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ABSTRACT 

Pangolagrass ( Oigitaria decumbens) and stargrass ( Cynodon nlemfuensis) 
harvested at 30 , 45, and 60 days and made in to hay, were fed to four castrated 
male ruminants (goats and steers) in ind ividual digestion stalls. The grasses were 
fe rt il ized at the rate of 4,480 kg / ha/yr with 15-5-10, harvested, sun-dried for 2 
days and cut in 3- to 6-cm pieces. Each experimental period lasted 21 days, 
divided into a 14-day preliminary feed ing period and a 7-day co llect ion period . 
Each hay was offered at a level of 90% intake, as determined in the prelim inary 
period . Hays, offered and refused, and feces were weig hed and sampled daily. 
Representati ve samples were analyzed for dry matter, crude protein, neutral
detergent fi ber, ac id-detergent fi ber, cellulose, lign in, and sil ica. Hemice llu lose 
was determined as the difference between neutral-de tergent fiber and acid
detergent fi ber. Apparen t digestion coeffic ients for each frac tion were calculated 
on all hays and all ruminants. 

Pan golag rass dry-matter intake was sign ificantly (P < .0 1) greater than that of 
stargrass hay by both goats and steers. No significant differences in dry-matter 
intake were obtained between hay ages of 30 , 45 , and 60 days. Goats had a 
higher dry-matter intake (P < .01) than steers. 

Sign ifican t differen ces were obtained between hays in neu tral-de tergent fiber 
(P < .01 ), hem ice llul ose (P < .01 ), and cellulose (P < .05) contents and between 
hay ages in c rude protein (P < .05) , cellulose (P < .01 ), lignin (P < .05), and 
sil ica (P < .01) contents . For digesti bil ities , significant differences were obtain ed 
between hays in d ry matter (P < .05), neutral-detergent fiber (P < 05), and 
cellulose (P < .01 ); between hay ages in lignin (P < .01 ) and sili ca (P < .0 1 ); and 
between rum inants in dry matter (P < .01 ), neutral-detergent fiber (P < .01 ), 
acid-detergen t fiber (P < .01 ), hemicellu lose (P < .01 ), and cellulose (P < .01 ). 
Goats may not necessarily substitu te for steers in digest ion tr ials; and lign in , but 
not si lica , tends to be a va li d marker fo r determining digestibi lity . 

INTRODUCTION 

In vivo digest ion trials are very important for the determination of 
nutrient availability and digestibility of forage grasses. Not much infor
mation is available on utilization of the fiber fractions, as proposed by 
Goering and Van Soest (15), for determining nutrient digestibili ty in vivo. 
The more recent methodology of analyses, as determined by Van Soest 
(31) , is based on the use of detergents for separating forage constituents 
into available and unavailable fractions, yielding more precise results. 
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Dry matter intake (DMI) is just as important as digestibility for the 
nutritional evaluation of forages (16, 22). As a result, it is most important 
and necessary to study the relationship of DMI to chemical composition 
and digestibility. 

Goats could be very useful as test animals for evaluating forages. Being 
smaller than steers, goats require less space, consume less feed, and would 
make in vivo trials easier and less expensive. However, little is known 
about the comparative nutrient digestibility in these ruminants, especially 
in the Humid Tropics. 

This study comprises the determination of voluntary DMI, chemical 
composition, and apparent nutrient digestibility of pangolagrass (Digi
taria decumbens) and stargrass ( Cynodon nlemfuensis) and their eval
uation using feeding trials with goats and steers. 

PROCEDURE 

This study was conducted in 1972 at the University of Puerto Rico 
Agricultural Experiment Substation at Lajas, located on the southwestern 
coast at lat. 18° N. and long. 67° W. The area, characterized as semiarid, 
has an average rainfall of 112 em. The maximum temperature is about 
31.1 o C and the minimum is about 18.3° C. The soil is classified as 
Fraternidad clay. 

Pangola- and stargrass were grown in pure stands of nonreplicated 0.4-
ha plots. They were fertilized at the rate of 4,480 kg/ha/year with 15-5-
10. Irrigation was applied at approximately 2-week intervals during the 
dry season. Prior to the start of the experiment the plots were cut to a 
height of 5 em. The plots were harvested by hand at 30, 45, and 60 days 
of growth. The grasses were sun-.dried for approximately 2 days, providing 
hays with a DM content of 90%. 

The grass hays, cut into 3- to 6-cm pieces, were offered twice a day (7 
a.in. and 3 p.m.) to four castrated male ruminants of each species: 1 V2-
year-old native goats and 1-year-old Holstein steers in individual diges
tion stalls. Animals had free access to water. They were weighed at the 
beginning and at the end of each collection period. Each experimental 
period lasted 21 days, divided into a 14-day preliminary feeding period 
and a 7 -day collection period. During the preliminary feeding period, the 
hays were offered ad libitum. Voluntary DMI was calculated by sub
stracting DM refused from DM offered. During the collection period, 
each hay was offered at a level of 90% intake, as determined in the 
preliminary period. 

Both hays, offered but refused (orts), were weighed daily. Feces were 
weighed two times a day, at 7 a.m. and at 3 p.m., during the collection 
period. Hay, orts and fecal samples were collected daily. All samples were 
oven-dried at 60° C for 2 or 3 days to determine field DM. Samples were 
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ground in a Wiley mill and passed through a 1-mm screen. Representative 
samples of hays, orts, and feces were prepared for each ruminant. 

DM and crude protein (CP) contents were determined according to the 
AOAC methods (4) . Goering and Van Soest techniques (15) for cell-wall 
constituents or neutral-detergent fiber (NDF) , acid-detergent fiber 
(ADF), lignin (L) , cellulose (C) , and silica (Si) contents were employed. 
Hemicellulose (H) was determined as the difference between NDF and 
ADF contents. Apparent digestion coefficients for DM, CP, NDF, ADF, 
C, H, L, and Si were calculated for all hays. 

Data were analyzed according to a 2 X 3 x 2 factorial design of 
Snedecor and Cochran (27) and the treatment means tested with Dun
can's (ll) multiple t test. 

RESULTS AND DISCUSSION 

VOLUNTARY INTAKE 

Mean DMI by goats and steers of pangola- and stargrass hays at 30, 
45, and 60 days of growth is presented in tables 1 and 2. Pangolagrass 
DMI was significantly (P < .01) greater than that of stargrass hay by 
both goats and steers. Similar values were obtained by Arroyo-Aguilu et 
al. (2) in bovines consuming pangola-, congo- (Brachiaria ruziziensis), 
and stargrasses. However, there were no significant differences in DMI of 
these grasses. 

No significant differences in DMI were obtained between 30-, 45-, and 
60-day hays. Weston (32) indicated that forage fiber exerts a greater 
influence on DMI than on DM digestibility. Van Soest (30) concluded 
that fiber mass inhibits intake in forages with a high NDF content and 
appears to become limiting when NDF content lies between 50 and 60% 
of the forage DM. Karue and Evans (19) related voluntary DMI inversely 
to omasum and intestinal contents of steers and suggested that fiber 
intake may be limited by the capacities of the omasum and the intestines, 
proba,,bly via the central nervous system. 

Goats had a higher DNli (P < .01) than steers (table 2). In Zambia, 
Gihad (13) concluded that the advantages of higher DMI (lower water 
consumption and higher digestive ability of crude fiber) give goats a 
special ecological niche in the tropics. Mackenzie (20) indicated that the 
capacity of the digestive system of goats is proportionately larger than 
that of steers. The higher DMI observed in goats is probably responsible 
for the larger relative capacity of the digestive system of this ruminant. 
It has been demonstrated that goats distinguish the four basic tastes: 
sweet, sour, salty, and bitter, and tolerate better the bitter tastes than do 
steers (6, 14). Malechek and Leinweber (21) reported that goats can 
subsist on nutrition levels considered substandard for other ruminants. 



392 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO 

T ABLE 1.-Mean da ily dry matter intake and chem ical composition o/pangolagrass and 
stargrass hays at 30, 45, and 60 days ol age consumed by goals and steers 

Grass age DMI 1 CP NDF ADF H c L Si 

Days Kg/ 100 kg W "[ 

Pangola-Goats 

30 2.0 5.8 72.7 43.8 28.9 31.9 6.7 4.8 
45 2.2 7.5 72.3 45.7 26.6 35.9 6.4 3.2 
60 1.9 7.3 73.8 45.1 28.7 35.8 6.2 2.7 

Mean 2.0 6.9 72.9 44 .9 28.0 34.5 6.4 3.6 

Pangola-Steers 

30 1.7 5.7 72.8 44 .3 28.5 32.0 7.0 5.0 
45 1.8 7.5 72.4 44 .7 27.7 35.9 6.5 3.0 
60 1.5 7.3 74 .2 46.9 27.3 36.0 6.2 2.5 

Mean 1.7 6.8 73.1 45.3 27.8 34.6 6.6 3.5 

Star-Goats 

30 1.7 7.8 77.0 43.3 33.7 32.8 6.4 3.6 
45 1.9 7. 2 77.7 44.6 33.1 34.4 6.9 2.7 
60 1.7 6. 6 76.9 44 .7 32.2 34.5 6.2 3.5 

Mean 1.8 7.2 77.2 44.2 33.0 33.9 6.5 3.3 

Star-Steers 

30 1.6 7.7 77. 1 44.1 33.0 330 6.7 3.7 
45 1.4 7.1 77.5 48.6 28.9 34 .2 7.1 3.0 
60 1.5 6.6 76.9 43.5 33.4 34. 5 6.3 3.5 

Mean 1.5 7.1 77.2 45.4 31.8 33.9 6.7 3.4 
1 DMI, dry matter intake; CP, crude protein; N DF, neutral-detergent fiber; ADF, acid-

detergent fi ber; H, hemicellulose; C, cellulose; L, lignin; S i, silica; W, body weigh t. 

TABLE 2.-Chemical composition of pangola- and stargrass hays of 30, 45, and 60 days 
of age and mean daily dry matter intake as consumed by goats and steers 

Variable DM I1 CP NDF ADF H c L Si 

Kg/ ZOO kg S( w 
Hay 

Pangola 1.9 a' 6.8 a 73.0 a 45.1 a 27.9 a 34.6 a 6.5 a 3.5 ~1 
Star 1.6 b 7.2 a 77. 2 b 44.8 a 32.4 b 33.9 b 6.6 a 3.3 a 

Grass age-days 
30 1.8 a 6.8 a 74 .9 a 43.9 a 31.0 a 32.4 a 6.7 a 4.3 a 
45 1.8 a 7.3 b 75.0 a 45.9 a 29.1 a 35. 1 b 6.7 a 3 0 b 
60 1.6 a 6.9 a 75.5 a 45. 1 a 30.4 a 35. 2 a o.2 b 3.1 b 

Ruminant 
Goats 1.9 a 7.0 a 75.1 a 44.5 a 30.6 a 34. 2 a 6.5 a 3.4 a 
Steers 1.6 b 7.0 a 75.1 a 45.4 a 29.7 a 34.3 a 6.6 a 3.4 a 

1 DMI, dry matter intake; CP, cru de protein; NDF, neut ra l-dete rgent fiber; ADF, acid-
detergent fiber; H, hemicellulose; C, cellulose; L , lignin; Si, silica; W, body weight . 

2 Mean values followed by one letter in common do not di ffer significantly at the 5 .. "f 
level. 
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Due to this greater tolerance, goats probably consume a larger variety of 
plant species of lower feeding value than do sheep or steers. 

CHEMICAL COMPOS ITION 

Chemical components of hay species, hay ages, and ruminant species 
are presented in tables 1 and 2. Significant differences in NDF and H (P 
< .01), and inC (P < .05) contents were obtained between hays, stargrass 
being superior to pangolagrass hay in NDF and H but not in C. Hays did 
not differ significantly in CP, ADF, L, and Si. 

The largest percentage change between the two hays was 4.5 percentage 
units, obtained in H content. The difference in NDF content between 
hays could be attributed to the H difference, since ADF, C, L, and Si 
contents did not present marked differences. Arroyo-Aguilu et a!. (3) 
obtained similar results in CP, ADF, and C contents in pangola- and 
stargrass hays. 

CP content increased in hays (P < .05) between 30 and 45 days and 
decreased between 45 and 60 days of growth. At younger growth stages, 
CP tends to be higher than at more mature stages in all grasses (3) . In 
coarser hays, a tendency for NDF and ADF increase was evident. How
ever, no significant differences in NDF and ADF contents were obtained 
between ages. For C content, the increase was significant between 30-
and 45-day hays (P < .01) and 30- and 60-day hays (P < .01). Similar 
results were obtained by Arroyo-Aguilu eta!. (3), Coward-Lord et a!. (19) , 
Oporta-Tellez (24), and Yazman et a!. (33) in various tropical forage 
species. 

H content did not vary significantly between hay ages, being highest at 
30 days and lowest at 45 days of growth. This finding agrees with results 
obtained by Arroyo-Aguilu et al. (3), Minson (23), and Sullivan (28). 
They indicated that H content was not significantly correlated with plant 
age, since an irregular H variation was observed with advance in maturity. 

Si decreased significantly (P < .01) between 30- and 45-day hays and 
30- and 60-day hays. L decreased significantly (P < .05) between 30- and 
60-day hays and 45- and 60-day hays. Yazman et al. (33) observed that L 
increased slightly in starg:t·ass hay from 30 to 45 days of growth but 
decreased between 45 and 60 days of growth. 

No significant differences in chemical components were obtained be
tween ruminents. 

DIGESTION COEFFICIENT S 

Digestion coefficients for the two hays at three growth stages in the 
two ruminant species are presented in tables 3 and 4. Between hays, there 
were significant differences in DM and in NDF (P < .05) and inC (P < 
.01) digestibilities, these being higher in pangola- than in stargrass hay. 
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TABLE 3.-Mean nutrient digestibility of pangola- and stargrass hays of grasses 30, 45, 
and 60 days of age consumed by goats and steers 

Grass age OM ' CP NOF ADF H c L Si 

Day.• % 

?angola-Goats 

30 49.0 36.9 53.3 44.8 66.3 57.4 9.9 10.4 
45 47.6 39.4 50.2 45.3 58.0 56.8 1.9 6.7 
60 48.5 36.6 52.7 46.7 62.1 60.4 -9.7 -22.6 

Mean 48.4 37.6 52 .1 45.6 62.1 58.2 .7 -1.8 

?angola-Steers 

30 48.7 37.1 54.1 46.9 65.4 62.8 5.3 2.5 
45 54.7 46.6 58.0 52.6 65.2 66.3 5.6 5.2 
60 52.0 38.1 58.1 54.1 65.9 68.5 -6.5 -39.4 

Mean 51.8 40.6 56.7 51.2 65.5 65.9 1.5 10.6 

Star-Goats 

30 46.8 48.6 50.9 41.2 63.3 55.7 -4.8 -14.9 
45 44. 1 35. 1 49. 1 42.1 58.9 51.5 .9 - 19.7 
60 42.0 30.3 44 .0 36.1 54.6 49.1 -13.4 -10.9 

Mean 44 .3 38.0 48.0 39.8 58.9 52 .1 5.8 -15.2 

Star-Steers 

30 49.4 46.4 54.0 45.0 65.9 60.4 -2.2 -6.6 
45 52.3 40.7 57.8 54.0 67.3 66.0 5.0 -14.! 
60 49.0 43.5 53.7 54. 1 64 .0 61.5 -4.5 - 17.3 

Mean 50.2 43.5 55.2 51.0 65. 7 62.6 -.6 -12.7 
1 OM, dry matter; CP, crude protein; NOF, neutral-detergent fiber; ADF; acid-detergent 

fi ber; H, hemicellulose; C, cellulose; L, lignin; Si, silica. 

TABLE 4.-Mean nutrient digestibility of pangola- and stwgrass hays of grasses 30, 45, 
and 60 days of age as consumed by goats and steers 

Variable OM' CP NOF AOF H c L Si 

"b 

Hay 
Pangola 50.1 a2 39.1 a 54 .4 a 48.4 a 63.8 a 62.0 a 1..1 a -6.2 a 
Star 47.3 b 40.8 a 51.6 b 45.4 a 62.3 a 57.4 b -3.2 a -13.9 a 

Grass age-
30 d 48.5 a 42.3 a 53. 1 a 44.5 a 65.2 a 59.1 a 2.1 a -2.2 a 
45 d 49.7 a 40.5 a 53.8 a 48.5 a 62.4 a 60.2 a 3.4 a -5.5 a 
60 d 47.9 a 37.1 a 52. 1 a 47.8 a 61.6 a 59.9 a -8.5 b -22.6 b 

Ruminant 
Goats 46.3 a 37.8 a 50.0 a 42.7 a 60.6 a 55.1 a -2.5 a -8.5 a 
Steers 51.0 b 42.1 a 56.0 b 51.1 b 65.6 b 64 .3 b .5 a -1 1.6 a 

1 OM, dry matter; CP, crude protein; NDF, neutral-dete rgent fiber; ADF, acid-detergent 
fiber; H , hemice llulose; C, cellu lose; L, lignin; Si, silica. 

2 Mean values followed by one letter in common do not differ significantly at the 5% 
leve l. 
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However, no significant differences were observed in CP, ADF, H, L, and 
Si digestibilities. 

Mean values of L1 and - 3.2% for L digestibilities were obtained in 
pangola- and stargrass hays, respectively (table 4) . This demonstrated 
that L is a r ather inert substance in the ruminant digestive process. 
Various authors (7, 12, 18, 26) considered L as an internal indicator in 
ruminant digestion trials. Ramirez-Reyes (26) obtained a satisfactory L 
fecal recovery when panigrass (Brachiaria mutica) was consumed by 
steers. Arroyo-Aguilu and Evans (1) obtained similar results with steers 
in low-fiber ration trials. They concluded that L is a valid marker and 
has the desirable characteristic of being a constituent of ruminant feed
stuffs. Porter (25) suggested that L, as measured by the acid-pepsin 
technique, undergoes more extensive changes than the acid-detergent L, 
introduced by Van Soest (29)_ On the contrary, Jones et al_ (17) obtained 
high L digestion coefficients in goats and sheep consuming alfalfa (Med
icago sativa) hay. Oporta-Tellez (24) also obtained similar results with 
guinea- ( Panicum maximum) and merkergrass ( Pennisetum purpureum ) 
hays, and concluded that L is not a valid marker for use in digestibility 
studies. 

Negative Si digestibilities were obtained in pangola- and stargrass hays 
(tables 3 and 4) . Combellas et aL (8) obtained a mean Si digestibility of 
- 40.2% in 23 tropical grasses. Similarly, Oporta-Tellez (24) reported Si 
digestibilities of - 13.5 and - 13.8% in guinea- and merkergrass hays, 
respectively. They attributed these results to errors in the sampling 
system, whereby part of the contaminant Si was lost. However, Si was 
not lost in the feces, thus resulting in a Si fraction greater than in the 
hays. 

Significant (P < .01) differences in L digestibility were obtained in hays 
between 30 and 60 days and 45 and 60 days of growth. Si digestibility 
varied significantly in hays between 30 and 60 days (P < .01) and 45 and 
60 (P < .05) days of growth. No significant differences between ages in 
the other components were observed. 

Arroyo-Aguilu et aL (3) , Coward-Lord et aL (9) and Oporta-Tellez (24) 
indicated that , as forage grasses matured, CP decreased and NDF in
creased, with a reduction in the digestibility of both fractions. In this 
study, nutrient digestion coefficients, except L and Si, did not vary 
significantly as hays advanced in age. An irregular variation in nutrient 
digest ibility, with the exception of CP and H, was observed. Probably 
this is due to the great variation between animals in the same trial. 
Furthermore, the use of few animals per trial limited the accuracy of the 
results. 

Steers were significantly (P < .01) higher than goats in DM, NDF, 
ADF, H, and C digestibilities. However, no significant differences between 



396 JO URNAL OF AGRICULT URE OF UNIVERSITY OF PUERTO RICO 

ruminant species were observed in CP, L, and Si digestibilities, although 
values were higher in steers than in goats for CP and L. There is need for 
more research comparing these two ruminant species. In guinea- and 
merkergrass hays, Oporta-Tellez (24) did not find significant differences 
between goats, sheep, and steers in nutrient digestibility and concluded 
that goats could substitute for either sheep or steers in digestion trials. 
Similar conclusions were drawn by Baumgardt et al. (5) with goats and 
sheep and by Jones et al. (1 7), with goats and steers. Nevertheless, little 
is known about the comparative digestibilities of goats and other rumi
nants (5, 9). 

It is concluded that pangolagrass DMI was greater than that of star
grass in goats and steers, that there was a tendency for lower nutritive 
value with advance in hay age, that goats may not necessarily substitute 
for steers in digestion trials and that L, but not Si, tends to be a valid 
marker fo r determining digestibility. More research needs to be conducted 
using a wider variety of forages at different growth stages with various 
ruminant species. 

RESUMEN 

Las gramineas Pangola (Digit aria clecumbens) y Estrella ( Cynodon nlemfuensis ), coes
chadas a 30, 45 y 60 el ias de ectad y henificadas, fueron evaluadas en pruebas de digestibilidad 
con cuatro cabros y cuat ro novillos cas trados. Las gramineas se abonaron a razon de 4480 
kg/ ha / a r1o con un ana lisis 15-5-1 0, se henificaron por 2 el ias y se cortaron en t rozos de 3 a 
6 em. Cada periodo experimenta l duro 21 elias, de los cuales los primeros 14 elias const ituy
eron un periodo preli minar de alimentacion y los restantes 7 elias uno de coleccio n to ta l. 
Cada heno se ofrecio a un nivel de consumo de 90% de l de terminado en el periodo 
preliminar. Los henos, ofrecidos y rechazados, y las heces, se pesaron diariamente. Las 
muestras represenlat ivas tomadas diariamente se analizaron para ma teria seca, prote ina 
bruta , fib ra neu trodetergente, fibra ac idodetergente, celulosa, lignina y silice. La hemicelu
losa se determino como Ia diferencia entre Ia fib ra neutrodetergen te y la fi bra acidodeter
gente. Se calcularon los coeficientes de digestibilidad aparente para cada heno en cada 
ru miante. 

El consumo de materia seca de l heno de Pangola fue significativamente (P < 01) mayor 
qu e el de Estrella tanto por los cabros como por los novillos. No se obtuvieron dife rencias 
significativas en consumo de materia seca entre henos, de edades de 30, 45 y 60 elias. Los 
cabros consumieron mas materia seca (P < .01) que los novillos. 

Se observaron di ferencias significativas entre henos en contenidos de fi bra neutrodeter
gente (P < .01), hemicelulosa (P < .01) y celulosa (P < .05) y entre edades de henos en 
contenidos de proteina bruta (P < .05) , celulosa (P < .01) , lignina (P < .05) y silice (P < 
.01) . Para las digestibilidades, se observaron diferencias significativas entre henos en materia 
seca (P < .05) , fib ra neutrodetergente (P < .05) y celulosa (P < .Ol) ; ent re edades de henos 
en lignina (P < .01) y silice (P < .01); y entre rumiantes en materia seca (P < .01), fibra 
neutrodetergente (P < .01), fibra ac idodetergente (P < .01), hemicelu losa (P < .01) y 
celulosa (P < .O l). Los cabros no sustituyen necesariamente a los novillos en pruebas de 
digestibilidad. La lignina, pero nola silice, tiende a ser un indicador valido pam determinarla. 
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