
Effect of energy supplementation on intake and digestion of early and mid-season
ryegrass and Panicum / Smuts finger hay, and on in sacco disappearance of various

forage species

H.H. Meissner,* H.H. Koster, Susanna H. Nieuwoudt and R.J. Coertze
Department of Livestock Science, University of Pretoria, Pretoria 0002,Republic of South Africa

Supplementation of early and mid-season Italian ryegrass (Lolium mu/tiflorum cv. Midmar) with maize meal, maize
meal with NaHC03 buffer, or maize meal plus combinations of slowly degradable protein was studied. Supplements
were administered via a rumen fistula. The effect on intake and digestion of ryegrass was measured. In another experi-
ment, the effect of maize meal supplementation on in SQ£COdegradation of some typical South African forages was
investigated. Maize meal depressed intake and digestibility of early season ryegrass, but not of mid-season ryegrass.
Additions of the buffer did not alleviate the depression, but additions of a slowly degradable protein source did. In
other forages, maize meal depressed in SQ£COdegradation of lucerne and kikuyu (Pennisetum c/andestinum), but not of
Panicum maximum, Smuts fmger (Digitaria eriantha spp. eriantha), mature Midmar ryegrass and Eragrostis curvu/a.
In general, energy supplementation markedly depressed cell wall degradation below forage NDF levels of 55-60%,
but not above these levels, whether examined within or between forage species. Also, degradation in the absence of
supplements was markedly slower in forages containing more than 55-60% NDF than in forages with lower NDF
values. The present results support the literature in suggesting that energy intake on forages with more than 55-60%
NDF is unlikely to be sufficient to sustain satisfactory animal production, because of slow fermentation and long
rumen retention times. Such forages may, however, be supplemented with energy without interfering much with fibre
digestion.

Supplementering van Italiaanse raaigras (Lolium mu/tiflorum "v. Midmar) met mieliemeel, mieliemeel plus NaHC03-

buffer en mieliemeel plus kombinasies van stadig-degradeerbare protei'enbronne is bestudeer. Die supplemente is per
rumenfistel toegedien. Die invloed op inname en vertering van raaigras is gemeet. In 'n verdere eksperiment is die
invloed van mieliemeelsupplementering op in sQ£co-degradering van sekere tipies Suid-Afrikaanse weidings bestudeer.
Mieliemeel het inname en verteerbaarheid van die jong raaigras onderdruk, maar nie die van die ouer raaigras nie.
Byvoeging van die buffer het nie die onderdrukking opgehef nie, maar byvoeging van die stadig-degradeerbare
protei'enbron het we!. By die ander gewasse het mieliemeel die in sacco-degradering van lusern en kikoejoe
(Pennisetum c/andestinum) onderdruk, maar nie die van Panicum maximum, Smutsvinger (Digitaria eriantha spp.
eriantha), volwasse Midmar-raaigras en Eragrostis curvu/a nie. In die algemeen, in studies binne en tussen gewasse,
het energiesupplementering die selwanddegradering aansienlik benadeel by gewas-NBV -peile van minder as
55-60%, maar nie by hoer peile nie. Voorts was degradasie, in die afwesigheid van supplemente, aansienlik stadiger
by gewasse met meer as 55-60% NBV as by die met minder as 55-60% NBV. Die huidige resultate en
ondersteunende resultate vanuit die literatuur suggereer dat energie-inname op gewasse wat meer as 55-60% NBV
bevat, onvoldoende vir bevredigende diereproduksie sal wees as gevolg van stadige fermentasie en lang
rumenretensietye. Aan die ander kant kan sodanige gewasse met energie gesupplementeer word sonder veel
(negatiewe) inmenging met veselvertering.

Supplementation of forages by grain is intended to increase
overall energy intake and energy availability to the animal.
Often, however, the digestibility and intake of the forage are
depressed, with the result that energy intake is increased
either marginally or not at all (Lushby & Wagner, 1987).

The problem is associated with a depression in fibre or
cell wall degradation in the reticulo-rumen, both in rate and
extent (Hoover, 1986). As little as 10-15% of added
readily fermentable carbohydrate can impair fibre digestion,
although severe depressions are usually associated with
more than 30% of dry matter intake (Chappell & Fontenot,
1968; Uden, 1984a; 1984b). A number of theories have been
proposed, which all relate to the requirement of cellulolytic
microbes to attach to fibrous substrates before significant
digestion can occur. Increases in 'lag time' are associated
with preferential substrate use by microbes, low pH or
specific nutrients required by bacteria, or a combination of
these factors (Varga, 1987). Specific nutrients that are
required include amino acids and peptides as well as simple

N (McAllan & Smith, 1983) and fatty acids resulting from
the deamination of branched-chain amino acids (Schwartz &
Gilchrist, 1975).

Supplementation with maize meal on Italian ryegrass is
known to depress grass intake (Osbourn, et al., 1976 as
quoted by Osbourn, 1982). The first goal of this study was
to determine whether the depression in fibre digestion of
Italian ryegrass would be alleviated by addition of a buffer
to the rumen. A second goal was to determine whether
slowly degradable N and other nutrients can be beneficial by
substituting half of the maize meal for slowly degradable N
sources.

Vadiveloo & Holmes (1979) showed that the severity of
depression depends on the quality of the forage; higher
qualities being affected more severely. This implies that
more mature ryegrass and other less digestible forage
species could be less prone to depression of fibre digestion
and intake. The third goal, consequently, was to study cell
wall digestion in mature Italian ryegrass, as well as in some



other less digestible South African forage species, when
these are supplemented with maize meal at about a quarter
of organic matter intake. At the same time, it would then be
possible to establish whether impairment of fibre digestion
can be related to the amount of cell wall in forage species
since a level of 50-60% constitutes the dividing line
between low- and high-quality forages (Van Soest, 1967;
Mertens & Ely, 1979).

Methods
In Trials 1 and 2, the aim was to establish whether a buffer
or slowly degradable N sources would alleviate the
depression of fibre digestion by energy supplementation of
early and mid-season ryegrass.

Trial 1

Pastures
Lolium multiflorum cv. Midmar (Italian ryegrass) was estab-
lished in March, 1988 at the Hatfield Experimental Farm,
Pretoria. The pasture was fertilized once with 150 kg N / ha
and soil K and P were maintained at 100 and 30 mg / kg,
respectively. Rainfall was supplemented with regular but
low-intensity irrigation. Grazing in the paddock (0,5 ha)
commenced at mid-May with sward height at approximately
150 mm. This ryegrass is referred to as early season
ryegrass in the text

Design and procedure
Sixteen rumen and oesophageal fistulated Merino-type
wethers, weighing 51 ± 7,5 kg, were allocated at random to
four treatments on the ryegrass pasture. The treatments
were:
1. supplemented with minerals only (control),
2. supplemented with 200 g maize meal additionally,
3. supplemented with 200 g maize meal plus 15 g NaHC03

(buffer) additionally,
4. supplemented with 100 g maize meal plus 100 g fishmeal

additionally.
Supplements were introduced per rumen cannula twice

daily, in two equal portions, at 08h30 and 13h30 respect-
ively. The mineral supplement consisted of 12 g dicalcium
phosphate, 11,5 g salt and 1,5 g commercial mineral-
vitamin premix; totalling 25 g per day.

The grazing period lasted 28 days, with sheep being put
to pasture between 07hoo and 17hoo. Although these sheep
had previously been kept on pasture, with some hay and
supplement being fed at night, they were adapted to this
pasture and supplements for a fortnight During the
following two days, oesophageal samples were collected,
followed by a nylon bag fermentation study and rumen
sample withdrawal for four days. Faecal collection bags
were fitted on day 19 and faeces were collected between
days 21 through 26. During the final two days, oesophageal
extrusa were collected again.

Measurements and analyses

Sheep were weighed on days one and 28 following
overnight withholding of food and water. Wool production
for 28 days was measured from a 100 cm2 mid-rib patch.

Oesophageal samples were lightly strained through a
double layer of cheesecloth to remove excess saliva before
being frozen. Samples were eventually dried at 50°C for
48 h. Dried samples were analysed for N by the Kjeldahl
method, cell wall constituents (NDF and ADF) were deter-
mined according to the method described by Van Soest &
Wine (1967) and IVDOM according to the modified Tilley
and Terry technique (Engels & Van der Merwe, 1967). The
results are shown in Table 1.

Faecal samples and samples of maize meal and fishmeal
were oven-dried at 100°C for 24 h. Faecal samples were
subsequently ashed at 550°C to enable calculation of faecal
OM. Maize meal and fishmeal were additionally analysed
for Nand IVDOM according to the methods mentioned
above. These values are also shown in Table 1.

Dried oesophageal samples (± 5 g) were incubated in
nylon bags (140 X 90 mm; 53 J.Lm pore size) suspended in
the rumen of all sheep for 2, 4, 8, 12, 24 and 48 h. Dry
matter, NDF and ADF disappearance were determined for
the respective incubation periods.

Rumen samples were taken at 09hoo, 12hOO,l5hOOand
18hoo on four successive days, but only one sample was
taken per randomized time per day. Samples were pooled
and analysed for pH, volatile fatty acids (VFA) and
ammonia (NH3). VFA values were determined by gas
chromatography and NH3 by auto-analyser.

Calculations and statistical analyses

The percentage DM, NDF and ADF disappearance at each
incubation time was calculated from the proportion which
remained in the nylon bag. Degradation rates were fitted to
the equation proposed by 0rskov & McDonald (1979):

p = a + b (l - e-Cl
)

where p = proportion degraded at time t, a = the intercept
representing 'instantaneous' disappearance of soluble
material (mainly from cell contents, e.g. N), b = the
insoluble but potentially degradable fraction, and c = the
fractional rate constant (I h) describing the degradation rate
of b. Parameters a, band c were either estimated by an
iterative least-square procedure or by curve fitting by hand
(0rskov, 1982), when the least-square procedure gave bio-
logically unsound estimates.

By introducing a fractional outflow rate k, the effective
degradations (P) of DM, NDF and ADF were calculated as
follows (0rskov & McDonald, 1979):

bc
c +k

In this study, P was estimated at k = 0,02 and 0,05 / h.
Treatment effects of parameters a, band c, 2-h disappear-

ance and effective degradations of DM, NDF and ADF were
analysed for by one-way analysis of variance using
Duncan's t test The same statistical analysis procedure was
applied to all other observations.

Trial 2

The same ryegrass as in Trial 1 was grazed at a more mature
stage, between July and October 1988 (referred to as mid-



Table 1 Composition of ryegrass and supplements used in Trials 1 and 2
(analyses on OM basis except IVOOM)

Composition (%)

IVDOM NDF ADF N

Ryegrass: early season 76;2 44,1 18,9 4,42

mid-season 74,8 56,2 29,9 3,53
Maize meal 86,7 1,44
Fishmeal 73,3 11,00
Prime gluten 81,8 9,70

Cottonseed oilcake meal 72,4 6,40

77 62
55 41
42 28

73 58

• Rumen degradable N at a fractional outflow rate of O,02/h.

~ Rumen degradable N at a fractional outflow rate cr O,05/h.

RDN values of supplements are averages from Cronje (1983), Erasmus .et al. (1988), and unpublished

results from this laboratory.

season grass). Experimental design in this instance was a
replicated 4 x 4 Latin square. This means that eight
oesophageal and rumen ftstulated wethers (mass 52 ±
12 kg) were allocated at random to one of the following
treatments:
1. supplemented with minerals only (control),
2. supplemented with 200 g maize meal additionally,
3. supplemented with 100 g maize meal plus 100 g fishmeal

additionally,
4. supplemented with 40 g maize meal plus 60 g prime

gluten (gluten 60) plus 100 g cottonseed oilcake meal
additionally.
Treatments 1 to 3 were the same as in Trial 1. Treatments

3 and 4 were iso-nitrogenous and N was iso-rumen degra-
dable (RDN). The supplement in Treatment 3 was calculated
to supply 11,1 g N, 6,36 g RDN at a fractional outflow rate
of 0,02 / h (RDNo,(12) and 4,80 g RDN at a fractional
outflow rate of 0,05/ h (RDNo,os).Corresponding figures
for Treatment 4 were respectively 11,0 g N, 6,40 g RDNo,(12

and 4,81 g RDNo,os.The Nand RDN values of prime gluten
and cottonseed oilcake meal are displayed in Table 1,
together with their IVOOM figures and the chemical
composition of the mid-season ryegrass.

The buffer treatment of Trial I was not repeated in Trial 2
as no advantage could be detected in Trial I (see Table 3).
Also, body mass changes and wool growth were not
measured in Trial 2, because of the Latin square design. All
other measurements and analyses were identical to those
described in Trial 1.

The disappearance of DM, NDF and ADF from nylon
bags suspended in the rumens of all sheep during all periods
was calculated by the technique described by 0rskov &
McDonald (1979). Treatment effects of these and other
observations were tested for by Latin square procedure,
employing the Duncan test The influence of sheep was not
significant, whereas that of the period sometimes was, but
this fmding is not pursued any further in the discussion.

Trial 3
In this trial, DM and cell wall (NDF) disappearance from
nylon bags was studied in various forage species as affected

by energy supplementation. Forages studied were Medicago
sativa (lucerne), Pennisetum clandestinum (kikuyu), Midmar
ryegrass, Panicum maximum (Panicum), Digitaria eriantha
spp. eriantha (Smuts finger) and Eragrostis curvula
(Eragrostis). The composition of the forages is shown in
Table 2.

Design and procedure
Three rumen fistulated wethers weighing 52 ± 1,5 kg were
randomly allocated to one of three treatments according to a
Latin square design. The three treatments were 0 g (control),
150 g and 300 g maize meal supplements respectively per
day. These were administered in two equal portions at
08hOOand 16hOOthrough the rumen cannula, together with
2,5 g urea, 4 g dicalcium phosphate and 5 g salt per feeding.
The contribution of urea-N to total N intake was less than
15%. Sheep were otherwise fed chopped Panicum / Smuts
finger hay ad libitum, the analysis of which is shown in
Table 2.

Sheep were adapted to hay and supplements for a three-
week period, whereafter hay intake was determined for five
days. The nylon bag fermentation study comprised the
subsequent four days. In addition, 10 samples of rumen fluid
were withdrawn at randomized times to simulate a 24-h day.

Approximately 5-6 kg wet material of more leaf than
stem (to simulate selection) was cut per pasture during

Table 2 Composition of Panicum / Smuts finger
hay, and forages used in the in sacco stUdy in Trial 3
(analyses on OM basis except IVOOM)

lVDOM NDF N

Panicum / Smuts finger hay 55,0 1,26

Lucerne 71,2 26,7 5,75

Kikuyu 63,4 51,2 3,37

Midmar ryegrass 60,6 60,4 2,28

Panicum maximum 63,5 66,3 2,18

Smuts finger 53,4 68,8 1,70

Eragrostis curvula 43,6 74,4 1,12



February 1989. Samples were dried at 60°C to supply about
1 kg DM for each forage which was sufficient for the nylon
bag fermentation study.

Measurement and analyses
Forage samples were incubated in the rumens of the three
wethers for 2, 4, 8, 12, 24 and 48 h. All forages were
represented in every run, but samples were withdrawn in a
predetermined way to save time. Bags to be withdrawn after
48 h were put in first, followed by the 24-h bags after with-
drawal of the 48-h run. The 12-, 8-, 4- and 2-h bags were
subsequently incubated in sequence. Bag residues and initial
samples were analysed for DM and NDF (Van Soest &
Wine, 1967).

Daily intake of hay OM was determined after analyses for
DM and ash on pooled initial and residuaf samples. In
addition, rumen pH, VFA (gas chromatography) and NH3

(auto-analyser) concentrations of pooled samples per sheep
per treatment were analysed

Statistical analyses
Disappearance of DM and NDF from nylon bags was calcu-
lated according to 0rskov & McDonald (1979). Equation
parameters a, band c, 2-h disappearance and effective
degradations at fractional outflow rates of 0,02 and 0,05/h,
were tested for treatment differences according to the Latin
square procedure, employing the Duncan test. Model vari-
ables were treatments, forages and sheep. Differences
between sheep were not significant. Treatments and forages
were significantly different as were treatment x forage
interactions. Although the discussion concentrates on treat-
ment results (see Table 8), the effect of interaction with
forage is nevertheless displayed (see Figure 1).

Hay intake by sheep and the rumen parameters of pH,
VFA and NH3 concentrations were tested for treatment
effects by the Latin square procedure.
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Figure 1 Effect of NDF content, rumen substrate and energy
supplementation on disappearance of NDF in sacco. 0 0 no
supplement; •• 150-300 g maize meal per day; 0 • high-
quality ryegrass as substrate; o. average-quality hay as
substrate.

Results and Discussion
The effects of supplementation on OM excreted, rumen
parameters and utilization by sheep of early season ryegrass
are shown in Table 3. Table 4 shows the effects on DM and
cell wall degradation.

Organic matter excreted by sheep was significantly
depressed by maize supplementation (Table 3). If the
IVOOM values of the supplements shown in Table 1 are
valid, the OM excreted from pasture origin can be calculated
as shown in Table 3. Pasture intake may then be calculated
by dividing the OM excreted (pasture origin) by the
indigestible portion of the grass OM. The IVOOM of early
season ryegrass was found to be 76,2% (Table 1). Conse-
quently, the indigestible portion was 23,8%, assuming that
supplements did not depress grass digestibility. Grass OM
intakes were therefore apparently 53,4; 32,5; 40,3 and
48,7 g/kgWO,75per day respectively for Treatments 1,2, 3
and 4 of Trial 1. If DM digestibility of the ryegrass was
depressed by maize supplementation as suggested by the
results in Table 4, the difference in pasture intake between
Treatments 1 (control) and 4 (maize + fishmeal) on the one
hand, and Treatments 2 (maize) and 3 (maize + HC03")on
the other, would have been even greater.•.•

Addition of buffer (NaHCOr) apparently did not alleviate
depression of intake or DM and cell wall degradation (Table
4). The reason for this may be due to the fact that rumen pH
did not drop below 6, even though maize meal intake consti-
tuted 20- 25% of total intake. As a result, the observed
reduction in cell wall degradation would probably not have
been due to the fall in rumen pH.

Most studies, both in vitro and in vivo, showed
precipitous losses of fibrolytic activity below pH 6,0.
Complete cessation of fibre digestion often occurred
between pH 4,5 and 5,0 (Mould et al., 1984; Hoover, 1986),
while a moderate, transient depression, mainly caused by a
reduction in number of cellulolytic bacteria attached to fibre
particles (Shriver et al., 1986), was found between pH 5,8
and 6,2. This implies that lag time would increase (Mertens
& Loften, 1980; Varga, 1987), thereby impairing initiation
of digestion. The initial, significant depression in ADF
fermentation (parameter a; after 2 h) of the maize meal
treatments suggests an increase in lag time (Table 4). The
transient depression of fibrolytic activity shown by Shriver
et al. (1986) though, is not supported by our results or by
the review of Hoover (1986), since both rate and extent of
degradation of cell wall constituents were depressed.

Shriver et al. (1986) further proposed that protein diges-
tion and NH3 levels could be reduced at a pH of ca. 6,
which would impair growth of cellulolytic bacteria. Ammo-
nia levels were, however, high on all treatments and should
not have been limiting even though McAllan & Smith
(1983) maintained that the NH3 requirement of adherent,
fibre-digesting organisms is greater than that of free-floating
organisms. It is therefore concluded that the low pH and
NH3 levels did not contribute to the depression in cell wall
digestion and intake of early season ryegrass.

When part of the maize meal was substituted by fishmeal,
intake of early season ryegrass was apparently not signifi-
cantly reduced, because OM excreted was not significantly



Table 3 Effect of supplementation on OM excreted, rumen parameters
and on utilization of early season Midmar ryegrass by sheep

Maize + Maize +
Control Maize HCOl fishmeal MSE1

OM excreted (g/kg wl·75 /d)

Total 12,7b 8,93' 1O,8"b 13,1 b 1,95

Less supplement2 12,7c 7,73- 9,58·b 1I,6be 1,81

Oean wool (mgllOO an2/d) 143 145 146 149 12,6
Live mass gain (g / d) -17,8' 18,0 49,8ab 70,8b 45,0

Rumen pH 6,06 6,15 6,21 6,19 0,32

Rumen NH3 (mgllOO mI) 30,4·b 27,6- 24,5' 41,9b 7,84

Rumen VFA (mmol/ 100 ml) 11,6 13,4 13,5 12,5 0,75

~ (%) 6O,4b 57,6' 57,1' 59,6·b 0,42

C3 (%) 20,2' 21,7- 23,Ob 20,3' 0,23

n + iso C. (%) 15,4 15,6 15,8 15,1 0,16

~:y 2,99b 2,65·b 2,48' 2,94-b 0,17

.- C Different superscripts in the same line differ (P < 0,05).

I Mean standard error.

2 Assuming the IVDOMs of maize meal and fishmeal are as shown in Table 1.

depressed (Table 3). Cell wall digestion was also not signifi-
cantly impaired even though lag time of ADF degradation
may have been increased somewhat (see Table 4: parameter
a and % disappeared after 2 h).

Fishmeal was included in order to supply additional
amino acids, peptides and iso-fatty acids which apparently
may act as limiting nutrients for cellulolytic bacteria. The
reason that these nutrients may be limiting lies in the

Table 4 Effect of supplementation on degradation in sacco of OM
and cell wall constituents of early season Midmar ryegrass

Maize + Maize +
Control Maize HCOl fishmeal MSE1

A. DM

Parameters: a 39,1 39,2 40,3 38,8 1,64

b 45,9 45,8 44,7 46,2 1,64

c O,077be 0,051' O,054-b O,083c 0,015

After 2 h· (%) 45,6 43,7 44,9 45,9 1,73

E.Do.02** (%) 75,2b 72,1' 72,7- 75,8b 1,63

E.Do.05••• (%) 66,9b 62,3' 63,5' 67,6b 1,43

B. NDF

Parameters: a 13,0 10,6 10,2 11,8 2,39

b 77,Ob 69,4- 69,8- 78,2b 2,11

C 0,055 0,063 0,058 0,063 0,012

After 2 h (%) 21,0 18,8 17,8 21,1 1,71

E.Do.02 (%) 69,5b 63,3" 62,1' 71,2b 2,08

E.Do.05 (%) 53,3b 49,3' 47,7" 55,4b 1,79

C. ADF

Parameters: a lO,4c -6,5- O,I·b 6,5 be 2,12

b 74,6-b 76,5b 69,9' 73,5-b 2,21

C 0,052 0,046 0,045 0,054 0,015

After 2 h (%) 17,8b 0,22- 6,12- 14,Ob 1,85

E.Do.02 (%) 64,3b 46,8' 48,5' 60,1 b 2,21

E.Do.05 (%) 48,4b 30,2' 33,2' 44,7b 2,07

I Mean standard error.

• Percentage disappeared from nylon bag in 2 h .

•• Effective degradation at a fractional outflow rate of O,02/h .

••• Effective degradation at a fractional outflow rate of O,05/h.

a-<: Different superscripts in the same line differ (P < 0,05).



depression of fibrolytic activity because of competItIon
between cellulolytic organisms and the rapidly proliferating
organisms which use readily fermentable carbohydrates.
One such form of competition is that for various types of
nitrogen-containing compounds. A high requirement for
amino acids and peptides has been found for fibre-digesting
organisms in particle-free rumen fluid (Russell et ai., 1983)
and for amylolytic organisms (Maeng & Baldwin, 1976a;
1976b). On the other hand, fibre digestion may be improved
when protein rather than urea is provided as the N source
(McAllan & Smith, 1983). Additionally, it is likely that the
amino acid requirement of cellulolytic organisms is
associated with the requirements for fatty acids such as iso-
butyric, iso-valerie and 2-methylbutyric which result from
the deamination of valine, leucine and iso-leucine,
respectively (Schwartz & Gilchrist, 1975). These acids,
along with valerie, are required in small amounts for growth
of cellulolytic microbes (Bryant, 1973). This was
demonstrated by the addition of fatty acids to the diet which
increased cell wall digestion (Hoover, 1986).

Fishmeal, which may be regarded to have a low degrada-
bility depending on outflow rate (see Table 1), would also
supply postruminal amino acids, the uptake of which has
been associated with a positive response to intake (see
review by Meissner, 1989). Therefore, the fact that intake of
early season ryegrass was not significantly reduced on the
fishmeal treatment can not be ascribed solely to a lack of
limiting nutrients, although this explanation is strongly
implied.

Concentrations of rumen ammonia and VFA were not
significantly influenced by treatment, except for a slight
elevation when fish meal was fed (Table 3). Supplementation
with maize meal significantly reduced acetate and increased
the propionate proportion of VFA, according to expectation.
Live mass-gain was, in contrast to fishmeal
supplementation, not significantly improved by maize
supplementation. This suggests that energy intake was only
marginally increased, thereby supporting the view of Lushby

S.-Afr.Tydskr.Veek.1991,21(1)

& Wagner (1987). These data may explain why energy
supplementation of high quality pastures is often not an
economical option. Wool production was not significantly
affected by treatment, but this may be due to the relatively
short duration of the trial (28 days) and the high individual
variation (see Table 3: MSE).

The effects of supplementation on OM excreted and on
rumen parameters of sheep on mid-season ryegrass are
shown in Table 5 and the effects on DM and cell wall
degradation in Table 6.

In contrast to the early season ryegrass, the amount of
OM excreted was not significantly reduced by maize supple-
mentation (Table 5). If the IVOOM of mid-season ryegrass
is assumed to be 74,8%, then grass OM intakes on
Treatments I, 2, 3 and 4 of Trial 2 would have been 51,2;
49,6; 48,4 and 46,0 g /kg WO,7S per day, respectively.
Although intake might have been depressed by the
supplements, the effect was clearly small. This corresponds
with the contention of Vadiveloo & Holmes (1979) that
intake is less influenced on lower quality forage (either
different species or more mature forage of the same species)
(see also Table 7).

In support of the results on intake, the degradation of DM
and cell wall content was not significantly reduced either by
maize supplementation or by the two protein supplements.
There was no significant increase in lag time (simulated by
parameter a and disappearance after 2 h), no significant
decrease in rate of degradation (simulated by parameter c)
and no significant depression in effective degradation at
fractional outflow rates of 0,02 and O,05/h (Table 6).
Supplementation, furthermore, did not significantly affect
rumen pH, NH3 or VFA concentrations; the latter result
being somewhat surprising.

The gluten-cottonseed treatment, with a N and rumen
degradability similar to fishmeal, was included in Trial 2 in
an effort to elucidate the positive effect of fishmeal on
intake found in Trial 1. More specifically, the question was
whether the positive effect of fishmeal was due to the

Table 5 Effect of supplementation on OM excreted and on rumen
parameters of sheep grazing mid-season Midmar ryegrass

Maize + gluten

Maize + + cottonseed
Control Maize fishmeal oi1cake MSE1

OM excreted (g/kg WO·7~/d)

Total 12,9" 13,7b 13,8b 13,5"b 0,46
Less supplement 2 12,9b 12,5" 12,2"b 11,6" 0,48

RwnenpH 6,18 6,15 6,17 6,18 0,31
Rwnen NH3 (mgllOO m1) 30,0 29,9 35,4 38,4 14,7
Rwnen VF A (mmol/1oo m1) 14,7 15,8 15,4 15,6 4,28
Y (%) 59,4 59,5 58,8 58,4 1,09
C3 (%) 25,8 26,0 26,2 26,1 0,52
n + iso 4 (%) 10,8 11,8 11,8 12,7 0,36
y:C3 2,30 2,29 2,24 2,24 0,27

". b Different superscripts in the same line differ (P < 0,05).

1 Mean standard error.

2 Assuming the 1VDOMs of maize meal, fishmea1, prime gluten and cottonseed oi1cake meal are
as shown in Table 1.



Table 6 Effect of supplementation on degradation in
sacco of OM and cell wall constituents of mid-season
Midmar ryegrass

Maize + gluten

Maize + + cottonseed

Control Maize fishmeal oilcake MSE"

A. DM

Parameters: a 35,2 30,9 32,3 32,0 4,25

b 54,6 59,2 57,8 58,0 4,24

c 0,049 0,058 0,056 0,057 0,014

After 2 h* (%) 40,5 37,4 38,2 38,2 3,21

E·Do.02** (%) 73,9 74,0 74,2 74,6 2,37

E·Do.o,*** (%) 62,2 62,7 62,7 62,9 2,00

B. NDF

Parameters: a 16,5 15,0 16,0 18,3 3,59

b 73,6 75,0 74,0 71,7 3,59

c 0,053 0,056 0,055 0,053 0,009

After 2 h (%) 23,9 23,0 23,7 25,5 2,32

E·Do.02 (%) 69,6 69,8 70;2 70,1 1,75

E·Do.o, (%) 54,4 54,6 54,8 55,2 1,37

C. ADF

Parameters: a 1,00 -1,48 0,30 -0,00 3,63

b 84,0 86,5 84,7 85,0 3,63

c 0,052 0,052 0,057 0,054 0,011

After 2 h (%) 9,30 7,18 9,34 8,68 2,54

E.Do.02 (%) 61,4 60,4 62,6 61,9 3,11

E·Do.o, (%) 43,8 42,6 45,4 44,1 2,22

" Mean standard error.

* Percentage disappeared from nylon bag in 2 h.

** Effective degradation at a fractional outflow rate of O,02/h.
*** Effective degradation at a fractional outflow rate of 0,05/h.

increase of limiting nutrients in the rumen or to the uptake
of amino acids postruminally. The gluten-cottonseed
treatment was not expected to raise the concentration of
limiting nutrients in the rumen to the same extent as
fishmeal, because fishmeal had been shown to supply iso-
acids (Hoover, 1986) in addition to minerals. However,
because no significant differences between supplements to
the mid-season ryegrass could be found, no distinction could
be made between them.

The effects of maize meal supplementation on OM intake
of average-quality Panicum/Smuts finger hay by sheep are
shown in Table 7, in addition to the effects on rumen pH,
and NH3 and VFA concentrations.

Maize meal supplements of 150 and 300 g per day did
not affect hay intake, rumen pH or rumen NH3

concentrations significantly. Significantly more VFAs were
produced on the supplement treatments according to level of
supplementation, which was associated with a significant
shift to more butyrate. Although rumen pH tended to change
in the same direction (Table 7), it is clear from this and the
previous trials that rumen pH should not decline to below 6
when energy supplements supply up to 25% of total energy
intake. Therefore, under practical conditions of pasture
supplementation, the chances appear remote that low pH
would be a major factor in affecting fibrolytic activity.

Because hay intake was not reduced by maize meal sup-

Table 7 Effect of level of supplemental energy on
hay intake and rumen parameters of sheep that fed on
average-quality Panicum / Smuts finger hay

Maize meal

Control 150 g 300 g MSE1

Hay intake (g OM/kg WO·7'/d) 63,0 66,3 68,7 14,2

Rumen pH 6,54 6,35 6,37 0,13

Rumen NH] (mg I 100 ml) 17,4 13,3 15,2 1,95

Rumen VFA (mmoll 100 ml) 11,9" 12,4" 14,2b 0,30

~ (%) 71,4 71,1 69,6 0,84

Y (%) 20,5 19,3 20;2 0,81

n + iso C4 (%) 6,69" 8,21b 8,86b 0,27
C, (%) 1,38 1,41 1,49 0,12

••b Different superscripts in the same line differ (P < 0,05).

I Mean standard error.

plementation, total OM intake (including supplement) was
increased from 63,0 g/kg WO,75 per day for hay alone (see
Table 7) to 73,0 g for the 150 g maize meal and to 82,1 g
for the 300 g maize meal treatments. These latter levels of
supplementation correspond to a metabolizable energy
intake increase of 23% and 46% respectively. These results
support those of Vadiveloo & Holmes (1979) who suggested
considerable increases in energy intake when low-to-average
quality, rather than high-quality forages, were
supplemented. This will obviously have .positive
implications for the economy of supplementation of such
forages.

The effect of level of supplemental energy on the degra-
dation of the forage species studied in Trial 3, is shown in
Table 8.

In sacco degradation rate (parameter c) and effective
degradation at a fractional outflow rate of 0,05/ h were
significantly reduced for both DM and NDF (Table 8). The
reduction was proportional to the level of maize meal
supplementation. However, as explained under 'Statistical
analyses', there was a significant treatment X forage inter-
action, indicating that only some forages were affected (see
Figure 1).

Figure 1 shows that disappearance of NDF (fractional
outflow rate of O,05/h) of lucerne and kikuyu, but not of
other forages, was significantly reduced by supplementation.
In fact. there might even have been a small positive effect
on NDF degradation of Panicurn, Smuts finger and
Eragrostis. Lucerne and kikuyu both showed a higher
digestibility (Table 2) and a lower cell wall content than the
other species, which again supports the conclusion that cell
wall degradation is not impaired in lower quality forages.

Also plotted in Figure 1 are the results of the disappear-
ance of ryegrass NDF in Trials 1 and 2. Three features are
evident. Firstly, cell wall degradation was depressed by
energy supplementation only at values below 55-60% NDF
content. Secondly, disregarding energy supplementation,
digestion of cell wall was particularly slow or depressed
when NDF content was above 55-60% and, thirdly, more
ryegrass NDF disappeared when the host sheep were
grazing ryegrass than average-quality Panicum / Smuts
finger hay.



Table 8 Effect of level of supplemental energy on
degradation in sacco of DM and NDF of various
forages (sheep fed on average-quality Panicum/Smuts
finger)

Maize meal

Control 150 g 300 g MSE1

A. DM

Parameters: a 9,95 10,0 10,6 1,39
b 56,2 56,1 55,6 1,39
c O,059b 0,050- 0,049- 0,006

After 2 h * (%) 16,3 15,5 15,9 1,54

E·Do,02** (%) 51,6 50,2 49,9 1,27

E·Do.os*** (%) 40P 38,1011 38,1" 0,98

B. NDF

Parameters: a -3,13 -0,95 -0,97 4,33
b 69,0 66,8 66,8 4,33
c O,061b 0,050- 0,048- 0,008

After 2 h (%) 4,86 5,36 5,27 4,42
E.Do,02(%) 48,4 46,S 46,3 2,34
E.Do,os (%) 34,8b 32,5011 31,7- 1,24

I Mean standard error.
-. b Different superscripts in the same line differ (P < 0,05).

* Percentage disappeared from nylon bag in 2 h.
** Effective degradation at a fractional outflow rate of O,OUh.

*** Effective degradation at a fractional outflow rate of O,05/h,

•
Van Soest (1967) and Mertens & Ely (1979) reported a

similar level of NDF (55-60%) below which cell wall
degradation was depressed by energy supplement. The
phenomenon was explained by suggesting that structural
components are well-developed at cell wall contents above
this level and that lignification has become a significant
factor. The latter prevents fibrolytic digesters from gaining
access to the fennentable tissues of the plant material. In the
context of energy supplementation, these organisms are
probably less active and multiply less vigorously while the
competition for available nutrients between these organisms
and the proliferating amylolytic bacteria is less severe.

The third feature mentioned above confinns that, while
cell wall constituents (Bailey & Jones, 1971), the amount of
cell wall as discussed, or layers in cell wall (Akin, 1982)
may control the rate and extent of degradation, the type of
bacteria and enzymes in the rumen substrate that carry out
the degradation may modify the result appreciably (Morris,
1984). Very often, cell wall digestion is studied in sacco
with the host animal on a standard diet such as lucerne hay.
Although this procedure is acceptable for ranking compari-
sons between forage species, these results suggest that it is
not a viable technique when lag times and the rate and
extent of cell wall degradation are to be quantified for
specific forages. The host animal should, under such
circumstances, be adapted to the forage on test.

Figure 2 illustrates the relationship between NDF content
of legume and grass species and their corresponding in vivo
digestibilities of OM and digestible OM intakes,
respectively.

Original data from this laboratory, both published
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Figure 2 Relationship between NDF content and respectively in
vivo digestibility and ad libitum intake of organic matter of
various grass and legume species .• Data from literature; Ii. data
from this laboratory.

(Meissner et ai., 1989) and unpublished, were combined
with estimates based on prediction equations from selected
publications (Van Soest, 1965; Hunt et ai., 1985; Reid et
ai., 1988). In both relationships the quadratic tenn was
significant. Although the spread of data points is
satisfactory, it must be realized that the relationships might
be biased and appear to be better than expected, because of
the estimates. The authors mentioned above and Meissner et
ai. (1989) reported r squares of between 0,2 and 0,7,
depending on the range of data. Nevertheless, the non-
linearity largely appears at NDF contents above 55-60%,
which corresponds with the suggestions in Figure 1.

Conclusions
It would appear that the most likely reason for the
depression in cell wall digestion and intake in young,
actively growing pastures such as Midmar ryegrass, is the
high demand for essential nutrients by proliferating
amylolytic bacteria at the expense of slower growing
cellulolytic organisms. In more mature forages, or forages
with high cell wall contents, cellulolytic activity is
comparatively less, so that less competition between these
organisms results.

The amount of cell wall in this context is a distinguishing
characteristic, because the present results suggest that
impainnent of fibre digestion and intake may be expected
below 55-60% NDF. Most of the temperate pastures fall



within this category and more research need to be addressed
to this problem to develop effective supplementation tech-
niques in South Africa. One possibility is that the grain
supplement should not be processed (Mould et ai., 1984). In
pastures with cell wall contents at or above 55-60% NDF,
which include the majority of South African improved sub-
tropical grasses, depression in forage digestibility and intake
with energy supplementation is not expected and
economical supplementation should be realized.

On the negative side though, the present results suggest
that it is unlikely that these subtropical grasses without
supplementation would sustain satisfactory animal produc-
tion (even though there is individual variation), because of
slow degradation and low intake with cell walls above
55-60% NDF. Plant geneticists, therefore, should address
high cell wall contents in their selection and introductory
programmes.
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