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INTRODUCTION

The present study was undertaken as an attempt to estimate in vivo
forage energy digestibility from #n vitro cellulose digestion (I.V.C.D.) in
some forages of Puerto Rico. High correlations between measures of in
vivo and in vitro digestion of forage crops have been found by Hershberger
et al. (10)*, Donefer et al. (8), Baumgardt et al. (5), Naga and El-Shazly
(12), Reid et al. (14), Arroyo-Aguild et al. (1), and Chalupa and Lee, Jr. (6).
As a result, I.V.C.D. is being widely used as a biological approach to forage
nutritive evaluation. This technique is accurate, simple, less costly, and
less time-consuming than in vive evaluations.

MATERIALS AND METHODS

Forage samples of known nutritive value (4), as determined in con-
ventional digestion trials with dairy cattle (3), were used in this study to
evaluate the n vitro procedure. The forages used were Merker grass (Pen-
nisetum purpurewm), Guinea grass hybrid (Panicum maximum), and
Buffel grass (Cenchrus ciliaris) harvested at 49 to 55 and at 63 to 69 days
of age at the Gurabo Substation farm. The grasses were fertilized at the
rate of 400 pounds of N, 300 of P:Os, and 300 of K,O per acre per year.
Forty-two samples, seven from each grass, and six composite samples of
these same grasses were included in each run.

One-gram samples of ground dry forage were weighed into 100-ml.
lipless beakers to serve as artificial rumina (7). Twenty milliliters of the
filtered rumen-fluid inoculum and 30 ml. of a phosphate nutrient solution
(1), were added to each beaker and mixed gently with the hay substrate.

Carbon dioxide was passed over the surface of the beaker contents.
Immediately the beakers were closed with stoppers, equipped with Bun-
sen-type gas-release valves, and fermented in an incubator at 39°C.

Two beakers, one with a 0.5-gm. sample of crystalline cellulose? and the
other with a 40-ml. rumen-fluid sample, were always included in each run.
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The artificial-rumen samples were incubated for 12-, 24-, 36-, and
48-hour periods on 3 days to account for day-to-day variation. Fermenta-
tion periods of 60 and 72 hours were also conducted on duplicate forage
samples using rumen-fluid inoculum from two fistulated animals (2).

At the end of the fermentation periods, 1 ml of 2 N H,80, was added to
each beaker to stop microbial activity. The samples were then dried in an
oven at 65°C.

Cellulose was determined by the Matrone modification (71) of the
Crampton and Maynard procedure (7). I.V.C.D. coeflicients (table 1) were
calculated according to Arroyo-Aguild et al. (7).

Two rumen-fistulated cows fitted with permanent rumen-cannulas (2)

TaBLE 1.—Average percentage in vitro cellulose digestion data for 3 forage grasses of
known nutritive value

Data on iz vitre cellulose digestion, in hours—
Forage grass Age
12 24 36 48 60 72

Days Percent Percent Percent Percent Percent Percent
Merker 49-55 17.25 31.79 42.90 47.86 46.77 45.44
Buffel do. 11.63 27.33 36.82 42.71 46.97 46.07
Guinea do. 15.57 32.31 42.20 45.47 49.84 48.65
Merker 63-9 13.22 25.76 35.41 43.14 45.27 46.56
Buffel do. 6.32 24.07 30.77 32.66 40.00 39.32
Guinea do. 13.27 26.83 34.00 40.05 40.37 43.78

served as the sources of rumen-fluid inoculum. Both animals were fed
daily grass hay ad libitum.

Correlation and regression analyses were made according to the method
of Steel and Torrie (15).

RESULTS AND DISCUSSION

The rates of percentage ILV.C.D. for 12-, 24-, 36-, and 48-hour fermentation
periods (table 1) were correlated with percentages of digestible dry matter
(D.D.M.), total digestible nutrients (T.D.N.), digestible energy (D.E.),
and nutritive value index (N.V.I.) as shown in table 2. Percentage relative
intake (R.I.) and percentage voluntary intake (V.I.) were correlated with
12- and 24-hour 1.V.C.D. rates, respectively. I.V.C.D. rates were pooled
and are presented in figure 1.

These grasses were evaluated in vitro up to 72-hour fermentation periods
(fig. 1). However, correlation analyses and regression equations (15) were
computed between in vivo data and in vitro values obtained in fermentation
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periods of 12, 24, 36, and 48 hours only. Mold growth was evident at 60
hours on the substrate surface.

Low correlations (r) between 12-hour IL.V.C.D. values and D.D.M.
(r = 0.76), T.D.N. (r = 0.64), N.V.I. (r = 0.64), and D.E. (r = 0.60) were
obtained. In New Jersey, Arroyo-Aguild et al. (1) found also a nonsignificant
correlation (r = 0.41) between 12-hour I.V.C.D. and N.V.I. This might

TaBLE 2.—Regression equalions and corvelation coeficients for estimaling forage
nutritive value from in vitro forage cellulose digestion

Variable correiated! Regression equations Correlation coefficients? (r)
D.DM. {Y) with—
12-hour 1.V.C.D. Y = 4241 4 1.239X 0.76
24-hour 1.V.C.D. Y = 1239 + 1.641X .89*
36-hour I.V.C.D. Y = 12.84 4+ 1.230X 95"
48-hour L.V.C.D. Y = 16.01 4+ 1.000X B
T.D.N. (¥) with—
12-hour LV.C.D. Y = 40.14 4 .869X .64
24-hour I.V.C.D. YV = 14.88 + 1.301X .84*
36-hour 1.V.C.D, Y = 17.79 + .906X L94%*
48-hour I.V.C.D. Y = 2039 + .737X .76
D.E. (V) with—
12-hour I.V.C.D, Y = 74.90 4+ 1.552X .60
24-hour I.V.C.D. Y = 2461X — 14.05 .83*
36-hour 1.V.C.D. ¥ = 1.801X — 11.76 L94x*
48-hour I1.V.C.D. ¥ = 1.370X — 2.60 .73
N.V.L (Y) with—
12-hour 1.V.C.D. Y = 43.84 4+ 521X .64
24-hour I1.V.C.D. Y = 22,53 + .998X .74
36-hour 1.V.C.D. Y = 2234 4+ .762X o e
48-hour 1.V.C.D. Y = 2049 4+ 716X .85*

1 See text pp. 133-4 for explanation of abbreviations.
? Significant at the 5-percent level of probability (P < 0.05); ** Significant at the
1-percent level of probability (P < 0.01).

have been because within-trial variability is greatest at this fermentation
period. Donefer ef al. (§) and Chalupa and Lee, Jr. (6) reported significant
correlations between 12-hour I.V.C.D. and N.V.I.

No relationship between ad libitum intake (R.I. and V.I.) with 12- and
24-hour LV.C.D. rates was obtained. The lag periods at early stages
of incubation, the shock in transfer of the micro-organisms from the
animal to the n vitro system, and the poor initial availability of the nutrients
could possibly slow down the rate of I.V.C.D. At 12-hour periods, results
were rather inconsistent and variable, and probably affected the 24-hour
period somewhat. Reid et al.(74) observed no relationship between V.I.
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and L.V.C.D. Nevertheless, Chalupa and Lee, Jr. (6) obtained high cor-

relations between R.I. and 12- and 18-hour I.V.C.D. Further work and

more data are probably needed to clarify this phase of the in vitro work.
Significant correlations between 24-hour LV.C.D. and D.D.M. (r =
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Fra. 1.—Rate of in vitro cellulose digestion of Merker, Guinea hybrid, and Buffel
grasses.

0.89), T.D.N. (r = 0.84) and D.E. (» = 0.83) were obtained. I.V.C.D at
24 hours was nonsignificantly correlated with N.V.I. (» = 0.74). D.E.
correlations with 24-hour L.V.C.D. were reported as highly significant by
Hershberger et al. (10), Naga and El-Shazly (12), Baumgardt et al. (5),
Donefer et al. (8), and Arroyo-Aguild et al. (7). Chalupa and Lee, Jr., (6)
significantly correlated 24-hour LV.C.D. with both D.E. and T.D.N.
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Arroyo-Aguild ef al. (1) obtained, with 24-hour 1.V.C.D., highly significant
correlations for T.D.N. but significant correlations for N.V.I. Lag-time
differences were still observed at incubation periods of 24 hours, although
good correlations were obtained.

Thirty-six-hour I.V.C.D. values were highly significantly correlated with
DD.M. (r = 093), DE. (r = 094) and TD.N. (r = 0.94). NV.L. (r =
0.81) was significantly correlated with I.V.C.D. at 36 hours. These correla-
tions suggest that 36-hour incubation periods may offer the best estimates
of energy availability. Fermentation periods of approximately 36 hours
seem to be a measure of total digestion. Highly significant correlations
between LV.C.D. at 36 hours and D.D.M. or D.HK. were obtained by Reid
et al. (14).

Correlations between D.D.M. (r = 0.87) and N.V.I. (r = 0.85) with
48-hour I.V.C.D. were found to be significant. I.V.C.D. at 48 hours was
found to be nonsignificant with both T.D.N. (r = 0.76) and D.E. (r = 0.73).
Reid et al. (14) found I.V.C.D. between 24 and 48 hours to be highly
correlated with D.D.M.

Maximum cellulose digestion was apparently obtained at 60 hours (fig. 1)
for four of the six forages studied. The remaining two grasses, Merker and
Guinea at 63 to 69 days of age, increased their I.V.C.D. values at 72 hours
by 1.29 and 3.41 percentage units, respectively. This is in agreement with
the results of Quicke et al. (13), in which maximum cellulose digestion of
more mature forages was obtained with a longer fermentation period.

No marked differences in 60- and 72-hour 1.V.C.D. values were observed
when rumen-fluid inoculum from two different sources was used. Donefer
et al. (9) obtained similar results in cellulolytic response when inoculum
donor steers were fed the same forage.

SUMMARY AND CONCLUSIONS

Forty-two samples (seven from each grass) and six composite samples
of Merker grass (Pennisetum purpureum), Guinea grass hybrid (Panicum
mazimum), and Buffel grass (Cenchrus ciliaris) were used in this study to
evaluate the artificial rumen, or in vitro cellulose digestion, technique (1).
These forage samples of known nutritive value (4), as determined in
conventional digestion trials with cattle (3), were harvested at 49 to 55
and at 63 to 69 days of age at the Gurabo Substation farm.

No relationship was found between ad libitum intake (R.I. or V.I.) and
12- and 24-hour LV.C.D. Within-trial variability due to lag-time differ-
ences could probably account for this.

LV.C.D. at 36 hours may be used as the best estimate of forage digesti-
bility in terms of D.D.M. (r = 0.95), D.E. (+ = 0.94), and T.D.N. (r =
0.94). Forty-eight-hour I.V.C.D. values could also be used as a predictor
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of forage digestibility in terms of D.D.M. (r = 0.87) and N.V.I. (r = 0.85).
Nevertheless, the highest correlations were obtained with n vitro values at
36 hours. There was a tendency for correlation coefficients to increase up to
36-hour digestion periods with increasing fermentation rates. From the
data in the present study, the regression equations to predict in vitro
D.D.M. (Y), in vitro D.E. (¥), and in vitro T.D.N. (¥) from 36-hour
IV.CD. (X) were Y = 1284 + 1.23 X, Y = 1.801 X — 11.76, and ¥V =
17.79 4 0.906 X, respectively.

Maximum cellulose digestion was apparently obtained at 60 hours for
four of the six forages studied. When two inoculum donor animals were fed
the same forage, no marked differences in 60- and 72-hour I.V.C.D. values
were observed.

RESUMEN Y CONCLUSIONES

Cuarenta y dos muestras (siete de cada yerba) y seis muestras compuestas
de yerba Merker (Pennisetum purpureum), hibrido de la yerba Guinea
(Panicum mazimum) y de yerba Buffel (Cenchrus ciliaris) se usaron en este
estudio para evaluar la técnica del rumen artificial, o sea, la téenica de la
digestién de celulosa n vitro (1). Estas muestras de forrajeras cuyo valor
nutritivo es conocido (4), y ademis, ya determinado en pruebas convencio-
nales de digestibilidad con ganado vacuno (3), fueron cosechadas de los 49 a
los 55 dias y de los 63 a los 69 dias de haberse sembrado en la Subestacién
de Gurabo.

No se establecié relacién alguna entre el consumo ad Lkbitum (consumo
relativo—C.R. o consumo voluntario—C.V.) y la digestién de la celulosa
in vitro (D.C.I.V.) a las 12 y a las 24 horas. La variabilidad dentro de las
pruebas, debido a las diferencias en los perfodos de retraso, podria ser
responsable de esto.

La D.C.1.V. a las 36 horas puede usarse para estimar la digestibilidad
forrajera en términos de materia seca digestible (M.S.D.) (r = 0.95),
energfa digestible (E.D.) (r = 0.94), y nutrimentos digestibles totales
(N.D.T.) (r = 0.94). La D.C.IV. a las 48 horas también puede usarse
para predecir la digestibilidad en términos de materia seca digestible
(M.8.D.) (r = 0.87) e indice de valor nutritivo (L.V.N.) (r = 0.85). Sin
embargo, las correlaciones més altas se obtuvieron con valores in vitro a
las 36 horas. Existié una tendencia de los coeficientes de correlacion a
aumentar hasta las 36 horas de fermentacién, segin aumentaba la D.C.I.V.

Se caleularon las siguientes ecuaciones de regresién para predecir M.S.D.
i vitro (V), B.D. in vitro (Y) y N.D.T. in vitro (¥) de la D.C.I.V. a las 36
horas (X): ¥ = 1284 + 123 X, ¥ = 1.801 X — 1176 6 ¥ = 17.79 +
0.906 X, respectivamente.

La digestién méxima de la celulosa se obtuvo aparentemente a las 60
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horas en cuatro de las seis yerbas forrajeras estudiadas. Cuando se alimen-
taron dos animales con la misma clase de forraje, no se encontraron di-
ferencias marcadas en los valores de la D.C.1.V. a las 60 y a las 72 horas.
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