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of the Department of Chemistry, School of Tropical Medicine, San Juan, P. R.

INTRODUCTION

The importance of the knowledge of the feeding value of forage
crops in relation to the modern livestock and dairy industries is
recognized.

Metabolic experiments carried out with lambs have proved to be
an acceptable and practical method of determining nutritional in-
dexes of feeds, such as the biological value, coefficient of apparent
digestibility, ete., these serving to give the relative nutritive values
of different forage crops when fed to ruminants.

Since no work of this kind has been undertaken before in Puerto
Rico, we have had up to the present time no exact knowledge concern-
ing the nutritive values of the different pastures used in our dairy

- and livestock industry.

The data presented here has been collected from experiments
carried out during the years 1936 and 1937. We have tried to ob-
tain information (similar to that collected in studies on forage crops
in the United States) concerning the nutritive values of those pas-
tures most commonly used on our Island, but in no way should this
initial investigation be taken as a final dictum on the matter. In
addition to the work which has been done to determine the nutri-
tional indexes of the different grasses studied, we have also tried
to obtain information regarding the influence such factors as the
stage of maturity at the time of cutting, the cutting and the kind
of fertilizer used, may have on the nutritive values of these grasses.

1 Qooperative project between the Agricultural Experiment Station of the University of
Puerto Rico and the School of Tropical Medicine,

2 Field work was conducted by the Experiment Station at Rio Piedras.

3 Study made possible from grant-in-aid of the Bankhead Jones Act of T. S. A.
Congress 1936.
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These factors are of enough importance to be the subject of a special
investigation. Therefore, justification for presenting the present
study lies in the hope that the data given here shall serve to indicate
the problems to be solved in a systematic study of the nutritive
indexes of the forage crops of our Island.

REVIEW OF THE LITERATURE

Although literature on the present subject is non-existent in
Puerto Rico, it is so extensive in the States that it seems unnecessary
for us to present more than a review of those studies from which
we have taken our method. Sotola points out that the most accurate
method of evaluating proteins at the present time appears to be
that employed by Thomas and later modified by Mitchell (1).
Mitchell performed a rigorous and extensive investigation of his
method and came to the conclusion that it possessed a high degree
of accuracy. It will be interesting to note that Mitchell used white
rats as experimental animals. The method followed by Sotola (2)
in his investigation on the hiological value of the forage crops of
the United States is similar to that recommended by Mitchell, being
modified only in that Sotola used sheep instead of rats. The ad-
visability of using sheep is clear, as results obtained in nutritive
experiments with these animals have been shown to apply to cattle
(8), and they are easier to work with.

The methods we followed in the determination of apparent coef-
ficients of digestibility were the ones used by Sotola (4).

MATERIAL AND METHODS

The animals used in our experiment were native sheep whose
ages ranged from six to eighteen months when purchased. We
scarched the Island in the hope of finding a pure breed of sheep,
but could not find a single farm where the breeding or care of sheep
were carried out under controlled conditions. The animals had
been allowed to roam about the farms and could not be used during
the first two or three weeks after they were brought to the laboratory
because they were practically unmanageable.

The grasses studied were grown at the Experiment Station Farm
of the University of Puerto Rico at Rio Piedras. A field of ap-
proximately 2 acres was divided into seventy-two 1/40 acre plots,
each treatment of the soil being replicated twelve times. One half
of the replication was fertilized with a mixture of 400 pounds of
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ammonium sulphate and 200 pounds of double superphosphate per
acre, and the other half was fertilized with 400 pounds of ammonium
sulphate alone per acre.

The stages of maturation at which these grasses were cut were
just before or during the flowering periods.

The cutting was done early in the morning, the grasses being
chopped into pieces ranging from 2 to 4 inches in length, put into
jute bags and sent to us by truck, arriving usually at about 8 or 9
o’clock in the morning,

The detailed field conditions under which the grasses were grown
are given in table A.

EXPERIMENTAL

Metabolism cages, 314 feet long, 2 feet wide, and 3 feet high,
similar to those used by Sotola (4) were constructed at the School
shop. Each cage was provided with a double bottom for the col-
lection of the urine and feces separately.

The animals, before beginning an experimental period, were kept
during a preliminary period of 10 days on the ration to be tested.
At the termination of this preliminary period, the animals were
placed in the metabolism cages and the collection of the data for
the experiment was begun. Hach experiment lasted ten days.

The following data were collected during these ten-day experi-
mental periods: 1. Initial and final weights of the animals at the
start and the end of the experimental periods. 2. Weights of the
feed consumed per day. 3. Weights of the feed refused per day.
4. Weights of the feces eliminated per day. 5. Volumes of the water
consumed per day. 6. Volumes of the urine eliminated per day.

These data were collected practically at the same time every day,
from 9 to 10 a.m., and aliquot samples of the feeds given, the refuse
left, and the feces and urine eliminated, were taken for analysis.

All the solid samples collected were dried in an air oven at 100°C.
The composite aliquot samples of the feces and urine were kept in
the ice box. Xylol was added to the urine as preservative. The
samples of the grasses were kept in paper bags after having been
dried. All the solid samples were ground in a Willy mill at the
end of each experimental period; the powder obtained was mixed,
and large enough portions of it were put into amber bottles provided
with tight stoppers to be preserved for analysis. All the analyses
reported in this study have been performed according to the methods
of the Association of Official Agricultural Chemists. In the case of
the nitrogen determinations, we used a solution consisting of ten
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parts of a saturated solution of methyl red in 50 per cent alcohol and
one part of a 0.25 per.cent methylene blue solution in water as an
indicator to titrate the standard acid in which the ammonia was col-
lected against the standard base. A freshly prepared solution was
used whenever titrations were performed. This indicator mixture
has the advantage of giving a very sharp end point, changing from
violet on the acid side to green on the alkaline side.

An artificial ration having the following composition was given
to the animals during the trials performed for determining the
minimum protein required for maintenance:

Para grass straw (no leaves) ______________ 10. 00 per cent
B 21. 43 per cent
Stareh e e e e 21. 43 per cent
Cellm Aot - o~ T 43.90 per cent
Bone e e 2. 00 per cent
R e e e i 1. 24 per cent

Group A and Group B of our animals became used in this diet
after a short time and ate an average of about 400 grams of it per
day. The animals of Group D and Group E never became used to
it, preferring rather to starve. Due to this, we ran only four trials
on this low protein diet; three with animals in Group A and one
with animals in Group B. We have calculated the body nitrogen in
the feces per gram of dry matter ingested and the body nitrogen
in the urine per kilogram of body weight from the data obtained
from these trials. The average value obtained from these four trials
was applied to all our animals.

Existing data indicates that the body nitrogen in the feces per
gram of the dry matter ingested and the body nitrogen in the urine
per kilogram of the body weight for sheep receiving a low nitrogen
ration is quite uniform. We include the results obtained by other
investigators as well as by ourselves for the low protein trials, in
table 3. These results are quite close if we consider the different
breeds of animals used.

ResuLTs

Table no. 1 records the percentage content of nitrogen in the feed
consumed, the refuse left, and the feces and urine eliminated. These
values are later used in the determination of the biological values of
the grasses.

Table no. 2 gives the data gathered during the four ten-day
metabolism experiments in which the nearly nitrogen-free rations
were fed. The average values obtained for the body nitrogen in




100 THE JOURNAL OF AGRICULTURE OF THE UNIVERSITY OF P. R.

the feces per gram of dry matter ingested and the body nitrogen
in the urine per kilogram of body weight are 0.043 grams and 0.526
grams of nitrogen respectively. We have applied these average
values in computing all our caleculations for the hiological values of
the proteins.

Table 3 reports the values for body nitrogen in the feces per
gram of dry matter ingested and body nitrogen in the urine per
kilogram of body weight obtained by other investigators as well as
by us.

Table 4 gives a summary of the metabolism experiments upon
which the determinations of the biological values of the protein in
the grasses are based. ‘‘Body Nitrogen Feces’’ is obtained by multi-
plying the weight of the total dry feed intake by the body nitrogen
in feces per gram of dry matter ingested; while the ‘‘Body Nitrogen
in Urine’’ is obtained by multiplying the average body weight of

the animal in kilograms by the body nitrogen in urine per kilogram.

of body weight. The percentage of the total protein absorbed through
the intestine and retained in the body is called the ‘‘Biological Value’’
of the protein. This value is computed from the following equation:
Biological value =
100 Food N—/Total N in feces—Body N in feces)—(Total N in urine—Body N in urin
Food N—(Total N in feces-Body N in feces)
100 Food N retained
Food N absorbed

Table 5 contains all the proximate analyses of the offered and
refused portions of the rations used in the different experiments.
These analyses are all reported on a dry basis. Protein throughout
this work is understood to be the nitrogen value multiplied by the
factor 6.25. ’

Table 6 gives the proximate analyses of the feces eliminated
during the different trials. These analyses are also given on a dry
basis.

The coefficients of apparent digestibilty are given in table 7.
By this coefficient we mean the percentage of the substances in the
feed eaten that is absorbed in the intestinal tract. Coefficients of
apparent digestibility of dry matter, fat, carbohydrate, ash and or-
ganic matter have been calculated. These coefficients are computed
with the following equation:

Coefficient of apparent digestibility =
100 Substance in the feed fed—Substance in the feces eliminated
Substance in the feed fed
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Table 8 gives the digestible nutrient in 100 pounds of feedstuff
on the wet basis in addition to the nutritive ratio of each ration (5).
The digestible fats, carbohydrates and proteins are obtained by
multiplying the total amount of cach nutrient in 100 pounds of the
feed by the apparent coefficient of digestibility for that nutrient,
as given in table 7.

The second term of the nutritive ratio is calculated by means of
the following formula:

The second term of the nutritive ratio =

(Digestible fat X heat equivalent = 2.25) -+ Digestible carbohydrates
Digestible crude protein

A feed or ration having much crude protein in proportion to the
carbohydrate and fat combined is said to have a narrow nutritive
ratio. If the opposite is true it is said to have a wide nutritive ratio.

Table 9 gives the proximate and ash analyses of the grasses in-
vestigated, these determinations being reported on the wet basis, while
table 10 contains the same data after having been calculated on the
dry basis.

Table 11 is a summary of all the coefficients calculated from the
data obtained in this investigation.

The vitamin A activity determinations are recorded in table 12.

Discussion

The hiological values of the grasses studied do not show great
differences if we are to judge these from the results obtained and
indicated in the tables.

The proteins of all these grasses seem to be utilized by the lambs
with the same efficiency. A significant low result was obtained in
Trial No. 6 when elephant grass of the first cutting, fertilized with
nitrogen and phosphorus, was fed. The biological value computed
for this grass is 69. In the other three trials performed with this
grass, much higher results were obtained, viz., 81, 80 and 80; never-
theless, these four samples of elephant grass recorded the lowest
biological values obtained in all of the grasses investigated. Two
rations of the grass fed to the animals had been fertilized with ni-
trogen and phosphorus. All of them were from the first cuttings.
On the other hand, the malojillo or Para grass has given the highest
biological value, viz., 88, 97, 89 and 91. The first value corresponds
to a grass from a first cutting fertilized with nitrogen only; the other
three were grasses from the second cuttings, one fertilized with ni-
trogen only and the other two with nitrogen and phosphorus.
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The other four grasses investigated gave values which fall within
the range of those obtained for elephant and Para grasses.

The data obtained in these experiments seem to indicate that the
biological value is not greatly influenced by the addition of phosphorus
as fertilizer or by the cutting. We can conclude, on the basis of the
results obtained, that the quality of the protein is inherent in the
type of grass, since very similar results were obtained for the same
grass in first or second cuttings, and when fertilized with nitrogen
or nitrogen and phosphorus.

The trials in which Guatemala grass was fed yielded the highest
values obtained for the average coefficients of apparent digestibility
for the dry matter, the lowest values obtained corresponded to the
Yaragua grass. In the case of the coefficients for crude protein, Para
grass trials of first cutting grass recorded the highest value, while the
three trials with Yaragua grass yielded the lowest results. The other
three trials with Para grass of second cuttings were significantly low,
running second to the Yaragua grass trial results. The results ob-
tained with second cutting Para grass seem to indicate that the
cuttings exert a significant influence upon the digestibility of the
protein. It is interesting to note that all the samples of Yaragua
grass tested were from second cuttings and that they contained the
least digestible proteins of all the grasses studied. Whether this low
index of digestibility is inherent to the grass or is due to the cutting
cannot be stated with certainty, since only second ecuttings of this
grass were tested. This grass also recorded very low coefficients of
apparent digestibility for ash. These low values may be due either
to the fact that the mineral constituents are not as readily absorbed
as in the case of the other grasses or to a lack of palatability of the
Yaragua grass, which is the least palatable of all the grasses investi-
gated. Consequently, the animals consumed less of this grass during
the ten-day experimental periods than the average weights eaten
during similar trials with the other grasses. The total intake of
mineral matter then was not enough to supply the output. This
second explanation seems to us to be the most plausible one. Pala-
tability is unquestionably an important factor which also has to be
considered, as it may greatly influence the nutritive indexes. It is
quite apparent that the addition of phosphorus to the fertilizer does
not seem to influence the apparent coefficients of digestibility to any
great extent.

The nutritive ratios show wide variations. Yaragua grass gives
a very wide nutritive ratio, as is to be expected, for it has a low
protein coefficient of apparent digestibility. As a matter of fact,
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the nutritive ratio obtained in Trial No. 24 for this grass is extremely
wide due to the very low digestibility of the protein. The values
for the other two trials with this grass, although wide, are within
reasonable limits. The nutritive ratio for corn fodder shows the
narrowest value of all. The other grasses give values a little wider
than those obtained for fresh green roughage in the United States.

Second cutting grasses recorded nutritive ratios which were always
wider than those of the first cutting grasses. This is most probably
due to the fact that the second culting grasses yield, on a wet basis,
lower percentages of protein than first cutting grasses. The fat and
carbohydrate contents of second cutting grasses are higher than those
for the first cutting grasses.

The chemical analyses of the grasses show some interesting facts.
The protein contents vary, when the analyses are calculated on the
dry basis, from 9.50 per’ cent for corn fodder, first cutting fertilized
with nitrogen and prosphorus, to 2.61 per cent for Yaragua grass,
second cutting, fertilized with nitrogen only. All second cutting
grasses show lower protein contents than first cutting grasses. The
same ig true of the fat The nitrogen-free extract, on the contrary, is
always greater in second cutting than in first cutting grasses. Guinea
grass shows a higher calcium content than the other grasses; Guate-
mala grass gives the lowest result. Yaragua grass shows the highest
per cent of crude fiber. The phosphorus contents of these grasses
seem to be quite constant. The addition of phosphorus to the ferti-
lizer has not shown any appreciable effect on the phosphorus contents
of the grasses.

No conclusive results can be obtained from these series of experi-
ments. We have considered only the two factors, fertilizer and
cutting, in this discussion, but there is still a third which we have
not touched on. This factor is the stage of maturity at which the
grasses were cut and eaten by the experimental animals. As will be
seen from the table of field conditions presented under the heading
‘‘Materials and Methods’’ at the beginning of this paper, some of the
grasses sent to us were cut before the flowering stage and others,
during the flowering stage. The stage of maturity at which the
grasses are cut affects their nutritive values; therefore, this factor
has to be studied separately, and will be, in further experiments.

SUMMARY

1. Twenty metabolic experiments with grasses cut at different
periods, between August 1936 and May 1937, are reported.
2. The biological values were determined for these grasses; the
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highest recorded values belonging to Para grass and the lowest values
to elephant grass.

3. The coefficients of apparent digestibility for Yaragua and ma-
lojillo grasses of second cutting are quite low.

4. All the grasses tend to give wide nutritive ratios, but Yaragua
and malojillo, second cutting grasses, give exceptionally wide ones.

5. Yaragua grasses show a higher fiber content than any of the
other grasses investigated.

6. Guinea grass yields, on analysis, significantly high values for
calcium; Guatemala grass yielding the lowest values for this element
in all the grasses studied.

7. First cuttings of grasses usually yield higher percentages of
protein than second cuttings. The same is true of the fat. The ni-
trogen-free extract, on the contrary, is lower in first cutting than in
second cutting grasses.

8. The addition of phosphorus to the fertilizer does not seem to
influence to any great extent the nutritive indexes of the grasses
studied.

9. The vitamin A activity of the leaves of the grasses has been
determined.
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TABLE 1
PER CENT NITROGEN IN FEED FED, REFUSE LEFT, FECES & URINE
(FEED, REFUSE AND FECES ANALYSES, PER CENT ON DRY BASIS.)

(URINE ANALYSES, PER CENT BY VOLUME.)

Nitrogen | Nitrogen
in in Refuse Nitrogen | Nitrogen
Trial Ration Feed Fed Left Animal in Feces | in Urine
0.
% - b4 b4 %

YA o 0.69 0.14
) (AR Low protein diet Formula I.. QElT  orn enitn 7 2A.... 0.99 0.18
BA. v 0.91 0.20
) . e 1.51 0.24
Dvowan v Corn fodder (N and P) first. 1.52 1.30 L) e 1.47 0.30
3A.. 1.38 0.28
1B isas 0.84 0.60
& {mr e Low protein diet Formula I.. 0428  Jonsin vonsienns 2B.. 0.92 0.37
3B.. 1.05 0.17
¥ T— 1.06 0.26
Ll Elephant grass (N only) first. 0.81 0.34 A o oo 1.07 0.34
SA.. . 1.03 0.23
13...... Elephant grass (N only) first.. 0.87 0.40 Ve 1.01 0.18
| . 1.09 0.28
[ M Elephant grass (N and P)... 0.72 0.37 ) 1.17 0.43
first Sy e 1.07 0.32
1B s 1.14 0.13
2 ) (R Elephant grass (N and P)... 1.20 0.52 2B.... 1.19 0.13
first 3B.... 1.08 0.15
B Al 0.95 0.35
5 et Guinea grass (N only)....... 0.94 0.62 2B.... 0.92 0.47
first 3B.. 0.93 0.42
T A 0.97 0.23
2 Guinea grass (N only)....... 0.87 0.40 28 oo 1.08 0.27
first 3A.. 1.08 0.30
1B 0.99 0.35
Woorrszons Guinea grass (N and P)..... 0.96 0.73 2B 0.99 0.36
first o 3B.. 0.96 0.45
2 e 1.01 0.18
4...... Guinea grass (N and P)..... 0.83 0.46 2AL s 1.02 0.34
first 3A.. 0.99 0.25
1A o 1.28 0.21
. R—— Malojillo grass (N only)...... 1.06 0.52 T - 1.37 0.29
first cutting 7, R 1.21 0.24
10 SR 1.02 0.48
D Malojillo grass (N only)...... 0.50 0.38 A 0.89 0.52
second cutting BAsve 0.81 0.38
) B NER 1.00 0.19
20 ssnns Malojillo grass (N and P).... 0.62 0.30 2A.... 1.01 0.40
second cutting 8A:, vios 1.05 0.37
. P Malojillo grass (N and P).... 0.4 0.34 T coian 0.87 0.27
. second cutting 8D s 0.95 0.51
1B e 1.12 0.22
....... Guatemala grass (N only).... 0.80 0.54 2B.... 1,18 0.19
first cutting 8B 1.15 0.16
11 (R 1.00 0.19
U A QGuatemala grass (N only).... 0.69 0.55 2B.... 1.05 0.38
second cutting B 1.15 0.22
LA oann 1.34 0.19
10005500 Guatemala grass (N and P).. 0.83 0.43 T 1.15 0.17
) first cutting BA s 1.24 0.16
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TABLE 1—Contiuued
PER CENT NITROGEN IN FEED FED, REFUSE LEFT, FECES & URINE

(FEED, REFUSE AND FECES ANALYSES, PER CENT ON DRY BASIS.)

(URINE ANALYSES, PER CENT BY VOLUME.)

Nitrogen | Nitrogen
in in Nitrogen | Nitrogen
Trial Ration Feed Fed Refuse Animal in Feces in Urine
No. Left
b4 % & %
D% iunn Guatemala grass (N and P).. 0.74 0.58 1.14 0.22
second cutting 1.12 0.21
1.29 0.33
. —— Yaragua grass (N only)...... 0.42 0.37 0.95 0.23
second cutting 0.97 0.29
IA... 0.98 0.12
17, Yaragua grass (N and P).... 0.54 0.32 A . 0.86 0.21
second cutting B8hvss 0.95 0.21
1E.. 0.98 0.22.
26 cieren Yaragua grass (N and P).... 0.49 0.33 2E.. 1.10 0.34
second cutting 3E.. 1.16 0.24
LA 0.62 0.10
15A....| Low protein diet............. 0:d2  leosvsmwsams 2A s 0.90 0.33
A v 0.94 0.84
i 7. O 0.92 0.11
o R Low protein diet............. OLOS1 I [Lee—— 2A.... 0.82 0.19
Formula 1L 3A.... 0.80 0.12
TABLE 2

MAINTENANCE REQUIREMENT OF LAMBS AVERAGING 17.8¢ KILOGRAMS IN
WEIGHT, BODY NITROGEN IN FECES PER GRAM OF DRY MATTER INGESTED-
AND BODY NITROGEN IN URINE PER 100 GRAMS OF BODY WEIGHT, BASED

ON TEN-DAY TRIALS DURING WHICH NEARLY NITROGEN-FREE
RATIONS WERE FED.

. Total TFecal Urinary
Average Dry Nitrogen | Total Total Urinary | Nitrogen Nitrogen
Trial [Animal | Weight | Matter | in Feed | Fecal | Urinary | & Fecal |Per Gm. of |Per 100 Gm.

No No. Kg. Ingested | Consum-| Nitrogen | Nitrogen | Nitrogen | Dry Matter Body
Gm. ed % Gm. Gm. {4 Ingested Weight
Av s J=A 18.35 4, 245 0.17 13. 80 12.71 26. 51 0. 0033 0. 694
D) SR 22. 30 4, 225 0.17 18. 15 12.40 30. 55 0. 0043 0. 556
8=A... 18. 00 3, 660 0.17 15. 48 8.92 24.40 0. 0042 0.495
18 o x| LA 17.25 3, 640 0.12 11.30 7.37 18. 67 0. 0048 0. 427
. 15. 85 2,830 0.12 16.71 6.35 23.06 0. 0059 0. 400
8=A... 15.25 1, 686 0.12 6.70 9.15 15. 85 0. 0040 0. 600
30....1 1-A... 20. 48 2,920 0.08 11.98 9. 90 21.88 0. 0041 0. 483
2-A. .. 22.70 3,180 0.08 16. 08 3.62 19.70 0. 0051 0. 159
3-A... 20. 83 2,800 0.08 10. 15 4.75 14. 90 0. 0036 0. 228
8 . 1-B... 11.77 2, 427 0.23 9.25 9.76 19.01 0. 0038 0. 836
2-B... 16. 55 3,089 0.23 14.22 10. 38 24. 60 0. 0046 0. 626
8B s 14.78 3,401 0.23 15. 65 8.35 24.00 0. 0046 0. 565
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VALUES FOR BODY NITROGEN IN FECES PER GRAM OF DRY MATTER INGESTED

AND BODY NITROGEN IN URINE PER KILOGRAM OF BODY WEIGHT AS OB-
TAINED BY DIFFERENT INVESTIGATORS WHEN NEARLY
NITROGEN-FREE RATIONS ARE FED TO LAMBS

Body Average Body Body Average Body
Nitrogen in Nitrogen in Nitrogen in .| Nitrogen in
Feces Feces Urine Urine
Remarks Lam Per Gram of Per Gram of | Per Kilogram | Per Kilogram
No. Dry Matter Dry Matter of Body of Body
Ingested Ingested Weight Weight
it 0:0078, leemmmnssmm e 0.428
Sotola (2) performed two 2 VG ST SR 0.236
trials on each one of six 3 0.0059  |ieswssaseaninis 0.306
lambs. Values given are 4 DA0BL lovorsversusmmes 0.330
average of the two trials b 000700  Lois sisaainaese 0.350
(Black face lambs) 6 0.0058 0.0066 0.337
Turk Morrison & Maynard
(6). These investigators 1 0008  |ocviesanmemnas 0.556
used five animals and 2 00088 oo woarsense 0.480
performed two trials on 3 020068  ‘lewsvansmsnnssas 0.360
each animal. Values given 4 00088  [uiessic avessines 0.552
are average of the two 5 0.0046 0.0056 0.393
trials. (Young growing
wether lambs)
Miller, Morrison and May-
nard (7) report the follow-
ing values obtained in 14
comparable experiments |_....... 0.0055 0.0055 0.370 0.370
at the Cornell Station
(Pure-bred and high-grade
wether lambs of excellent
mutton type used)
The results obtained at
the School of Tropical
Medicine using six animals|
are given. Three trials
were run on three of these [ 1A (92500 3 (| 0.801 |
animals and only one trial
on the other three. The 2A 0.0051  |.......i.ie..n 0839 [emimeenmmmern e
three trials in group A
were run with a lapse of 3A QU088 Ui (V1. 5 O e
about five months between|
each trial; the average
value obtained for the three| 1B 00088, |isunsvesnensvens 0830 asresiceecneins
trials is given. For animals
of group B, the values 2B 0.0046  |................ 0.626  |....ocrveeiinnnn
obtained from the only trial
run is given 3B 0.0046 0.0043 0.565 0.526

(Wild Puerto Rican lambs
ranging from six to eigh-
teen months of age)
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TABLE 6

PROXIMATE ANALYSES OF THE FECES, REPORTED ON DRY BASIS, AVERAGE
COMPOSITE SAMPLE OF TEN-DAY METABOLISM EXPERIMENTS

Crude Nitrogen—
Trial [Animal Protein Fat Crude free ‘Ash
No. No. Ration (N x 6.25) % Fiber Extract [3
% % 4
3 (e 1-A...| Low protein diet form I........
2-A...| Low protein diet form 1. i
3-A. Low protein diet form I........
e 1-A...| Corn fodder (fert. N and P)
firts Cubting. ...« o siterrcnms 9.44 2.53 23.55 52.78 11.70
2-A. Corn fodder (fert. N and P)
B8t CULLIDE, .o i vwisierasatais o 9.19 2.31 24.34 53.35 10.81
3-A...| Corn fodder (fert. N and P)
st UYL e e s 8.60 2.69 24.45 51.68 12.58
t S Low protein diet form I........
Low protein diet form I..
Low protein diet form I..
& orenracs 1-A...| Elephant grass (fert. N only)
first cutting 6.67 3.06 24.80 50.02 15.45
2-A...| Elephant grass (fert.
Arst cutbing: s vie v e aupases 6.67 3.04 27.55 46.93 15.81
3-A...| Elephant grass (fert. N only)
BESE ISR v v vsasiass v 6.44 3.06 30.00 46.30 14,20
\
LS 1-B...| Elephant grass (fert. N only)
first cutting................... 6.30 2.79 29.90 45.11 15.90
‘ 6..0iis 1-A...| Elephant grass (fert. N and P)
BESE CUBHING . oo v sunaimemsnasis 6.81 3.23 31.37 42.86 15.73
2-A...| Elephant grass (fert. N and P)
first cutting................... 7.30 3.37 26.35 4740 15.58
3-A...| Elephant grass (fert. N and P)
first cutting................... 6.68 3.18 29.90 46.17 14.07
: 1 R 1-B...| Elephant grass (first N and P)
Hest eatfing. .o pvins s ssumenea 7.14 2.62 29.10 45.34 15.80
2-B...| Elephant grass (fert.
Best CREEING oo v seuen wsme sy 5 7.45 3.04 30.50 43.20 15.81
3-B...| Elephant grass (fert. N and P)
first cutting.... 6.75 2.76 31.51 43.28 15.70
oo 1-B...| Guinea grass (fert. N only)
Birst CubbInG e e o e 5.94 2.48 32.14 43.63 15.81
[ 2-B...| Guinea grass (fert. N only)
first eutting..oovo o onoenei inre 5.75 2.39 32.28 43.78 15.80
3-B...| Guinea grass (fert. N only)
Brst CULTINE, .. i susiviass sainse s 5.81 2.26 32.97 42.31 16.65
120 civenss 1-A.7.| Guinea grass (fert. N only)
BESE COEDINE e oo sinsasmmis 6.06 3.04 31.05 40.15 19.70
2-A...| Guinea grass (fert. N only)
Hrst cOtbIng. .. o seaas o smssam 6.75 2.89 29.04 39.92 21.40
3-A...| Guinea grass (fert. N only)
B0 CUBLING, soviines o o winiins 6.75 2.74 26.09 43.42 21.00
Toroen ave o 1-B...| Guinea grass (fert. N and P)
AIXSE CUBLINE. o w0 vvisinis woigseienis 6.19 2.94 32.86 42.10 15.91
2-B...| Guinea grass (fert. N and P)
Birst CRLEINE. oo wn smvasmnrs 55w 6.19 2.81 33.15 11.40 16.45
3-B...| Guinea grass (fert. N and P)
frstiettling . covwe yrwsiem s v 6.00 2.93 30.40 43.47 17.20
b ST 1-A...| Guinea grass (fert. N and P)
first cutting.... 6.30 2.56 28.47 41.29 21.38
2-A...| Guinea grass (fer!
first eutting................... 6.37 2.34 28.55 10.33 22.41
3-A...| Guinea grass (fert. N and P) |
Arst entting ... v vammnsm e | 6.19 2.36 27.20 42.45 21.80
$....... 1-A...| Malojillo grass (fert. N only)
st Chthing ooon v wowii 5 v 8.00 3.57 28.35 44.48 15.60
2-A...| Malojillo grass (fert. N only)
St COELINE < cn i povon mesnis 8.55 3.55 22.50 47.90 17.50
8-A...| Malojillo grass (fert. N only)
first CUbbINE s o050 ve vonitrinn e 7.56 3.10 26.70 48.24 14.40
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TABLE 6—Continued

PROXIMATE ANALYSES OF THE FECES, REPORTED ON DRY BASIS, AVERAGE
COMPOSITE SAMPLE OF TEN-DAY METABOLISM EXPERIMENTS

Crude Nitrogen-
Trial |Animal Protein Fat Crude free Ash
No. No. Ration (N x 6.25) % Fiber | Extract ]
% % &
D v e 1-A...| Malojillo grass (fert. N only)
second eutting. ... ., oo ovvos v 6.38 1.69 33.50 48.13 10.30
2-A...| Malojillo grass (fert. N only)
second cutting................ 5.56 1.89 31.85 50.08 10.62
3-A...| Malojillo grass (fert. N only)
second cutting................ 5.06 1.72 33.85 48.47 10.90
20......| 1-A...| Malojillo grass (fert. N and P)
geeond Cating.. ... owoessans 6.25 1,92 30. 66 46. 57 14. 60
2-A...| Malojillo grass (fert. N and P)
secord cutting............... . 6.31 1.22 32.70 46. 27 13. 50
3-A...| Maldjillo grass (fert. N and P)
secOrd CUtLINg. .. ox o muuanaies 6. 56 1.36 30.10 47.13 14.85
%...... 1-D...| Maealcjillo gress (fert. N and P)
seccrd cutting....oo.oean.. .. 5.45 1.90 35,35 43. 80 13. 50
3-D...| Malcjillo gress (fert. N and P)
secerd cutting.. ..oovieniinn 5.94 1.82 35.30 44. 04 12. 90
9. oa 1-B. .. Guetemsla grass (fat. N orly)
LIS LOLHER. o covsnvsamy smuns 7.00 |- 2.46 31.35 47.24 11.95
2-B...| Guatcomela gress (fert. N orly)
Bt cOtUNg oo s vewimenas 7.37 2.28 32.08 45. 58 12.70
3-B...| Gruatarsla grass ( ’
frst aqutitg......oooviniennn.. 7.19 2.31 30. 23 47.87 12. 40
- S 1-E... Cusatemela gress (fert. N cnly) -
secend Cutting.. cuvosaens vaee 6.25 2.07 30.12 47.96 13. 60
2-E...| CGuatnmala grass (fert. N crly)
seccrd cutting.. .oooeinon.. 6. 56 2.24 3121 45. 69 14. 30
3-E...| Gueatemala prass (fert. N orly)
second culting................ 7.20 | 2.30 30,05 45.20 15:925
| 1-A...| Gueatamela gress (fat. N snd P) !
BYSE CULBEE. voronsimvn ssiom sz 8.38 2.49 32.20 43. 53 13. 30
2-A. .. Gusatarela gress (fert. N acd P)
LIt COLULE. 5 opinimini o 7.19 2.34 30,95 45. 92 13. 60
3-A. .. Guatcmela gress (fert. N and P)
frst cotting.........oooonen.. 7.75 2.356 31.81 45.09 13. 00
22 1-D...| Guetnela gress (fert. N and P)
EECEER CRIMINE: crscna wavonons s 7.13 2.19 30,45 45. 63 14. 6O
3-D...| Guatcmela gress (fert. N and P) .
SRCCEd CUIDR. s soosnsives 7.C0 2.32 29.35 46. 13 15.20
24, ..... 1-A...| Yeregua gress (fat. N enly) .
EROLTA CUHER, « s oy vmg i cos 805 2.69 28.73 44. 58 15. 65
2-A. .. Yeregra gress (fat. N cnly) ;
secerd cutting. .. w nesswiens 5. 94 2.88 30. 60 46. 18 14. 40
3-A...| Yarfua gress dat. N cnly)
fecerd cuttirg.. cooveinennn... 6.05 3.22 30. 90 45.33 14. 50
AP oz v 1A....| Yeregua grees (fat. N ard P).
£eCOrd CUIILE. . .c s vnese sun 6.13 2.6 29. 20 45. 81 16. 50
2-A...| Yeregua gress (fat. Nand P)
secCrd COEHEE o vuisans s 5.37 2.19 31.45 46.29 14. 70
3-A... Yeregra gress (fat. N and P)
SeCCrd CULtng oo so aumaw s s ! 5.94 2,98 29.G9 45.89 16. 10
2%...... 1-E...| Yaegua grass (fat. N erd P) !
seccrd (uttirg.. ... ! €.13 3.93 30, 50 44. 64 14. 80
2-E...| Yearegua gress (fat. N and P)
SECERA CULHER . <y v samagnn 6.87 3.92 31.00 44.81 13.40
3-E...| Yeregua gress (fat. N ard P)
caceld Cutling . oy coneens swves | 725 4.10 29. 25 45.19 14. 21
1-A. .. 1-A. .. Lcw pretein diet form I... } 3.88
2-A ... Lcw protein diet fam I | 5.62 |.
3-A... Lcw jprotein diet fam I... 1 5.87 .
800 o0 1-A...| Lcw protein diet form II....... ] 5.75 |.
2-A...! Lcw yrotein diet form II. e 5.11 1.
3-A... Lcw rretein diet form II....... 4.97
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THE NUTRITIVE VALUES OF SOME FORAGE CROPS OF P. R.

. TABLE 8
DPIGRESTIBLE NUTRIENTS IN 100 LBS. OF PUERTO RICAN FEEDING STUFFS AS CUT

117

Digestible Nutrients

Total Nutritive
Feeding stuft dry Total ratio
matter Crude Fat Carbo- | (inc. fat
Protein hydrates | x 2.25)
1 Corn fodder (fert. N and P) first
OUBHIDE o vaains vosniman vonsisa s 23.79 1.51 0. 84 11.:71 13. 60 1:9.0
4 Elephant grass (fert. N only)
first cutting... .................. 27.68 0.90 0.73 13. 06 14.75 1:16.4
13 Elephant grass (fert. N only)
Bt CUbEING. oo s wsions s g 24. 60 0.85 0.39 12. 64 13. 52 1:16. 0
6..Elephant grass (fert. N and P)
first cutting..................... 30. 08 0.63 0. 52 13.05 14. 22 1:92.5
11 Elephant grass (fert. N and P)
Hirst: SUTINE: vonicws s v snsemoan 19.23 0.90 0. 39 8.70 9. 568 1:10. 6
& Quinea grass (fert. N only) first
GUBLINE o ovss s enisies SRR S 20. 44 1.05 0. 54 12.20 13.42 1:12. 8
12 Guinea grass (fert. N only) first
cutbing......oooviiiiiiiiiin.. 29. 84 0.91 0.29 14. 00 14. 66 1:16. 1
7 Guinea grass (fert. N and P)
first bt e weaemes i s 29. 64 1.08 0.40 13. 81 14.71 1:13.6
14 Guinea grass (fert. N and P)
first cutting..................... 30. 00 0. 84 0.48 14.05 15.13 1:18.0
8 Malojillo grass (fert. N only)
RISE MBI E . o sess wsissseme s 26. 18 1. 18 0.40 13.70 14. 60 32577
27 Malojillo grass (fert. N only) }
second cutting............oov0n. 37. 90 0.50 0. 46 22.33 23.37 1:46.7
20 Malojillo grass (fert. N and P)
second 'QItting .. .. i susuy 29. 10 0.44 0.39 12. 27 13.15 1:30. 0
2 Malojillo grass (fert. N and P)
second cutting.. ... 34. 00 0.21 0.32 17.57 18.29 1:87.0
9 Guatemala grass (fert. N only)
first cutting. .. ............ ... .. 27.00 0.81 0.64 15. 20 16. 64 1:20.6
28  Guatemala grass (fert. N only)
second eutbing.c .. .c... e isins 30. 50 0.70 0.57 16. 40 17.68 1:25. 2
_ 10 Guatemala grass (fert. N and P)
BESt CUbbIng v wis s samms s 24. 60 0.72 0.33 13.42 14. 62 1:20.4
22 Guatemala grass (fert. N and P)
second cutbing.. .......c.coonves. 30. 40 0.81 0.62 17.30 18.70 1:23.1
24 Yaragua grass (fert. N only)
second cutting.................. 36. 30 0. 05 0.29 17.08 17. 74 1:35. 4
1Y Yaragua grass (fert. N and P) .
second cutting.. ................ 34. 00 0.28 0.44 14. 13 15. 12 1:54.0
26 Yaragua grass (fert. N and P)
second cutting.................. 34.80 0.23 0.40 14.30 15.20 1:66. 2

Note: “N and P’ stands for nitrogen and phosphorus in the fertilizer.
““N” stands for nitrogen only in the fertilizer.
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