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A triticale/oat grain mixture (2: 1) was enriched with either a commercially available formula or a locally composed
supplement in addition to different protein sources (urea, urea plus fish-meal, urea plus cottonseed oilcake, urea plus
bitter lupins or bitter lupins only) to be approximately equal in protein content and in vitro organic matter
digestibility. Oaten hay (milled through a 12-mm screen) was supplied separately at ca. 10% of ad libitum intake. The
different diets were fed to SA Mutton Merino lambs (4 ram and 4 ewe lambs/diet) on an individual basis from
approximately 15 weeks of age (25-40 kg). Values for the grain and hay intake, average daily gain (AOO) and feed
conversion ratio (FCR, kg feed /kg gain) of the lambs were monitored over the same growth interval. No significant
differences were observed between treatments or sexes in terms of grain intake, hay intake or total dry matter intake.
Lambs on the diet containing 30% lupins consumed ca. 14% less grain/lamb/d than the mean grain intake of all the
lambs (1147 g/lamb/d) on an absolute basis. No significant differences (P > 0.05) in terms of AOO, FCR, or days
in the feedlot were observed between diets, while ram lambs performed better than ewe lambs in terms of AOO
(P "" 0.01), days in the feedlot (P "" 0.01) and FCR (P "" 0.05). The lack of response to the different protein sources
may be explained by the fact that the non-degradable protein (UDP) requirement of lambs over 25 kg was fulfilled by
the triticale/oat grain mixture. It was concluded that the protein content of the feed grain as well as the price and
availability of different protein sources will determine strategies for inclusion in diets for fattening lambs.

'n Triticale/hawer-graanmengsel (2: 1) is met 'n kommersiele of 'n plaasliksaamgestelde verrykingsmengsel,
bevattende verskillende proteienbronne (ureum, ureum plus vismeel, ureum plus katoensaad-oliekoekmeel, ureum plus
bitterlupiene of slegs bitterlupiene) op 'n iso-nutrientbasis verryk. Hawerhooi (deur 'n 12mm-sif gemaal) is apart teen
ongeveer 10% van ad libitum-inname voorsien. Die verskillende verrykte graanmengsels is aan SA Vleismerino-
lammers (4 ram- en 4 ooilammers/dieet) in enkelhokke gevoer vanaf ongeveer 15-weke-ouderdom (25-40 kg). Die
graan- en hooi-inname, gemiddelde daaglikse toename (GDT) en voeromsettingsdoeltreffendheid (VOD, kg voer/kg
massatoename) van die lammers is oor 'n gelyke massa-interval bepaal. Geen betekenisvolle verskille tussen behande-
lings of geslagte in terme van graaninname, hooi-inname, of totale droemateriaal-inname is waargeneem nie, alhoewel
lammers wat slegs lupiene (± 30%) as proteienbron ontvang het, ongeveer 14% minder graan/lam/d as die algehele
gemiddelde graaninname (1147 g/lam/d) van die groep gehandhaaf het. Geen betekenisvolle verskille (P > 0.05) in
GDT, dae in die voerkraal of VOD is tussen behandelings waargeneem nie, terwyl ramlammers, op 'n konstante
massabasis, beter in terme van GDT (P "" 0.01), dae in die voerkraal (P "" 0.01) en VOD (P "" 0.05), as ooilammers
presteer het. Die gebrek aan verskille in prestasie tussen die verskillende proteienbronne word toegeskryf aan die nie-
degradeerbare proteienbehoefte van die lammers, swaarder as 25 kg, wat grootliks deur die graanmengsel alleen
bevredig is. Wanneer lammers van hierdie massa afgerond word, sal die proteieninhoud van die graankomponent en
die prys en beskikbaarheld van die verskillende protei'enbronne die aanwending daarvan in heelgraandiete bepaal.

Using enriched, whole-grain mixtures to finish growing lambs
appears to be an advantageous practice, and is already used
by many farmers in the winter-rainfall region of South Africa.
Several advantages are associated with grain-enriched mix-
tures. The normal cost of processing is greatly reduced
without reducting performance (0rskov et al., 1974a). Feeding
whole grain to sheep is not only superior to feeding processed
grain (0rskov et ai., 1974b) which is considered to be
unnecessary and undesirable (0rskov, 1976), but also elimin-
ates rumenitis (0rskov, 1973). lJrea is normally included in
enrichment mixtures, because the nitrogen content of cereal
grain is generally not sufficient to meet the nutrient require-
ments of ruminal microbes (0rskov et ai., 1972). Microbial
protein (MP) synthesized on protein-free diets containing urea
is, however, insufficient to satisfy the protein requirements for

maximum growth, as high production animals need rumen
undegradable protein (UDP; ARC, 1980). The amino acid
composition of the UDP is also important, since it may
compliment the MP to meet the amino acid requirement of the
animal (Mercer et ai., 1980; 0rskov et at., 1971), and it was
shown that certain protein sources improved microbial effi-
ciency (Cottrill et aI., 1982). Microbial species may be
influenced not only by the physical nature, chemical composi-
tion and quantity of the diet, but in different circumstances,
microbial growth may be limited by ammonia, amino acids,
peptides, carbohydrates, branched chain fatty acids or
minerals. Microbial species also differ in their efficiency to
convert fermentable substrate into MP (Bryant, 1973, as cited
by Ferguson, 1975). Protein soW'ces are scarce and expensive
(Protein Advisory Committee, 1990), necessitating their



efficient use, particularly in ruminants where it is used less
efficiently than in monogastrics. This study was conducted to
compare different local protein sources in a triticale/ oat grain
enrichment mixture for fattening lambs.

A mixture of triticale and oats (2: 1) was used as grain
source. Six diets were composed (Table 1) to be approximate-
ly equal in energy and protein content. Extra constituents were
added as recommended by 0rskov & Grubb (1979). An iono-
phore and antibiotic were included as feed additives for
promoting growth and for coccidiostatic activity (Sambeth et
al., 1984) and to prevent abscess formation in the liver,
kidneys and rumen walls (Brand & Cloete, 1990). Urea, urea
plus fish-meal, urea plus cottonseed olicake, urea plus bitter
lupins (Lupinus angustifolius), bitter lupins and a commercial
mixture were used as protein sources. The diets were prepared
as reported by 0rskov et al. (1974c) and 0rskov & Grubb
(1977). Calcium chloride was dissolved in warm water (40-
50°C) at about 1: 3 w / v. Sodium chloride and urea were then

Table 1 The composition of the experimental diets on
an air-dry basis

Experimental diets

Ingredient (%) 2 3 4 5 6

Triticale/oat grain (2:1) 89.4 94.8 92.2 90.7 84.9 65.9

Commercial concentrate 10.6

Urea 1.5 1.0 1.0 1.0

Fish-meal 3.1

Cottonseed oilcake 4.6
Lupins (L. angustifo/ius) 10.4 30.4

Feed lime 1.5 1.5 1.5 1.5 1.5

Calcium chloride 1.2 1.2 1.2 1.2 1.2

Molasses powder 0.4 0.4 0.4 0.4 0.4

Sodium sulphate 0.3 0.3 0.3 0.3 0.3
Salt 0.3 0.3 0.3 0.3 0.3

Mineral/vitamin premix * + + + + +

SalocinR ** + + + + +

Tylan 100R *** + + + + +

* 457.825 g/t (200 g MgO; 150 g ZnS04' 7H20, 80 g MnS04 .4H2O,
5.3 g CoS04. 7H20, 1.0 g KI03, 1.5 g retinol palmitate, 20 g D-L

tocopherol acetate, 0.025 g cholecalciferol).

** 320 g/t.

*** 100 g/t.

dissolved in the same liquid and poured onto the grain while it
was being thoroughly mixed. Thereafter, vitamins and
minerals were suspended in water (1: 3 w Iv) and added.
Sodium sulphate was added separately, after which the
insoluble constituents, namely limestone (CaC03), ionophore
(SalocinR) and tylocin (Tylan lOOR), were bound to the
mixture by molasses powder. The protein sources, where
applicable, were added subsequently and thoroughly mixed
with the grain. The volume of water added amounted to about
3 l/ 100 kg. No storage problems occurred.

The growth trial was carried out with 48 South African
Mutton Merino (SAMM) lambs, approximately 15 weeks of
age and with a mean, initial live mass (± SD) of 24.6 ±
0.1 kg. Prior to the trial, the lambs were drenched with a
broad-spectrum anthelmintic, vaccinated against Clostridium
ovitoxicum and adapted for three weeks to the respective diets.
Each sheep was individually housed in indoor pens equipped
with feed and water trays. The lambs were randomly allotted
to the six experimental diets, with four ram and four ewe
lambs per diet. The six experimental diets were fed ad libitum
to the lambs while oaten hay (milled through a 12-mm screen)
was supplied separately at ca. 10% of ad libitum intake. The
trial ended when the lambs were slaughtered at a mean live
mass (± SD) of 40 ± 0.2 kg at approximately 25 weeks of
age. Feed intake and live mass were measured weekly. Dry
matter intake (DMI), average daily gain (ADO) and feed
conversion ratio (FCR) were calculated for each lamb, and
differences between treatment means were tested for signifi-
cance by a multifactor analysis of variance (with diet, sex and
the interaction between this as factors), accommodating
uneven subclass sizes (because one lamb died from a lung
disease and another two died of thiamine deficiency) (NCSS,
1987). The dry matter (DM), organic matter (OM), crude
protein (CP), calcium (Ca) and phosphorus (P) content of the
individual ingredients as well as the experimental diets were
determined according to procedures described by the AOAC
(1984). In vitro organic matter digestibility (Engels & Van der
Merwe, 1967), acid detergent fibre (ADF) and neutral deter-
gent fibre (NDF) (Van Soest, 1963; Van Soest & Wine, 1967)
of the corresponding samples were also determined.

The chemical composition of the individual ingredients is
presented in Table 2. The CP content of triticale grain was
extremely low (9.2%) in comparison to literature values (Van
der Merwe, 1980, 15.5%; Ensminger & Olentine, 1978,
16.5%), although similar CP values for the five locally

Table 2 The chemical composition and in vitro organic matter digestibility of the feed ingredients
used in the experimental diets (DM basis)

Chemical composition (%)

Ingredient DM OM CP ADF NDF Ca P IVOMD (%)

Triticale 88.9 98.3 9.19 3.89 21.08 0.07 0.39 90.1
Oats 91.6 97.2 11.55 18.46 18.46 0.12 0.42 55.6
Fish-meal 90.95 87.31 69.55 2.84 20.10 3.36 2.16 75.8
Cottonseed oilcake 91.2 92.6 37.98 24.80 34.69 0.56 1.32 64.0
Lupins 91.8 96.7 25.72 27.70 38.91 0.35 0.40 84.4

Commercial mixture * 94.5 50.5 58.71 0.61 2.20 11.52 1.57 83.4

Urea 287.0

Molasses powder 92.2 77.0 4.06 8.83 0.15 97.7

Oaten hay 91.7 94.9 705 36.96 63.70 0.32 0.24 58.3

* Maximum of 86.2% of CP content provided by NPN.



available cultivars were found by Brand (1991; unpublished
results - variation between 9.5% for Usgen 10 and 8.6% for
Usgen 14 with a mean value of 9.2 ± 0.4%). The CP contents
of the protein sources were within normal ranges, except for
cottonseed oilcake (38.0%) and bitter lupins (25.7%) which
had lower than normal values (Van der Merwe, 1980, 46.7%
and 31.1% respectively).

The chemical composition and in vitro organic matter
digestibility (OMD) of the enriched grain mixtures are
presented in Table 3. The in vitro OMD of the diets varied
between 79.0% and 83.4% with corresponding CP contents
which varied between 13.8% and 17.0%. The ADF and NDF
contents of the diets were found to have a mean value of 8.7%
and 28.9%. The calcium: phosphorus ratios of the different
diets varied between 3.2: I (Diet 2) and 2.1: 1 (Diet 5).
Although the diets differed in CP content due to the unex-
pected low CP content of the triticale grain, these differences
were neutralized to some extent by the actual oaten hay
intakes. The CP content based on actual intake of concentrate

and hay was 14.2%, 13.7%, 14.4%, 13.8%, 16.2% and 15.4%
for Diets 1 to 6 respectively. The percentage oaten hay intakes
of the lambs of the experimental diets as percentage of the
total intakes were found to be respectively 7.4% (Diet 1),
8.2% (Diet 2), 6.4% (Diet 3), 6.6% (Diet 4), 8.3% (Diet 5)
and 10.1% (Diet 6).

The average DMI, ADO, FCR and days in the feedlot of
lambs consuming the respective diets and the dressing percen-
tages of the lambs are presented in Tables 4 and 5. In the
absence of significant interactions between sex and diet,
means are given for the main effects only. No significant
differences (P > 0.05) were observed between diets or sexes in
terms of grain intake, hay intake or total DMI. It was,
however, evident from the data that the lambs on Diet 6, with
30.4% bitter lupins in their diet, consumed less grain/lamb/d
in absolute terms, than the mean grain intake of all the lambs
(1147 g/lamb/d). This lower intake was most probably
related to the palatability of the lupins, because most of the

Table 3 The chemical composition and in vitro organic matter digestibility of the enriched
grain mixtures (OM basis)

Diet

2 3 4 5 6

Cottonseed 10% 30%

Item (%) Commercial Urea Fish-meal oilcake Lupin Lupin

Dry matter 88.1 87.8 88.0 88.4 87.6 88.0

Organic matter 93.0 93.9 94.3 94.1 94.8 94.3
In vitro organic matter digestibility 81.0 82.4 80.2 83.8 81.6 79.0

Crude protein 14.70 14.24 14.87 13.81 17.03 16.33

Non-degradable protein* 2.20 3.69 2.86 2.29 2.47

Acid detergent fibre 8.25 6.82 6.98 7.47 9.74 12.99
Neutral detergent fibre 27.85 29.44 30.61 30.96 27.30 26.94

Calcium 1.33 1.26 1.08 1.07 0.82 0.99
Phosphate 0.50 0.39 0.43 0.36 0.39 0.39

* Calculated from Preston (1988) and Brand et al. (1992).

Table 4 Means ± SE for dry matter intake (OMI), average daily gain (AOG), feed conversion ratio
(FeR), days in the feedlot and dressing percentage of lambs (growth interval from ca. 25 kg to ca.
40 kg) fed grain-enriched mixtures with different protein sources

Diet

2 3 4

Cottonseed

Commercial Urea Fish-meal oilcake

Parameter measured n=8 n=7 n=7 n=8

Grain intake (g Id) 1236 :!: 76 1080:!: 82 1180 :!: 82 1244 :!: 76

Hay intake (g I d) 99 :!: 7 95:!: 8 85 :!: 8 88 :!: 7

Total DMI (g I d) 1335 :!: 82 1175:!: 89 1265 :!: 89 1333 :!: 82

ADG (g/d) 236:!: 15 2oo:!: 16 225 :!: 16 219 :!: 15

FCR (kg DMIIkg gain) 5.64 :!: 0.41 5.98 :!: 0.44 5.81 :!: 0.41 6.20 :!: 0.44

Days in feedlot 72 :!: 4 79:!: 4 68 ± 4 71 :!: 4

Dressing percentage * 46.3 :!: 1.3 45.2 :!: 1.3 45.1 :!: 1.3 46.4 :!: 1.3

5 6

10% Lupin 30% Lupin

n=7 n=8

1159 :!: 82 982 :!: 76

104 :!: 8 106 :!: 7

1263 :!: 89 1088 :!: 82

214 :!: 16 194 :!: 15

6.04 :!: 0.44 5.80 :!: 0.41

73 :!: 4 80:!: 4
43.4 ± 1.3 46.4 ± 1.3

* Only measured on ram lambs (n = 4).

No significant differences between treatments were observed.



Table 5 Means::t SE for dry matter intake (OMI), average
daily gain (ADO), feed conversion ratio (FeR) and days in
the feedlot for ram and ewe lambs (growth interval ca. 25 kg
to ca. 40 kg), fed grain enriched mixtures with different
protein sources

Sex

Rams Ewes Level of

Parameter measure n = 24 n = 21 * significance

Grain intake (g I d) ll80 :': 42 lll4 :': 48 P = 0.32

Hay intake (g I d) 100:': 4 92 :': 5 P = 0.26

Total DMI (g I d) 1280 :': 45 1206 :': 51 P = 0.30

ADG (g/d) 239:': 8 190 :': 9 P = 0.0005

FCR (kg DMI/kg gain) 5.44 :': 0.23 6.39:': 0.26 P = 0.01

Days in feedlot 66:': 2 81 :': 2 P = 0.0001

* One ewe lamb died from a lung disease (Diet 2) and another two ewe

lambs died from thiamine deficiency (Diets 3 and 5).

rejected feed consisted of lupins. This phenomenon is probab-
ly related to the alkaloid content of lupins, which is known to
suppress intake (Ruiz et al., 1977). No noticeable effect on
grain intake was observed at the low level of lupin inclusion
(Diet 5). Days in the feedlot, ADG and FCR were unaffected
by diet, while the differences between rams and ewes were
significant. Ram lambs grew faster than ewe lambs (P ~
0.01), resulting in a shorter (P ~ 0.01) time in the feedlot.
Ram lambs also used their feed more efficiently for live
weight-gain (P ~ 0.05) than ewe lambs. The tendency towards
lower ADO values found in the lambs receiving only lupins as
protein source (194 g /lamb/ d) was related to the fact that
most of the rejected feed consisted of lupins. These lambs
therefore consumed a poorer diet in terms of CP and energy
content. Little differences were observed in the ADG values of
lambs consuming the diets which contained the different
protein sources plus urea, while lambs which consumed the
diet with urea as sole protein source, also performed a little
worse (200 g/lamb/d) than the mean ADG (218 g/Iamb/d)
of all the other treatments. No differences between diets were
observed in terms of FCR. Lambs which COrL<;umedcottonseed
oilcake as protein source had the poorest feed conversion ratio
(in absolute terms), which was in agreement with a feeding
trial conducted by Meyer et al. (1990). They also found the
poorest feed conversion on cottonseed oilcake when a range of
protein sources were tested in a growth trial with lambs. No
significant differences occurred in the dressing percentage of
ram lambs on the respective diets.

The lack of response of the lambs to the different protein
sources accorded with results of several other researche,rs.
Meyer et al. (1990) also found no significant differences in
performance of lambs (25-40 kg) which received iso-
nutrient diets with either fish-meal, cottonseed oilcake, cotton-
seed, sunflower oilcake, sunflower seed, soybean seed, lupins
or urea as nitrogen source in grain sorghum based diets.
Andrews & 0rskov (1970) showed that lambs over 30 kg live
mass did not respond to additional protein added to barley-
based diets, while 0rskov & Grubb (1977) showed that early
weaned lambs, between 23 and 30 kg in live mass, showed no
difference in live mass-gain when fed grain sprayed with a
urea solution or a fish-meal supplement. These findings could
be related to the UDP requirements of the fattening lamb. The

triticale/ oat grain mixture (2.32% UDP as percentage of the
DM as calculated from the values presented by Preston, 1988)
supplied 26.6 g UDP/lamb/d (calculated from the mean grain
intake of 1147 g/lamb/d). When compared to the estimated
UDP requirements (McDonald et al., 1988) for 35 kg lambs
growing at 150 g/d (16 g/d), no UDP deficincies were
suspected. No significant effect of the different true protein
sources was reflected in the production parameters of the
lambs.

Overall, grain enrichment mixtures were practical for the
preparation of grain-based diets for the fattening of lambs,
resulting in reduced processing costs. Considering that two
lambs died from thiamine deficiency (in Diets 3 and 5 respect-
ively), it may be necessary to include thiamine in the mineral/
vitamin premix (5 mg thiamine hydrochloride/kg feed, E.W.
Seed, personal communication, Roche Products (Pty) Ltd., 4
Brewery Street, Isando 1600).

The inclusion of additional true protein and / or rumen unde-
gradable protein to that supplied by the triticale/ oat mixture
therefore had little effect on the growth performance and feed
conversion of these lambs at a growth rate of ca. 200 g/d for
the growth interval above 25 kg. The inclusion of the different
protein sources in such fattening diets will be determined by
price, availability and the crude protein content of the grain
used. Precautions have to be taken when including bitter
lupins, because high levels may result in inadequate voluntary
intake levels.
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