VI. FEED SUPPLEMENTS

The potential nutritive value of natural straw or low quality forage cannot
be exploited if the microbes in the animal’s rumen do not receive the
necessary nutritive elements for its consumption through the supply of
minimum amounts of these elements (see Chapter 1). If one is expecting
higher production rates from the animal, the necessary nutrients needed for
this must be given through the supply of additional or “supplementary”
supplements.

This Chapter, assisted by the information that has already been presented
in Chapter 1, has the objective to describe the quantities and the nature of
supplements which allow the animal to more fully exploit the feed
provided in the two broad nutritional situations normally encountered:

+ maintenance diets or even subsistence diets when rations are basically
made up of non-treated feed;

« production diets for which the cases of both natural forages and treated
forages will be examined.

These two contrasting situations will be illustrated by concrete examples.
6.1. Recall of basic nutritional principles

6.1.1. Minimum feed supplements: optimising the use of
cellulose in the rumen

These constitute the supplements needed to enable the rumen microbes to
function well. The basic principals have already been outlined in Chapter 1.

One recalls that firstly, one must provide the raumen microbes with the
nutritive elements which they need for self-multiplication and for
degradation (cellulolysis) of the carbohydrates from the cell walls of the
straw or low quality forage and following this, to ensure all conditions for
maintenance of good cellulolysis.

This consists in essentially supplementing:

« nitrogen in a fermentable form for generation of the ammonia needed for
the microbial synthesis. Non-protein nitrogen, such as urea, is the best
choice if there are no other sources of nitrogen available locatly. This
supplement must be supplied in as regular a manner as possible
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throughout the day so as to optimise cellulolysis and microbial protein

synthesis,

e minerals and vitamins.

This subject has formed the basis for numerous studies over previous
decades; Table 12 presents an order of magnitude for improvements to the
nutritional value of forages which can resuit from supplementation with non-
protein nitrogen.

6.1.2. Supplements to ensure appropriate levels of animal
production

The objective of these supplements is to ensure additional supply of
nutritional elements to the animal to allow it to develop target
performance levels. In fact straw, even when correctly supplemented to
cover the rumen’s microbe needs, is hardly sufficient to cover more than the
animal’s basic maintenance requirements.

These supplements will no longer consist only of nitrogenous
components. They will also include energy. They will be made up in
proportions according to production requirements such that:

¢ they do not hinder the cellulolytic activity of the mumen

« they assure good equilibrium between the terminal products from
fermentation and from digestion of the ration as a whole in order to
achieve the target production levels.

6.1.2.1. Substitution phenomena

“Catalytic” supplements (§ 13 and 14) favour the cellulolytic fermentation
process and by this, increase the amounts of forage which the animal can

Table 12: Effect of feeding a urea supplement on the digestibility of
bariley straw (Orskov and 6rubb, 1978)

UREA | Digestibility | OrgMat Digestibility | DM intake
(g/day) DM (%) OMD (%) (kg/day)
0 45.1 458 0.42
6 460 467 045
12 478 490 0.44
18 472 483 0.46
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Table 13: Influence of the amount of supplement on straw digestibility
(Oulphy, 1978)

Straw Supplement Crude Protein | Org Mat digestibility
Nature Amount (% of ration)| % DM of ration| OMD of the straw
Whent straw 15 89 46,1
non treated Maize 3 838 43.0
45 89 39.5
Wheat straw Soybean cake 7.5 7.1 422
non treated Soybean cake 15 109 45.8
Soybean cake + Maize 30 12,2 44.8

voluntarily ingest. However above this minimum supplement level, as the
proportion of feed supplements increases one observes negative interactive
digestive phenomena between the forage and the concentrates (see Table
13) and substitution of forage by the supplement:

Substitution Ratio = decrease in the intake of the forage (kg) / increase
in the amount of supplement offered (kg)

For the sake of simplicity, one may say that as soon as the fermentable
carbohydrates represent less than 10 to 15 % of the total dry matter of the
intake, cellulolysis will be favoured and the intake of forage will increase. In
this case the Substitution Ratio will be negative and one may talk of true or
“Catalytic” Supplementation.

Over and above this limit, conditions for cellulolysis in the rumen are no
longer met and the intake of forage will diminish, the Substitution Ratio
then taking on a pesitive value. It can even rise to a value higher than 1
which implies that adding 1 kg of supplement will reduce the intake of forage
by over 1 kg.

The Substitution Ratio is proportional to the quality of the forage offered:
around 1.0 for highly ingestible forages with little encumbrance such as
young cereal regrowth, and weak (between 0.2 and 0.4) for poorly ingestible
forages with high encumbrance such as mediocre quality hay and straw. It
also depends upon the amount of supplement added to the ration (these in
fact “encumber” the rumen) and on their characteristics. The ratio is high for
supplements rich in rapidly fermentable energy due to the drop in pH of the
rumen following the rapid production of volatile fatty acids which they cause
and which does not favour cellulolysis.
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6.1.2.2. Consequences on the nature and the amount of
complementary energy

The energy fraction of the supplement should be added in a manner as to
only reduce the cellulolytic activity as little as possible. The results of the
considerable research on this subject show that the energy supplements
should be:

« as rich as possible in easily degradabie cell walls such as grass and
good quality green forages, pulp from beet and citrus fruit, barley residues
from breweries, ... which might constitute up to half of the total dry
matter of the ration and with as little starch as possible. If this is not the
case then they should not exceed one third of the total dry matter content
of the ration. When one cannot do otherwise, starch from maize or rice
allows better cellulolysis than barley starch. As shown in the following
table, a high nitrogen content in the ration also helps to reduce depression
of the digestibility of low quality forages:

Nitrogen level of ration  Energy level Digestibility of

(Crude Protein as %o DM)  of the ration the straw DM
weak (6.6) weak 534
weak (6.4) high 410
high (10.4) high 53.3

source; ANDREWS ef al., 1972

« they should be fed as regularly as possible, implying fractionated
rations or even better, continuous by mixing them in with the basic ration.

These recommendations are not only valid for natural bulk forages but
certninly more so for treated forage. In effect, treatment is aimed at
improving the digestibility and intake of poor quality forage. Moreover, there
are risks of adding too much or inappropriate supplements which onginate on
the one hand, from substitution of the treated forage with the supplement (a
higher risk than for natural forage due to its higher quality) and on the other
hand, from a reduction to the digestibility of the treated forage due to
negative effects of associative digestibility. The final result is that the
contribution of the treated forage to the digestible elements supplied in the
ration will be reduced and that, in the limit, one will have erased any benefit
due to treating the forage (see Table 14a).
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Table 14a: Examples showing the influence of the amount and nature of
supplements on the digestibility of treated straw

Reference Digestibility of the DM (%)
of the straw of the whole
in the ration ration
1/ Horton, 1978 (Wheat straw)
NT only 45.5
T NH3 only 53.3
increase T-NT 7.8
NT + 30% of supplement 58,9
T NH3 + 30% of supplement 62.6
increase T-NT 3.7
2/ Falony and Sundstol, 1984 (Barley straw)
T NH3 only 53.0 53.0
T NH3 + 70% of pulp 40.0 76.0
T NH3 only + 70% of barley 220 65.0
NT = nonireated
T = treated

6.1.2.3. Consequences on the nature and the amount of
supplementary nitrogen

2/ Degradable proteins and the various forms of non-protein nitrogen
(NPN)
These provide the ammonia needed by the cellulolytic flora for

making their own substances and must be provided in proportion to the
amount of digestible energy in the ration.

It is estimated that a nitrogen content of 1 % (or 6.25 % of crude protein)
is enough for rations which contain less than 50 % of digestible energy
(which corresponds to natural straw fed on its own). This should be raised to
1.5 % or even 2 % (between about 9 and 12 % of crude protein DM) when
the amount of digestible energy is built up either through energy supplements
ot by treating the straw. This interaction of energy/nitrogen content is well
illustrated in Figure 14 (ORSKOV, 1977).



106 ROUGHAGE UTILIZATION IN WARM CLIMATES

Figura 14: Effect of the concentration of energy in feed on the
theoretical amount of feed nitrogen which is needed to satisfy
the needs for microbial synthesis in the rumen. The amounts
required are shown for three different levels of degradability
of the feed nitrogen (Crskov, 1977).

4,0 -
3,6 4
3.2 4
2.8
24
2,0

1,6 -

1.2 4

0.8 4

Nitrogen which is needed in the feed (% DM)

0.4 4

010 T T Y T T -

60 70 80 SO 100
Digestibility of the O.M (%)

Put more simply, the objective is to optimise the microbial synthesis (145
g of crude protein per kg of FOM, or roughly, of DOM) which may be
achieved when the added PDIN is equal to the added PDIE,

Balancing a ration reverts to equalising the supplies of PDIN and PDIE
contained in the different ration constituents.

b/ Supplementary nitrogen for the production needs of the animal, which
should be given following the same rules.

Research carried out over recent years has shown that, particularly in the
case of low quality forages, it is also useful to supply, in addition to
degradable nitrogen, supplementary crude protein in the least degradable
form possible (PDIA): oilseed cake, animal protein, vegetable protein rich
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in tannin such as leguminous shrubs (Leucaena leucocephala, Gliricidia,
Sesbania, Acacia, etc)) which further improve the nutritional value. This
phenomenon is clearly illustrated in Table 14b.

In effect, these proteins ensure supply of the amino acids which the host
animal needs for production purposes (milk, growth, work and reproduction).
The full nitrogen needs of most animals in production cannot be covered
only by synthesis of the microbial proteins. Consequently, it is preferable to
supply small amounts of feed proteins which will escape degradation in
the rumen.

These are also useful to the rumen’s microbes which can beneficially use
the amino acids and short chained polypeptides through synergy. This
discovery, which is relatively recent (RAMIHONE, 1987, RAMIHONE e/
al., 1988; SILVA et al., 1989) is still rarely taken into consideration. It is
illustrated in Table 14b which shows the beneficial effect of protein sources
which are of low degradability on the cellulolytic activity in the rumen. One
should also mention the observations of QOSTING (1993) which show the
synergetic effect of potato proteins which have little degradability; these
improve the yield of the microbial synthesis (PDIM) and at the same time
supply amino acids to the intestine (PDIA, nitrogen of low degradability or
“by-pass” N). It should also be noted that certair protein supplements, such
as fish meal, also supply fatty acids with branched chains which are
indispensable for the microbial synthesis and to the host animal.

Table 14b: Effect of fish meal (FM) (50 g/kg of straw) and beet pulp
(8P) (150 g/kg of straw) on the intake and digestibility of straw
either supplemented with urea or treated with ammonia (Silva

et al, 1989)
SUPPLEMENT | STRAW INTAKE STRAW
Straw oM ‘H day) DIGESTIBILITY (%)
Non treated + urea - 414 49
Non treated + urea FM 480 56
Non treated + urea BP 505 57
Nor treated + urea FM + BP 480 59
[ Treated - 729 57
Treated FM 690 59
I Treated BP 7 59
reated FM + BP 658 64
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And finally to mention an important point presented in the 1960’s
(EGAN, 1965) and again more recently (PRESTON and LENG, 1980)
referring to tropical forages of mediocre quality, in the case of poor
nutritional condition of the animals following insufficient absorption of
amino acids in the intestine, this can limit the intake of these low quality
forages. Only supplying non protein nitrogen will not enable high levels of
intake and by that, high performance. Provision of “protected” proteins will
stimulate the appetite of the host animal and consequently, the intake of poor
forage such as straw.

6.1.2.4. The case of treated forages

Treating certainly improves the nitrogen content and microbial synthesis
of the forages (see Chapter 5) but not in such significant quantities as might
be theoretically expected (importance of the indigestible portion (“MAND”
in French) of the crude protein supplied through treating). Research results
point to the advantages of a supplement of poorly degradable proteins when
this is added to treated forages (see Tables 15a and 15b).

Table 18a: Effect of the nature of the nitrogen supplement in ammonia
treated straw on the growth rate of Pie Noire Friesian heifers
(supplements of identical POI designed for a growth rate of
350 g/day) (Chenost and Besle, 1993)

DIET NT TNH3
Nitrogen supplement | Fishmeal | Urea Rapeseed  Soybean Fish
cake cake meal
DM intake (kg/day)
Straw 507 6.82 7.09 6.90 6.80
Pulp (%) 3.10 2.40 1.95 220 2.30
Nitrogen supplement 0.49 0.66 6.35 0.27
Lirea 0.10 0.09
Minerals and vitarmns 0.10 0.10 010 0.10 0.10
Average Daily Gain
7 266 392 431
(ADG) (g/day) . 1

%) dehydrated beet pulp
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Table 15b: Effect of a supplement of fish meal on the digestibility of
DM of urea treated rice straw and on animal performances
(Saadullah et al., 1982)

DIET 1 2 3 4

Treated rice straw (kg/day) | 26 | 23 | 23 | 24
Water hyacinth (kg/day) 02| 01 | 01 | 01
Fisk meal (kg/day) 00 01 [ 02 | 03

Digestibility DM (%) 50 57 60 62
Average Daily Gain (g/day) | 57 | 198 | 205 | 192

A trial conducted on two year old Friesian calves (CHENOST et al.,
1993) well illustrates all these previous points (see Table 15a); they were
given cither treated or untreated straw, supplemented by beet pulp and, for
the treated straw, a nitrogen supplement of variable degradability (ranging
from urea to fish meal); in each case these rations covered the theoretical PDI
needs according to a target growth rate of 350 g/day. The trial illustrated
everything previously mentioned:

» a proportion of straw in the ration which did not drop below 70 %

« a supplement in “cellulolytic” energy (pulp)

« growth response to the quality (weak degradability) of the protein
supplements.

In this respect, it is important to emphasise that this growth response,
going even beyond expectations (of 350 g/day), reflects:

« the importance of the nature of the proteins and their effect of synergy
which are underestimated in calculating the rations,

» the fact that the nitrogen value of the treated straw, although having been
calculated on the basis of forecasted needs of PDI as determined in the
laboratory, had certainly been over-estimated (relatively poor utilisation
of the nitrogen supplied through treating as mentioned above), since the
nitrogen supplement was of identical PDI level in all treatments and this
was supposed to cover the target growth rate of 350 g/day.

One should note that these supplements were not exclusively nitrogenous.
They also supplied energy in amounts which are not negligible. This is
important to take into consideration in view of balancing the rations (so that
PDIN = PDIE).
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In conclusion, the nutritional value of poor forages is improved through
the addition of non protein nitrogen (urea) which exerts a positive effect on
both their digestibility and intake. However, there is reason to be very
cautious conceming the amount and the quality of energy supplements
supplied. Taken together with the contribution of the straw in supplying the
required nutritional elements, response to supplementation will be completely
dependant upon this latter aspect. Furthermore, energy supplements should
remain within certain limits (from 30 to 50 % of the ration) so as not to
change the action of cellulolysis. This is particularly important in the case of
treated forage if one wishes to conserve the nutritional (and economic)
benefits of treating.

Beyond these limits, it is important to test and to establish response curves
for supplements to treated forages, as has been observed by some authors on
the basis of research experiments and large scale field trials (DOYLE,
DEVENDRA et al., 1986, SCHIERE and IBRAHIM, 1989; DOLBERG,
1993). Observations recorded in China present examples of the growth
response of cattle to increasing amounts of cotton cake supplied as the only
supplement to straw treated with urea (DOLBERG and FINLAYSON, 1995)

6.2. Practical applications

Having already recalled a summary of the nutritional principals involved,
this section focuses on a series of concrete examples gleaned from field
experience and which are offered for the benefit of field technicians. They
show how to reason the calculation of supplements for low quality forages
based on the above fundamental principles, calling upon locally available
forage resources as much as possible and only upon minimum needs for
imported feed or concentrates which do not always conform to these
principles.

Because forage conditions worldwide are so diverse, it is not possibie to
review them all. Emphasis will therefore be placed on the example of

muitinutrient blocks, together with a representative selection of cases
illustrating the use of locally available resources.

6.2.1. Supplements consisting only of urea

This type of supplement, which may be justified if the calculated
quantities of urea needed (see § 1322) in function of the amount of energy
ingested from non-treated straw is respected, is sometimes used in the Sahel
where there is no support supplements for urea such as molasses. The main



