 11.8% crude protein (CP),
12.6% ether extract (EE), 1.9% crude fibre (CF) and 24% nitrogen-free
extract (NFE), 49.7% metabolizable energy (ME) was calculated after
MAFF (1975) using the following equation: ME (MJ/Kg DM) =
0.012CP+ 0.031EE+ 0.005CF+ 0.014NFE. It amounted to 10.3 MJ/Kg
DM.

The study was conducted in early summer (May - June).The experimental
conditions prevailing in the vicinity of the animals were recorded daily at
08.0 and 13.30 (Table 1). There were no marked fluctuations in the mean
maximum and minimum air temperatures and relative humidity during the
experimental period. The climatic data were obtained from Sudan
Meteorology Authority.
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Table 1. Climatic conditions in the vicinity of the animals during the
experimental period

Date Maxi- Mini-  Relative ~ Wind Evapor- Sun
Tempe- Tempe-  Humi-  Velocity ation shine
rature rature dity(%)  (km/h) (mm/day) (h/day)

(°C) (°C)

May 2005 17*' 41.7 26.6 10 9 15 10.7
18%! 41.7 28.5 10 8 16.3 11.0

19%' 426 27 8 7 14.5 11.0

20%*1 43.2 26.5 8 5 15.0 11.2

21%! 43.5 27 9 5 13.0 9.0

31% 42.0 30.0 30 4 11.0 6.4

June 2005 1% 44.5 31.5 13 7 14.0 7.5
2% 45.1 31.8 15 11 13.0 10.6

32 41.2 30.7 35 12 9.5 5.8

42 41.5 29.5 33 10 11.0 8.6

14% 425 29.3 33 11 11.5 10.5

15%3 43.0 31.0 27 10 14.0 9.2

16%° 43.0 32.0 26 6 13.5 8.0

17+ 43.7 30.5 30 6 11.0 9.8

18% 42.5 28.0 23 9 15.5 10.0

Source: Sudan Meteorology Authority, Khartoum
*1 Collection period No. 1
*2 Collection period No.2
*3 Collection period No.3
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Digestion trial

The animals were harnessed and kept in metabolism cages to allow the
collection of faeces and urine separately. After 14-day adjustment period,
DMI was recorded for 7 days and dry matter digestibility (DMD) was
measured during a 5 days collection period. The digestibility trial lasted
for 45 days (3 collection periods). Each collection period (5 days each)
was preceded by 10 days adjustment period.

Daily faecal excretions were collected in canvas bags. Ten percent of each
goat § faecal output was dried daily at 105°C for 24 hours for DM
determinations, and the remaining quantity was bulked and refrigerated.
At the end of the collection period, the composted faecal samples were
mixed well, sub-sampled, dried at 60°C for 24 hours, ground and used for
chemical analysis.

Samples of feed offered were taken weekly and bulked at the end of the
collection period. The collection composites were divided into two
portions: one dried at 60 °C and the other at 105 °C for chemical analysis
and DM determinations, respectively. The samples of feed and faeces
were analyzed for their proximate chemical components as described by
AOAC (1980). Digestion coefficients were calculated according to
standard procedures (Schneider and Flatt 1975).

At the end of the digestibility trial, the goats were fasted for 24 hours,
then they were offered their normal treatment. Samples of rumen liquor
were obtained by means of a stomach tube immediately before feeding,
3h and 6h after feeding. The rumen liquor samples were strained through
4 layers of cheesecloth after they were centrifuged at 3000 rpm for 5
minutes and kept for immediate analysis. Rumen NH3-N was determined
as described by Conway (1957), and rumen pH was measured using
Electronic pH Meter (Model 41600).

Blood samples were withdrawn from the jugular vein immediately before
feeding, and three and six hours after feeding. The blood samples were
allowed to clot, and the serum was separated by centrifugation and stored
at -20°C until assayed for blood urea (Conway 1957).
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Rectal temperature was recorded with a telethermometer, and respiration
rate by counting the flank movements. All the observations were recorded
when the animals were in resting state under shade.

The data were analysed as 3 x 3 latin square design, using SPSS (1993).
Data for ruminal metabolites and BUN, as affected by sampling time,
were subjected to analysis of variance (SPSS 1993). Duncan’s multiple
range test was used for mean separation at P < 0.05.

RESULTS AND DISCUSSION

Chemical composition of the experimental feed
As indicated earlier, the percentage of CP in the alfalfa hay was low
(12.6%). This may be attributed to one or more of the following factors:

- Low nitrogen content of the soil

- Using fresh alfalfa cut at the late stage of maturity (late bloom
stage)

- Using hays that are mostly stems or have a lot of shattered leaves due
to improper hay making, as the leaves contain most of the protein and
nutrients that are highly digestible.

The Ohio State University Bulletin Extension (2001) reported that CP
may vary about 2% based on soil fertility and hay making conditions.

Effects of feed and water restrictions on DMI, water intake, faecal
DM, urine volume, rectal temperature and respiration rate in Sudan
Nubian goats

The results (Table 2) revealed no treatment effects (P>0.05) on water
intake, urine  volume, rectal temperature and respiration rate. However,
DMI differed significantly (P<0.05) between treatments. The DMI was
0.85, 0.46 and 0.80 kg in T;, T, and T3, respectively. The DMI was lower
with T, (50% feed restriction) compared with T3 (50% water restriction).
English (1966) restricted the water intake of sheep to about 50% of
adlibitum consumption and observed a decrease in DMI amounting to
about 30% less than the drop in total water intake. Utley et al. (1970)
reported that the feed intake is significantly correlated with water intake.
They noticed that as water intake was reduced to 60% of free choice, the
feed intake was significantly (P<0.05) decreased from 6.2 kg to 4.8 kg per
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day. Ahmed and Elshafei (2001) found that the DMI was affected neither
by feed restriction nor by water restriction in desert goats fed high or low
quality roughages.

The adlibitum provision of water (Table 2) resulted in insignificantly
higher water intake compared with the other two treatments. This is in
line with the findings of Hadjigeorgiou et al. (2000) and Ahmed and
Elshafei (2001) who reported a non-significant decreasing trend of water
intake as a result of water restriction.

Faecal DM and urine output were highly correlated with water intake.
Reducing the water intake resulted in significant (P<0.05) reduction in
faecal water excretion when water was restricted to 50% of free choice.
Similar findings were reported by Utley et al. (1970). Restriction of water
resulted in insignificant reduction in urine volume. This is in line with the
findings of Utley et al. (1970) who reported a significant reduction in
urine volume as a result of water restriction. Schmidt-Nielsen (1964)
stated that water restriction decreased total urine output and enhanced
urea recycling to the forestomach. This is evidenced by the high plasma
urea concentration (Table 2).

The effects of water restriction are felt in areas of energy production and
thermoregulation (King 1983). In terms of energy production, water
restriction reduces DM consumption and hence endogenous heat
production and so reduces the water requirement for evaporative cooling.
The decrease in metabolic heat production was indicated by the decrease
in rectal temperature (Table 2). Macfarlane and Howard (1972) stated that
evaporative cooling would allow water economy. Ahmed and Abdelatif
(1994) stated that the decrease in urine output, faecal water output and
water turnover rates show how reduced food intake serves to conserve
water during periods of drought.

Rectal temperature decreased (P>0.05) due to feed restriction, but the
decrease was insignificant. Similar findings were reported by Ahmed and
El Kheir (2004). However, the difference between treatments was
significant (P<0.05). Rectal temperature was higher in water restricted
goats than in feed restricted goats, whereas respiration rate decreased
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(P>0.05) with both feed and water restriction. This confirms the findings
of the above mentioned researchers.

Daily measurements of rectal temperature and respiration rate suggested
that the health of the animals was not affected by treatment.

Table 2. Effects of feed and water restriction on DMI, water intake, faecal
DM, urine volume, rectal temperature and respiration rate in
Sudan Nubian goats

Parameter T, T, T;

Mean + SD Mean + SD Mean = SD
DMI (kg/day) 0.85+0.05°  0.46+0.04° 0.80 £ 0.10°
Water intake
(ml/day) 2948.0 +£880.29 2565.33+241.92 1669.33+334.24
Water intake /DMI
(litre/kg) 3.64+1.08 591+0.18° 2.22+ 0.59°¢
Faecal DM
(g/day) 185.17+37.89%  118.75+13.10° 162.79+19.59°
Urine volume
(ml/day) 803.89+86.36 534.67+14.50 345.0+145.32
Rectal

Temperature (°C)  38.70 £0.29 38.25+0.30 38.60+0.35

Respiration rate
(Breathes/min) 18.67 + 6.66 1533+ 1.76 17.22+5.42

Values are means = SD of three animals.

Values in the same row with different superscripts differ significantly
(P<0.05).

Ty: Adlib. feed and water

T>: 50% feed, adlib. water

Ts: Adlib. feed, 50% water
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Apparent digestibility coefficients of the proximate components and
TDN as affected by water and feed restrictions

The effects of feed and water restrictions on the apparent digestibility
coefficients in Sudan Nubian goats are shown in Table 3. The results
revealed that feed and water restrictions had no significant effects on the
digestibility coefficients of the various proximate components. In line
with the data of Hadjigeorgiou et al. (2000), restriction of water intake did
not have any significant effects on the digestibility of the proximate
components. Brun-Bellut ez al. (1988) stated that imposing a reduction of
up to 40% in voluntary feed intake of a forage diet at near maintenance
was associated with no appreciable effect on the digestibility. This is in
accord with the present results.

There was no reduction in the overall apparent digestibility of the
proximate constituents in addition to the TDN in the feed restricted goats
compared with the control group (adlibitum feed, adlibitum water). The
water restricted goats showed different trends except for EED which
decreased compared with the control group. Osman and Fadlalla (1974)
reported that the mean digestibility coefficients of OM, CP and NFE were
slightly improved by water restriction, while the EED was significantly
(P<0.05) reduced by water restriction. In this study, the decrease in EED
was insignificant. The decrease in CFD reported by Osman and Fadlalla
(1974) was not in accord with the findings obtained in this study.

Ghosh et al. (1983) stated that the increased digestibility with reduced
free drinking water may possibly be explained in terms of decreased rate
of passage of ingesta in the alimentary tract. Bohra and Ghosh (1983)
postulated that the improvement in the efficiency of digestion in water
restricted sheep may not be due to an enhanced microbial activity in the
rumen, but may be possibly due to an increased absorption of feed
nutrients in the hind gut of these animals. The results obtained in this
study (Table 2) revealed that DMI decreased by treatment. It is difficult to
determine if the trend towards increased apparent digestibility coefficients
was due to reduced water intake or reduced feed intake since both factors
occurred simultaneously. The treatment had no significant
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effect on the TDN values. Similar results were obtained by Ahmed and
Abdelatif (1994). TDN tended to be higher with water restriction. This
confirms the data obtained by the above mentioned researchers. However,
Ahmed and Elshafei (2001) reported that TDN was significantly affected
by both water and feed restriction in desert goats fed lucerne hay.
However, the TDN values obtained in their study were lower than those
found in this study.

Table 3. Effects of feed and water restriction on the apparent digestibility
coefficients (%) and TDN in Sudan Nubian goats

Parameter T T, T;

Mean + SD Mean + SD Mean + SD
Dry matter 76.93 £591 72.69 £ 1.30 78.34 £ 4.62
Organic matter 77.76 £5.78 73.88 £ 1.46 79.55 +4.49
Crude protein 79.52 +£5.84 75.47 £2.48 80.15 + 6.00
Ether extract 5171 £11.35 43.98+6.26 4738 +£16.98
Crude fibre 74.96 £ 6.15 70.67 £ 1.02 76.90 + 5.38
Nitrogen free
extract 79.68 £ 5.69 76.22 +£2.87 81.90 +3.52
Total digestible
nutrients (%) 69.85 +£5.35 66.26 + 1.29 71.31 +£4.40

Values are means + SD of three animals.

Values in the same row with no superscripts are not significantly different
(P>0.05).

T.: Adlib. feed and water

T,: 50% feed, adlib. water

Ts: Adlib. feed, 50% water
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Effects of feed and water restrictions on some rumen fermentation
parameters and BUN

The data of some rumen fermentation parameters and BUN, as affected
by feed and water restrictions, are shown in Table 4. There was no
significant treatment effect on rumen pH, NH3-N and BUN. Rumen pH
was not affected by treatment. This is in contrast to the findings of Ahmed
and Abdelatif (1994) who reported that water restriction significantly
decreased the pH. They attributed this reduction to reduction in rumen
volume and reduced salivary secretion and the increase in the
concentration of volatile fatty acids (VFA). Patnayak and Leffel (1969)
found that rumen pH did not differ significantly due to level of intake.
This contradicts the findings of Hermesmeyer et al. (2002) who found
that the rumen pH was lower for steers which had adlibitum access to
finishing diet compared with a diet restricted to 75% of predicted
adlibitum intake.

Generally, the rumen pH tended to decrease three hours after feeding
compared with the fasting or six hours after feeding. Similar trend was
reported by Rumsey et al. (1970). Some investigators found that when the
level of intake decreases, pH in goats and sheep rumen fluid generally
moderately increases (Zhao et al. 1993; Ahmed and Abdelatif 1994;
Kabreé et al. 1994) or remains constant (Djajanegara and Doyle 1989),
whereas VFA decreases these two phenomena being related. Ahmed and
Abdelatif (1994) attributed the increase in pH with food restriction to the
high ratio of water intake to DMI and dilution of VFA concentration as
well as a decline in VFA production.

Rumen NH;-N concentrations (Table 4) were not affected by treatment.
Different results were reported by Ahmed and Abdelatif (1994) who
found that with feed restriction, the rumen NH3-N concentration increased
significantly three hours after feeding, whereas the concentration of NHj3-
N in the water restricted desert rams was not significantly different from
the desert rams given adlibitum water and feed. The previous findings are
in line with the results obtained by Toha et al. (1987) who found that
rumen NH;-N concentrations are not affected significantly (P>0.05) by
the level of water intake.
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The NHs-N concentration tended to increase three hours after feeding
compared with the fasting or six hours after feeding. The NH;-N
concentration was higher than the rumen NH;-N concentration of 5
mg/100ml reported by Satter and Slyter (1974) as being necessary for
maximal protein synthesis. Owens and Bergen (1983) reported that
concentrations ranging from 3.5 to 29 mg/100 ml promote maximal
microbial growth.

Blood urea-N (BUN) concentrations (Table 4) were not significantly
affected (P>0.05) by treatment. These results are in line with the findings
of Kannan et al. (2007) in goats subjected to feed and water restrictions.
However, the results of Ahmed and Abdelatif (1994) showed that plasma
urea-N (PUN) concentration increased significantly (P<0.01) only with
water restriction in adult desert sheep when used to evaluate the effects of
water restriction (46% adlibitum level) and feed restriction (32%
adlibitum level). On the other hand, Cole and Hutcheson (1987) reported
that PUN increased significantly (P<0.05) as a result of feed and water
deprivation. The lower BUN values in previously fasted lambs suggests
that the fasted lambs were using N more efficiently than continuously fed
lambs (Cole ef al. 1988) or had a lower absorption of N from the gut.

In conclusion, feed and water restrictions had no significant effects on
most of the parameters investigated (water intake, urine volume, rectal
temperature, respiration rate, digestibility coefficients of the proximate
components, TDN, rumen pH and rumen NH;-N). This may be an
indication that Sudan Nubian goats are well adapted to the harsh
environment in Sudan. However, more research is needed to investigate
the effects of water and feed restrictions on production responses using
larger number of animals.
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Table 4. Effects of feed and water restriction on rumen pH, NH3-N and

BUN in Sudan Nubian goats
T, T, T;
Parameter Mean += SD Mean = SD Mean = SD
pH
Before feeding 7.66 +0.12 7.59 £0.11 7.64 +0.08
3hrs after
feeding 6.91 +0.09 7.10+0.21 7.04+0.19
6hrs after
feeding 7.35+0.46 6.94 +0.28 7.31+£0.20
NH;3-N (mg/100ml
rumen liquor)
Before feeding 11.53+£1.43 12.27+£1.37 14.89 £5.48
3hrs after feeding 2142+3.50  21.75+3.11 2324 +6.12
6hrs after feeding 17.45 +£4.98 15.68 £2.46 15.77 £8.42
BUN (mg/100ml
blood)
Before feeding 31.66 £2.45 24.03 £5.00 32.20+7.70
3hrs after feeding 40.94+5.62  33.13+5.75 4437 £ 16.51
6hrs after feeding 39.58 £9.62 37.93+5.40 36.95+7.52

Values are means = SD of three animals.

Values in the same row with no superscripts are not significantly different

(P>0.05).

T.Adlib.feed and water
T,.50% feed, adlib. Water
Ts.Adlib.feed, 50% water



Asim A. A.Lutfi and Waleed M. E. Elnour Ahmed

RERERENCES

Ahmed, M.M.M. and Abdelatif, A.M. (1994). Effect of restriction of
water and foodintake on thermoregulation, food utilization and
water economy. Journal of Arid Environments 28, 147- 153.

Ahmed, M.M.M. and El Kheir, .M. (2004). Thermoregulation and water
balance as affected by water and food restrictions in Sudanese
desert goats fed good- quality and poor-quality diets. Tropical
Animal Health and Production 36,

191-204.

Ahmed, M.M.M. and Elshafei, A.I. (2001). Effects of water and feed
restriction on body weight change and nitrogen balance in
desert goats fed high and low quality forages. Small Ruminant
Research 41, 19-27.

AOAC (1980).  Official  Methods  of  Analysis, 13th edition.
Association of Official Analytical Chemists (AOAC).
Washington, D. C.

Bohra, H.C. and Ghosh, P.K. (1983). Nitrogen metabolism in water
restricted Marwari  sheep of the Indian desert. Journal of
Agricultural Science, Cambridge 101, 735-739.

Brun-Bellut, J.; Halbouche, M. and Vignon, B. (1988). Effect d’une
restrictionalimentaire sur le flux de matiere organique et
d’azote dans le tube digestif  des caprins. Reproduction
Nutrition Development 28, 123-124.

Cole, N.A. and Hutcheson, D.P. (1987). Influence of pre-fast dietary
roughage content on recovery from feed and water deprivation
in beef steers. Journal of Animal Science 65, 1049-1057.



Effects of feed and water restrictions

Cole, N.A.; Purdy, C.W. and Hallford, D.M. (1988). Influence of fasting
and postfasting diet energy level on feed intake, feeding
pattern and blood variables of lambs. Journal of Animal
Science 66, 798-805.

Conway, E.J. (1957). Micro-diffusion Analysis and Volumetric Error, 4
edition. Crosby Lockwood and Son Ltd., London.

Djajanegara, A. and Doyle, P.T. (1989). Digestion rates in and outflow
rates from the rumen of sheep fed untreated or calcium
hydroxide-treated wheat straw. Animal Feed Science and
Technology 25, 179-191.

Doreau, M.; Michalet-Doreau, B.; Grimaud, P.; Atti, N. and Noziére, P.
(2003). Consequences of underfeeding on digestion and

absorption in sheep: A review. Small Ruminant Research 49,
289-301.

English, P.B. (1966). A study of water and electrolyte metabolism in
sheep. 1. External balance of water, sodium, potassium and
chloride. Research in Veterinary Science 7, 233-257.

Ghosh, T.K.; Bhattacharyya, B.and Moitra, D.N. (1983). Effect of short
term water deprivation on physiological performance and

certain blood constituents in Black Bengal goats. Indian
Veterinary Journal 60, 969-972.

Hadjigeorgiou, I.; Dardamani, K.; Goulas, C. and Zervas, G. (2000). The
effect of water availability on feed intake and digestion in
sheep: Technical note. Small Ruminant Research 37, 147-150.

Hermesmeyer, G.N.; Berger, L.L.; Merchen, N.R. and Nash, T.G. (2002).
Effects of restricted and adlibitum intake of diets containing

wheat middlings o site and extent of digestion in steers.
Journal of Animal Science 80, 812- 817.




Asim A. A.Lutfi and Waleed M. E. Elnour Ahmed

Kabré, P.; Martin, C. and Michalet-Doreau, B. (1994). Enzyme activities
of rumen solid-adherent microorganisms in chronically

underfed ewes. Journal of the Science of Food and Agriculture
65, 423-428.

Kannan, G.; Terrill, T.H.; Kouakou, B. and Galipalli, S. (2007). Blood
metabolite changes and live weight loss following brown
seaweed extract supplementation in goats subjected to stress.
Small Ruminant Research 73, 228-234.

King, J. M. (1983). Livestock water needs in pastoral Africa in relation to
climate and forage, International Livestock Centre for Africa
Research, Report No. 7, Addis Ababa, Ethiopia.

Macfarlane, W.V. and Howard, B. (1972). Comparative water and energy
economy of wild and domestic mammals. Symposia of the
Zoological Society of London 31, 261-296.

MAFF (1975). Energy allowances and feeding systems for ruminants,
Ministry of Agriculture, Fisheries and Food (MAFF),
Technical Bulletin No. 33, HMSO, London.

Mason, J.L. and Maule, J.P. (1960). The indigenous livestock of eastern
and southern Africa. Commonwealth Bureau of Animal
Breeding and Genetics Technical Communication No. 14.
CAB (Commonwealth Agricultural Bureau), Farnham Royal,
U.K. 248p.

Mengistu, U.; Dahlborn, K. and Olsson, K. (2007). Effect of intermittent
watering on growth, thermoregulation and behaviour of
Ethiopian Somali goat kids. Small Ruminant Research 72,
214-220.



Effects of feed and water restrictions

Nicholson, M. J. (1987). The effect of drinking frequency on some
aspects of productivity of Zebu cattle. Journal of
Agricultural Science, Cambridge 108, 119-128.

Ohio State University Bulletin Extension (2001). Horse Nutrition
Bulletin, 762-00.

Osman, H.E. and Fadlalla, B. (1974). The effect of level of water intake
on some aspects of digestion and nitrogen metabolism of the

‘desert sheep’ of the Sudan. Journal of Agricultural Science,
Cambridge 82, 61-69.

Owens, F.N. and Bergen, W.G. (1983). Nitrogen metabolism of ruminant
animals: Historical perspective, current understanding and
future implications. Journal of Animal Science 57 (Suppl. 2),
498-518.

Patnayak, B.C. and Leffel, E.C. (1969). Effects of feed restriction on
diet digestibility and metabolism in lambs. Journal of Animal
Science 29, 168 (Abstr.).

Qureshi, A.W. (1986). Present trends in livestock development in Africa
and the Middle East. In: Nuclear and related Techniques
for Improving Productivity of Indigenous Animals in
Harsh Environment. IAEA, Viennna.

Rumsey, T.S.; Putnam, P.A.; Bond, J. and Oltjen, R.R. (1970). Influence
of level and type of diet on ruminal pH and VFA,

respiratory rate and EKG patterns of steers. Journal of
Animal Science 31, 608-616.

Satter, L.D. and Slyter, L.L. (1974). Effect of ammonia concentration on
ruminal microbial protein production in-vitro. British Journal
of Nutrition 32, 199- 208.



Asim A. A.Lutfi and Waleed M. E. Elnour Ahmed

Schmidt-Nielsen, K. (1964). Desert Animals: Physiological Problems of
Heat and Water. Clarendon Press, Oxford.

Schneider, B.H. and Flatt, W.P. (1975). The Evaluation of Feeds through
Digestibility Experiments, 423p. The University of Georgia
Press, U. S. A.

Shkolnik, A. and Silanikove, N. (1981). Water economy, energy
metabolism and productivity in desert ruminants. In: Nutrition
and Systems of Goat Feeding, Vol. 1, pp. 236-246. P. Morand-
Fehr, A., Bourbouze and M. De Simiane (Editors), ITOVIC-
INRA, Tours, France.

Silanikove, N. (1986). Inter-relationships between feed quality,
digestibility , feed consumption and energy requirements in
desert (Bedouin) and temperate (Saanen) goats. Journal of
Dairy Science 69, 2157-2162.

Silanikove, N. (2000). The physiological basis of adaptation in goats
to harsh environments. Small Ruminant Research 35, 181-
193.

SPSS (1993). Statistical Package for Social Sciences (Window1, Version
6.1. SPSS Inc., Chicago, U. S. A.

Toha, M.; Boling, J.A.; Bunting, L.D. and Dawson, K.A. (1987). Effect of
water restriction and dietary potassium on nutrient metabolism
in lambs. Journal of Animal Science 65, 1336-1341.

Utley, P.R.; Bradley, N.W. and Boling, J.A. (1970). Effect of restricted
water intake on feed intake, nutrient digestibility and nitrogen
metabolism in steers. Journal of Animal Science 31, 130-135.

Zhao, J.Y.; Shimojo, M. and Goto, L. (1993). The effects of feeding
level and roughage/concentrate ratio on the measurement of
protein degradability of two tropical forages in the rumen of
goats using the nylon bag technique. Animal Feed Science
and Technology 41, 261-269.



2010 G sl — e Gl alaall saue ] 50 a kel o sla jall daals dlae

adll 4, gl Jail) gt 5 lama g (g AUAN anagll cdlalaa
Hgnd) (sil) Jolall (2 dua ol gacal) cililaia) g (SN
slall g Cilal) (@bl pe AdliAs iy glucal Aua ynd Ais

deal gl Gaa¥l a2 a5 il e 3 N aale

Gigaall e g8l S yalle il Eilagl dgaa ¢ ) gaadl ZUDY) acd
OHM\ - ?Jhﬂ‘

ol lasadl ol Selall e HeS3 AN Cuaadii) o palddaal)
3 sl (A S 20514 Om Wy s Ae seall e Ay oade
paldl) L.?Sg C«LAMJ —alall d_ﬂs.a C'_i\‘).ﬂ\_a 3\_»:\).3 g Ls*‘:“y c-I)A3X
Al aliell acaa Jalza cellgioal)l il clay Sl ddlall
dd.u_g ‘M\ SJ‘JA aA_JJJ ‘eﬂ‘ 1_“1_)‘5:1‘5 cu.u)ﬁ\ Jil QU}SA}
Ay andll da Gale aad GOkl G A il CGigia) el
A oeladl Joliiy adll G gise e %50 (A el Jliy el
Gsma HH dgay are il Caagl adll ssiae e %50
6ﬁ§w\'&‘)\ﬁ A;J.Jj cd}d\ a9 6&&@4@\ k_'l)a.ﬂ‘ sla L;QdA\MM
Lgina 41 SLA Aol soldll dpaS cglia) il dals (pe il Jaras
e 3 ade U adl) s el e o) had okl G
Aa s Ol oAY) Colladlly 4 jlae ellgiudl Gal el B A giaa
LUHlie elall Jlil o yad 2 Selall 8 el culS sl 5 a
e Laty Lainil) Jaxe gadi WS Calall Jolil (g yad 0 el
Dlginl Jali el calall oDlgiad Jals s (e JS 8 (5 sina
LI paliall aad dalae o gsime i A S Al clall il
Gy Apaadl aliadl acan Jalae 8 pmliad) ol Laadly & ddiad)
il (ayad 0 el (3 de gl AKHAAM o ) (8
Uaai clall eBDlgin) Julill (o yad oM jelddl jelal  Calall el
O Al ohaiill Jle iy ) alitue acan deles e Lo lilis,
Gllia (IS 4 gungall A0S 20000 Sl sall 2B o (5 gira il Alalrall
O aly celall @Dlgin) Qi dapagall AASH A0 o sall 3aly Y e
(PH) censoned Osal 3858 Aan o Allaall (g5ine ils cllla



Lisina slally oliall pati iy ol sl Loss isally (3 SN 8
Bosmar Ll S elltn (IS o8 A jualially aagdl Jelaa e
ol Jamas aall sy GioSl 8 400 Jiall &ils o Al

('a;ﬂ:\uud‘ 5l B\;JJ)



