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Abstract 
Two in vivo digestion trials were conducted (using the total collection method) to study the -- 

effects ofwater hyacinth (Eichhorniacrassipes) or water lettuce (Pistiastratiotes) substitution 
for guinea grass (GG) on nutrient digestibility by growing sheep. Each trial involved 24 ram- 
lambs fed diets contain in various levels of ground water hyacinth (WH) or water lettuce 
(WL) hay. In trial I, a controldiet made up of 46% ground maize, 30% ground GG hay, 15 '70 
groundnut cake, 8% cane molnsses and 1% oyster shell was compared with diets in which 10, 
20, or 30% WH hay replaced the same amounts of GG hay in the diets. Trial II was conducted 
in a similar manner using 10,20 or 30% WL hay as replacements for equal amounts of GG 
hay. In trial I, the digestion coefficients for dry matter (DDM), organic matter (DOM), rude 
fiber (DCF) and gross energy (DGE) amoung the WH treatments were not different (P>0.05). 
Digestion coeft:cienl for crude protein (DCP) was lower (Pc0.05) for the WH-30 diet than 
for Ule other diets. The pcrcent digestible ether extract (DEE! was higher (P<0.05) for the 
WH-0 and WH-10 diets than for the WH-20 and WH-30 diet$ with no differences (P>0.05) 
between either the WH-20 and WH-10 diets or WH-20 and ?VH-30 die:s. The percent 
digestible ash (DAsh) among the experin~en!al diets followed the general trend WH-lO>WH- 
O>WH-20>WH-30 (P<0.05). The coefficients of digeztible nitrogen free exmrt (DNFE) 
among the various diets followed the trend WH-30 = WH-10> WH-O>WH-20 (P4.05). In 
trial 11. there were nodifferences (b0.05) among the WLtreatments for DDM, DOM, DNFE 
and DGE. The percent DCP followed the trend (WL-bWL-10 WL-30>WL-20 (P<0.05). 
Results obtained for percent DCF showed higher values (Pc0.05) for the WL-20 and WL- 
30 diets than for the WL-0 and WL- 10 diets with no differences (P>0.05) between either lhe 
WL-20 and WL-30 diets or the WL-0 and WL-30 (P<0.05). The results showed that WI-I and 
WL hays could be incorporated into the diets of growing sheep at levels of up to 30% with 
reasonably good levels of utilization and that WH and WL hays compared favourably with 
GG hay as roughapes for growing sheep. However, the high level of ash in the aquatic weeds 
may limit the amount that could be successfully incorporated into livestock diets without 
adverse effects. 

Introduction ' 
Water hyac~nth,Elchhorniacrass~pes which has its origin in South America (pieterse, 1978; 
and Becker el al., 1987) is regardedas the most noxious of all aquatic weeds and hasexhibited 
the most spectacular example of explosive infestation (L~ttle, 1969). Other noxious aquatic 
weeds incllrde water lettuce (Pistin swatio/es); hydrilla (!fyill.illu \~erricilara); water fern 
(Azolla species); and salvinia (Salviniaspecics). Aquatic \vee:is have caused obstructions in 
economically important waterways and lakes. tilocked cai~als and pumps in irrigation 
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aquatic weeds will drastically reduce penetration of light and thus, inhibit growth of 
phytoplankton. Under such dense mats, oxygen concentration will be depleted while carbon 
dioxide and acidity will be relatively high. Aquatic weeds provide a favourable habitat for 
mosquitoes which are vectors of diseases such as malaria, encephalitis and filariasis. In 
addition, fresh water snails which are intermediate hosts for the insidious, debilitating 
disease, schistosomiasis (bilharzia), have been found attached to the roots of certain aquatic 
weeds (National Academy of Sciences, 1976). Aquatic weeds also hinder boat traffic and 
interfere with fishing and fish culture. Pieterse (1978) pointed out that evaporation from 
water covered by aquatic weeds may be up to six times higher than that from open water. This 
problem is severe in tropical countries where warm water and increasing numbers of dams 
and irrigation projects foster the growth of aquatic weeds. 

The negative effects of aquatic weeds on aquatic environment have led to considerable 
interest in the utilization of these weeds as livestock feeds (Baldwin, 1975; Surat and Singh, 
1980; and Grandi, 198 1). In this regard, most work have been done on water hyacinth. Data 
on the digestibility of most species of aquatic weeds by various classes of livestock and the 
optimum amounts that could be incorporated into their rations are inadequate and contradic- 
tory. Although Hentges (1970) observed no toxic effects on cattle fed fresh and sun-dried 
water hyacinth, Kashem et a1 (1983) observed that cattle fed fresh water hyacinth developed 
digestive disturbance attributed to high potassium and chloride intake. Kiflewahid (1975) 
suggested that fresh water hyacinth could be used to make up to 24% of the total diet of steers 
and that additionof energy or protein -rich feedstuffs, withering,drying, grinding or pelleting 
would increase the dry matter intake of the plant. Becker et al. (1987) found that water 
hyacinth silage could be successfully incorporated intoruminants'ration up toa levelof 35%. 
In trials with buffalo steers fed hay, haylage and silage of water hyacinth. El-Serafy et al. 
(1981) observed that the animals consumed all forms of the water hyacinth, gained weight 
and were in positive nitrogen balance. Solly et al. (1983) substituted 50% of para grass with 
water hyacinth in the diets of newly weaned goats and observed similar performance wlth the 
standard group. 

The objectives of this study were (a) toevaluate the nutritive values of water hyscinth 
and water lettuce hays as roughages for growing sheep: and (b) tn obse~:e the effects of 
substituting the aquatic weeds for guinea grass on nutrient digestibility by the animals. 

Materials and Methods 
Chemical analyses and two in vivo digestion trials were conducted to achieve the objectives 
of the research. Freshly harvested water hyacinth (WH), water lettuce (WL) and guinea grass 
(GG; which served as the control being a typical tropical terrestial forage and was harvested 
between the sixth and seventh weeks of regrowth) were analyzed for dry matter (DM), 
organic matter (OM), crude protein (CP), crude fiber (CF), ether extract (EE) and ash as 
described by the Association of Official Agricultural Chemists (AOAC) (1975) Nitrogen 
free extract (NFE) was obtained in the usual manner. Other samples were sun-dried for 72h 
and used as feed ingredients for the in vivo digestion trials. In vivo digestion trials. 

Two digestion trials were conducted with West African Dwarf ram-lambs weighing an 
average of 11.8kg. Each trial involved 20 ram-lambs alloted (at random by weight) to four 
treatments with six iambs per treatment. Trial I compared a control diet containing 46% 
ground maize, 30% chopped guinea grass hay, 15% groundnut cake, 8% cane molasses and 
1% oyster shell with similar diets in which water hyacinth hay was incorporated at levels of 



lU,2i,:, or 30% q.ri i:!re diets as replacements for guinea grass hay. Trial II was conducted in
a siuiiiar fliafl**r exrept that water lettuce hay was used instead of water hyacinth hay.

Eac{: trrai coirsisred of a 14-day pre-adjustment period, a 7-day adjustment period and
a 7:day c,*iiui:iii:ri pe:iul. During the preadjustment period, animals in each treatment were
11i;i1,t*d li;ge ti,l*r in scparrie covered pens beddcd with wood shavings and fed the experimen-
t*i di*ts*ill*rrr+r: {*ni:rr;:ls had beerr on adietsimilartothe conftolforsome time).Theiambs
rllr,riily co:isriiric{i rhe tlicrous diets after a few days of adaptation. After pre-adjustrnent,

arir:a1:; r,rr:: iroused ui ri;dividual metabolism cages designed for the total separation of
l-:J*c*s :rrriii: uiiti::. r\rtlt:tls werekept in the cages during the adjustment and collection periods
;r*d le*,.i oili:r'cd w*ii$ ieel:.:::ed nTAVo of ad libitum consumption (about 500g/head/day, DM
hasir,r ii;1i;1g ili*s* pi:;'!liis" The chemical composrtion of the WH, WL and GG used for the
digestion studies are sin;'*;r'r on table I. The ingredient composition of the experimental diets
for Eials I and II are shown on tables II and III, respectively. The chemical composition of
the experimental diets for trials I and II are shown on tables Iland IIi, respectively. Daily feed
was divided into two equal parts and fed at 0800 and 1600h. Fresh, clean water and trace-
mineralized salt licks were available to all animals ad tibitum throughout the experimental
periods.

Grab samples (about 50) of each experimental feed were collected during eacfr t'eeding
and kept in air'-tight polythene bggs. Total daiiy faeces voided by each experimental animai
was weighed during the collection period and tjen percent aliquot sarnples were kept in
labelled plastic bags at 5"C. At the end of eacti mi;il, daily subsar,lples of each experimental
riiet were mixed together, gr<lund ina Wiley inrli ilu':nesh screen) altC kept in covered plastic
containcrs for furtheranatryses. Cumulativefae::el sar.rrples of each experimentalanimal were
dried in an oven at 60'i-l for 48h, ground and kept in sirrliltr manner as th* feed samples. The
experimental feed ai.;d li:r;r€s wsro analyzed fcr DM, Ofvi, Cp. Ctr, EE and ash ar rlcseribecl
previously. Cross energy was deterrninr.il i:sir,g a hallistic tri;;::lb calorimeter. L:i**stibility
coefficients for the various components ol each diet werr: *i:tliined tbr eacli uiai by the
methods descril:e<J ir;,' Schneider ;uid Fl;r* ( 1q75).

Statistical analyses

Data for the in vivo tligesticn ctxfficient-q ili'lii $t&ll'zi.'d b.v the us* of & oxtr-way
analysis of variance as described by Neter and Wasserrnan (1977). Means were compared
using Duncan's new multiple range test as described by Steel and Torrie (1980).

Results and Discussion

The digestion coefficients for individual components of the diets containing various levels
of WH hay as replacements for GG hay (trial l) are presented on table VI. Digestion
coefficiens for dry matter (DDM), organic matter (Dolvt), crude fiber (DCF) and gross
energy (DGE) arnong the different diets were not significantly different (p>0.05). However,
values obtained were reasonably good for the type of diets used. This suggests that WH hay
couldbe incorporated intothedietsof growinglambs uptoalevelof 307c withoutanyadrerse
effects on the digestibility of these nutrients when compared with values obtained for a
typical terrestral tropical forage. Digestibility of crude protein (DCP) was lower (P<0.05) for
the WH"-1ii di*i than fi;r the other diets, indicating that incorpffation of WH into the diets of' grcrv"irtg lilti:9|; 31 ic"'*l:.. r:,:3ier thwr 207c would adversgly aft"ect the olo cP digestibility.
F"low,rlrjr'itir: la,,'i i1:;:l r1.:: ; -",,1,xi11q higher level of CP than GG ( I 1.3 and6.7 ?o,respectively;
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table I) makes this result less meanin@ since the total amount of CP in the diets would 
increase with increasing 1evelsofWH. Thus,theamountofdig~IbleBwooldincrease with 
increasing levels of WH in the diets. 

The percent digestible ether extract (DEE) was high& (Pc0.05) for the WH-0 and 
WH-10 diets than for the WH-28 and WH-30 diets with no differenas (PM.05) between 
either the WH-0 and WH-10 diets or the WH-20 and the WH-30 diets, indicating that the 
optimum level of DEE wouldbe obtained when WH supplies 10% of the total diet However. 
the low levels of EE in the various diets (3.fj-45%; table IV)make this result less meaningful. 
The coefficients of digestible ash @Ash) among the diets followed the general trend WH- 
10>WH-O>WH-2bWH-30 (P4.05). showing that DAsh decreased with increasing levels 
of WH in the diets. However, WH contains substantially higher levels of ash than GG (43 and 
10.6%, respectively; table 1) and the ash content of the diets increased with increasing level 
of WH. Thus, the amount of digestible ash would increase with increasing levels of WH in 
the diets. It should be noted that the high levels of ash in aquatic weeds may limit the amount 
that could be successfully incorporated intolivstockdiets. Dietsmtaining 30% Wresulted 
in 15.7 and 14.9% ash, respectively (tables N and V). These values are higher than those 
normally obtained in conventional sheepdiets. Although no mineral toxicity symptoms were 
observed for animals in this study, higher levels of aquatic weeds in the diets of live stock 
could result in digestive disturbances as was observed by Kashem er al; (1983). The percent 
digestible N-free extract (DNFE) among the various diets followed the gneial trend WH- 
30 = WH- 102 WH-20> WH-30 (P<0.05). 

Table VII shows the digestion coefficients (96) for individual components ofthe 
diets containing various levels of WL hay as replacements f a  GG hay (trial II). There were 
no significant differences (F30.05) among the various diets in DDM, DOW, D M 3  and DGE. 
and the values obtained were similar to those obtained in trial I. Thus, WL hay could alsobe 
incorporated in to the diets of growing lambs up to a level of 30% as replacements for GG hay 
with no adverse effects on the digestibilitia of these nutrients. DCP tended to decrease 
(P<0.05) with increasing levels of WL in the diets. This shows that WL protein was less 
readily digested by growing lambs than GG protein. However, the fact that WL contains 
higher amount of CP than GG (15.4 and 6.7%. respectively) makes this result kss 
meaningful. The results obtained for DCFshowed higher values 0 . 0 5 )  for them-20 and 
WL-30 diets than for the WL-0 and -10 diets with no differences W . 0 5 )  between either 
the WL-20 and WL-30 diets or the WL-0 and WL-I0 diets. This indicates a higher 
digestibility potential for theCFcontent of WL than that ofGG.TheDet: forthe various diets 
was in theorder WL-3bWL-0,WL-20= WL-lO(PcO.O5),whilethepercent DAsh followed 
the trend WL-20> WL-10 = W L W L - 3 0  (p4.05). 

Conclusions 
Utilization of the diets offered to growing lambs was not affected when WH or WL hay was 
incorporated up to a level of 30% as replacem&ts for GG hay. Thus. NTI and WL hays 
compared favourably with GG as roughages for growing sheep. The aquac;: weeds contain 
high level ol ash which may limit the a m m t  that could be successf!~f~- ~ncorprated into 
livestock diets without adverse effects. 



TABLE I: CHEMICAL COMPOSITION OF WATER HYACINTH, WATER LET- 
TUm, ANn GFSMIIPS GRASS FORAGES 

Wat~r Water Guinea 
hyacinth le!tuce pr~s s  

- 

Dry matter (PV. % j 10.2 5 2  33.1 

Gross energy Cc.ca l l~ ,D~  3 7 

Organic matter (DM) 

crude protein (PI 

Elher extract (FE) 

Treatment 

Ingredient 

W H - P  WH-.lob WH-2@ WH-30d 

Maize 46 46 46 46 

Guineagrasshay 30 20 10 

Water hyacinth hay .I 0 20 30 

Canemdasses 8 8 8 8 

Oyster shell 1 1 1 1 

Groundnut cake 15 15 15 15 

'Water hyacinth supplied 0% of the total diet. 

'Water hyacinrh supplied 10% of the total dict. 

Water hyacinth supplied 20% of the tdal  diet. 

Water hvacinlh supplied 30% of the total diet. 



TABLE m: INGREDIENT COMPOSITION (s DM BASIS) OF THE DIEXS POR 
IN VIVO DIGESIlON TRIAL I1 

Treatment 
Ingredient 

- WL-0' WI-I@ WI-20- WL-w 

Maize 46 46 46 46 

Guinea grass hay 30 20 10 

Water lettuce hay 10 20 30 

Cane molasses 8 8 8 8 

Oyster shell 1 -1 1 1 

Gloundnut cake 15 15 15 15 

"Water lettuce supplied 0% cf the total diet. 

Water lettuce supplied 10% of the total diet. 

'Water lettuce supplied 20% of the total d i L  

d W ~ t ~ r  lettuce supplied 30% of the tola1 diet. 



TABLEI': CHEMICAL COMPOSITION OF TIIE DIETS FOR IN V N O  DI- 
GP,!WION TRlAL I 

Item WH-0 WH-I0 WH-20 WH-30 

Dry matter @M, 96) 90.1 90.1 90.6 90.5 
Gross energy @calf of DM) 5.2 4.9 4.7 4.3 

Analyses. % of DM 

Organic matter (OM) 92.7 89.4 86.9 84.3 
CNde protein (CP) 13.6 14.0 14.5 14.9 

Crude fiber (CF) 9.5 8.7 7.7 6.1 
Ether extract (EE) 3.6 4.1 4.4 4.5 
Ash 7.3 10.6 13.1 15.7 
N-fiee extract (NFE) 62.6 40.3 58.8 

TABLE V: CHEMICAL COMPOSITION OF TIIE DIlETS FOR IN V N O  Dl- 
GRFSaON TRUL I1 

Item WL-0 WL-10 WL-20 WL-30 

Analyses, 9h 4 D m  

Omit mattes (OM) 

CN& protein (CP) 

Cruse fiber @F) 

Ether e x m  (EE) 

Ash 

N-frae extract (WE) 



TABLE VI: D1GESTIBIWI"T (96) OF INDIVIDUAL COMPONENTS OF THE 
DiETS CONTAINING VARIOUS LEVELS OFWATER HYACINTH 
HAY AS REPLACEMEhTS FOR GUINEA CRASS HAY M TRIAL I 
(MEANS OF SIX RAM-LAMBS) 

Component 

Dry matter (DDM) 

Organic matter (DOM 

Crude protein (CP) 

Crude fiber (DCF) 

Ether exhact (DEE) 

Ash @Ash) 

N-free extract (DNFE] 

Gross Energy (DGE) 

Means in the same row with different superscripts differ (P4.05). 

TABLE W: DIGESTIBILITY (96) OF INDIVIDUAL COMPONENTS OF THF, 
DIETS CONTAINING VARIOUS Lll VELS OF WATER L-CE 
HAY AS REPLACEMENTS FOR GUXNTA G ~ S S  HAY JN TRFP,~, 
H (MEANS OF SIX RAM-LAMIIS) 

Component WL-10 W 1 0  lVL-20 '.VL30 

Dry matter (DDM) 

Organic matter (DOM) 

Crude protein (DCP) 

Crude fiber (DCF) 

Ether extract (DEE) 

Ash @Ash) 

N-free extract (DNFE) 

Gross energy (DGE) 

'.b,cMeans in the same row with differ (P<O.OS). 
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