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Abstract — Seventy-nine forages of known in vivo organic matter digestibility (OMD) out of which

45 of known voluntary dry matter intake (DMI) all measured with sheep, were submitted to the in vitro
gas production (GP) technique. The aim was to study the prediction acdfaR$D) of the nutri-

tive value of the main components of forages that is, OMD, DMI and voluntary digestible organic mat-
ter intake (DOMI). This accuracy was compared with that obtained with the pepsin cellulase method
(Cellulase). It appeared necessary to consider the forages by category (grasses or legumes and green
forages or hays) in order to obtain a better accuracy in OMD prediction. The “(a + b)” value of the
GP model = a + b (1=8) used to fit the data did not appropriately predict OMD, which was much
better predicted from the “c” value (related to the rate of fermentation) or by Cellulase. For grass hays,
the OMD was already well predicted by GP 24®P (gas produced after 24 howrsrude protein
content). The accuracy of digestibility prediction was improved by adding CP as a complementary
variable except with lucerne hays. The relationships between DMI and gas production (at a given time
or at the end of fermentation) were fair and not really improved by adding CP content. However, the
accuracy of DOMI prediction was slightly better with “%cCP than with Cellulase for green grasses

and grass hays, although Cellulase was better for DOMI prediction of whole lucerne. Although the
gas production technique was less efficient than Cellulase to predict OMD it is an interesting tech-
nique for predicting voluntary DOMI, that is the global nutritive value of forages.

prediction / organic matter digestibility / ingestibility / in vitro gas production / Cellulase /
forages / ruminant

Résumé— Utilisation de la technique du gaz-test comme outil de prévision de la valeur
énergétique des fourraged.’objectif de cette étude a été de mesurer la précision de la méthode de

la production de gaz (GP) in vitro pour prévoir la valeur énergétique des fourrages et de comparer
celle-ci a la méthode pepsine-cellulase (Cellulase). Soixante-dix-neuf fourrages dont la digestibi-
lité in vivo de la matiére organique (OMD) était connue ont été utilisés comme substrats. Les valeurs
des quantités volontairement ingérées (DMI) étaient connues pour 45 des fourrages. Les substrats étaient
fermentés dans des seringues avec le fluide ruminal et la production de gaz était relevée 3, 6, 12, 24,
48, 72, 96 heures aprés inoculation. Il est apparu nécessaire de considérer les fourrages par catégories
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(graminées ou luzerne, foin ou fourrage vert) pour obtenir une meilleure précision dans la prévision
de OMD. La valeur (a + b) du modéle GP = a + b {%)-atilisé pour I'ajustement des données,

n'est pas appropriée pour la prévision de OMD. La relation est plus précise avec le parametre « ¢ »
(relatif & une vitesse de fermentation) ou avec la Cellulase. Dans le cas du foin de graminées, OMD
est déja bien estimée dés 24 heures par GP<ZFh(production de gaz a 24heneur en matieres
azotées). La précision de la prévision de OMD est améliorée par I'introduction de CP excepté pour
les foins de luzerne. Les relations entre DMI et GP ne sont pas trés bonnes et pas vraiment amélio-
rées par l'introduction de CP dans la régression. Cependant, la précision de la prévision de DOMI
(matiere organique digestible ingérée) avec « €P a été légérement supérieure a celle obtenue avec

la Cellulase pour les fourrages verts et les foins de graminées alors que celle-ci a été meilleure avec
la Cellulase dans le cas des luzernes. Bien que la technique de production de gaz in vitro soit moins
efficace que la Cellulase pour prévoir OMD, c’est une technique intéressante pour prévoir DOMI i.e.
valeur nutritive globale du fourrage mais sa précision est essentiellement due a OMD plutét qu'a DMI.

prévision / digestibilité de la matiére organique / ingestibilité / fourrage / gaz-test / Cellulase /
ruminant

1. INTRODUCTION 2. MATERIALS AND METHODS

The gas production (GP) technique [272-1. In vivo measurements
28] is used more and more to predict (fo
preliminary in vitro studies) the fermentative  In vivo organic matter digestibility
digestion of feeds or rations in the rumen. [(OMD) measurement was performed on six
is also becoming popular for predicting themature 3 or 4-year-old wethers. Digestibil-
nutritive value of forages. The advantages city and voluntary dry matter intake (DMI)
the GP technique over other in vitro tech-measurements were done, according to
niques [32] for feed evaluation have beerDemarquilly and Jarrige [16], for 6 days
outlined by Blimmel and @rskov [10] after an adaptation period of 10 days, each
and Makkar et al. [26]. The relationshipsperiod being separated by Sunday. The vol-
observed by Khazaal et al. [23] betweeruntary digestible organic matter intake
in vivo data and prediction measurement(DOMI) was calculated as the product of
on grasses and legume hays are, howevéOMD and DMI.
less accurate with the GP technique tha
with the in situ technique. More particu-
larly, and as underlined by Blimmel and
Bullerdieck [9], the prediction of voluntary
intake from the fermentation rate as a pre
dictor of the rate of degradation — and there
fore of intake — suffers from the bias intro-
duced by the synthesis of microbial biomass
This observation led these authors to intro
duce a correction factor related to residues 2. Samples
in situ degradabilities.

The aim of this study was to evaluate the Seventy-nine forages (24 green (G) grasses,
accuracy of the GP technique in predictin38 grass hays (H), 5 G lucernes and 12 H
organic matter digestibility (and intake, lucernes) of OMD out of which 45 (17 G
when available) on various types of forageigrasses, 16 H grasses, 5 G lucernes and
in comparison with the pepsin-cellulase? H lucernes) of known DMI, all measured
method (Cellulase). with sheep, were chosen with varying OMD

During the experimental periods, the
animals were housed in individual cages
(2.5 n?) on wood shaving litter and allowed
free access to water and a salt block. The ani-
mals were given the forage in a chopped form.
They were fed two meals per day ad libitum
(10% refusal) at 09.00 h and 17.00 h.
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(from 49.0 to 80.8%) and crude protein (CP).12 mL of a trace element solution, 1.22 mL
content of dry matter (DM), (CP from 48 of resazurin solution (100 mg resazurin
to 253 gkg L DM). Their characteristics are made up to 100 mL distilled water),
given in Table I. 49.5 mL of a reduction solution (prepared
fresh and separately and consisting of 2 mL
of NaOH 1N, 285 mg of N&-7H,0 and
47.5 mL distilled water for 1 L saliva), com-
pleted with 475 mL of distilled water. The
buffer solution consisted of NaHCO
35 gLtand NHHCO, 4 gL~ The main

Rumen liquor was obtained from twoelementjolunon consusted_zif PO,
rumen-fistulated sheep (65 kg liveweight)®: 70 9L™ KH2P0316-20 gL™"and Mg
maintained in cages (2.5)with wood shav- SO,-7H,0 0.60 gL™. The trace element
ings litter and fed 1 kg~ (fractionated into  SPlution consisted of CagPH,0 13.20 g,

two equal meals per day) of a cocksfoo{vlr'C|2'4|_|2O 10.00 g, CoGH6H,0 1.00 g
regrov?/th hay of 1p53 g C)IQg—l DM. The and FeCJ-6H,0 0.80 g made up to 100 mL

liquor, sampled 1h after the morning meaI}NIth distilled water.

was strained through 4 layers of cheesecloth The rumen liquor was incorporated in
and the filtrate was maintained at 39 °Ghe medium once the reduction process was
under CQ reflux before use. achieved (resazurin decoloration after adding
the reduction solution). All manipulations
were done under continuous C@flux.

2.3. Gas production measurement

2.3.1. Fistulated donor animals
and rumen liquors

2.3.2. Inoculum preparation

The inoculum was prepared as described.3.3. Incubation and gas production
by Menke and Steingass [27]. It consisted of measurements
the rumen liqguor mixed (1:2 v/v) with anaer-
obic artificial saliva. The latter included, for ~ About 200 + 10 mg dry weight of sub-
a final volume of 1 litre, 237 mL of buffer strate sample were weighted into 100 mL
solution, 237 mL of a main element solutioncalibrated glass syringes. The syringes,

Table I. Characteristics, average and extreme values of crude protein (CP) and crude fibre (CF) contents
and in vivo organic matter (OMD) and in vitro cellulase (Cellulase) digestibility of forages used.

Categories Number Crude protein  Crude fibre Cellulase OMD
% DM %

Green grasses 24 154 26.9 64 69
(8.2-21.6) (19.2-37.3) (47-81) (55-81)

Grass hays 38 11.3 31.6 52 59
(4.8-21.0) (20.3-39.1) (37-76) (49-73)

Green lucernes 5 19.1 23.6 68 69
(15.2-25.3)  (19.4-29.3) (58-75) (61-75)

Lucerne hays 12 17.9 30.4 63 60
(13.5-21.0) (25.2-37.6) (54-69) (54-64)

Extreme values in brackets.
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pre-warmed at 39 °C and their pistons lubriwith 2 runs out of a total of 18 runs), the
cated with vaseline to prevent gas frondata of such runs were discarded and not
escaping, were then inoculated with 30 mLcorrected for the standard values. The NGP
inoculum under continuous G@flux. They were then related to a sample weight of
were incubated in a water bath at 39 °C foexactly 200 mg dry matter.

96 hours and gently shaken for half an hour peqe caiculated GP were fitted with the
after inoculation, every hour for the first | -0\ 1ar model y=a+b (1=Sof

3 hours and t.hen at each recording' time. Th@rskov and McDonald [29], considering 3,
gas production (GP) of each syringe wa , 12,24, 48, 72 and 96 hours fermentation
recorded after 3, 6, 12, 24, 48, 72 an or all the samples where “a” is the gas

96 hours of fermentation. To prevent thz;:oduced from the readily fermented organic

gas volume in the syringes from exceedin g
60 mL, the pistons were moved back to th(?r atter (OM) fraction, "b” the gas produced

i om the slowly fermented OM fraction
35 mL position after 12 hours of fermenta—_and “c” the rate of fermentation of OM:

tion. Each substrate was incubated in duplln(a + b)" represents the potential gas pro-
cate in three different runs in order to gen- uction from the total degraded OM of the
erate 6 measurements per substrate samp @mples. For the 45 samples of known DMI,

Each run included in triplicate, a standar. he model was also fitted omitting the 96 h
sample (the hay fed the fistulated donor ani- oint to check whether it was possible, with

mal_s) an? a blalmk (syringes incubated wit uch forages, to save time without losing
& inoculum alone). accuracy in prediction.

2.3.4. End-products

2.4. Chemical analysis and other tests

After 96 hours of incubation, the medium

of each syringe was checked for pH. For 1 of Ash content was determined after incin-
the 3 runs, the residues were then mixegration for 6 hours at 550 °C. For all sub-
with 0.1 vol. HPO, 5% (v/v) and stored at strates, dry matter (DM), organic matter
—20 C for further NH3-N and volatile fatty (OM) and crude protein (CP) content (62Q5
acid (VFA) analyses. VFA of blanks werejeldahl nitrogen) were determined by
subtracted from the measured VFA of samaOAC methods [4]. Crude fibre (CF) was
ples to obtain VFA production of each subetermined by the method of Weende
strate. The NH3-N concentration in the(AFNOR [1]). The degradability of DM in
medium at the end of fermentation washe pepsin-cellulase method (Cellulase) was
determined in order to check if medium congchieved according to the method of Aufrére
ditions were correct for normal microbial and Michalet-Doreau [6]. VFA were deter-
growth. mined as described by Jouany[22]. NH3-N

was determined as described by Davies and
2.3.5.Gas production and data calculation Taylor [15].

Mean gas production data of blanks were
subtracted from the recorded gas produc?.5. Statistical analysis
tion of the standard and of all the substrates
to get the net gas production values (NGP). The effects of experimental factors like
NGP of substrates were kept as such aftdrotanical family (grass or lucerne), conser-
having checked that the SD of standard NGRation (green or hay) and their interaction on
samples (representing variability betweerthe fermentation characteristics (pH, MH
runs) were not higher than 1.5 mL. WherVFA, GP) were investigated by analysis of
this was not the case (which occurred onlyariance of unbalanced design. The linear
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model used Wasijyz H+o,+ Bj + Vi * € higher pH (6.82 + 0.06 and 6.79 £ 0.04

where \(Jk Ha, Bj, Yi andsijk represent respectively) than both G and H grasses
respectively the studied variable, intercept(6.73 £ 0.06 and 6.72 + 0.04 respectively).

effect (grass or lucerne), effect (green oBut there was no statistical effect of forage
hay), interaction and independent errorsconservation.

Parameters of the model were estimated The NH3-N concentration after 96 h was

with contrasts of sum and the sums o053 453 mg_~Lon average and, ranged from
squares of type Il were used to calculates; 1 mgL~Lon average for the G lucerne to
the statistical F. 386 mgL~on average for the H lucerne
Regressions between OMD, DMI and(Tab. Il). Conservation of forages had a sig-
DOMI parameters were classified for dif- nificant effect P < 0.05) with higher values
ferent forages (grasses or legumes, green tor hays in the case of lucerne but not
hay). The prediction of these parameters wagrasses (conservationbotanical family
compared using CP, CF, Cellulase, the GP @tteraction).
each of the seven fermentation times, and Ttg] VEA production was, on average
also with_linear determinants “(a + b)” andsq g forages, 35.10 * 6.16 mmolgs!
“c”. The linear model used was Yo=+ BX  p (Tab. II). It ranged from 31.50 to 38.18
+€, where Y, B, X ande are respectively respectively for H and G lucernes and

explaine_d variables, intercept, slope, regreseflected the pH values except for the H
sor and independent error. These prediCto§cerne.

were considered either alone or in combina- .

tion with CP as an additional explanatory ~1here was no effect of the botanical fam-
variable. The parameters “(a + b)” and «o»ily on the molar proportion of VFAs b.ut
were considered alone in single correlatiorf€r€ was a small effect of conservation,
and in combination in multiple correlation. Which was significantR < 0.05) for propi-
The parameters “a” and “b” were always®nate (&) and isobutyrate (ig). The green
considered together “(a + b)”, representind®rages produced slightly higher levels of
the potential gas production of the sample@cetate (§) and iG, and slightly lower lev-
The association between dependent an@lS of G than the hays. The mean @ro-
independent variables was expressed as th@tion (Tab. 1) was 66.06 + 4.60%. It

variance of the model as a percentage dfn9ed from 64.10 +7.63 t0 67.40 £ 1.55%

total variance R2) and the accuracy of the respectively for the H lucerne and G grass.

g i ; ; ;The mean Cproportion was 22.80 + 3.84%
rediction in terms of its residual standard
Geviation (RSD). and ranged from 21.02 + 1.02 to 24.12 +

5.97% respectively for G lucerne and H
lucerne P < 0.05). The butyrate ({ pro-

portion (7.31 + 1.13 in average) ranged from
3.RESULTS 6.61 +1.36 to 7.64 +1.32% for respectively
3.1. Fermentation characteristics H lucerne and H grass which were not sig-

nificantly different. The iG proportion (0.62

The mean pH values of rumen liquor weres 1.36% in average) ranged from 0.14 +

6.42 +0.12. The mean pH value of the blank.-30 10 1.60 £0.31 for respectively H grass
prior and after incubation did not change an nd G Iucerne which were significantly
was about 6.89 +0.1. The average pH of thé® < 0-05) different.

medium after 96 h of fermentation (Tab. Il) The parameters of the model were very
was, for all the forages, 6.74 + 0.05, whichsignificantly (P < 0.001) influenced by
was slightly lower than that (6.89) of thethe botanical family. Grasses had a higher
blank at the end of incubation. Both G and Hi(a + b)” about 274 + 17 mig"DM in con-
lucernes, had a significantlf?(< 0.001) trast with 231.2 + 11 mig~! DM for



Table Il. Fermentation characteristics (pH, NH3 Nitrogen, total acidity, VFA proportion) of residues after 96 h of fermentation raait gsppro-
files observed for the 16 series carried out with the 79 forage samples, considered either together or by categories.

Units n NH3-N Total acidity 1C2 2c3 3c4 4IcC4  S(a+h) 6¢c
mgL™?  mmolg? mL-g~? h-t
DM %
All substrates 79
Mean 6.74 353 35.10 66.06 22.80 7.31 0.62 265.0 0.067
SD 0.05 58 6.16 4.60 3.84 1.13 1.36 16.5 0.012
Green grasses 24
Mean 6.73 3540 36.2¢ 67.40 21.33 7.15 1.02 270.¢% 0.067
SD 0.06 46 5.38 1.55 3.17 0.62 1.41 215 0.012
Grass hays 38
Mean 6.72 348 35.13°  65.87 2358  7.64 0.14 277.¢  0.054
SD 0.04 64 7.23 4.90 3.59 1.32 1.30 14.5 0.011
Green lucernes 5
Mean 6.82 3112 38.18 65.66  21.02¢  7.16 1.66 242.%  0.09%
SD 0.06 62 3.45 0.56 1.02 0.76 0.31 12.0 0.016
Lucerne hays 12
Mean 6.79 386 31.50 64.10 24.1% 6.61 0.92b 226.%  0.09¢
SD 0.04 61 4.19 7.63 5.97 1.36 1.65 10.0 0.010
Green(G) or Hay (H) ns * * ns * ns * ns o
Grass(g) or lucerne (1) Hkx ns ns ns ns ns ns Hkk Hkx
(GorH)x(gorl) ns * ns ns ns ns ns ns *

1 Acetic acid 2 propionic acid2butyric acid,isobutyric acid?® potential gas productiofirate of gas production.

Data bearing the same superscript within a column are not diffef@rt @105.

Effects: ns = not significant; ** = significant Bt< 0.05; *** = significant at° < 0.001.

14513
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lucerne. Conversely, the gas production rat8.2.3. Accuracy of prediction

“c” was higher for lucerne 0.091 + 0.0m1"

(P < 0.001) and was significantlP& 0.01) The best prediction of G grass OMD was
influenced by conservation for grasses onlyobtained with Cellulase alone with an RSD
0.067 + 0.012 and 0.054 + 0.0htl for ©f 1.86 (Tab. Ill). The best RSD allowed

respectively G and H grasses (Tab. Il). by the gas fermentation characteristics were
obtained with the parameters of the model

([(a + b), c], RSD = 2.11), which remained

inferior to those allowed by Cellulase. Fig-
ure 1 shows that the degradation rate (c)
. S also allowed a good accuracy of prediction

3.2.1. Six or seven recording times (RSD of 2.16). Addition of CP significantly
for the @rskov model improved the prediction accuracy obtained
with GP at 12 h or 24 h but not that obtained

Seven recording times (including 96 h)with “c” or Cellulase (RSD = 1.90).

tested on the 45 forages with known intake, g pest prediction of H grass OMD was
did not allow a significantly better prediction gptained with the parameters of the model
accuracy of OMD than 6 recording times|(a + ), c], (RSD = 2.39). Cellulase per-
(omitting 96 h). RSD was, respectively for 7mjtted an RSD of 2.67, slightly inferior to
and 6 recording times, 7.91 and 7.66 withhat allowed by GP 24 h (2.61). Addition
the “(a + b)” values and 6.25 and 6.41 withof CP significantly improved the prediction
the “c” values of the model. It is also worthaccuracy obtained with GP 24 h (RSD =
noting that “c” (rate of fermentation) was 2.24) or with [(a + b), ¢] (RSD = 2.10).
surprisingly better than *(a + b)” (potential  riq,re 1 shows that, (1) more obviously
degradability) in predicting OMD. Since it than'in the case of grasses, G lucerne,
was much less time consuming, it is advisyjthough there were only 5 samples, belong
able to use 6 checking times for 72 hoursy 4 different population than H lucerne and,

Nevertheless we used 7 checking times i) they were better predicted than H
the rest of the study in order to avoid anyjycerne.

risks of errors linked with either eventual The best prediction was obtained with

uncompleted fermentation or eventual bia%:ellulase for G and H lucernes (RSD = 1.75
implied by the mathematical fitting of the 4 5 07 respectively). The best predictions
curves. from the GP characteristics were the rate
(c) for the G Lucerne (RSD = 0.88) and GP

3.2.2. Considering forages by categories 24 h for the H lucerne (RSD = 2.40). Pre-
diction accuracy (RSD) was improved by

The high effect of the botanical family adding the CP content for the G lucerne

and conservation on the gas productior?nly'

profiles (Tab. I1) led us to separate the for-

ages into four separate categories, G and B3, pm| prediction (Tab. IV, Fig. 2)
grasses and G and H lucernes, for the cal-

culation of the correlation between OMD  The prediction of G grass DMI was fair
(and DMI and DOMI) and the various pre-with the GP parameters and Cellulase. The
dictors. In fact, from Figure 1 where OMD best prediction was obtained with CP alone
is plotted against “c”, it was clear that G(RSD = 7.50). The best prediction of H grass
and H grasses and G and H lucernes belongas obtained with Cellulase (RSD = 6.37)
to different populations. Tables Il and IV followed by the “c” parameter (RSD = 6.88).
regroupR? and RSD values of the correla- Adding CP did not improve the accuracy of
tions with the most explanatory variables. the prediction.

3.2. OMD prediction
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Figure 1. Relationships between in vivo OMD of 79 pasture plants and c value of the cumulative
in vitro gas production according to botanical family and conditioning of the plants.
(o) Green grasses))) grass haysm) green lucernes{() lucerne hays.

Table Ill. Precision (RSD) of the prediction of organic matter digestibility (OMD) of forages from
Cellulase and crude protein content and gas production characteristics alone or in combination with
one another.

Predictot Significance of predictér

1st 2nd 3rd R2 RSD 1st 2nd  3rd

Green grassen,= 24, (54.7-80.8)

CP 0.31 5.65 *k
cellulase 0.93 1.86 ko

12 h 0.66 3.96 *kk

24 h 0.59 4.32 *kk

c 0.90 2.16 *kk

(a+b) 0.15 6.25 ns
(a+b) c 0.91 211 NS sk
cellulase CP 0.93 1.90 ko ns
12 h CP 0.79 3.17 *kk *k
24 h CP 0.78 3.26 KEE Rk

c CP 0.90 221 kx ns
(a+b) c CP 0.91 2.16 NS ns
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Table Ill. (Continued).

Predictot Significance of predictér

1st 2nd 3rd R2 RSD 1st 2nd  3rd

Grass hays) = 38, (49.0-72.5)

cp 0.56 4.19 sokk
cellulase 0.82 2.67 ok

12 h 0.70 3.43 *hk

24 h 0.83 2.61 ok

c 0.76 3.12 Kk

(a+b) 0.28 5.34 Kk

(@a+b) c 0.86 2.39 Kk *kk
cellulase  CP 0.83 2.64 ok ns
12 h CP 0.80 2.87 Kok *kk
24 h CP 0.88 2.24 Xk *kk
c CcpP 0.79 2.91 *kk *
(a+b) C CP 0.90 2.10 Xk Hokk %k

Green lucernes = 5, (60.6—74.9)

CP 0.61 4.06 ns
cellulase 0.93 1.75 *k

6h 0.77 3.12 ns
12h 0.68 3.64 ns

24 h 0.22 5.70 ns

c 0.98 0.88 *k
(a+b) 0.16 5.93 ns
(a+b) c 0.98 1.00 ns #x
cellulase CP 1.00 0.55 *k *
6h CP 0.99 0.79 * *

Lucerne haysn =12, (54.3-63.8)

CP 0.14 3.14 ns
cellulase 0.65 2.02 *k

12h 0.44 2.55 *

24 h 0.50 2.40 *

c 0.41 2.61 *

(a+b) 0.37 2.70 *

(a+b) c 0.52 2.47 ns ns
cellulase CP 0.65 2.13 *k ns
12h CP 0.51 2.50 * ns
24 h CP 0.59 2.28 * ns

c CP 0.43 2.69 ns ns
(a+b) c CP 0.59 2.43 ns ns

1CP: crude protein; CF: crude fibre; Cellulase: pepsin-cellulase method.

(a + b): potential gas production, c: rate of gas production of the model y = a + 6).— e

12 h and 24 h are the quantities of gas produced after, respectively 12 and 24 hours incubation.
2Effects: ns = not significant; ** = significant Bt< 0.05; *** = significant atP < 0.001.
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Table IV. Precision (RSD) of the prediction of voluntary dry matter intake (DMI) and digestible orga-
nic matter intake (DOMI) of forages from Cellulase and crude protein content and gas production cha-

racteristics alone or in combination with one another.

Predictot

1st 2nd 3rd R2

RSD

Significance of predictér

1st 2nd 3rd

DMI (g -LW 979 prediction

Green grassen,= 17, (42.8-83.8)

cP 0.68 7.50 stk
cellulase 0.18 11.94 ns
[ 0.24 11.50 *
c CP 0.69 7.61 ns feiiad
Grass hays) = 16, (42.0-73.9)
CP 0.37 8.37 *
cellulase 0.63 6.37 *kk
c 0.57 6.88 *okk
c CP 0.59 7.02 * ns
All lucernes,n=12, (61.8-90.1)
CP 0.36 7.40 *
cellulase 0.34 7.50 *
c 0.30 7.70 ns
c CP 0.42 7.42 ns ns
DOMI (g -LW 275 prediction
Green grassen,= 17, (26.7-57.2)
cP 0.80 4.98 sk
CF 0.65 6.68 stk
cellulase 0.54 7.64 ko
24 h 0.09 10.69 ns
c 0.62 6.96 ok
(a+b) c 0.77 5.57 wr ek
CF CP 0.85 4,52 NS  #xx
Cellulase CP 0.84 4,59 NS x%*
C CP 0.85 4.47 * Kok
(a+b) c CP 0.86 4.57 ns ns =
Grass haysy = 16, (21.4-52.5)
CP 0.54 6.50 *x
CF 0.78 455 Fekk
Cellulase 0.86 3.67 *kk
24 h 0.64 5.77 *okk
C 0.76 4.77 ook
(a+b) c 0.76 4.90 NS %
CF CP 0.81 4.41 *k ns
Cellulase CP 0.86 3.81 *kk ns
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Table IV. (Continued).

Predictot Significance of predictér
1st 2nd 3rd R2 RSD st 2nd  3rd
C CP 0.79 4.55 ok ns
(a+b) c CP 0.79 4.73 ns ns

All lucernes,n=12, (35.4-63.9)

CP 0.54 5.90 *k

CF 0.84 3.50 okk
Cellulase 0.74 4.43 *kk

12h 0.59 5.60 *k

24 h 0.46 6.40 *

c 0.71 4,70 *hk

(a+b) c 0.75 4.60 *x ns
CF CP 0.87 3.37 *k ns
Cellulase CP 0.85 3.50 *k *
C CP 0.80 4.10 *k ns
12h CP 0.95 1.96 KA Rk

1CP: crude protein; CF: crude fibre; Cellulase: pepsin-cellulase method.

(a + b): potential gas production, c: rate of gas production of the model y = a + 6).— e

12 h and 24 h are the quantities of gas produced after, respectively 12 and 24 hours incubation.
2Effects: ns = not significant; ** = significant Bt< 0.05; *** = significant atP < 0.001.

Too few lucerne samples did not allow According to Figures 1 and 2, it appears
reasonable RSD in the prediction of theirthat the “c” value allowed better pooling of
DMI. However, pooling all the lucerne all categories of forages when plotted against
(green and hays,=12) led CP to an RSD DOMI than against OMD. In fact, regroup-
of 7.40. Cellulase gave a similar result (RSOng all the 45 samples led Cellulase and “c”
= 7.50) although “c” was not significant. x CP to an RSD of respectively 5.63 and

5.35 which were not too bad in view of

. the large range of DOMI variation (21.4 to

3.4. DOMI prediction (Tab. IV) 69.9 gkg~L LW 0.75). The best predictions
were obtained with Cellulase alone for the

Although statistically significant, neither 1 g grass hays (RSD = 3.67) and with GP
chemical nor gas-test predictors taken along, px cp for the 12 legumes (RSD = 1.96).
allowed a reasonable RSD for G grasses

except CP (RSD = 4.98). CP significantly
improved P < 0.001) the prediction but only
in the case of G grasses. Combinations o
CP with CF, Cellulase, and “c” led to RSD -
of, respectively, 4.52, 4.59 and 4.47. For HOIVID prediction
grass, the better prediction of DOMI waschoice of a parameter of gas production
obtained with Cellulase (RSD = 3.67). technique for OMD prediction

Pooling G and H lucernes still allowed
correct RSD, the best ones being respec- In our results, the rate of fermentation
tively 4.43 with Cellulase and 1.96 with the(c) was always a better predictor of OMD
GP 12 hx CP combination. than the potential degradability (a + b). This

. DISCUSSION
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Figure 2. Relationships between voluntary in vivo DOMI of 45 pasture plants and c value of the cumu-

lative in vitro gas production according to the botanical family and conditioning of the plants.
(o) Green grassesy)) grass haysm) green lucernesf() lucerne hays.

observation is consistent with that recordednore significant predictors (Cellulase, or
with whole plant maize [13], although for- GP parameters). This might partly be
ages were less rapidly fermented than maizexplained by the fact that haymaking with
The best GP recording time for hays (graskicerne leads to greater and more variable
and lucerne) was about 24 h whereas it wdesses of leaves than with grasses.

about 12 h for green grasses and 6 h for o

green lucerne which contained more soluble, The OMD prediction accuracy was not
rapidly fermented carbohydrates. In mostmproved by adding the CP content as a pre-
cases, the model parameters ((a + b), ) weftictor with Cellulase except in the case of
more accurate than the recording times biiréen lucerne as we observed previously for
more time was required (till 96 h) to cor-Maize [3] but not for forages [5]. Con-
rectly fit the GP curve. So, it might be inter-Versely, adding CP content as a predictor of
esting to choose one relevant recording tim&'e GP parameters allowed an improvement
between 6 h and 24 h according to the kin@f the accuracy of the prediction (except with

of sample for a faster prediction. H lucerne), as we found previously [13, 24,
25]. This was likely to be attributed to the

The accuracy of OMD prediction was mathematically more important “weight” of
better with green forages than hays for théhe inherent direct relationship between CP
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and digestibility R% = 0.31, 0.56, 0.61 and intake {2 = 0.68 and 0.74 respectively for
0.14, respectively for GG, GH, GL and LH), Khazaal et al. [23] and Romney et al. [30]).

in the case of a poor correlation such as that Various workers [12,19] have reported

between OMD and (a + b) rather than in thesigniﬁcant correlations between in vitro gas

case of an already good relationship bet""eeﬁroduction and dr ;
J = ) y matter intake. But gas
OMD and (c). This improvement might also 5 . ,ction from extracted neutral detergent

be due, as suggested by Khazaal et al. [23§, .6 (NDF) was shown to be better corre-

to the fact that CP may act as a “coITectiofya q o yoluntary feed intake than the values

factor” of the bias introduced by the proteingptained from the incubation of whole
fermentation of forages rich in CP such a?oughage 8.

legumes. One explanation may be tha o o
NH,HCO, formation from NH, of CP fer- The prediction of DMI was similar when
mentation and from CQherefore leads to a based on GP as compared to calculations
reduced contribution of COn the total gas based on the chemical composition (Dulphy
produced and CP produces less gas,jCcO¢t al. [18], with CP and NDF as predictors;
than the fermentation of carbohydrates. Demarquilly et al. [17] with crude fibre;

. - Baumont et al. [7] with NDF). The accuracy

OI\)I/\Sthggro{)?czmtesd wﬁhbgseﬁlﬂ{aegelcgggeoim the relationship between Cellulase or GP
. Ptand DMI is similar and higher (Baumont

for grass hay. These results are in close agreg:t- al. [7], RSD about 5)
ment with those reported by Macheboeu e i . -
et al. [24]. In other works [2, 20, 27], the Since DOMI integrates digestibility and
more accurate equations were obtained witiitake, it therefore reflects the global poten-
GP but they include other parameters ofial feeding value of forages and it is impor-
chemical composition. These equations artant to predict it with the best accuracy as
not useful for routine prediction becausepossible. As a result of the low precision in
they are time consuming. DMI prediction as compared with that of

: . OMD, the level of prediction of the overall
The relationships between DMI and the OMI lays in between those of OMD and

gas production values or the parameters MI. In summary, for DOMI, the most

the mathematical model were fair and dis- ¢ dictor (Tab. IV) f h
appointing as in the results of Romney et gacceurate predictor (Tab. IV) for grass hay

[30], Sandoval-Castro and Mendoza-NazaEzaS Cellulase and, to a lesser extent CP; for

he pooled lucerne it was more precise using
[31] but on the contrary to those of Baumon P (12 h) and CP. Whereas for the pooled

etal. [7] @ =0.84; RSD = 5.7 = 18). forages, the best predictors were CP and ¢

The accuracy of prediction of DMI was gnd to a lesser extent, Cellulase.
fair with the rate of fermentation “c” which

would, a priori, have been expected to work GP (.:OL“d be an interesting techm_qug but
better since it reflects the physical regulatiorgSSentially for voluntary DOMI prediction,
of voluntary intake with ruminants. The for- and t.h'sf' due rather to DMO than to DMI
mer observation supports Blimmel et al.’rediction although one would have
findings [9, 11] which indicate that the rate®XPected that the fermentation (i.e. degra-
of fermentation cannot be considered alondtion) rate would have been a better pre-
as a predictor for the rate of degradation dictor of DMI (physical regulation of
and therefore of intake — in view of the biagnt@ke).

introduced by the synthesis of microbial

biomass. The relationships were not really

improved by adding CP content as observel. CONCLUSION

by Khazaal et al. [23] except in the case of

G grasses but, in our study due to an already Before the GP technique can be adopted
direct good relationship between CP ands an accurate prediction technique of forage
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nutritive value, several points remain to bediffer according to the rate of digestion, and,
clarified: therefore the botanical family);

— to account for the factors inﬂuenCil’lg — to account for the nature of fermenta-
VFA synthesis and for the synthesis ofiion (CQ, of chemical vs. feed fermenta-
microbial biomass in relation to gaS pro-tion Origin, methane vs. propionate path-

duction. The latter point was approachegyay, methanogenesis vs. acetogenesis).
through the partitioning factor (PF), as pro-

posed by Blimmel et al. [12], when using The fair degree of precision of the pre-
the non automated technique with limiteddiction found could therefore make the GP
measurement points. It was most likely takef€chnique interesting in ranking feedstuffs
into consideration through the multiphasictather than in assessing their absolute value
analysis of gas production kinetics wher!sing NIRS. This was not compared here
automated techniques such as those pré&ut has been previously researched for for-
posed by Cone et al. [14] are avai|ab|e; ages (Andrleu, UnpubllShEd reSUltS), straws
. [21] and for whole maize plants [3, 13].
— to reduce the work load by reducing

the number of recording times and, even, It was therefore difficult to discard the
taking only one of them (which should likely Cellulase and GP technique. It was difficult

012

011 1
w=0.0016%-0.0104 a

R = 06085

010 A

0.09 4

0.08 1

0.07 A

0.06 1

w=0.0013%- 00105

0.05 1 R = 09132

rate of gas production, ¢ (1/hour)

0.04 +

DDS T T T T T 1
30 40 ad &0 Ta g0 a0

in vitro pepsin-cellulase digestibility, %
Figure 3. Relationships between pepsin-cellulase method and gas production method results for

79 pasture plants.
(o) Green grassesy)) grass haysm) green lucernesf() lucerne hays.
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to choose a universal optimal point of ref-[6]
erence using the GP technique, since for
some forages it was better to use an indi-
vidual fermentation time point and for oth-
ers, the model generated by the relation of
several observationdVhat altogether
remains “remarkable” was the fair position
of the GP technique as a predictor of the
feeding value of forages as compared with
CP and Cellulase, which were simpler,
cheaper and less time and skill requirings)
than the GP technique. Generally, the GP
technique gave results which were similar to
those of Cellulase for grasses, but not for
lucerne (Fig. 3). [9]

In this study, Cellulase was a single, fast
and useful method which was as accurate
as the GP method.
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