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ANIMAL PERFORMANCE AND PHYSIOLOGICAL DISTURBANCES IN SHEEP FED DIETS BASED
ON ENSILED SISAL PULP (Agave fourcroydes) I THE EFFECT OF
SUPPLEMENTATION WITH PROTEIN, FORAGE AND MINERALS
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Thirty-two male Pelibuey lambs were used to investigate the most appropriate means of sup
plementing diete based on ensiled sisal pulp (Agave feurcroydes) for sheep, and to detect

possible metabolic disturbances caused by such diets. The animals were divided into
eight treatment groups in a 2 x 2 x 2 factorial experiment. The factors were, the pres-
ence or absence of a protein supplement (soya bean meal), a forage supplement (ramon;
Bros.imum alicastrum) and a mineral supplement. Ensiled sisal pulp was offered ad libitum
88 the basal diet. All the diets were made isonitrogenous (15% CP) by the addition of
urea. The experiment lasted 112 days,

The addition of the supplements increaged the voluntary intake (VI) of the basal diet

(pulp/urea) by 2X, 192 and BZ for ramon, goya and both respectively. Similarly, the VI
tended to improve with the addition of the mineral supplement, Both the ramon and the so-
ya bean meal gignificantly improved live weight gains (P < 0.01), but with the mineral sup
plement the increase was not significant (P » 0.05). A satisfactory rate of live weight
gain (125 T 10,1 g/day) was obtained when all the supplements were offered simultaneouslv.
Changes were detected in the acid-base balance of the animals, but these were less seve-
Te than those reported previously in cattle fed sisal by-products.
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Since the first attempts to use the by-preducts of the siaal industry
(pulp and bagasse) as animal feeds, it bas been apparent that acreptable lev
els of animal production will not be attained without an adequate dietary
supplementation (see Belmar and Riley, 1984; Harrisnn, 1984).

The most promising responses in animal production have usually been ob-
tained with protein supplements. In both cattle and sheep, several authors
have reported an improvement in animal performance and voluntary intake of
the by-products with supplements containing true protein, especially when
these are resistant to degradation in the rumen,as is fish meal {Sangnines et
?350;976; Sanguines and Shimada, 1978; Godoy and Elliot. 1979; Herrera et al

One of the factors which may cause the low voluntary intake of pulp and
bagasse is a low turnover rate of rumen digesta (Ferreiro et al, 1978). Gu-
tiérrez et al (1981) significantly increased (P < 0.05) both the dilution

rate of the rumen liquid phase and the voluntary intake of sisal pulp by includ
ing a forage supplement, african star grass (Cymodon plectostachyus), in  the
diet of sheep at 25% of the total daily intake.

Harrison (1984), recently carried out analyses which show that the sisal
by-products contain low levels of the minerals phosphorus (P}, copper  (Cu),

cobalt (Co), manganese (Mn) and zinc (Zn) but are high in calcium (Ca) and
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magnesium (Mg). This author suggests therefore, that the efficient use of
these feedstuffs will require supplementation with minerals.

Disturbances in the acid-base balance of young bulls eating sisal bagas
se or pulp have been reported (Naseeven and Harrison, 1981; Belmar and Riley
1984). These may explain, in part, the poor animal performance and voluntary
intake with such diets, The nature and importance of these disturbances, how
ever, are still not fully understood,

The present study was carried out to integrate previous results by eval
uating the combined action of forage, protein and mineral supplements. Acid -
base balance was also studied to determine its importance in terms of animal
productivity,

Materials and Methods

Thirty-two male Pelibuey sheep were used, They were 10 to 12 months old
at the beginning of the experiment and weighed between 14 and 21 kg. These
animals had not had previous contact with sisal by-products, and were treat-
ed against intestinal parasites before the trial began, They were distributed
at random in groups of four each with a mean live weight of 1722 kg, in wood
en pens with a cement floor and artificial shade. Water was available ad 1i-
bitum.

The experimental design was a 2 x 2 x 2 factorial, the factors being
with and without protein supplement, with and without forage and with and
without minerals, The four animals in each treatment combination were housed
in a single pen. All animals received ensiled sisal pulp ad libitum as the
basal diet. The fresh pulp was ensiled without additives in silos with a
three tonne capacity. Soya bean meal was offered as the protein supplement at
12% of the total voluntarv dry matter intake (ML), which provided 32% of the
total dietary crude protein (CP). Ramon (Bros.ium alicastrum), freshly cut and
chopped each day, was offered as the forage source at 30% of DMI. Mineral mix
es were made for each diet, taking into accourt the mineral composition of
the ingredients, to provide 150% of the nutritional requirements for P, Mn,
Cu, Co and Zn (McDonald et al, 1973). The diets were made isonitrogenous
(15% CP) by the addition of urea, The composition of the dietary ingredients
is shown in Table 1. Half of the sisal pulp was offered in the morning with
the supplements, the remaining 50% was fed in the afternoon, Enough pulp was
offered to ensure a refusal of at least 10%.

The experiment lasted 112 days, of which the first 14 were the period of
adaptation to the experimental diets. The animals were weighed at the begi-
ning of the experiment and then every 14 days, after a fdst of 18 hours. The
intake of pulp was measured daily for each pen.

To detect any possible changes in the acid-base equilibrium of the ani-
mals,urine samples were taken from the fifth day of the trial. A sample was
taken from one animal in each pen each week, each animal was therefore sam-
pled once each month, The urine samples were analysed for pH and net acid-ba
se (NAB; Bartko et al, 1979). Eight animals were selected at random before
the experiment began, when they were grazing african star grass, and blood
samples were taken to determine blood pH. At the end of the trial blood sam-
ples were taken from the jugular vein of all animals with a heparanised sy-
ringe. The pH and partial pressure of Co; (pCOz) of the samples were deter-
mined in a blood gas analyser (BGA3, Radiometer Copenhagen). The blood pH
and pCO; values obtained were used to calculate the bicarbonate:carbonic acid

ratio (HCOE;H2C03}.
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4nalysis of variance was used to determine significant factor effects
and interactions (Steel and Torrie,b1980).

Table 1
The composition of the ingnedients of the experimental diets,
{*DM basds)

Soya bean Ramon Ensiled

meal forage sisal pulp

Dry matter (%) 88.6. 39.1 19,9
Crude protein (X)* 45.5 17.2 . 5.8
Calcium (X)* 0.3 1.3 5.0
Phosphorus (X)* 0.40 0.11 " 0.04
Trace Elements (ppm)
Znt 625 20 14
Mn* 34 16 - 10
Fe¥* 142 59 112
Cu# 26 5 4
Co% 2 ND ND

ND = not detectable

Results and Discussion

Production: The mean voluntary DMI of both sisal pulp and the total
diets for each treatwment during the 98 days of the trial are shown in  Ti-
gure 1.

The inclusion of the supplements in the diet increased the DMI of the
basal diet (pulp/urea) by 2%, 19% and 8% for ramon, soya bean meal and both,
respectively, The mineral supplement also tended to increase the DMI, espe-
cially in the presence of one or more of the other supplements. The soya
bean meal caused the largest increases in the consumption of the basal diet
357 with and 19%Z without the mineral supplement.

This stimulation of voluntary DMI of the pulp by soya is similar to
that reported by Rodriguez et al (1981), who also used soya bean meal as a
protein supplement. The lack of response to the forage supplement, however,
differs from the results of Guti€rrez et al, (1981), who obtained an in-
crease in the total voluntary DMI by sheep of 70% with the inclusioen of
african star grass at 25% in diets of sisal pulp. On the other hand, the ad
dition of ramon to sisal pulp in diets for cattle reduced the voluntary in-
take of the by-product (Priego et al, 1979).

The effrcts of supplementation on changes in live weight are shown in
Figure 2, Both ramon and soya caused significantly (P < 0.01) greater 1live
weight gains than those of the groups consuming pulp alonme or with only mi-
nerals. The addition of minerals improved the performance of the animals,
but this effect was not significant (P > 0.05). These results are presented
in Table 2,
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Table 2

Yean Liveweight changes of sheep fed basal diets of sisal pulp and receiving
dupplements of soya bean meal, ramon and minenals.

SUPPLEMENT
Soya bean meal Ramon Minerals SED*
- + - + - +
Live weight changes a b b

(g/animzl/day) 1.6 82.4 10.3% 73.7° 33.4 50.6 14.20

*SED- Standard error of the difference
Means for each factor with different superscripts are gignificantly
different P < 9,01

Figure !

Effect of the addition 04 supplements to a diet of enadiled
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Figure 2

Egﬁect of the addition of supplements to a diet
of ensiled sisal pulp/urea on Live weight changes
An Pelibuey sheep,
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No significant interactions were found between the different types of
supplement, '

In general the increases in live weight gain were directly related to
the quantity of true protein administered, a result similar to those reported
for sheep by Sanguines and Shimada (1978) and Rodriguez et al (1981). The
consistent improvement in intake and growth rate obsérved with the mineral
supplement indicates the importance of this type of supplementation for the
efficient use of the sisal by-products.
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Figune 3

Effect of the addition of supplements to a diet of ensiled sisal
pulp/urea on net acid-base in the urine of Pelibuey sheep.
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Physiology: Values for met
acid-base in urine during the 15 weeks of the experiment are shown in Figu
re 3., Although the results for this parame- ter were very variable from week
to week, the addition of ramon or soya to the diet tended to increase the
values, whereas minerals did not. The ox. treme treatments, pulp alone and
pulp plus ramon, soya and minerals, are shown in the lower graph. Net ac
Ld-base was maintained close to zero in the animals not receiving supplement
>, whereas with the supplements the valueg were higher until the 10th week .
f the trial, but by the 11th week they had fallen close to those in the anis
ials not receiving any supplements, In a
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similar manoer, supnlementation largely prevented the fall in urine pH ob-
served when the animals hegan consuming sisal pulp (Figure 4).

bartko et ai (19/9) present the following classification of acid - base
balance, based on net acid-base in the urine of cattle,

> 100 meq/l - normal
100-0 meq/] - compensated metabolic acidosis
< 0 meq/l - uncompensated metabelic acidosis

Figure 4

Edfect o4 the addition ol Supploments Lo a diet of ensifed sisat
putp/wrea on the uvine pi of Pelibuey sheep.
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On the basis of this classification and the urine pH values, it is pos
sible to diagnose a state of compensated acidosis, this condition being
worse in those animals which did not receive an adequate supplementation.
However, it is difficult to diagnose the condition categorically in the ab-
sence of published normal ranges for the species/breed of animal used  and
the environmental conditions of the experiment. At a later date, Rodriguez
et al (1984) established that Pelibuey sheep at the same site and consuming
african star grass and ramon had mean values for NAB and pH in urine of 113
meq/l and 8.3, respectively. This reinforces the diagnosis mentioned above .

The reference blood pH obtained from eight ahimals bhefore the experi-
ment began was 7.41 (range 7.38 - 7.45). Mean values for pH, pCOz and
HCO3:HpCO3 in blood of animals receiving the eight experimental diets are
shown in Table 3. The presence of ramon or soya in the diet significently
increased (P < 0.05) the blood pH. Animals receiving ramon had significantly
lower (P < 0.01) values of pCO; than those which did not receive this sup-
plement, and significant interactlons (P < 0.05) between ramop and soya and
between ramon and minerals were observed. The ratio HCO3:HpC03 was signifl

cantly higher (P < 0.01) in animals receiving soya and ramon, and the inter
action between these two supplements was significant (P < 0.05). B

Tasker (1980) reports normal values for blood pH, pCO, and HCO3:HpC03 of
7.4,40mmHg and 20:1, respectively. The blood pH value is very similar to the
reference pH obtained in this study. Of the differences and interactions pre
viously described, the result of major interest is the low pH and high pCQ;
of the groups which did not receive soya or ramon. This agrees with the diag
nosis made from urine parameters, that is a mild acidosis. However, by the
end of the experiment these animals were in very bad condition.

The relatively high values of pH and HCO3:H2C03 and low values of pCOs in
tbe supplemented groups may be explained,in part, by the high temperatures in
the tropical conditions under which the experiment was conducted. A high rate
of respiration in a hot environment increases the loss of CO;, which in turm
increases blood pH (Tasker, 1980), This apparent alkalosis does not agree
with the results reported for urine parameters. However, Belmar and Rirlwy
(1984) observed a similar phenomenon in cattle fed ensiled sisal bagasse.

Table 3
Acid-base panametens in blood of sheep fed ensiled sisal pulp with and without supplements
for 100 days. :
SUPPLEMENTS
Without Soya bean meal With Soya bean meal
Without ramon With ramon Without ramon With ramon
Minerals Minerals Minerals Minerals SED

Without With Without With Without With Without With
PE 7.40 7.42° 7.48 7.49 7.49 7.47  7.48  7.49 0,035
pC0; (mmHg) 47.1 41,7 34.8 37.9 40.4 37.8 38.0 38.7 2.25

BCO;:HchQ 19.4 20.5 23.5 23.3 24,2 22.8 23.9 23.7 1.21
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Conclusion

The results from this study emphasize the importance of an adequate sup
plementationof diets based on sisal by-products. An acceptable level of pro-
duction was obtained with supplements of true protein, forage and minerals.
This type of supplementation is expensive, therefore it is proposed that fu-
ture work should investigate cheaper alternatives to the supplements used.

The sheep consuming sisal pulp suffered from an acid-base imbalance.This
distubance was not as severe as that observed by Naseeven (1981) in young
bulls fed ensiled sisal pulp. Further, the imbalance was less severe in ani-
mals receiving supplements of ramdn and soya, therefore it is not considered
that it is one of the principal factors which limit animal performance with
diets based on by-products of the sisal industry, when an adequate supplemen
tation is provided.
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