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ABSTRACT 

Chemical composition and in vivo nutrient digestibilities were determined 
in 30-, 45- and 60-day Guinea ( Panicum maximum) and Merker or Napier 
(Pennisetum purpureum) grass hays. Four castrated male ruminants of each 
species: Holstein steers, native goat and sheep wethers, were utilized for the 
in vivo evaluations at each hay-age. Guinea hay showed a greater mean 
content than Merker hay in NOF (76.6 vs. 72.7%, P <.01), AOF (47.1 vs. 
45.0%, P <.05), and C (35.2 vs. 30. 7%, P < .01 ). Merker hay was higher than 
Guinea hay in CP (9.1 vs. 7 .8%, P < .01) and apparent digestion coefficients 
of CP (45.0 vs. 38.5% , P <.01 ), AOF (52.0 vs. 48.1 % , P <.01 ) and H (68.5 vs. 
61.4%, P <.01 ). These hays were similar in mean content of L (7.8 vs. 7.8%) 
and of H (Guinea, 29.5 vs. Merker, 27.7%), as well as in digestion coefficients 
of NOF (Guinea, 55.5 vs. Merker, 58.1 %) and C (Guinea, 64.9 vs. Merker, 
63.4%). Significant (P <.01 ) differences were obtained only for OM and C 
digestibilities between steers and goat wethers and between steers and 
sheep wethers. CP was the constituent that best predicted its digestible 
fraction. True NOS digestibility and bacterial and endogenous excretion 
values were 114.0%, 19. 7%; 76.0%, 11 .0%; and 76.0%, 11.0% for steers, and 
goat and sheep wethers, respectively. 

INTRODUCTION 

The nutritive value of forage grasses is characterized by chemical 
composition and digestibility, these factors being principally affected by 
plant species, age at harvest, and fer tilization level. Grasses are the most 
economical sources of energy for ruminants, for they contain a high 
percentage of cellulose (C), lignin (L), and hemicellulose (H). As hay, 
forage grasses constitute a form of stored nutrients, necessary in periods 
of drought or feed shortage. 

New methods for the determination of the chemical composition of 
forages were proposed by Van Soest (24) , rendering more exact and 
precise results than the conventional Weende techniques (19). 

The purpose of this study was to determine and compare the nutritive 
value of Guinea (Panicum maximum-PRPI 3622) and Merker or Napier 
(Pennisetum purpureum) grass hays at 30, 45 and 60 days of growth in 
steers, and goat and sheep wethers. 

MATERIALS AND METHODS 

The in vivo digestion trials were conducted at the University of Puerto 
Rico Agricultural Experiment Substation in Lajas during the years 1971 
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to 1973. The Lajas Substation is located on the southwestern coast of 
Puerto Rico at lat. 18°N. and long. 67°W. The area is characterized as 
semiarid, with mean rainfall of 1120 mm. Maximum and minimum 
temperatures are 31.1 o C and 18.3° C, respectively. The soil is Fraternidad 
clay, an Udic Chromusterts. 

Guinea and Merker grasses were grown in pure stands of .4-ha plots. 
The plots were fertilized at the rate of 4480 kg/ha/yr with a 15-5-10 
analysis. The grasses were harvested by hand at 30, 45 and 60 days of 
growth and sun-dried for approximately 2 days. The hays, chopped into 
3- to 6-cm pieces, were offered to four castrated male ruminants of each 
species: 1-year-old Holstein steers, 1 Y2-year-old native goat and sheep 
wethers in individual digestion stalls, for a total of 24 digestion trials. 

The trials consisted of a 14-day preliminary feeding period and a 7-day 
collect ion period. During the preliminary period, the hays were offered 
ad libitum. Hays offered during the collection period were 90% of full 
feed established during the preliminary period. 

The hays, offered and refused (orts), and the feces were weighed and 
sampled daily. Feces were weighed two times a day, at 7 a.m. and at 3 
p.m., during the collection period. Samples were oven-dried at 60° C for 
2 or 3 days and ground in a Wiley mill through a 1-mrn screen. Seven-day 
composite samples were prepared from the hays, orts and feces of each 
animal. 

All samples were analyzed chemically by the AOAC (6) methods for 
dry matter (DM) and crude protein (CP) and by the Goering and Van 
Soest (15) fiber fractionation techniques for cell wall or neutral-detergent 
fiber (NDF), acid-detergent fiber (ADF), L, C, and silica (Si) contents. 
Neutral-detergent solubles (NDS) was calculated as the difference be
tween 100% and NDF. H was determined as the difference between NDF 
and ADF. Apparent digestion coefficients for all nutrients were calcu
lated. 

The results were statistically analyzed, according to a 2 X 3 X 4 factorial 
design by simple and multiple regressions and correlations and the t test 
according to Snedecor and Cochran (20). 

RESULTS AND DISCUSSION 

CHEMICAL COMPOSITION 

Table 1 shows data on chemical composition of 30-, 45- and 60-day 
Guinea and Merker hays. Guinea hay was higher in NDF and C (P <.01) 
and in ADF (P < .05) contents but lower in CP (P < .01) contents than 
Merker hay. Similar results were obtained by Arroyo-Aguilu et al. (5) 
between Guinea and Merker grasses in NDF, ADF, C and CP contents. 
No significant differences in DM, H, L and Si contents were observed 
between hays. However, Guinea hay exhibited a higher H content than 
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Merker hay and DM, L and Si contents were similar in Guinea and 
Merker. 

CP content decreased in hays between 30 and 45 days (P <.01), 30 and 
60 days (P <.01) and 45 and 60 days (P <.05). Among hay ages, there 
were significant differences (P <.01) in NDF, L, C and Si contents, but 
DM, ADF and H contents did not vary significantly; however, there was 
a definite trend for ADF and H to increase. At 60 days of growth, NDF, 
ADF, H, L and C contents were highest but CP and Si contents were 
lowest. Gutierrez-Vargas et al. ( 16) also reported reduction of Si content 
with advancing maturity from 30 to 60 days of growth in Pangola 
(Digitaria decumbens ) and Star (Cynodon nlemfuensis) hays. Coward-

TABLE 1.- Chemical composition of 30-, 45- and 60-day Guinea and Merker hays 

Hay Age DM1 CP NDF AD F H L c Si 

Days % 

Guinea 30 89.2 8.8 72.3 46.4 25.9 7.3 33.7 6.7 
45 89.0 7.5 79.0 46.9 32.1 7.3 34.7 5.2 
60 89.5 7.0 78.6 48.0 30.6 8.8 37.2 3.6 

Mean 89.2 a2 7.8 a 76.6 a 47.1 a 29.5 a 7.8 a 35.2 a 5.2 a 
Merker 30 89.8 9.8 69.7 43.3 26.4 7. 1 27.5 6.0 

45 89.2 9. 1 71.8 46.3 25.5 7.9 31.5 4.9 
60 89.1 8.4 76.6 45.5 31.1 8.4 33.1 4.5 

Mean 89.4 a 9.1 b 72.7 b 45.0 b 27.7 a 7.8 a 30.7 b 5.1 a 
Guinea and 

Merker 30 89.5 a 9.3 a 71.0 a 44.8 a 26.2 a 7.2 a 30.6 a 6.3 a 
45 89. 1 a 8.3 b 75.4 b 46.6 a 28.8 a 7.6 b 33.1 b 5.1 b 
60 89.3 a 7.7 c 77.6 c 46.8 a 30.8 a 8.6 c 35.2 c 4.0 c 

Grand 
Mean 89.3 8.4 74.7 46.1 28 6 7.8 33.0 5. 1 
1 DM, dry matter, CP, crude protein; NDF, neutral-detergent fiber; ADF, acid-detergent 

fi ber; H, hemicellulose; L, lignin ; C, cellulose; Si, silica. 
2 Mean values in the same category with one or more letters in common do not differ 

significantly at the 5% level. 

Lord et al. (10) reported that the largest increase in NDF, ADF, Land C 
contents occurs between 30- and 60-day growth stages, probably due to 
the high environmental temperature and high transpiration causing early 
onset of lignification of cell walls in tropical grasses. D irven and Deinum 
(13) indicated that the continuous stem elongation in subtropical and 
tropical grasses is greatly stimulated by higher temperature, causing a 
decline in leaf percentage and a sharp decrease of stem digestibility, 
especially in an old stage. 

DIGESTION COEFFICIENTS 

Table 2 shows data on apparent nutrient digestibility of 30-, 45- and 
60-day Guinea and Merker hays, determined with steers and goat and 
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sheep wethers. Among hays, significant differences (P <.01) were ob
tained only in CP, ADF, H and L digestibilities, Merker hay being 
superior to Guinea hay. This is probably due to the lower cell wall and 
higher CP contents in Merker hay. Although not significant, DM and 
NDF digestibilities were higher while C and Si digestibilities were lower 
in Merker hay. 

Significant differences (P <.01) between 30- and 45-day and 30- and 
60-day grasses were obtained in DM, CP, ADF, C and Si digestibilities. 
Differences between 30- and 45-day grasses were also significant (P < .01) 
for L digestibility. Significant differences (P <.01) for ADF and L diges-

T ABLE 2.- /n vivo nutrient d igestibility of 30·, 45- and 60-day Guinea and Merker hays 

Variable DM1 CP NDF ADF H L c Si 

% 

Hay 
Guinea 48.4 a2 38.5 a 55.5 a 48.1 a 61.4 a 24.0 a 64.9 a -13.5 a 
Merker 51.9 a 45.0 b 58. 1 a 52.0 b 68.5 b 34.9 b 63.4 a -13.8 a 

Age (days) 
30 54.6 a 50.5 a 58.8 a 52.5 a 66.7 a 35.6 a 65.8 a -0.3 a 
45 47.6 b 37.8 b 54.6 a 47.4 b 64 .5 a 20.8 b 63.2 b -18.9 b 
60 48.2 b 37.1 b 57.0 a 50.3 c 63.6 a 32.0 a 63.4 b -21.5 b 

Ruminant 
Steers 52.9 a 42.6 a 59.0 a 51.0 a 66.7 a 29.8 a 67.2 a -11.0 a 
Goat 

wethers 47.8 b 40.1 a 55.9 a 49.7 a 63.1 a 29.5 a 64.0 b -15.5 a 
Sheep 

wethers 49.7 b 42.6 a 55.5 a 49.6 a 65.0 a 29.0 a 61.2 b -14.5 a 
Mean 50.1 41.8 56.8 50.1 65.0 29.5 64.1 -13.7 

1 DM, dry matter; CP, crude protein; NDF, neutral-detergent fiber ; ADF, acid-detergent 
fiber; H, hemicellulose; L, lignin; C, cellulose; Si, silica. 

2 Mean values in the same category with one or more letters in common do not differ 
significantly at the 5% level. 

tibilities were obtained between 45- and 60-day grasses. Highest digestion 
coefficients were obtained for all nutrients at the 30-day growth stage. At 
older or more mature growth stages CP content was reduced, while cell 
wall contents increased, with a reduction in the digestibility of both 
fractions. 

According to Ulyatt (21), straws, hays, native pastures and herbages 
from tropical and arid regions fall below 70% apparent digestibility. T hese 
forages have considerable bulk and a high proportion of their DM is not 
digestible. Ruminants consume forages to a certain distension of their 
rumen. The rumen load is reduced to the point where hunger recurs, 
depending on rate of breakdown of feeds and on rate of passage of 
undigested residues. As a result, digestibility involves rumen fill, rate of 
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breakdown and rate of passage. Conrad et al. (9) considered that the 
intake of forages of lower than 67% digestibility was governed by physical 
means while forage intake greater than 67% digestibility was regulated 
by physiological mechanisms. 

High L digestibilities of 24.0 and 34.9% were obtained from Guinea and 
Merker hays, respectively. Jones et al. (17) obtained mean L digestibilities 
of 41.0 and 38.0% in alfalfa (Medicago sativa) hays with goat and sheep 
wethers, respectively. Combellas et al. (8) reported a L digestibility range 
from - 7.4 to 63.3% in tropical grasses. This range tends to demonstrate 
that L may not be an inert substance in the ruminant digestive process. 
On the other hand, Gutierrez-Vargas et al. (16) obtained mean L diges
tibility values of 1.1 and - 3.2% for Pangola and Star hays, respectively. 

Negative Si digestibilities of - 13.5 and - 13.8% and of - 0.3, - 18.9 and 
-21.5% were obtained for Guinea and Merker hays and for 30-, 45- and 
60-day hays, respectively. Combellas et al. (8) obtained a mean Si 
digestibility of - 40.2% in 23 tropical grasses. Gutierrez-Vargas et al. (16) 
reported Si digestibilities of -6.2 and - 13.9% in Pangola and Star hays, 
respectively. These researchers suggested that possibly part of the con
taminant Si was lost during the sampling and/or analysis. Si was not lost 
in the feces, thus resulting in a Si fraction greater than in the hays. 

Significant (P <.01) differences were obtained among ruminant species 
only for DM and C digestibilities between steers and goat wethers, and 
between steers and sheep wethers. In all cases, steers provided higher 
digestibilities than goat or sheep wethers. Devendra and Burns (12) 
expressed that differences in DM digestibility between cattle and goat or 
sheep wethers could be due to differences in their ability to digest fiber. 
Cattle digested a greater proportion of NDF and ADF than did sheep 
wethers. This may be a secondary effect caused by differences between 
cattle and sheep wethers in their ability to recycle nutrients to the rumen. 
Baumgardt et al. (7) and Jones et al. (17) demonstrated that steers utilize 
C better than goats and L better than goat and sheep wethers, respec
tively. In Zambia, Gihad (14) observed that goat wethers were as reliable 
as sheep wethers in the prediction of the nutritive value of Hyparrhenia 
hay. In Nigeria, Ademosun (1) reported that crude fiber and energy 
digestibilities of Elephant or Napier hay by goat and sheep wethers were 
not significant. 

REGRESSIONS BETWEEN T OTAL AND DIGE STIBLE NUTRIENTS 

Table 3 presents simple regression equations and correlations to esti
mate digestible nutrients from total nutrients in steers, and goat and 
sheep wethers consuming Guinea and Merker hays. The highest corre
lations (P <.01) were obtained for CP in steers, goat wethers and sheep 
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TABLE 3.-Regression equations of form Y = a + bX for estimating percent digestible 
nutrients (Y) from p ercent total nutrients (X) in Guinea and M erker hays 

Nutrient 

CP ' 
NDS 
NDF 
ADF 
H 
c 
L 
Si 

CP 
NDS 
NDF 
ADF 
H 
c 
L 
Si 

CP 
NDS 
NDF 
ADF 
H 
c 
L 
Si 

Intercept 

a 

-3.60 
-19.66 
+1 3.90 
-6.81 

-10.10 
-4.67 

+ .26 
-2.97 

-5.09 
-11.00 
+7.86 

+18.66 
-6.92 
-.59 

-5.49 
- 2.50 

-4.02 
- 10.95 
+19.24 
+10.48 
+22.43 
-4.89 
- 2.67 
-.99 

Coeffici ent of 
regression 

b 

Steers 

+ .87 
+ 1.14 

+ .40 
+ .66 

+1.04 
- .84 
+.35 
+.48 

Goat wethers 

+1.02 
+.76 
+.45 
+.09 
+ .89 
-.63 

+ 1.02 
+.40 

Sheep wethers 

+.92 
+.76 
+.30 
+ .27 
+.03 
+.76 
+ .63 
- .02 

Coeffici en t of 
correlation 

r 

+ .95* ' 2 

+ .82** 
+ .37 
+ .79** 
+ .85** 
+.84 * * 
+ .20 
+ .62 ** 

+.92 ** 
+ .84** 
+ .34 
+ .11 
+ .88** 
+.67 ** 
+ .63'* 
+.49 ' 

+.93 ** 
+ .83 '* 
+.27 
+.29 
+.01 
+ .71** 
+ .46*.) 

+ .01 

S tandard error 
of estimate 

0.43 
3.41 
4.36 
2.68 
3.40 
2.18 
1.16 
0.79 

0.60 
4.52 
5.45 
2.93 
2.93 
2.67 
1.26 
0.85 

0.54 
2.62 
5.24 
3. 17 
4.63 
2.77 
1.17 
2.07 

1 CP, crude protein; NDS, neutral-detergent solubles; NDF, neutral-detergent fiber; 
ADF, acid-detergent fiber; H , hemicellulose; L, lignin; c, cellulose; S i, silica. 

2 S ignificant at the ! -percent level. 
3 Significant at the 5-percent level. 

wethers; for H in steers and goat wethers; for C in steers and for NDS in 
steers, and goat and sheep wethers. Similar regression equations were 
reported by Arroyo-Aguilu and Rivera-Brenes (4) and Arroyo-Aguilu and 
Evans (2) for CP and H in steers, respectively. The regression equations 
for CP in steers and wethers were very similar, thus showing the lowest 
standard errors of estimate. The CP equation, developed for goat wethers, 
was also significant (P < .01) and similar to that of steers and sheep 
wethers. As a result, the relation of CP to digestible protein (DP), 
expressed by its regression and correlation, tends to present the equation 
as the best predictor of DP. 
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TABLE 4.-Estimated true and apparent digestibilities from summ.ative equations and 
in vivo dry matter digestibilitieo from data of 24 digestion trials with steers, and goat 

and sheep wethers 

DM' DC DN DMD 
<;;, 

Steers 

NDS 24.9 114.0 28.4 28.4 
NDF 75.1 59.0 44.3 
H 29.6 66.7 19.7 
c 33.4 67.2 22.4 

TD 72.7 70.5 
BEE -19.7 -19.7 

AD 53.0 50.8 52.9 

Goat wethers 

NDS 25.6 76.0 19.5 19.5 
NDF 74.4 55.9 41.6 
H 28.0 63.1 17.7 
c 32.6 64.0 20.9 

TD 61.1 58.1 
BEE -11.0 -11.0 

AD 50.1 47.1 47.8 

Sheep wethers 

NDS 25.5 76.0 19.4 19.4 
NDF 74.5 55.5 41.4 
H 28.2 65.0 18.3 
c 32.8 61.2 20.1 

TD 60.8 57.8 
BEE -l!.:.Q - 11.0 

AD 49.8 46.8 49.7 

' DM, dry matter; DC, digestibility coefficient; DN, digestible nutrient; DMD, dry matter 
digestibility; NDS, neutral-detergent solubles; NDF, neutral-detergent fiber; H , hemicellu-
lose; C, cellulose; TD, true digestibility; BEE, bacterial and endogenous excretion; AD, 
apparent digestibilty. 

ESTIMATED DIGESTIBILITY 

Table 4 shows summative equations for calculating true and apparent 
digestibility of steers, sheep wethers and goat wethers. 

Van Soest (23, 24) determined that NDS have a digestibility of 98% 
and apply to forages as well as to concentrates in monogastrics and 
ruminants. NDS are essentially available; however, their digestibility 
appears incomplete due to the excretion of non-cell-wall matter, princi
pally of bacterial and endogenous origin. The bacterial and endogenous 
excretion (BEE) of the DM amounts to an average of 12.9% of intake, 
and this value represents the difference between the true and the appar-
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ent digestibility of DM. This was demonstrated by Van Soest (24), by 
relating total and digestible NDS contents with the Lucas et al. (18) test. 
The regression coefficient, b, is an estimate of true NDS digestibility and 
the regression constant, a, represents BEE. 

In this study, true NDS digestibility and BEE values (table 4) were 
114.0%, 19.7%; 76.0%, 11.0%; and 76.0%, 11.0% for steers, and goat and 
sheep wethers, respectively. In the steers, but not in goat or sheep 
wethers, NDS contents were readily digested. With sheep wethers in 
Venezuela, Combellas et al. (8) obtained a similar digestion coefficient 
greater than 100% and consequently, a higher BEE fraction, than that 
obtained in this study. 

Deinum and Van Soest (11), in Holland, assumed that the BEE fraction 
is proportionately related to the amount of substrate, but it appears from 
their samples that the BEE fraction is negatively related to the NDS 
content. They suggested that this is only possible if, at higher tempera
tures of NDS contents, a larger portion of this fraction is transported so 
fast to the abomasum that it escapes from the microflora. This may 
explain the fact that the calculated true NDS digestibility for Dutch 
grasses (11) was 118.0%, with a BEE fraction of 23.0%. A similar situation 
occurred with tropical grasses in this study. 

Goat and sheep wethers exhibited identical NDS digestibility and BEE 
values. The lower NDS digestibility in goat and sheep wethers could be 
attributed possibly to the lower intakes due to the coarseness of the hay. 
Arroyo-Aguilu and Gutierrez-Vargas (3) reported a higher NDS digesti
bility for goat wethers than for steers, although both hays were highly 
digestible. In this study, BEE values were higher in steers than in goat or 
sheep wethers. Van Soest (22) has given evidence that as intake increases, 
the BEE also increase and are not, as is usually considered, constant. 

In vivo apparent DM digestibility values for steers (52.9%) and for 
sheep wethers (49.7%) are in close agreement with values determined by 
the summative equation (NDS) for steers (53.0%) and sheep wethers 
(49.8%). The goat wethers' true digestibility value for H and C substitu
tion (47.1%) is in close agreement with the in vivo apparent DM digesti
bility (47.8%). H and C substitution values for steers and sheep wethers 
and NDF value for goat wethers were lower and higher, respectively, 
than comparative values. As indicated by Deinum and Van Soest (11), 
comparative values depend upon NDF and NDS digestibility and upon 
BEE. 

Merker grass has a higher chemical composition than Guinea grass; 
significant differences between ruminant digestibilities are detectable 
only for DM and C. The summative equations developed for apparent 
digestibility compare favorably with in vivo DM digestibilities and CP is 
the constituent that best predicts its digestible fraction. 
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RESUMEN 

Los pastas Guinea ( Panicum maximum) y Merker o Napier (Pennise
tum purpureum), cosechados a 30, 45 y 60 dfas de edad y hen ificados, 
fueron evaluados en pruebas de digestibilidad con 4 rumiantes castrados 
de tres especies: novillos Holstein, cabros y carneros nativos. Los pastas 
se abonaron a raz6n de 4480 kg/ha y ana con un analisis 15-5-10, se 
henificaron par 2 dfas y se cortaron en trozos de 3 a 6 em . Gada perfodo 
experimental dur6 21 dfas, de los cuales los primeros 14 d fas consti
tuyeron un perfodo prel iminar de adaptaci6n y los restantes 7 d fas uno 
de colecci6n total. Gada heno se ofreci6 a un nivel de consumo de 90% 
del determinado en el perfodo prelim inar. Los henos, ofrecidos y recha
zados, y las heces, se pesaron diariamente. Las muestras representati
vas tomadas diariamente se analizaron para materia seca (OM), protefna 
bruta (CP), fibra neutrodetergente (NOF), fibra acidodetergente (ADF), 
celulosa (C), lignina (L) y sfl ice (Si) . La diferencia entre 1 00% y NOF es 
Ia fracci6n soluble neutrodetergente (NOS) . La H se determin6 como Ia 
diferencia entre Ia NOF y Ia AOF. Se calcu laron los coeficientes de 
digestibi lidad aparente para cada heno en cada rumiante . El heno de 
Guinea arroj6 un contenido media mas elevado que el heno de Merker 
en : NOF (76.6 vs 72. 7% , P < .01 ), AOF (47 .1 vs 45 .0%, P <.5) y C (35.2 
vs 30. 7%, P <.01 ). El heno de Merker fue significativamente mas rico 
que el de Guinea en: CP (9 .1 vs 7.8%, P <.01) y mas elevado en los 
coefic ientes de digestibi lidad aparente de CP (45.0 vs 38.5%, P <.01 ), 
AOF (52.0 vs 48 .1 %, P <.0 1) y H (68.5 vs 51 .4%, P < .01 ). Ambos henos 
fueron similares en el contenido media de L (7 .8 vs 7 .8%) y de H 
(Guinea, 29 .5 vs Merker, 27 . 7%), como tam bien en los coeficientes de 
digestibilidad de NOF (Guinea, 55 .5 vs Merker, 58 .1 %) y deC (Guinea, 
64.9 vs Merker, 63.4%). Se obtuvieron diferencias sign ificativas (P <.01) 
solamente para las digestibilidades de Ia MS y de Ia C entre novillos y 

cabros castrados y entre novillos y cameros. La CP fue el criteria que 
mejor predijo su fracc i6n digestible . Los valores de digestibilidad real de 
los NOSy de Ia excrecion bacterial y end6gena fueron 114.0%, 19. 7%; 
76.0%, 11 .0%; y 76.0%, 11 .0% para novillos, cabros castrados y 
carneros, respectivamente. 
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