


DIGESTIBILITY, FOR SIIEEP, OF CELLULOSE IN POOR VELD HAY.

On the other hand, a low nitrogen content, or a deficiency of any other
nutrient essential for the growth of the organisms, may so impede their

iferation in the rumen that the breakdown of the cellulose cannot take

e to the limit assumed to be set by the degree of lignification present.

have unfortunately very little exact miormahon on the nature and

ient requirements of the organism-complex that is responsible for the

nal breakdown of cellulose and other cell-wall polysaccharides in the
rvmen of farm animals. In in witro studies with mature plant materials
it as, however, according to Norman (1929), been shown that the amount
of nitrogen available controls the rate and degree of decrmposition by
micro-organisms, provided that the carbonaceous constituents « the material
are at all available to the organisms concerned. In his own studies on the
biological decomposition of straws Norman added nitrogen in the form of
ammonium carbonate at the rate of 1 gram per 100 grams of straw. This
concentration of nitrogen is considerably in excess of that present in the
basal ration of grass hay, containing 3-0 per cent. of crude protein, and
creating, appalenﬂv, optlmum conditions for the ruminal decomposttion
of its cellulose [c.f. Louw and van der Wath (loc. cit.)].

Interest at this Institute in the matter of ruminal digestion of cellulose
is at present focussed on studies which aim at ascertaining to what extent
> utilization of the mature natural pasturage, available to animals during
dry season, is modified by supplements of feeds which are in any case
needed if the known deficiencies of such pasturage are to be rectified. A
consignment of this grade of feed arrived during 1944 for general feeding
purposes on the Station, and since it happened to contain a very low per-
centage of protein it was considered suitable material for the tvpe of
nvestigation in hand.

W

ExPERIMENTAT, PROCEDURE.

On the 16th August, 1944, sixteen 4 to 6-tooth Merino wethers,
weighing between 60 and 80 Ib., were selected. The investigation Lomprlsed
S1X dwestlon trials each consisting of a collection pe110d which lasted 8
days, preceded by a pre-period of ‘at least the same duration. Faeces only
were collected. For this purpose a harness and faeces-bag of the usual
design was used. IMach sheep was housed in an individwi feeding pen
with a concrete floor and measuring 7 by 7 feet, during botn the prelinii-
nary and colection periods.

The sheep were placed in their pens on the day of selection and an
initial ration of lucerne hay and crushed yellow maize was gradually
r laced by the basal experimental ration of poor grass hay. The intake
ou this ration was, as may be expected, not high. Howevel, by the middle
of September most of the animals were consuming over 400 grams of the
grass hay per day. To accustom them to the equipment the harnesses with
faeces-bags were strapped in position on e 2nd of September; the lower
ends of the bags which could be closed with draw strings were, of course,
left open at this stage.

Prior to the commencemnent of the study an amount of grass hav
thought to be sufficient for the experiment was chopped to 1 to 3 in
lengths in an electric chaff cutter. This was thoroughly mixed and stored
in grain baos This was done in order to reduce to a minimum any
variations in the composition of the hay used in the successive digestion
trials, an essential precaution in work of this nature.
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omposite samples of the feeds were obtained for each period from the
daily samplings and reserved for chemical analysis.  Feed refused or
scattered on the floor of the pen wuas collected each morning, dried in the
sun, if necessary, and reserved in a paper bag. At the end of a collection
period the combined orts were weighed and sampled for  alysts. These
consisted for all periods of the coarser stems of the grass hay only. lxcept for
the green feed which was fed only in the moming, the daily rations were

offered in two portions, about half in the morning and the rest in the
afternoon.

The faeces of each sheep were collected twice daily, at 8 p.m. and 4
. Those collected in the afternoon were stored in the cold m a canned
veuit bottle containing a little formalin until the next morming whon they
were thoroughly mixed with the morning’s (olle(tiou welghed, and o 10
a1 cent. ahquot transferred to a Ualvanue(l iron pan for immediate dryimng
1 the sun or in an elec tric oven, should weather conditions be unfavourable.
After about 5 hours in the sun the fuaeces were usually found to be
suffictently dry to check any further decomposition. The dry aliquots were
(0111p051’te(1 in a linen bag. After the conclusion of a collection period the
composite sample of faeces was weighed and a sample taken for a moisture
determination, the rvemainder being finely ground and a representative
sample of 1t stored in a suitable botfle for ¢hemical analysis.

Cellulose was determined by the method of (‘rampton and Mavnard

(1938).

The sheep were welghed at the beginning and at the end of each collec-
tion period.

Resvrys.

Relevant features in the chemical composition of the basal ration of
orass hay and of the concentrate and green feed are presented in Table 2.
glance at the figures reveals that The composition of the basal ration
remained virtually the same for all the periods. Amn essential requireme
for work of this nature has thus been satisfied. A more detailed analvsis ot
2 composite sample of the grass hav used as basal ration ylelded the
llowing results in percentages on the basis of the drv matter: Ash, 8
vrude fat, 1-0; Crude protein, 2-2; water soluble substances, 5-9:
collulose, 41-8; lignin, 14-0; and hemicelluloses, by difference, 26-7
ront these fmules it may be calculated that no less than 90 per cent. of
the organic matter of the grass was con osed of the cell-wall constituents
(ellulose Lemicelluloses and lignin.  +ne mnature of the water-soluble
constituents were not investigated exce;  that a small fraction, 0-7 per
cent. on the basis of the dry matter, was tound to be reducing sugars. The
grass hay contained no starch. The moisture contents of the feeds as fed
e on an average 8-0 per cent. for the hav and concentrate, and 70-
per cent. for the green feed.

The main collection data together with the coefficients of digestibilite
of the dry matter of the rations are given in an Appendix bv Tables I, |
(I and IV for Groups A, B, (' and D, respectively.  Under the same
heading the digestion coefficients of cellulose have been caleulated in Tables
VI, VII and VIIT. Group averages which will form the basis of the
following discussion are set forth in Table 3. For the sake of economy of
space the data relating to the daily consumption of phosphorus and protein
and to the digestibility of the latter are given in the summarized fo
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TasLe 3 (continued)

- - ! | —
Period. \ Group A. ' Group B. -Group C. ‘, Group D.
| —
Percentage dry ‘matter digested.
L 31-7 35-0 36-3 *35-9
I ‘ 31-2 32:4 32-2 34-7
8 30-2 354 36-6 33-4
AVERAGE TOR I-ITT......... ... ..., 31-0 34-3 350 34-7
IV 32-3 42-6 45-3 49-8
A PP 31-6 40-7 42-6 47-2
AVERAGE FOR IV-V.. .. ... ... ...... 32-0 41-7 44-0 485
L P 38-3 46-1 45-4 | 51-6
Piercentage celluloqe dlgested
L 46-7 49- 8 51-8 51-9 (50-0)
L ‘ 44-5 47-5 47-3 50-1 (47-4)
1 42-3 48-4 50-6 47-1 (47-1}
AVERAGE vor I-TTT.................. 44-5 45-6 49-9 49-7
IV 43-9 50-0 49-9 46-4
Ve I 41-9 47-5 47-6 42-4
AVERAGE woR TV-V................. \ 12-9 48-8 | 488 44-4
VI | 4193 51-8 ’ 49-1 185
\ Protein Oonsumed (gm. per day).
Lo e 83 7-8 9-5 9-3
| SO e 93 §0 | 96 | 9-3
TIL. ‘ 9-0 7-8 9-5 | 9-4
AVERAGE ¥OR I-IT1.................. ‘ 89 7-9 9.5 9-3
N U 10-3 14-2 k 20-9 33-5
Vo e s 10-6 14-2 20-7 34-1
AVERAGE Yor IV-V.. ... ....... ... 10-5 14-2 20-8 33-8
VI 9.9 25-0 31-5 44-0
. |
| | Percentage protein digested.
: N* N N N
N N N N
N N N ‘ N
Av ERAGE FOR 10Tl — — — —
IV N 272 46-7
Ve e e N 23-7 42-8
AVERAGE For IV-V. . ... ... ....... — 25-5 44-8
VI L1905 \ \ 417 507
| !
Phosphorus (onxumed (gm. P |per day:.
Lo 0-18 0-17 0-20 ' 0-20
Il 0-18 ! 0-16 0-20 0-18
L O 0-17 1 0-15 0-18 0-18
AVERAGE For I-1IT.................. 0-18 ) 016 & 0-19 0-19
IV o 0-22 } 03¢ | 052 0-88
L 0-23 0-34 ‘ 052 0-89
AVERAGE FOR IV-V. ... .. ... ....... 0-23 0-34 0-52 0-89
.................................... | 0-32 0-4 ’ 0-62 0-97

* N signifies
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DIGESTIBILITY, FOR SHEEP, OF CELLULOSE IN POOR VELD I1AY.

ouly, a progressive loss n welght occurred in all the groups. Thus the
individual sheep of Group A lost on an average 9 1b. during the 41 days
covering these periods. The subsequent course of the weight curves were
apparently determined by the size of the supplement offered. A supplement
of 20 grams of concentrate together with one of 200 grams of green feed
had, for instance, virtually no influence on the downward run of the gra
for Group A: the loss of welght was considerably reduced in the case of
aroup B receiving 50 grams of the concentrate, awnd practically arrested
in the case of the animals of Group C offered 85 grams of the concentrate
per head dailv. Ouly in Group D (170 grams concentrate per sheep) has
the initial decrease in live weight been changed into an increase by the
supplements. With the exception of these unimals, and then onlyv 1
Periods IV, V and VI, all the sheep were thus at a more or less sub-main-
tenance level of nutrition during the whole of the investigution.

Fig. 2 —Average Daily Hay Conswnption.
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Imspection of Figure 2 reveals only minor fluctuations in the »verace
hagal feed intake of the animals in Groups B, (C and D for Periods  to V
10%¢ of Group A apparently consumed progressively less hay from Period
" to Period VI, the intake in the latter pertod being only 80 per ceut.
ot that 1 Period TI.

The determination of the digestibilitv of a feed requires that no
ange be made in the wmount of feed offered at anv time during an

experimental period, and that orts ave, as far as possible, reduced to a
minimum. For these reasons the grass hay could not be offered ad. il
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as rvequired by a consumption trial, so that the question of the possible
1 ence of the supplements on basal feed intake falls, strietly speaking,
¢ de the scope of this study. Certain features relating to the amounts
o ay offered and consumed call, however, for comment.

Whilst the supplements were at all times completely consumed the
sheep refused varying amounts of the basal ration in all periods of the experi-
meut, the amount offered remaining, apart from a few minor adjustments
in the earlier periods, essentially unchunged. Orts were almost invariably
composed of the coarser stems which were presumably the least palatable
portions of the hay, but which cannot be counsidered inedible, in view of
the not inconsiderable variations in the size of the orts left by animals
receiving hay of uniform composition. Ior instance, in ’eriod I sheep .
1 refused daily 114 grams of dry matter from a ration of 500 grams of
hay whilst sheep No. 16 completely consumed 600 grams of the same
material. Again, sheep No. 9 left only 29 grams over in Period ITI, but no
lowe than 125 grams in Period VI, the amouunt offered being 500 grams in

cases. Further examples of this nature may be cited ~-m Tables 1,

I and IV, in the Appendix. At the same time the actu: consumption
of grass hay described in Figure 2 was at all times very much below the
~apacity of these animals for a roughage [c.f. Smuts and Marais (1940)].

hese considerations seem to justify the conclusion that an 1mprovement
m e appetite of the sheep for the poor veld hay, following on the supple-
ments of concentrate and green feed could have been reflected in a consis-
tent reduction in the amounts of the refused feed in the relevant periods.

nce this did not happen 1t would appear that the supplements fed in
Periods IV, V and VI had no influence on the consumption of grass hay,
or, at most, prevented a progressive decrease such as that which the supple-
ents -of Group A were apparently unable to stay.

(¢) The digestibility of the dry matter.

Due to the fact that no supplements were given in periods T, an
] it was possible to determine the true digestibility of the dry matter
~* the grass hav in these periods. Inspection of the relevant tables in the
sendix reveals appreciable variations among the individual constituents.
isidering all sixteen sheep the average digestibility of the dry matter
was 33-70 per cent. The 46 coeflicients on which this grand average is
based ranged from 24-1 to 417 per cent., about 80 per cent. of the values fall-
g within the range 30 to 40. An analysis of variance brought to light that
thare were no statistically significant differences in the digestibility of the
y matter among periods, groups, periods within groups, or groups within
riods.  Also, there was no correlation between the intake and digestibility
the dry matter.

The digestibility of the total dry matter of the rations improved in all
subsequent periods, the extent of the improvement in different periods and
ps depending on the size of the respective supplements (c.f. Tables 1

3). Considering the highly digestible nature of the concentrate offere
result was to be expected. At the same time it was not possible to
determine the influence of the supplements on the digestibility of the grass
hav as such, owing to the difficulties in the way of differentiating quantita-
ly between residues from the hay and the supplement, respectively, in
the faecal dry matter. A useful indication is, however provided in this
re ect by the figures for the digestibility of the cellulose, a constituent
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Fiy. 3e—Average Digestibility of Cellulose.
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of the hay not preseut in the concentrate fed in Periods IV and V during
which the faeces should, therefore, have contained cellulose from the basal
feed only.

(d) The digestibility of the cellulose in the grass hay.

The period means of cellulose digestion for the 16 sheep are glven Ju
brackets in the relevant part of Table 3. According to these hguws the
sheep digested the cellulose significantly Dbetter in Period I than in the
following two periods, the values were 50-0, 47-4 and 47-1 per cent, for
Periods 1, L1 and ITIL, vespectively, giving a general mean of 482 for the
three periods. Incidentally, it is o interest to note that this general mean
18 considerably highe than that of 33-75 obtained for the dry mufter.
From these figures it may be inferred that the cellulose of the type of
mature plant Tnaterial used is verv much more digestible than its other
fibrous constituents.

There was no difference in the efficiency with which the animals in
wupe ' and D digested the cellulose of the basal ration during the Periods
» 1 the. coefficients for the two groups being 49-9 and 49-7 per cent.,
respectively.  The average coefficient for w(noup B, 48-6 per (ent., was
somewhat, and that for (Jloup A, 44-5 per cent., (Lppl'eciably lower than
those for the other groups, all differences being, however, found to be
statistically insignificant. If these group =verages are now compared with
ose for Periods 1V and V it is found at while the supplements had
apparently no influence on the digestion of the cellulose in Groups B and C
they had seemingly a depressing effect in the case of the remaining two
groups, the decreases being from 44-5 to 42-9 per cent. a»7 from 49-7
to 44-4 per cent. for Groups A and D, respectively. 01 7 the latter
decrease was, however, found to be statistically significant.

Apparently the additional supplement of green feed given in Period

[ had also significant influence on the power of the animals in the two

middle groups to digest cellulose. On the other hand, it seemed to have

made good the demeaqe in digestive powers caused by the supplements

eriods 1V and V 1n the case of the other two groups of animals.

mprovements in the digestion coefﬁ(:lents for cellulose from 429 to 49-3

per cent, for Group A and fron: 44-4 to 485 per cent. for Group D were found
to be highly significant.

GExErAL D1scussion axDp CONCLUSIONS.

As pointed out earlier, considerable variations in e digestion
coe cients obtained in the trials with sheep subjected to the same dietary
treatment occurred (e.f. tables in Appendix). Thus in periods I to TTT,
when all the sheep were ingesting the same basal ration of grass hay, the
digestion coeflicients of cellulose varied between 35-4 and 58 2, with a
geneml mean of 48-2 per cent. The standard deviation, exprenbed as a
percentage of this general mean, was found to be no less than 14-9. This
is a quantitative measure of the variation which existed among different
individuals.

The basal feed was of uniform composition. Collection periods lasted

8 days, preceded by preliminary periods of at least the same duration. so
that the effect of irregular excretion could not have been large. Theve is,
also, no reason for suspe(‘tln(r the accuracy of the observed welghts and
chemical analyses of the feeds and faeces. Of the possible causes to which
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The results here presented confirm the earlier finding, quoted in the
i1 oduction of this paper, to the effect that old, dry winter grazing 1s
a arently not deficient in nutrients required by the ruminal organisms
responsible for the breakdown of the cellulose to a limit which is presumably
set by the degree of lignification of the mature pasturage. They, however,
raise new issues, such as that relating to the influence of varying amounts
of a green, succulent feed on the nutritive value of mature dry grasses,
which require further investigation.

SUMMARY.

The influence of varying amounts of a supplement consisting of starch,
cas 1, brewers yeast and minerals, alone and in conjunction with one of
g~ feed, on the digestibility of the cellulose in a basal ration of poor
v hay, containing only 2-2 per cent. protein, has been tested in a series
ot digestion trials with sheep. Tt is concluded that:—

The ability of sheep to digest cellulose was impaired when kept
for any length of time on the basal diet of veld hay ouly.

(2) Daily supplements of 20, 50 or 85 grams of the concentrate
mixture per sheep did not improve the digestion of the cellulose
of the basal ration. Unlike the lowest one, the two higher
supplements had, however, the effect of preventing deterioration
of the digestive powers and appetites of the sheep.

(3) The highest supplement of conc-ntrate, 170 grams per animal
per day, more than compensate for the energy deficiency of
the basal ration but depressed the digestion of its cellulose.

(4) Ability to digest cellulose, which had been temporarily weakened,
as under (1) and (3) above, was restored by an additional suy le-
ment of green feed.
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apLE VII.

Digestibility of Cellulose (Group C).

‘ CELLULOSE INTAKE (gm.)
Peri ! ]gc?lh‘llé)sg Coeflicient of
eriod. Sheep No. | )Ec’rr;s—]? . Digestibility.
| Hay Green Feed. l Total. gm.
\ ‘ j
_ : [ ~ -
] P 3 — — — —
15 147-1 — 14; 1 665 54-8
16 223-9 — 2239 120-8 46-1
17 134-6 ] — 134-6 61-1 546
AVERAGE. . . — ’ — ) — 51-8
[ R B R I ‘ . _
Ir.......... 3 177-0 — 1770 104-7 41-2
15 148-5 — 148-5 72-3 5l-4
16 2284 — I 228-4 126-5 44-6
17 124-4 — 124-4 60-0 51-8
AVERAGE. .. " — — — — 47-3
J— ) P P JE— P — -
| =
IOI......... 3 173-4 — 173-4 88-8 48-8
15 128-8 — 128-8 61-0 52-6
16 2075 — 2075 114-3 44-9
17 121-8 — 121-8 53-6 56-0
AVERAGE. .. — — — — 50-6
_—— . = ———————— J—
IV......... 3 183-0 — 183-0 93-5 48-9
15 127-0 — 127-0 62-5 50-8
16 226-8 — 226-7 112-0 50-6
17 117-0 — 1170 59-6 491
AVERAGE. .. — — - -— 49-9
Voo, 3 172-4 ‘ - 172-4 95-0 44-9
15 125-4 — 125-4 63-0 49-8
16 216-0 — 216-0 119-8 44-6
17 111-9 — 111-9 54-6 512
AVERAGE. . . — \ — — — 47-6
o _ _ l— | .
Vioo...o.... 3 185-1 18-9 204-0 110-1 46-0
15 127-3 I8-9 146-2 71-0 5L+H
16 | 2260 18-9 224-9 127-8 47-8
17 ‘ 1050 \ 18-9 123-9 608 51-0
lAveRaGE. . . ‘ — ‘ — ! — — 49-1
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