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Abstract: Thirty lambs (15 rams and 15 ewes), 4-5 m old, pre-experimental mean body weight of 20.94+0.5 kg were
divided into five treatment groups of six lambs each, (3 ewes and 3 rams) in 2x5 factorial randomized complete
design experiment. These were used to investigate the effects of concentrate mixtures of varying energy and
protein levels on voluntary feed intake, growth rate and nutrient utilization for 84 experimental days. The five
concentrate mixtures were designated as HPHE; HPME; HPLE, MPME and LPME. First letter in each
concentrate mixture designates protein level while the third letter designates energy level (H, high, M, medium
and L, low). The letters P and E stands for proten and energy, respectively. CP and GE content of HPHE,
HPME, HPLE, MPME and LPME concentrate mixtures were 16.5,16.5,16.5,15.0and 13.0%; 21.6,19.0;, 17.6 and
19.0 MI/kg, respectively. Significant differences (p<0.001) were observed among lambs in DMI of concentrate
mixtures. Lambs on HPLE had higher concentrate intake (467 g) while lambs on HPHE were lowest at
357 g/head/day. Total DMI (concentrate + forage) was sigmficantly different (p<<0.001) for lambs in the different
treatments. Sex has no sigmficant effect (p<<0.05) on DMI. ADG of ram lambs were 83, 140, 117, 131 and
81 compared to 81, 101, 101, 91 and 79 g/d for ewe lambs, respectively on HPHE; HPME, HPLE, MPME and
LPME concentrate mixtures and these were significantly different (p<0.05). ADG was numerically higher in ram
lambs on MPME and HPHE and lowest on LPME. Better-feed efficiency was obtained m lambs on HPME,
MPME and HPLE treatments. Daily protein intake was significantly different (p<0.001) among lambs in the
different treatments. Blood urea-N and blood glucose concentration in lambs on HPHE, HPME, HPLE, MPME
and LPME concentrate mixtures significantly increased (p<t0.001) at the post experimental period. Treatments
and sex had sigmficant effects on nutrients digestibility and rams were higher than ewes in the digestibility of
DM, OM, CP, ADF, ADL and hemicellulose (p<<0.001). Sex and dietary treatments have mfluence on DMI,
nutrient digestibility and growth rate of lambs. Based on all parameters tested, available data therefore
demonstrate that dietary CP that ranged between 15 to 16.5 % CP (daily protein intake of 6.8-7.7 g/kg " */day);
and 17.6to 19.0 MI GE/kg BW (10.9-11 8 digestible energy KIkg DM), respectively will satisfy the requirements
of ewe and ram lambs of the Fij1 Fantastic sheep for maximum growth mn the tropical environment of Fiji. In
conclusion all the treatments with the exception of the LPME concentrate mixture are likely to ensure adequate
supply of available nutrients and energy for rumen degradation. However, the HPME treatment that had
16.5% CP (daily protein intake of 6.8 g/kg " ”/day) plus 19.0 MJ GE/kg BW (11.7 digestible energy Kl/kg DM)
was the best because the lambs on 1t had better average live weight gain at 121 g/lamb/d.
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INTRODUCTION

The Fiji Fantastic (FF) sheep, originates from the
crossbreeding of Wiltshire x Blackbelly Barbados™. The
breed 15 well adapted to the dry humid conditions of Fiji
and other Island countries in the South Pacific region. FF
has the characteristic of naturally shedding its wool and
this is an advantage to its survival in the hot and humid

weather of Fyi1 Besides it has a high lambing rate of
over 120%".

At present, no data exist on dietary energy and
protein requirements and subsequently on nutrient
utilization of the Fiji Fantastic sheep™; personal
commurmnication). Therefore it is difficult to formulate
complete diets adequate with respect to all nutrients

particularly energy and protein, capable of promoting
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good growth and efficient meat production of this sheep.
There is still scant data on the feed intake and nutrient
utilization of sheep and goats under the traditional and
organized systems of production m the South Pacific
Island countries..

The extent to which varying levels of dietary energy
and protemn fed to tropical sheep breeds are utilized for
maintenance, growth, reproduction and lactation has been
reported®”. Also other researchers have reported on feed
intake and nutrient utilization of sheep under tropical
conditions™?,

Scientific knowledge on the optimal level of nutrient
requirements for the commercial production of lambs of
the FF sheep is lacking. In view of the above, it is
umperative to conduct scientific investigation to elucidate
nutritional requirements for growth and development of
lambs of the FF sheep under the local environment of Fiji.
A nutritional study would assist in the formulation of
practical diets adequate to enhance the growth and
development of the FF sheep. Presently, the demand for
sheep meat (mutton) is on the increase in the Pacific
Island countries. The objective of this study therefore
was to contribute to knowledge particularly when lambs
of the Fij1 Fantastic Sheep were fed concentrate mixtures
of varying energy and protein levels with a view to
determining optimal levels for growth.

MATERIALS AND METHODS

Climatic conditions: This experiment was carried out in
the wet season (12th February-8th April 2003) with the
following clinatic conditions, mean temperature,
31.5°C; mean rainfall, 421.1 mm; and mean relative
humidity, 73.8%.

Animals, experimental design and diets: Thirty weaned
lambs (fifteen rams and fifteen ewes) between 4-5 months
of age and pre-experimental mean body weight of
20.940.46 kg were selected. They were divided into five
treatment groups of six sheep each, balanced as closely as
possible for live-weight with three ewes and three rams in
each treatment, arranged in a 2x5 factorial randomized
complete design experiment.

Five concentrate mixtures of varying energy and
protein levels (Table 1) represented the treatments. The
concentrate mixtures were designated as HPHE; HPME;
HPLE; MPME and LPME. These mixtures were fed with
guinea grass (Panicum maximum) as the basal diet for 84
days. First letter in each experimental mixture designates
protein level while the third letter designates energy level
(H, high, M, medium and L, low). The letters P and E
stands for protemn and energy, respectively.
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Table 1: Percentage composition of the concentrate mixtires
(2%) DM concentrate mixtures +

Feed ingredients

(%0) HPHE HPME HPLE MPME LPME
Wheat! 39.5 18.0 6.5 22.0 29.0
Coconut meal® 54.5 50.0 47.0 27.0 0

Mill mix® 0.5 26.5 41.0 45.5 64.0
Molasses? 3.5 3.5 3.5 3.5 5.0
Premix’ 1.5 1.5 1.5 1.5 1.5
Salt 0.5 0.5 0.5 0.5 0.5
Total 100.00  100.00  100.00 100.00 100.00
Calculated analy sis

Protein 16.5 16.5 16.5 15.0 13.0
Gross Energy (MI/Kg) 21.6 19.0 17.6 19.0 19.0

+HPHE = High protein, high energy; HPME = High protein, medium
energy; HPLE = High protein, low energy; MPME = Medium protein,
medium energy; LPME = Low protein, medium energy. 'Dry matter, 79.2;
crude protein, 13.7, crude fibre, 3.1; ether extract, 1.7; ash, 1.9, gross
energy, 13.8 MJ/kg. “Dry matter 90%, crude protein 20.4%; crude fibre,
9%6; ether extract, 11.7%; energy, 18.0 MI/kg. *Dry matter, 88.0; crude
protein, 16.3; crude fibre, 9.5; ether extract, 6.0; ash, 6.4; gross energy 16
MI/kg. “Dry matter, 77.4; crude protein, 3.5, crude fibre, 0; ether extract, 0;
ash, 8.9; gross energy 12.6 MI/kg. ALROC Livestock mineral supplement
(ALROC Companies, Australia) contains. Phosphorus 3252 mg/kg;
Potassium 3787 mg/kg;, Sulphur 1.3294 Calcium 5309 Magnesium
2.6%; Iron 1.81 mg/kg;, Manganese 344 mg/kg, Copper 20.4 mg/kg;
Zinc 52.2 mg'kg; Sodium 3.19%%

The forage portion was harvested fresh on a daily
basis and chopped with an electric chaff-cutter (Nagan
Engmeering, Fiji Limited, Ba, F1j1) to 9-10 mm pieces. An
adjustment period of 15-days was also allowed the lambs
to get used to the treatments and the environment before
actual data collection.

Feeding and management: The lambs were housed in
individual pens that had wooden slatted floor. Feed and
water troughs for individual feeding were provided in
each pen. Also attached to each pen was a plastic
container for forage. The lambs were fed 1.5 kg
concentrate plus 2.0 kg forage (Panicim maximum) in two
equal portions daily at 0800 and 1800 hrs. Rations offered
were either increased or decreased depending on mtake.
Water was made available to each lamb ad libitum.
Record of individual feed intake and body weight were
kept on a weekly basis. However, only average weights at
the begmning and end of the experiment were used to
express growth rate. Feed offered but not consumed
within 24 hrs period was collected, weighed and sampled
for subsequent analysis, the leftover being discarded.

Blood collection: Samples of jugular blood were collected
four hours after the moming feeding from each lamb by
jugular vein puncture into vaccutainers. Blood
samples were collected at three periods, pre-mid- and
post-experimental (0, 42th and 84th days).

Blood was allowed to clot at room temperature for
approximately 15 min and then placed on ice and later
centrifuged (Quantum Scientific PTY Ltd, Queensland,
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Australia) for 10 min at 1500 g and the supernatant was
stored at-80°C until required for analysis.

Digestibility studies: At the end of the growth phase, a
digestibility tnal was carried out using all lambs. The rams
were fitted with hamess bags and allowed a 5-day
adjustment period before a 7-day collection period. The
ewes were housed in special pens with slatted floor
covered with a very fine wire netting that allows only
urine to pass through. A dustpan and brush were used to
collect the faeces for 7 days.

The total daily faecal output of lambs was weighed
and a 25% sample was removed for dry matter
determination. Faeces collected over the period, were
oven dried at 70°C for 36 hrs. Daily samples of faeces,
concentrate mixtures and forage were bulked separately
and milled with a simple laboratory mill (Christy and
Norris; process Engmeers, Chelmsford, UK) to pass
through a 1.7-mm sieve and stored until required for
chemical analysis. Apparent nutrients digestibility
coefficients were calculated by difference following the
procedure of Crampton'™ for mixed diets. Metabolizable
energy intake was calculated as Digestible Energy
(DE) x0.821". Nutrients and energy digestibility of the
guinea grass (Panictm maximum) used were DM, 55.0%;
OM, 57.1%; CP, 55.0%; NDF, 68.3%; ADF, 66.6%;
hemicellulose, 69.9% and energy 53.0% (Aregheore and
Rokomatu, 2004).

Analytical procedures: AOAC™ methods were used to
determine nutrient contents in the concentrate mixtures,
forage and faecal samples. Fibre fractions, NDF, ADF,
ADL, cellulose and hemicellulose were determined using
procedures of Van Soest et al”. Gross energy (MJT/kg)
values of feedstuffs, concentrate mixtures, forage and
faecal samples were determined m a bomb calorimeter
(Adiabatic bomb, Parr Instrument Co., Moline, 1L) using
thermo chemical benzoic acid as standard. All analyses
were done in triplicate. Serum was analyzed for blood
urea-N (BUN) using the methods of Fawcett and Scott!"”,
while glucose concentration was estimated by a
colorimetric assay based on the use of hexokinase and
glucose-6-phosphate dehydrogenase (G-6-PD 'Y,

Statistical analysis: Experimental data were analyzed
using two-way analysis of variance (ANOVA) for factorial
randomized complete design with dietary treatments and
sex. Where there was no significant difference for sex and
mteraction between sex and dietary treatments, data for
both rams and ewes were pooled and analyzed by
one-way analysis of variance (ANOVA) for factorial
randomized complete design with MINITAB statistical
software'?. Where significant differences occurred,
treatment means were compared by Duncan’s multiple
range test. Also data on growth, feed mtake, blood

metabolites and apparent digestibility between ewes and
rams within treatments were subjected to student’s t-test.

RESULTS

Proximate chemical composition of experimental diet:
The chemical composition of the experimental diets is
presented in Table 2. The proximate chemical composition
(gl00 g as fed) of the basal diet of guinea grass
(Panicum maximum) was DM; 30.3%, CP; 12.8%, ash;
11.3%, NDF;, 37.5%, ADF, 25.0%, ADL, 120,
hemicellulose; 12.5%, OM; 88.8% and gross energy
15.5 (MI/kgDM).

Dry Matter intake, average daily gain, water intake and
daily protein intake: Table 3 presents performance
characteristics of sheep on the different treatments.
Forage Dry Matter Intake (DMI) was significantly
different (p<0.001) among treatments with values of 314,
285, 268, 323 and 267 g/head/d for lambs on HPHE, HPME,
HPLE, MPME and LPME, respectively. However there
was no significant difference (p=0.05) between ewes and
rams within treatments in forage dry matter intake.

There was also a significant effect of dietary
treatments and sex (p<<0.001) on concentrate DMI. Sheep
on HPLE had higher mtake of concentrate DM (467 g)
while those fed on HPHE were lowest at 357 g/head/day.
Total DM intake (forage + concentrate mixture) was
significantly (p<0.001) different among the treatments and
it followed the trend of concentrate DM intake. However,
voluntary dry matter intake expressed on a metabolic
weight basis was not sigmficantly different (p=0.001)
among sheep in the different treatments. Between ewes
and rams within treatments there were slight differences
in concentrate DMI, total DMI and voluntary DMI
expressed on a metabolic weight basis but the differences
were statistically significant (p>0.05).

Average Daily Gain (ADG) of lambs in the different
treatments were significantly (p=0.05) different from each
other and, lambs on HPME treatment had more ADG
followed by the lambs on MPME and HPLE, while lambs

Table 2: Proximate chemical composition of the concentrate mixtures
Concentrate mixtures+

Nutrients HPHE HPME HPLE MPME LPME
Dry matter (DM),(%%) 743 693 682 673 55.1
Analysis on DM basis

Crude proteir,(26) 165 165 165 150 13.0
Ash,(%6) 43 48 57 58 42

Neutral detergent fibre,(®0) 42.5 39.1 36.9 31.5 22.4
Acid detergent fibre,(%) 15.8 154 15.1 12.1 32

Acid detergent lignin,(%)  10.8 10.3 9.9 6.9 2.3
Hemicellulose, (%) 26.7 23.7 21.9 19.3 14.3
Organic matter,(%o) 95.7 95.2 94.3 94.4 95.8

Gross Energy (MI/Ke) 21.6 19.0 17.6 19.0 19.0
+HPHE-High protein, high energy; HPME-High protein, medium energy;
HPLE-High protein, low energy; MPME-Medium protein, medium energy;
and LPME-Low protein, medium energy Sed-standard error of difference
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Concentrate mixtures+

Parameters Sex HPHE HPME HPLE MPME LPME sem Sign.
Number of lambs 6 6 6 6 6
Initial live weight (kg) Ewes 22.5 21.3 20.5 21.2 20.0

Rams 22.2 20.0 20.7 22.0 20.0

Mean 22.2 20.4 20.7 21.6 20.0 0.46 n.s
Final live weight (kg) Ewes 29.3 29.8 29.0 28.8 26.7

Rams 291 31.8 30.7 33.0 26.8

Mean 291 30.8 29.8 30.9 26.8 1.35 n.s
Average live weight gain (kg) Ewes 6.8 8.5 8.5 7.6 6.7

Rams 6.9 11.8 9.8 11.0 6.8

Mean 6.9 10.2 9.3 93 6.8 0.45 n.s
Average daily gain (g) Ewes 81 101 101 91 79

Rams 83 140 117 131 81

Mean 82 121 109 111 80 26.6 ik
Forage intake (g) Ewes 314 281 270 317 262

Rams 313 288 265 328 272

Mean 314 285 268 323 267 30.5 wokk
Concentrate intake (g) Ewes 360 409 462 387 376

Rams 353 376 472 384 372

Mean 357 393 467 386 374 93.6 wokk
Total dry matter intake (DMI) (g) Ewes 674 690 732 704 638

Rams 666 664 737 712 644

Mean 670 677 735 708 641 105.0 wokk
Percentage of forage in total DML Ewes 47 41 37 45 41

Rams 47 43 36 46 42

Mean 47 42 37 46 42 - -
Dry matter intake (g/kg’™/day) Ewes 41.2 43.1 45.7 43.3 21.9

Rams 48.7 46.4 42.1 37.8 19.6

Mean 44.9 44.8 43.9 40.6 20.8 9.2 wokk
Water intake (g) Ewes 807 773 775 363 691b

Rams 705 694 729 865 934a

Mean 756 734 752 864 812 23.0 n.s
Daily protein (N x6.25) Ewes 9.9 10.8 11.2 9.2 5.7
intake (g/kg”™/day) Rams 11.5 11.5 10.2 8.1 7.3

Mean 10.7 10.8 10.7 8.7 6.5 1.7 wokk
Feed efficiency Ewes 83 6.8 7.2 7.7 8.1
(kgDMI/kg liveweight gain) Rams 81 5.5 6.2 54 7.9

Mean 82 6.2 6.7 6.7 8.0 - -

+HPHE-High protein, high energy; HPME-High protein, medium energy; HPLE High protein, low energy; MPME-Medium protein, medium energy; and
LPME-Low protein, medium energy sem-Standard error of mean. Sign.-significant; ns -not significant; a,b-means within each treatment for each variable with
different letter differ at **p<0.05; ***(p<0.001) Significant at 5 and 1% level of significance

Table 4: Blood urea-N and blood glucose concentration (mmol/L) at pre, mid and post experimental periods

Concentrate mixtures+

Period (days) Sex HPHE HPME HPLE MPME LPME sem Sign.
Blood Urea-N
Pre Ewes 52 6.5 6.7 0.5 5.7

Rams 5.9 6.5 7.2 54 53

Mean 5.6 6.5 7.0 6.0 5.5 0.17 ns
Mid Ewes 74 83 7.3 7.0 5.6

Rams 7.8 7.8 7.4 6.0 4.5

Mean 7.6 8.0 7.4 6.5 5.0 0.15 R
Post Ewes 9.7 9.2 10.0 73 8.7

Ram 10.1 10.6 9.6 82 6.9

Mean 9.9 9.9 9.8 78 7.8 0.27 o
Rlood Glucose
Pre Ewes 31 34 31 3.3 3.0

Rams 3.3 3.5 33 3.3 3.2

Mean 3.2 3.5 32 3.3 3.1 0.01 ns
Mid Ewes 3.7 3.5 3.5 3.6 3.3

Rams 3.6 4.1 3.5 3.6 3.5

Mean 3.7 3.8 3.5 3.6 3.4 0.01 ns
Post Ewes 4.3 3.7a 3.7 3.7 3.6

Rams 4.5 4.2h 37 3.8 3.8

Mean 4.4 4.0 37 3.8 3.7 0.01 ok

+HPHE-High protein, high energy; HPME-High protein, medium energy; HPLE-High protein, low energy; MPME-Medium protein, medium energy;
LPME-Low protein, medium energy. Sem-Standard error of mean.lsd-Least significance difference.8ign.-8ignificant; n.s- not significant; a,b-means within
each treatment for each variable with different letter differ at p</0.05; ###(p<0.001); *#(p<:0.003) Significant at 1 and 0.1%6 level of significance, respectively
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Table 5: Apparent nutrient digestibility coefficients

Concentrate mixtures+

Nutrients Sex HPHE HPME HPLE MPME LPME sem Sign.
Dry matter Ewes 55.5a 62.2a 67.9a 64.3a 49.8a

Ram 65.5b 66.9b 61.7b 57.6b 63.9b

Mean 60.5 64.5 64.8 61.0 56.9 2.90 wokk
Organic matter Ewes 58.4a 65.6 66.6a 66.8 43.1a

Rams 67.8b 69.9 60.2b 60.6 56.2b

Mean 63.1 67.7 63.4 63.7 49.6 6.75 wokk
Crude protein Ewes 60.6a 65.3 68.1a 61.5 43.9

Rams 69.5b 69.6 61.9b 54.3 56.9

Mean 65.1 67.4 65.0 58.0 504 6.79 wokk
Neutral detergent fibre Ewes 63.8a 61.9 72.1a 67.9 61.9

Rams 71.9b 66.7 66.7b 61.8 70.7

Mean 69.4 67.9 69.4 64.8 64.4 4.68 n.s
Acid detergent fibre Ewes 62.6a 57.6 61.5a 58.5 64.8a

Rams 71.0b 62.9 54.1b 50.7 52.9

Mean 66.8 60.2 57.8 54.6 58.9 4.02 ik
Acid detergent lignin Ewes 47.8a 50.1 60.6a 59.9 388

Rams 59.6b 56.3 50.3b 523 42.9

Mean 53.7 532 55.5 532 40.9 5.44 ik
Hemicellulose Ewes 64.5a 64.8 63.5a 73.7 57.2

Rams 72.5b 69.2 56.5b 68.8 60.9

Mean 68.5 67.0 60.0 71.2 59.05 1.85 ik
Energy Ewes 62.1 58.8 65.5 65.5 48.1

Rams 70.7 63.9 59.1 59.1 59.8

Mean 66.4 62.3 61.4 62.3 53.9 4.07 n.s
Digestible energy Ewes 13.4 11.2 11.5 12.4 9.0
(KJ'keDM) Rams 15.3 21.1 10.4 1.2 11.4

Mean 14.4 11.7 10.9 11.8 10.3 1.40 wokk
Metabolizable energy Ewes 10.9 9.2 9.4 10.2 7.5
(MJI/kgDM) (DEx 0.82)  Rams 12.5 9.9 8.3 9.2 93

Mean 11.7 9.6 8.9 9.7 84 1.13 wk

+HPHE-High protein, high energy; HPME-High protein, medium energy; HPLE-High protein, low energy; MPME-Medium protein, medium energy;
LPME-Low protein, medium energy. Sem-Standard error of mean. Sign.-Significant; n.s. not significant; a,b-means within each treatment for each variable
with different letter differ at **p=0.05; ***(p<0. 001) Significant at 0.1%96 level of significance, respectively

on HPHE and LPME had lower ADG. In all diets rams were
better in live-weight gain than ewes. Daily protem intake
was 10.7,10.8, 11.2, 9.2 and 5.7 g/kg""/day for lambs cn
HPHE, HPME, HPLE, MPME and LPME, respectively. Sex
and dietary treatments had sigmficant effects on daily
protein intake (p<c0.001). Also no significant difference
was observed between ewes and rams within treatments
i average daily gam.

Feed efficiency of lambs on HPHE, HPME, HPLE,
MPME and LPME were 82 6.2, 6.7, 67 and 8.0,
respectively. Lambs on HPME concentrate mixture had
the best-feed efficiency (kgDMI/kg live weight gain)
compared to other treatments.

Water mtake was 756, 734, 752, 864 and 812 V/day for
lambs on HPHE, HPFME, HPLE, MPME and LPME
concentrate mixtures respectively. There was no
significant difference (p>0.001) m water mntake among
lambs n the different concentrate mixtures, however, there
was significant difference (p<0.05) between ewes and
rams in the LPME concentrate mixture in water intake at
690 1 for ewes and 934 1 for the rams.

Concentrations of blood urea-N and blood glucose:
Blood urea-N concentration at the pre-, mid- and
post- experimental periods 1s presented in Table 4. At the
pre-experimental period there was no statistical difference
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{(p>0.03) 1n the concentration of bloed urea-N of lambs in
the different treatments. The lambs adjusted to the
different concentrate mixtures at the mid-experimental
period and bleood urea-N concentrations at the post
experimental period, were significant different (p<<0.001)
among lambs in the different treatments. However, there
were no significant difference in bleod urea-N between
ewes and rams within each concentrate mixture at the
pre-mid- and post-experimental periods.

At the pre and mid experimental periods blood
glucose concentration were not significantly different
(p=0.001) among the lambs in the concentrate mixtures
(Table 4). However, at the post experimental period there
was significant difference (p<0.001) m blood glucose
concentration of lambs on HPHE, HPME, HPLE, MPME
and LPME treatments. Hxcept at the post experimental
period in which significant difference (p<0.05) was
observed in blood glucose concentration between ewes
and rams in HPME concentrate mixture, there was no
sigmificant difference (p>0.05) m blood glucose
concentration between ewes and rams within treatments
in HPHE, HPLE, MPME and LPME.

Apparent digestibility of nutrients: Nutrient digestibility
coefficients of lambs on HPHE, HPME, HPLE, MPME and
LPME are presented in Table 5. There were significant
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differences (p<<0.001) in the digestibility of Dry Matter
(DM), Orgamic Matter (OM), Crude Protemn (CP), Acid
Detergent Fiber (ADF), Acid Detergent Lignin (ADL) and
hemicellulose among lambs in the different treatments.
Apparent digestibility coefficient of CP tended to
decrease with a decrease in level of CP in the different
treatments. Lambs on the LPME concentrate mixture had
the lowest DM, OM, CP ADF, ADL and hemicellulose
digestibility. However, significant differences (p<0.05)
were observed between ewes and rams within treatments
i the digestibility of DM, OM, CP, NDF, ADF, ADL and
hemicellulose.

There was no significant (p=0.05) difference in the
digestibility of energy between and within ewe and ram
lambs in the different treatments. However, significant
differences (p<0.001) were observed for lambs in the
digestible energy content of the concentrate mixtures.
Metabolizable energy concentration of the mixtures were
also significantly different (p<0.001) from each other for
lambs on HPHE, HPME, HPLE, MPME and LPME. HPHE
had higher ME concentration and lambs on it had higher
Digestible Energy Intake (DEID). DEI among the treatments
were not statistically significant from each other at 8.42,
7.62,7.87, 7.94 and 7.27 (DEL MI/day) for HPHE, HPME,
HPLE, MPME and L.PME, respectively.

DISCUSSION

CP and OM represent unportant classes of nutrients
while NDF indicates an index of bulk. The CP and GE
contents of the diets were in accord with calculated
values. The CP content of the concentrate mixtures at 13.0
to 16.5% were higher than the range suggested by NRC!
as adequate to meet the growth requirement of growing
sheep. The concentrate mixtures had adequate fibre and
the NDF fraction was higher than the 25% level suggested
by NRC™! as adequate for rumen function in growing
ruminant livestock.

The lambs on the HPHE treatment had lower intake of
concentrate mixture and this followed by the lambs on the
LPME, consequently forage intake was less m the lambs
on HPLE. Total DMI was higher in lambs on HPLE
treatment, followed by lambs on MPME while the least
was for lambs on LPME. DMI of lambs of the FF sheep
was influenced by the concentration of available protein,
fibre and energy in the concentrate mixtures. Voluntary
DMI is affected by many factors™ and DMI values of
different breeds of sheep vary widely in the literature.

NDF and CP concentrations"”; and energy
(Aregheore et al., 1988) are the most important factors
that affect DMI. The low DMI of lambs on the HPHE
treatment may be due to either the level of NDF and
energy. The level of NDF can limit DMI™", however, Von
Soest!"™ opined that NDF is negatively correlated to DMI.
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Ruminants on high-energy diets usually consume
less to meet their energy requirement for growth and
reproduction. Therefore, when a diet is low in energy,
there is the tendency for animals to consume more before
their requirements for growth and other physiological
processes are met. This observation therefore signifies
that besides the CP content of a diet other factors also
influences ADG.

The daily DMT of lambs on HPHE, HPME, HPLE
MPME and LPME ranged between 1.7 to 2.2% of their
body weight and this value was similar to mean DMI of
2.8% of body weight reported by Adu and Olaloku™ for
the West African dwarf sheep in Nigeria. However, the
DMI of 1.7 to 2.2% for lambs with body weight of 26.8 to
31 kg lambs used in this trial is however lower than
ARC!™ values for lambs of similar age and live-weight.
Also, the low DMI of lambs on the HPHE treatment
however, contradicts™ who reported higher DMI in early-
weaned lambs on high protein diets.

Dietary energy and protein should be m equilibrium
to obtain reasonable DMI and lambs on HPME, MPME
and HPLE treatments provided evidence to support this
view. DMI of lambs in this trial are lower than values of
1000 to 1300 g/d, recommended as adequate to meet
requirements of growing sheep!”, but were above levels
suggested by ARCM' as adequate for sheep with body
weight of 20 to 35 kg.

Average Daily Gain (ADG) was numerically higher in
ram lambs on MPME and HPHE and lowest on LPME.
ADG ofram lambs were 83, 140,117, 131 and 81 compared
to 81,101,101, 91 and 79 g/d for ewe lambs, respectively
for HPHE; HPME, HPLE, MPME and LPME concentrate
mixtures. Abouheif et. al*" reported higher growth rate
for fat-tailed Najdi ram lambs than comparable ewe lambs
of the same age. Aregheore™ also reported higher growth
rate for ram lambs of the blackhead sheep breed in
Zambia. Males make higher gain and females slowest
although voluntary dry matter intakes were similar
between treatments. However, these values are lower than
the ADG of 220 to 450g/d (ARC, 1980) and 250 to
300 g/d"™ reported for the same age and live-weight of
lambs compared to those used in this trial. Differences
between ADG gain of tropical and temperate breeds of
sheep are due to several factors amongst which; are
environmental conditions, feed quality (protein quality);
requirements and genotype™. The level and quality of
protein plays an important role in ADG.

ADG of lambs on HPME treatment may be due to
adequate supply of bypass protein that increased the
availability of amino acids for absorption from the small
intestine™. Goonewardene et al.' reported that feeding
high-energy and protein concentrate mix to wethers
post-weaming resulted in significant unprovements in
live-weight, efficiency, carcass weight and rib-eye area.
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However, the low ADG of ewe and ram lambs on
HPHE treatment contradicts the notion that the higher the
protein-content in a diet the higher the ADG. The low
ADG of lambs on HPHE might have occurred due
probably to mcrease in the deposition of body fat and
concomitant decrease in the percentage of lean tissue; or
that available proteins in the HPHE and LPME treatments
were not properly utilized for maximum growth rate.
Generally, protein requirements of sheep in the tropics are
higher due to heat-mediated impairment of protein
metabolism and increase protemn losses mn sweating. The
inference from this trial therefore was that protein
synthesis in the lambs on HPHE and LPME treatments did
not match with protein utilization and this resulted in
reduced growth rate.

Karim et al™ reported that sheep still had lower
welght gain at higher protein retention due to quality and
availability of protein. Live-weight gains of lambs in this
trial are however, higher than those reported by
Karim et af¥** for growing sheep cn varying protein and
energy diets in India.

Water intake of lambs in the concentrate mixtures was
mn the following order: MPME >LPME > HPHE > HPLE >
HPME. Lambs on MPME treatment that had higher forage
intake consumed more water and this observation agrees
who reported that water intake 13 considerably
related to forage intake. Also, Giger-Reverdin and
Gihad®? reported that DM and water intakes are highly
correlated and WI of sheep 1s strongly influenced by the
water content of the feed. Feed efficiency (kg DMI/kg
live-weight gain) followed the trend of ADG. Tn this study
better-feed efficiency was obtained in lambs on HPME,
MPME and HPLE treatments.

Lambs on HPHE, HPME and HPLE treatments had
higher concentration of blood urea-N (BUN). Available CP
contents of the treatments contributed to the high
concentration of blood urea-N obtained in lambs. Dietary
protein level and mtakes were observed to have influence
on blood urea-N of lambs used in this trial. High protein
intake causes high urea synthesis from large proportion
of urea mgested and this could result m high blood
urea-N concentration. BUN concentrations in the lambs
are within the ovine reference range'™.

Lambs on HPHE treatment had a higher blood
glucose concentration. The effect of nutrient intake upon
blood glucose level in the ruminant is negligible because
of the fermentation that takes place m the rumen.
Fisher et al™ indicated that many facters could influence
concentration of blood metabolites in ruminants however
blood glucose concentration could be used to predict
energy intake and efficiency of utilization. In this trial the
efficiency of utilization of protein and available starch in
the concentrate mixtures seems to be responsible for the
variations obtained in the concentration of blood glucose
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of lambs in the different treatments. Therefore it could be
suggested that there was an inter-relationship of protein
and energy intake that influenced the blood glucose
concentration of lambs in the different treatments.

Lambs on the HPME treatment were higher in OM
and CP digestibility and this may have influenced the
ADG and this cbservation agreed with Premaratu et al.™"
that high OM digestibility 1mproved ADG and
performances of sheep, respectively. Digestibility of the
fibre fractions (NDF, ADF, ADL and hemicellulose) is
determined by the rate of passage, retention time and
ultimately the utilization of other nutrients by the animal
for growth and other physiological fimctions. The
digestibility of the NDF fraction by the lambs m the five
treatments was not significantly different from each other
therefore; the differences in DMI, ADG and apparent
digestibility of other nutrients by lambs cammot be
associated with the digestibility of NDF. Increased dietary
protein did not depress the digestibility of the fibre
fractions and this observation differs from the report of
Adeneye and Oyenuga™.

Among the lambs in the different treatments those on
LPME had low DM, OM, CP and ADF digestibilities and
subsequently low ADG. CP content is important in the
digestibility and utilization of other nutrients and the
overall performance of sheep. Variation in digestibility of
CP by the lambs was due to the variable levels of coconut
meal incorporated in the formulation of the five
concentrate mixtures or possibly a reflection of low Daily
Crude Protein (DCP) intake. The digestibility of energy in
the high and medium energy concentrate mixtures
compared to the lower energy concentrate mixture cannot
be associated with either lower fibre content or low DMI.

DCP intake of the lambs on the concentrate mixtures
was higher than NRC!"! values. Also DEI followed the
trend of available energy in the diets. Subsequently, ME
concentration of the lambs’ diet was lower than NRCI?
value for weaned lambs weighing between 20 to 35 kg. In
this trial, treatments and sex had effect on DCP intake and
the lambs that had the highest DCP intake showed greater
response to DEI and ME, however, these responses were
not effectively converted to lean tissue especially for
lambs of both sexes on the HPHE and LPME treatments.

CONCLUSION

Based on available data, the best growth performance
was recorded in the lambs under HPME and MPME
treatment followed by those on HPLE. This observation
further supports the early notion that dietary energy and
protein should be in equilibrium to obtain reasonable DMI
and ADG. Lambs on HPME and MPME treatments
consumed 10.8 and 8.7 g CP/kg "*/day had similar ADG
of 140 and 111, respectively. This trial proved that sex of
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lambs and dietary treatments have influence on DMI,
nutrient digestibility and consequently growth rate.
Available data therefore demonstrated that dietary crude
protein and that ranged between 15 to 16.5% CP (daily
protein intake of 6.8-7.7 g/kg "*/day); and 17.6 to 19.0 MT
GEkg BW (10.9-11.8 digestible energy KIkg DM),
respectively will satisfy the requirements of ewe and ram
lambs of the Fi1 Fantastic sheep for maximum growth in
the tropical environment of Fiji.
treatments with the exception of the LPME concentrate
mixture are likely to ensure adequate supply of available
nutrients and energy for rumen degradation. However, the
HPME treatment that had 16.5% CP (daily protein intake
of 68 gkg "P/day) plus 190 MI GEkg BW
(11.7 digestible energy KI/kg DM) was the best because
the lambs on it had better average live weight gain
at 121 g/lamb/d.
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