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General problems in assessing the nufritive
value of Mediterranean forages

P. SUSMEL, B. STEFANON, C.R. MILLS
ISTITUO DI PRODUZIONE ANIMALE

UNIVERSITA DEGLI STUDI DI UDINE

VIA. S. MAURO, 2 - 33010 PAGNACCO (UD) ITALY

SUMMARY - Some problems associated with feedingstuffs tables are presented. The authors discuss these problems in terms of
the prediction of nutritive value and conclude that the in situ nylon bag system has considerable potential for resolving many of
the practical difficulties associated with producing feedingstuff tables. However, the in situ technique must be standardised to be
valid. Enzymatic assays can be used to replace the nylon bag technique for the characterisation of protein.

RESUME - “Problémes généraux posés par I appréciation de la valeur des fourrages méditerranéens” . Les auteurs présentent des
problémes concernant les tables de prévision des aliments. Les méthodes et les équations pour I évaluation de la digestibilité de
la matiére séche, organique et azotée sont analysées. Les auteurs remarquent la possibilité d’ utiliser les Méthodes “in sacco” des
sachets de nylon pour étudier la valeur énergétique et azotée des aliments, comment les sous-produits, qui varient beaucoup avec
les diverses conditions géografiques et de climat. La nécessité d’ une standardisation comme les méthodes “in sacco” est enfin

soulignée.

Introduction

In feedingstuffs tables, chemical and nutritive data
are reported as well as some brief information to charac-
terize the feed (NRC, 1982; INRA, 1980, 1988).

In the tables it is generally assumed that the same
feed has an almost constant composition and nutritive
value, but this is only true for most of the cereals, con-
centrates, vegetable oil extraction by-products and some
animal meals. For forages and by-products, many factors,
besides stage of maturity, are involved in determining
both the chemical composition and the biological avail-
ability of nutrients, because rainfall, temperature, light
and fertiliser applications all contribute to modifying
plant structure. Even though tables can report detailed
proximate analysis, fibre fractions, aminoacid and miner-
al and vitamin contents, the data relating to energy den-
sity and digestible or metabolizable protein, frequently
derived from the former information using statistically
derived equations, can often be useless for practical pur-
poses, as forages with similar chemical composition can
be utilised with different efficiencies by animals. For
instance, it is well known that polyphenols, especially
those classified as tannins, have an adverse effect on
degradability and digestibility (Reed, 1987; Susmel et al.,
1989b; Waghorn er al. 1987) and their presence is not
evident from proximate Van Soest analysis. By-products
are even more variable with processing temperature and

method and other factors contributing to a change in
nutritive value; the formation of the Maillard products
are one of the most frequent causes of reduction in di-
gestibility (Van Soest, 1983). .

Strictly speaking, the information obtainable from
tables are useful only in the geographical area in which
the forages and their by-products were grown. A possible
solution to this problem would be to implement tables

with chemical data highly related to nutritional values.
The use of these chemical components in prediction equa-
tions for digestibility would be more useful if these were
established for groups of feeds of similar origin and char-
acteristics. For the Mediterranean feedstuffs, C.IL.H.E.A.M.
(1981, 1983) have proposed tables in which chemical and
nutritive data derive directly from in vivo experiments,
and this is probably the best way to estimate the nutrifive
value of feedstuffs.

The measurement of the nutritive value
of feedstuffs

Energy

The nutritive value of feeds, forages and by-products
of agricultural origin can be measured with digestibility
trials, in which total faeces and urine are collected in a
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Table 1. Previsional equations of organic matter digestibility based on chemical composition of feeds.

DRY MATTER DIGESTIBILITY:

Von Keyserilngk
and Mathison (1989)

Sauvant et al. (1985)

Girard and Dupuis (1988)

(maintenance; SOL = cell soluble; PDF= potentially digestible fibre)
ORGANIC MATTER DIGESTIBILITY:

Demarquilly and Jarrige
(1981)

Barber et al. (1984)
Gigier (1985)

NET ENERGY:
Conrad et al. (1984)

EQUATION 2 rse
97.29-0.701*(%Feed NDF) 0.86 435
08.76-1.174*(%Feed ADF) 0.60 7.29
100.1-0.958*NDF 0.97 5.40
99.0-0.841*NDF-0.616*ADL, 0.98 4.60
0.98*SOL+0.95*PDF 0.99 -
87.8+0.172*CP-3.796*ADL (grass) 2.30
73.4+0.601*CP-2.792*ADL (legumes) 2.79
113.5-1.43*ADF (hay) 0.71 4.00
86.4-2.09*KL (various feeds) 0.68 6.60
99.1-4.38*KL (14 forages) 0.93 3.20
198 - 1.73 * ADFE 0.89 -
2.28[CP*e-0.0172* ADIN+Fat+0.92* 0.99 -

#(1-Ash-CP-NDF)+0.75*(NDF-L)*
#(1-L2/3/(NDF)2/3)]-0.10

5-7 day period and related to intake. In these experi-
ments, the apparent coefficients of digestibility for dry
matter, organic matter, energy, crude protein, fat and fibre
fractions (NDF, cellulose and hemicellulose) can be
derived. It is well known that this method is time con-
suming and expensive. Recently, Tamminga et al. (1989)
have proposed some fibrous feed components, considered
indigestible (rumen indigestible NDF; cellulase indigest-
ible ADF; KMnO4 lignin, soluble and insoluble KMnO4
lignin), as internal markers of forage dry maiter digesti-
bility. The use of internal markers such as acid detergent
lignin and permanganate lignin, to estimate in vivo dry
matter digestibility has been also applied by Krysl et al
(1988) and Susmel er al. (1990).

It is generally accepted that simple proximate analy-
sis cannot be used to estimate nufrient availability in
forages; the fibre characterisation proposed by Goering
and Van Soest has been used more successfully (table 1)
to predict dry and organic matter digestibility for forages,
hay and silage, some by-products and concentrates. It is
likely that for feeds with high levels of fibre and lignin-
like compounds, and especially those coming from coun-
tries with hot climates, the above equations would not
function adequately.

Some in vitro techniques, such as the Tilley and Ter-
ry (1963) method, have been developed and then used
widely to define the energy content of feeds, forages in
particular. The Tilley and Terry method is the most accu-
rate, but it has the disadvantage of requiring rumen liquid
and thus either the availability of fistulated donors or
cattle and sheep to be slaughtered. Some alternative
methods use enzymes, generally bacterial or fungal cellu-
lase, either alone or with pepsin (table 2), that simulate
the whole digestive process. The agreement between in
vivo and in vitro data for fresh forages and hay are gen-
erally high and statistical analysis gives good r2 and low
residual standard errors (table 3). For this reason, enzy-
matic analysis has increased in the past few years and
some energy systems suggest their use for the estimation
of the nutritive value of feeds. Table 3 shows that the
relationships are much more difficult to define for straw.
Thus in vitro methods seem unable, in some cases, to
reproduce accurately the conditions existing in the host
animal and require continuous comparison with data
obtained in the animal.

At the present time, the investigation of degradative
processes directly in the ruminant represents one of the
most promising methods available. Degradability values
have been effectively used as predictors of intake
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Table 2. Prediction of digestibility using enzymes

ENZYME Statistical data rsd r FEEDSTUFES
IN VITRO DIGESTIBILITY (Tilley and Terry):
Barber et al., 1984 y=099 X + 59 2.6 0.71 89 fresh grasses
Barber et al., 1984 y=101 X+ - 0.3 2.0 0.89 53 hay
Barber et al., 1984 X 6.2 0.10 22 straw
CELLULASE OF TRICHODERMA VIRIDE:
Dowman and Collins, 1977 y=059 X + 31.27 2.3 0.89 silages
Dowman and Collins, 1982 y=0.70 X + 16.73 1.9 0.84 grass silage
(NDF) y=0.72 X + 11.25 1.7 0.72 maize silage
y=0.55 X + 2849 1.6 0.70 dried grass
y=0.83 X + 791 2.6 0.88 hay
Rexen, 1977 y=0.83 X + 33.24 3.6 0.91 alkali treated straw
Israelsen et al, 1978 y=-0.70 X + 87.2 32 - 39 compounds
(insolublg: fibre) with alkali

treated straw

PEPSIN CELLULASE:

Jones and Hayward, 1975 y=0.54 X + 35.0 29 0.93 19 grasses
Goto and Minson, 1977 y=0.69 X + 20.3 2.7 0.94 45 tropical grasses
Aufrere, 1982 y=0.87 X + 0.72 - 0.97 23 forages
Barber et al., 1984 y=0.49 X + 39.2 2.5 0.73 " 88 fresh grasses
Barber et al., 1984 y=0.68 X + 264 23 0.85 53 hays
Barber et al., 1984 X 5.8 0.20 17 straws
NDF (PEPSIN) CELLULASE

McLeod and Minson, 1982 y=0.74 X + 159 34 0.89 50 grass and

30 Iucerne
Barber et al., 1984 y=0.56 X + 30.2 2.5 0.76 131 fresh grasses
Barber et al., 1984 y=0.84 X + 11.6 34 0.79 59 hays
Barber et al., 1984 X 49 0.16 24 straws

Table 3. Use of nylon bag technique to predict dry matter digestibility

Digestibility EQUATION rsd 2

estimated: :

In vivo 1.258+0.0642*(a+b) 0.33 0.86  straw
-2.595+0.06244*(a+b)+39.0*c 0.19 0.96 based
-2.5764+0.0554*a+0.0640%b+37.7*c 0.20 0.95 diets
(Orskov et al., 1988a)

In vitro 0.60+0.41*DgOM-0.83*DgHem-+0.51*DgNDF 0.03 0.73  forages

KMnO4-lignin 0.53+0.40*DgOM-0.88*DgHem+0.62*DgNDF 0.03 0.75  forages

(Susmel et al., 1990)

In vivo 0.056 + 0.742% (a+b) 0.06 0.69 forages

In vivo 0.880 - 0.627*%(24 h DM residue) 0.03 0.92  forages

(Von Keyserlingk and Mathison, 1989)

In vivo 48 h DM degradability - 0.93 22 by products

(Bittante et al., 1988)
- 0.92  various feeds

(Bittante et al., 1988)
— 0.96 15 diet
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(Orskov et al, 1988b) and organic matter digestibility
(Bittante et al., 1988; Von Keyserlingk and Mathison,
1989; Susmel et al., 1990). Degradability, digestibility
and nutrients availability of forages and fibrous by- prod-
ucts depends mainly on the fibre composition (Van Soe-
st, 1983; Susmel et al, 1990). The regression equations
reported in table 4 shows that a large proportion of the
OM digestibility can be predicted from the degradabi-
lities of OM and fibre fractions. The potentially degrad-
able fraction of dry matter, measured in sifu, was highly
correlated with the organic matter digestibility (Orskov
et al., 1988a) in straw-based diets. Von Keyserlingk and
Mathison (1989) also reported DM digestibility predic-
tions based on either the potentially degradable fraction
of the dry matter or on the bag residue after 24 hours,
with an increasing level of r2. Susmel et al. (1990)
observed higher 12 values using effective degradabilities,
rather than the potentially degradable fraction, of fibre
fractions (i.e. OM, hemicellulose and NDF). Bittante et
al. (1988) concluded that a single incubation time of 48
hours could be sufficient to rank different class of feed-
stuffs according to their organic matter digestibility and
metabolisable energy content.

Table 4. Correlation coefficients (r) between in situ
degradability of nitrogen and in vifro degrada-
bility.

variables in correlation
In situ In vitro g

Crawford et al. (1978) 2hDg VS 2 h Buffer 0.6
Susmel et al. (1990) Dg VS 1 h Enzyme 0.78
Aufrere and Cartailler (1988) Dg VS Dg Enzyme 0.95
Poos-Floyd et al., (1985) 12 h Dg VS 12 h Enzyme 0.88
Krishnamoorthy et al. (1983) Dg VS Dg Enzyme 0.78
Stern and Satter (1984) 1 hDg VS 1h Enzyme 0.79

Protein

Since the beginning of the 1980s, a large number of
protein systems have been proposed (INRA, 1980, 1988;
ARC, 1984; Madsen, 1985; NRC, 1985; Susmel and Stefan-
on, 1987) in which the nitrogen fractionation into degrad-
able and undegradable has been taken into account. All
the systems consider the relationship between energy and
nitrogen availability in the rumen as the main factor in
determining bacterial growth and, especially for forages,
fibre and protein degradability and total digestibility. As
shown above, rumen degradability can characterise the
energy value of forages and, in turn, their protein value.
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Nitrogen degradability can be measured by means of
the in situ technique (Orskov and McDonald, 1979), but
this method has the same limitations seen for in vivo
digestibility. Antongiovanni et al. (1990) proposed a meth-
od for predicting the protein value of feedstuffs from the
aminoacid profile of the feed before and after incubation
in a tube according to Tilley and Terry methodology. The
values are highly correlated to those obtained in situ.
Alternatively, the use of proteolytic enzymes has been
proposed to estimate nitrogen degradability, but the cor-
relation coefficients obtained are not always adequate
(table 5).

Table 5. Comparison of degradability coefficients and
effective degradability either in sitn or in

rusitec.
Feed a b c Dg
NITROGEN:
Soya In situ 23.0 77.0 0.082 644
Rusitec  57.8 40.8 0.106 84.6
sksk sk ES ok
Oats In situ 66.0 27.6 0.183 859 .
Rusitec -~ 79.1 104 3455 89.2
dek kel * gk
Wheat bran In situ 29.1 70.7 0.100 70.6
Rusitec  58.9 35.6 0.067 78.0
Hk qek * Rk
Mean In situ 29.5 43.8 0.091 55.2
Rusitec  48.9 21.7 0907 63.0
ns * ns ns

y=at+b*(1l-e-ct); Dg = a+(b*c)/(c+k);
k in situ = 0.06; k rusitec = 0.055

In an experiment conducted by Susmel et al. (1990),
the nitrogen degradability measured with protease from
Streptomyces griseus at 1 and 24 hours and the in situ
degradability coefficients (i.e. a, b, a+b) were generally
poortly correlated, with r values less than 0.7. A highly
significant (P<0.001) correlation was observed between
the in situ effective degradability and the ir vitro degrada-
bility value at 1 h. Good correlations between in situ
nitrogen degradability values and short (from 1 to 4
hours) incubation times either in enzyme or buffer solu-
tions were also reported by Crawford et al (1978), Krish-
namoorthy et al (1983), Stern and Satter (1984) and Poos-
Floyd et al. (1985). Aufrere and Cartailler (1988) report-
ed a high correlation (r2 0.95) between the effective nitro-
gen degradability in situ and that obtained with an enzy-
matic technique with various incubation times.
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The use of continuous fermentation devices to simu-
late rumen dry matter and nitrogen disappearance is also
fairly common. In an experiment conducted at the Insti-
tute of Animal Production of Udine (Susmel, Mills and
Stefanon, personal communication) the degradability of
4 feeds was measured simultaneously either in situ (4
cows, duplicate) or in a RUSITEC apparatus (triplicate
bags). Incubation times were 0, 2, 4, 10 and 24 hours.
The results reported in table 6 show that the in vitro data
differed significantly from those obtained in situ for nitro-
gen. From these results, the difficulty of simulating the
conditions found in the rumen is evident.

Conclusions

The results and the equations presented in this paper
represent only a small part of a much larger number
published elsewhere, but some conclusions can be drawn.

The prediction of energy and protein values for feeds
needs to be stated for a specific feed type, since general
equations can fail to give accurate estimates. In particu-
lar, straw, by-products and, probably, forages with high
concentrations of fibre and lignin require additional care.
From the above reported equations, it seems that for
these feed types, the rumen degradability of dry matter,
organic matter or fibre fractions are highly correlated with
the digestibility and that the determination of fibre frac-
tions according Van Soest or of other “indigestible” com-
pounds is useful.

The in situ method has the advantage of comparative
ease of use, together with the fact that it exposes test
substrates to the entire rumen flora for an adequate peri-
od of time in the dark and under slightly reductive con-
ditions. The in situ technique can be used either to study
the degradability of a wide variety of incubated feed-
stuffs with one basal diet or to study the effect of a range
of basal diets on one or more incubated feedstuffs. The
adoption of degradability assays allows a simultaneous
estimate of the degradability of both dry matter and nitro-
gen; in this way the protein value of a feed can be easily
predicted (Susmel and Stefanon, 1987). Experimental work
should be directed towards the estimation of the in situ
degradability of standard forages and straw, such as
lucerne hay and wheat straw, in reference laboratories in
the Mediterranean area; on the same forages, chemical
analysis should be performed. At the same time, in vitro
determinations should be adopted to find close correla-
tions with the in vivo data and with the chemical char-
acterisation of the feeds. '

The in situ technique needs to be standardized using
appropriate basal diets and animadls, although it is as yet
difficult to apply results obtained from one species to
another. This problem is particularly valid for the animal
species found in-developing countries, where the animals

CIHEAM - Options Mediterraneennes

have adapted to the environment and probably have an
enhanced ability to digest lignocellulose.
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