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INTRODUCTION 

 

   Lignocel lu lose  i s a  col l ect ive  name for  three 

pol ymer ic mater i a ls ,  ce l lulose ,  hemicel lulose  and 

l ignin ,  which occur  in  wood y plant s  and grasses 

(Wardrope  1964) .  In  l ignocel lu lose ,  l ignin  i s  the 

most  reca lci t rant  and protect s  the  ce l lu lose  and 

hemicel lu lose  from en zymat ic a t t ack b y s ome micr o -

organi sms,  thereby l imi t ing the recycl ing of carbon.  

Many act inomycetes  can  clear l y modi fy l ignin  but  

cannot  minera l i ze  i t .  The  only organi sms shown to  

be  able to mineral i ze  a  subs tant ia l  fract ion of l ignin  

are  the  white  rot  fungi  (Ahmed e t  a l ,  2001).  

Degradat ion or  modi fi ca t ion of l ignin  i s  imp or tant 

for  the  effi ci ent  conversa t ion of ce l lu lose  and 

hemicel lu lose  in  b iomass  in to fue l s  and chemical s .  

In  addi t ion,  the  use  of uns ter i le  l ignocel lu lose  for  

b ioremedia ti on purposes  hold  promise  for  most  cos t -

effe ct ive  envi ronmenta l  cl ean -up endeavours .  Novel  

l ignocel lu lose -base  appl i ca tions  have  found 

funct ional i t y in  t exti le ,  biologica l  cont rol ,  and 

medica l  research fi e lds ,  (Malherbe  and Cloete 2002).  

   Due to animal  feed shor tages  and the  disposa l 

problems of was te ,  a t t empts  have  been made to 

produce  micr obia l  prote in from l ign ocel lu lose  

was tes such as  r i ce  st raw,  

 was te banana,  pota to and cassava  wastes,  sugar  cane 

bagasse ,  groundnut  hul l s ,  water  hya cinth  ( Ibrahim 

and Anta i  1986,  Kusemiju  and Akingb oju  1988, 

Anta i  and Mgb omo 1993,  Deobald  and Crawford 

2002) .  Thi s  i s  because  fermentat ion increases  the 

nut r i t ional  va lue  of was te  res idues  and improves  

acceptance  b y animals  result ing in  higher  l eve l s  of 

d ie tary inclus ion.  

   Water  hya cinth  has  spread from i t s  or igin  in  

Cent ra l  and South  Amer ica  to t ropica l  and sub -

t ropica l  regions  of the  wor ld  and have  caused much 

menace  to ships  in  man y water  wa ys ,  endangers  fi sh  

l i fe  and i s  a  dangerous  water  pol lu tant  (Har ley 

1988) .  Thi s  is  caused by i t s  ver y prol i fi c gr owth ra te 

which i s  not  eas ily cont rol l ed .  Many methods ,  

b iologica l ,  chemical  and mechanica l  ha ve  been used 

for  cont r ol  of i t s  growth ra te.  

Apar t  from gr owth cont rol  method,  var ious  methods  

have  been sugges ted for  turning wa ter  h yacinth  in to 

useful  econ omi c product s  (Edewor  1988,  Oladi ran 

1988,  Akinye mi ju  e t  a l  1988, Fi sh and Agb oke 

1988) .  The  feasibil i ty of feeding cul tured fi sh  with 

water  hyacinth  diet  has been documented (Kusemiju 

and Akingb oju  1988).   

 

 

ABSTRACT 
 

The bio-convers ion of Eichhornia  crass ipes  (MART)  (water  hyacinth)  in to feed supplement  by s ome  
Streptomyces  species  i sola ted from compost  dump in  Calabar  was  inves t iga ted.  The proximate  composi t ion 

analys i s  revealed 14% crude  prote in,  16.8% crude  fibre ,  7% crude  fa t ,  8% ash conten t  and 54.2% 
carboh ydra te .  After  fe rmenta t ion for  four teen days ,  a l l  the  comp onent s  decreased in  comp osi t ion except  c rude  
prote in  which increased from 14 to 21%.  The  toxicant s  were  hydrocyanic a cid  (0 .70mg) ,  tota l  and soluble  
oxala te  (2 .12mg,  1 .21mg) ,  phyt i c  acid  (0 .274 mg)  a nd t annins  (0 .038mg) ,  per  kg.  Al l  the  toxicant s  showed a  
decrease  in comp osi t ion aft e r  fe rmentat ion.  Of the four  Streptomyces  species  s tudied for  the i r abil i ty to  
degrade  water  hya cinth  l ignocel lu lose ,  two,  GS 3  and S 2 2  had the  highes t  l i gnocelulol yt i c act i vi t y.  GS 3  and  S 2 2  
produced a  l ignin  loss  of 20% and 27% respect ive ly,  carboh ydra te  loss  of 52% and 55%,  l ignocel lu lose  weight  
loss  of 47% and 48%,  crude  prote in  product ion of  15% and 14%,  APP L pr oduct ion of 0 .20 gram and 0 .180 

gram respect ive l y.  A cons or t ium of these  two i sola tes  was  used for  fe rmenta t ion of water  hya cinth  
l ignocel lu lose  into prote in  feed supplement .  A 20% level  supplementat ion gave  weight  increases  and an 
apparent  d iges tib il i ty of 87.23 in  ra t s fed  wi th  the  die t s.  The  pr esent  s tudy demonst ra tes  the  high potent i al s 
of Streptomyces  in  conver t ing l ignocel lu lose  was te into useful  product s .  
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Bioconversion of water hyacinth lignocellulose into feed supplement 
 
   The  present  study i s  a  poss ible  b iocon vers ion of  

water  hyacinth  b y fermenta t ion and incorpora t ion 

in to feeds ,  as  both  pr ote in  supplement  and feed 

adjunct .  

 

MATERIALS AND METHODS 

Source  of  l ignocel lulose  

   Lignocel lu lose  was  prepared from water  hya cinth ,  

col l ected from a  smal l  pond in  Ikor odu,  Lagos  Sta te .  

   Act inomycete  cul tures  were  i sola ted from s oi l  

samples  obtained from the  Botanica l  garden, 

Univers i ty of Calabar .  

 

Isolat ion of  act inomycetes  

   The  soi l -d i lu tion pla te  t echnique  of Nure t in  and 

Aysel  (2003)  was  used.  In  br i e f,  soi l  samples  were 

pre t rea ted with  CaCO 3  (10 :1  w/w)  and incubated a t  

37 o C for  4  da ys .  It  was  then suspended in  s t er il e 

Ringer  solut ion (1/4  s t rength).  Tes t  tubes  conta ining 

10 - 2  d i lu t ions  of samples  were  placed in  a  water  bath 

a t  45 o C for  16 hrs  t o a l low the  sp ores  to separa te 

from the  vegeta t ive  ce l l s .  The  dilu tions  were 

inocula ted on the  sur face  of ce l lu lose  nit rate  agar 

(an  act inomycete  i sola tion agar )  to which 5g/ml  of  

r i fampicin  was  added to retard fungal  growth. Primary 

Screening for Lignocellulose Degraders  

(Sundman & Nase  1971)     

   The  medium compr i sed of the  fol lowin g per  l i tr e 

of d i s t i l l ed  water : Glu cose  5g,  Ammonium tar t rate 

5g,  yeas t  ext ract  1g,  MgSO 4 . 7H2O 1 g,  CaCl 2 . 2H2O 

0.01g,  NaCl  0 .1g,  FeCl 3  0 .01g,  vi t amin solution 5ml ,  

Li gnocel lu lose  1g,  Agar  20g.  

   The  t es t  agar  was  coloured green,  and the 

di sappearance  of  l ignin  was  indica ted by clear  

( ye l low)  zones  under,  and or  a round the  growth of  

l ignin-decomp osing act inomycetes .  

   Confi rmat ion of  l ignocel lu lose  degradat ion was  

car r i ed  out  by gr owing the  i sola tes  on minera l  sa lt  

medium conta ining l ignocel lu lose ,  agar  and yeas t  

ext ract .  Isola tes  which showed subs tant i al  cl ear 

zones  were  fur ther  examined for  abi l i t i es  to cause  

l ignocel lu lose  weight  loss ,  l ignin  loss  and 

carboh ydra te  loss  over  a  4 week incubat ion period.  

   The  act inomycetes  were  character i zed and 

identi fi ed  as  Streptomyces  species  based on the 

scheme of Cross  and McIver  (1968).  

 

Lignocel lulose  preparat ion 

   The  water  hya cinth  (whole  plant )  was  cut  in to 

smal l  p ieces  and oven dr ied a t  70 o C for  24 hours .  

After  dr ying,  the y were  ground  in  a  me chanica l  

gr inder  to pass a  500m s ieve .  Before  use  as 

subs t ra te,  the  l ignocel lu los ic mater i a l  was extracted 

wi th  hot  water  a t  80 o C unt il  a ll  the  water  soluble 

comp onent s  were  removed.  Ten ch anges  of water  

were  used in  sequence  wi th  benzene: e thanol  (1 :1)  

re flux for  30 minutes  and decanted.  Thi s  procedure  

was  car r i ed  out  twice .  It  was  then washed in  e thanol 

(hot )  for  30 min refluxing t o remove benzene .  The  

e thanol  was  fi l l ed  to the  same volume  as  the  

benzene : e thanol .  This  was decanted and the 

procedure  repeated twice .  The materi a l  was  then 

washed in to di st i l l ed water  in  a beaker  with  s t ir ring 

magnet .  It  was  hea ted to 70 o C and s t i r red  for  10 

minutes.  This  was decanted and th i s procedure  was 

car r i ed  out  three  t imes .  The  mater i al  (extract ive -free  

l ignocel lu lose)  was  dr i ed  in  the  oven a t  50 o C for  1  

hours .  

 

Character izat ion of  l ignocel lulose  degrading 

act inomycetes     

   The i sola tes,  which showed subs tant i a l  cl ear  zones  

from the  screen t es t s  were  fur ther  examined for  the i r 

abi li ty to cause  l ignocel lu lose  weight  loss  using the 

dampened lignocel lu lose  cul ture  sys tem (Anta i  and 

Crawford 1981) .  

   In  th i s method,  500   0 .1mg l ignocel lu lose  was 

placed in  cot ton -plu gged Er lenmeyer  fl asks  and 

s t e ri l i zed by autoclavin g for  2  hours .  Each fl ask was 

inocula ted wi th  act inomycete  spores .  (2mls 

suspended in minera l  sa lt s  plus 1% of yeas t  ext ract ).  

Cont rol  fl asks  had no or gani sms.  The  fl asks  were 

incubated in  a  humid incubator  for  4  weeks  a t  30 o C, 

and aft e rwards  analysed.  

Li gnocel lu lose  weigh t  loss ,  l ignin and carbohydra te   

content  The  lignocel lu lose  weight  loss ,  was 

de termined gravimet r i ca l ly b y subt ract ing the  fina l  

weight  from the  or igina l  weight .  

   Lignin  content  was  de termined by the  Klason  

procedure .  One ml  o f con cent ra ted H 2SO4  was  added 

to 50mg of l ign ocel lu lose .  After  autocla ving for  1  

hour  the  content  was  fi l t ered and oven dr ied at  50 o C. 

The  di fference  in  weight  of s ound and deca yed  

l ignocel lu lose  res idues  represented the  l ignin  loss .  
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Carboh ydra te  content  was  analyzed from the  Klason 

supernatants  by de terminin g the  amount  of glucose  

present  from a  s t andard curve .    

 

Crude prote in content  

   Prote in  (N x 6 .25)  was  de termined according to  

the  st andard Kjedahl method of AOAC (1990) .  

Acid precipitable polymeric Lignin 

   This  was car r i ed out  us ing the modi fi ed  procedure  

of Njoku and Anta i  (1989) .  For ty (40)  ml  of d i s t i l led 

water  was  added to the  500mg l ignocel lu lose  and 

s t eamed at  100 o C for  1  hour .  It  was  fi l t e red and 

APP L was  recovered from the  fi l tr a t e by acid i fyin g 

wi th  0 .4ml  of Conc HCl .  The  result ant  precipi t at e 

was  recovered by cent r i fugat ion a t  3000 rpm in 

cent r i fuge  tubes  for  45mins .  The  precipi ta t es  were 

dr i ed a t  50 o C for  48 hrs  and weighed  

 

Pretreatment  and fermentat ion of  l ignocel lulos ic  

  substrate 

   One  par t  of l ign ocel lu lose  subs t rate  was  ground to  

pass  0 .25 inch screen and mixed wi th  two par t s  of  

sodium h ydr oxide  solut ion to gi ve  an a lka l ine 

t reatment  leve l  of 4% dr y weight ,  before  be ing 

a l lowed to s t and a t  room tempera ture  (28 o C)  for  1  

hour .  The  l ignocel lu lose  was  then neut ral i zed with 

1 .5N HCl  and for t i fi ed  wi th  (NH 4) 2  SO 4  (1 .4%N) ,  i . e 

2  grams per 30 grams of subs tra te.  

   The  pret reated l ignocel lu lose  in  30g quant it i es 

were  weighed  in to s t e r i l e  p las ti c conta iners  and 

mois tened wi th minera l sa lt s medium.  Five  mls  of 

the  inoculum was  spread carefully over  the  ent ire 

sur face  of the  mash. The  mouth of the  conta iners 

were  covered wi th  cheese  cloth  fas tened to the  

conta iner  wi th  rubber  band and le ft  to fe rment  for  5  

da ys .  At  the  end of fe rmenta t ion,  p ar t  of the 

fermented l ignocel lu lose  was  analysed whi le  the 

remaining par t  was  mixed with  other ingredient s for  

d ie t  formula t ion.  

 

Feeding tr ial s  and measurements  

   The  method of Umoren et  a l .  (1997)  was used.  

Weaning male  a lbino ra t s obta ined from the  An imal 

House  of the  Depar tment  of Biol ogica l  Sciences ,  

Univers i ty of Calabar  were  used for  the  s tudy.  Rat s 

were  21 days  old  and wei ghed fr om 22 t o 28 g.  The y 

were  di st ributed in to groups  to achie ve  weight  

equal i za tion.  Rat s  were  caged in  individual  s t ain less 

s t ee l  metabol i c ca ges  and di s t ributed into e ight  

groups  of fi ve  ra t s each.  Eight  exper imental  die ts 

were  formula ted.  These  included the  cont rol  d ie t  

(case in  group) ,  the  basa l  or  n on prote in  die t  (meant 

to adjus t  the  prote in  content  of the  t es t  d ie t  to zero ) ,  

and s ix  other  die t s  (Table  5) .  Feeding l asted for  21 

da ys .  Feed and water  were  provided ad l ib i tum.  

Dur ing the  s t abi li za t ion per iod,  ur ine  and faeces  

were  col l ected on da i ly bas i s ,  s tored in  screw -

capped plas t i c conta iners  a t  4 o C and l a ter  pooled 

accord ing to each group of ra t s  and diet  at  the  end of 

the  balance  period.  Rats  were weighed at  the 

beginning and a t  the  end of the  exper iment.  Feca l 

and ur inary ni t rogen were  de termined us ing the 

Kjedahl method (AOAC 1990) .  

Measurements 

   The feed in take  and prote in  in take  da ta  were 

col l ected and ca lcula ted.  The  prote in  effi ci ency 

ra t io,  ne t  prote in  re tent ion,  prote in  re tention 

effi ci ency,  ne t  prote in  ut i l i za t ion,  feed ef fi ci ency 

and apparent  diges t ibi l i ty were  s imi lar ly ca l cula ted 

according to the  method of Pe l l e t  and Young (1980) .  

RESULTS  

   Table  1  shows the  proximate  composi t ion of water  

h yacinth  as  fol l ows : 14% crude  prote in ,  16.8% crude 

fibre ,  7.0% crude  fa t ,  8.0% ash content  and 54.2% 

carboh ydra te .  As  a  resul t  of fe rmenta t ion,  the  crude 

prote in  increased from 14 to 21%.  

   Table  2 shows tha t  the  toxicant  comp osi t ion were 

qui t e  low.  Even the  low comp osi t ion was  fur ther 

reduced by fermenta t ion such tha t hydr ocyani c acid  

was  reduced by 64.3%.   

   Tota l  oxala te and soluble  oxala te  by 47.3  and 

46.3% respect ive l y,  ph yt i c acid  was  reduced by 

42.1% while  tannin  was  reduced by 44.7%,  aft er  120 

hours  of incubat ion.   
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Bioconversion of water hyacinth lignocellulose into feed supplement 
 
  

T a b l e  1 .  P r o x i m a t e  C o m p o s i t i o n  o f  W a t e r  h y a c i n t h  

C O M P O N E N T  %  C O M P O S I T I O N  

 UF F 

Crude  protein 14.10 21 

Crude  Fibre 19.8 18 

Crude  Fat  (e ther  ext ract )  3 .5 4 .7 

Ash Content  27.0 29.3 

Carboh ydra te  25.2 20.50 

UF: Unfermented, F: Fermented after pretreatment with NaOH. Fermentation lasted 14 days. 

  

 

 

T a b l e  2 .  E f f e c t  o f  F e r m e n t a t i o n  o n  t o x i c  C o m p o n e n t s  o f  E i c h h o r n i a  c r a s s i p e s  

 

Values are mean  SD based on 3 replicates

 

 

 

T a b l e  3 .  E f f e c t  o f  f e r m e n t a t i o n  o f  w a t e r  h y a c i n t h  b y  S t r e p t o m y c e s  s p p  b a s e d  

o n  m e a s u r e m e n t  o f  l i g n o c e l l u l o s e  d e g r a d a t i v e  p a r a m e t e r s   

 

 

 

 

 

 

 

 

 

 

Toxicants mg/kg    Fermentation (hrs   

 0 24 48 72 96 120 % Reduction 

Hydrocyanic acid 0.70 0.66 0.48 0.46 0.45 0.25 64.3 

 0.05 0.15 0.02 0.13 0.05 0.12  

Tannin 0.038 0.035 0.029 0.026 0.023 0.021 44.7 

 0.01 0.01 0.13 0.013 0.01 0.10  

Phytic acid 0.38 0.34 0.030 0.28 0.25 0.22 42.1 

 0.03 0.05 0.16 0.15 0.11 0.01  

Oxalate (Total) 2.92 2.01 1.6 1.58 1.55 1.54 47.3 

 0.10 0.15 0.13 0.15 0.02 0.15  

Oxalate (Soluble) 1.21 0.85 0.76 0.73 0.68 0.65 46.3 

 0.12 0.12 0.12 0.15 0.07 0.16  

S t r e p t o m y c e s  s p p                P a r a m e t e r s  %  

 L W L  C P P  L L  C L  A P P L  

C D 6  2 3  0 . 6  1 0  0 . 1  1 5  1 . 3  5 8  1 . 5  7 0  

C D 7  1 5  1 . 3  6  1 . 2  1 8  1 . 4  5 0  0 . 5  9 0  

C D 3  4 7  1 . 0  1 5  0 . 5  1 7  0 . 4  5 4  1 . 2  2 0 0  

S S 2 2  4 8  0 . 8  1 4  2 . 2  1 6  0 . 5  5 6  1 . 1  1 8 0  

G S 3 & S 2 2  5 8  0 . 5  2 5  0 . 1  3 0  1  6 8  1  2 5 0  
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The l ignocel lu lyt i c a ct ivi t y of four  Streptomyces  

species  were  measured aft er  12 weeks  fermenta tion 

and the  result s  a re  recorded on Table  3 .  The  i sola tes 

givin g the  best  l ignol yt i c act i vi t y were  GS 3  and S 2 2  

r espect ive ly as  fol lows ; l ignocel lu lose  weight  loss ,  

47 and 48%,  crude  prote in  product ion,  15 and 14%, 

l ignin  loss ,  17 an d 16%,  carboh ydra te  loss ,  52 and 

55%, and APP L product i on,  0 .20 and 0 .18 grams.  

   A consor t ium of GS 3  and S 2 2  gave  resul t s  that 

were  be t t er  than resul t s  obta ined from the  

mon ocul tures  (GS 3  or  S 2 2) .  The  result s  were  58%, 

25%,  30%,  68% and 250mg for  l ign oce l lu lose  weight  

loss ,  crude  prote in  product ion,  l ignin  loss ,  

carboh ydra te  loss  and APPL pr oduct ion respect ive l y 

(Table 3).  

   Table  4  shows the  cor re lat ion be tween the period 

of incubat ion and the  var ious  parameters  of  

l ignocel lu lose  degradat ion.  The  cor re la t ion be tween 

the  var ious  parameters  and the  per iod of in cubat ion 

ranged fr om 0.8053515 to  0 .9967569.  These  data 

showed p os i t ive  cor re la tion be tween the  l ength  of  

fe rmenta t ion and the parameters  studied.  

   Table 6  shows the  response  of ra t s  to d ie ts 

conta ining fermented water  hya cinth  l ignocel lu lose .  

When compared wi th  the  cont rol  d ie t ,  i t  was  shown 

from the  prote in  qual ity indica tors  tha t  the ra ts 

accepted the  feed.  

F e r m e n t a t i o n  l a s t e d  f o r  1 2  w e e k s .  A P P L  

w a s  m e a s u r e d  i n  m g / g m .  L W L  =  

l i g n o c e l l u l o s e  w e i g h t  l o s s ,  C P P  =  c r u d e  

p r o t e i n  p r o d u c t i o n ,  L L  =  l i g n i n  L o s s ,  C L  =  

c a r b o h y d r a t e s  l o s s ,  A P P L  =  A P P L  

p r o d u c t i o n ,  D a t a  =  m e a n s    S D  o f  3  

r e p l i c a t e s .  

 

 

T a b l e  4 .  C o r r e l a t i o n  b e t w e e n  i n c u b a t i o n  p e r i o d ,  L i g n i n  w e i g h t  l o s s  a n d  c r u d e  

p r o t e i n  p r o d u c t i o n  f r o m  w a t e r  h y a c i n t h  b y  d i f f e r e n t  S t r e p t o m y c e s  s p e c i e s .  

 

 

Streptomyces species Carbohydrate 

Loss 

Lignocellulose weight 

loss 

Lignin loss Crude protein 

produced 

APPL production 

CD6   0.9885208 0.9767328 0.9967569 0.940709 0.91129565 

CD7   0.9823791 0.9852689 0.9833708 0.957841 0.9797959 

GS3   0.971225 0.8053515 0.9785885 0.976088 0.94559449 

S22  0.9785242 0.8813242 0.9708911 0.978589 0.93810268 
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T a b l e  5 .  C o m p o s i t i o n  o f  d i e t s  u s e d  f o r  t h e  f e e d i n g  e x p e r i m e n t   

 

Ingredients Casein (control) Basal (non-protein 

diet) 

Test Diet 1 Test diet II Test diet III 

Corn starch 68.64 64.75 61.78 54.91 48.05 

Casein 11.12 - 11.12 11.12 11.12 

Glucose - 5 - - - 

Sucrose - 10 - - - 

Lignocellulose - - 6.86 13.72 20.59 

Non-nutritive 

cellulose 

5 5 5 5 5 

Corn oil 10 10 10 10 10 

Vitamin premix 2 2 2 2 2 

Oyster shell 1 1 1 1 1 

Bone meal 2 2 2 2 2 

Niacin 0.25 0.25 0.25 0.25 0.25 

Total 100 100 100 100 100 
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T a b l e  6 .  R e s p o n s e s  o f  r a t s  t o  d i e t s  c o n t a i n i n g  f e r m e n t e d  w a t e r  h y a c i n t h  

l i g n o c e l l u l o s e s   

 

P r o t e i n  q u a l i t y  i n d i c a t o r s  

D
ie

ts
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ke

 

W
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n 
(g

) 

P
ro

te
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 i
nt
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) 

N
it
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n 
in

ta
ke

 

(g
) 

P
E

R
 

N
P

R
 

P
R

E
 

N
P

U
 

F
ee

d 
ef

fi
ci

en
cy

 

A
pp

ar
en

t 

di
ge

st
ib

il
it

y 

Casein 

(control) 

73.11 

0.01 

30.12 

 0.02 

7.31 

0.11 

1.17 

 0.10 

4.12 

0.1 

4.98   

0.01 

79.67  

0.05 

0.97   

0.01 

2.24 

0.11 

90.59 0.05 

  Test Diets with fermented water hyacinth  

10% 54.50 28.60 5.45 0.87 5.25 4.04 64.53 1.36 1.99 87.33 

  0.5  0.1  0.6  0.1  0.2  0.5  0.6  0.1  0.1  0.1 

20% 58.83 30.05 5.88 0.99 5.11 4.09 65.68 1.37 1.99 87.36 

  0.1  0.08  0.1  0.5  0.5  0.5  0.4  0.3  0.5  0.8 

30% 52.29 26.20 5.23 0.84 5.01 3.81 60.94 1.51 1.96 86.90 

  0.02  0.1  0.5  0.6  0.1  0.3  0.2  0.5  0.1  0.6 

V a l u e s  a r e  m e a n s    S . D  b a s e d  o n  1 0  r a t s  p e r  g r o u p .  

 

 

DISCUSSION 

   The  presen t s tudy shows tha t  in  the  unfermented 

form,  water  hyacinth  had a  crude  prote in  of 14% 

which was  ra i sed to 21% after fe rmentat ion and 

pre t rea tment  wi th  NaOH.  Thou gh high  in  

carboh ydra te  (25.2%) ,  i t  was  observed that 

fe rmenta t ion reduced the  carboh ydra te  con tent  to 

20.5% after 14 days .  

   Another  desi rable  fea ture  of water  hyacinth  for  

use  as  feeding s tuff i s  i t s  low level  of t oxicant s  

(Table 2).  The reduct ion of toxic comp onent s  

(hydr ocyani c acid  and t annin)  by fermenta t ion,  had 

been previous ly demonst ra ted on cassava  pee l s by 

Ofu ya  and Obi lor  (1993) .  Thi s  low le vel  of t oxici t y 

i s  an  indica tion tha t there  be wi ll  no toxic s ide 

effe ct s  when water  hyacinth  i s  fed to animals .  

   Fermentat ion a l so a ided the  degradation of water  

h yacinth  l ignocel lu lose  l eading to the product ion of  

in termedia tes  such as  APPL (acid -precipi t able 

pol ymer ic l ignin)  and reducing sugars .  A wei ght  loss  

was  a l so observed on the  l ignocel lu lose  from 15 to  

about  58% depending on the  l ength  of fe rmenta t ion.  

Li gnin  loss  ranged fr om 15 to  30%.  Th e  resul t s  are 

in  consonan ce  wi th  earl i er  repor t  by Anta i  and 

Crawford (1983)  on the i r  s tudies  on grass  

l ignocel lu lose  degradation.  

   Another  e ffect  of fe rmenta t ion was  an increased 

ne t  protein  uti l i za t ion va lue  for  the  diet  

supplemented with  fermented wat er  hyacinth .  The 

va lue  for  the  cont rol  d ie t  averaged 0 .97 whereas  tha t 

of the  die t  supplemented wi th  water  h yacinth  

l ignocel lu lose  die t  were  higher  (up to 1 .51)  a t  30% 

inclus ion l evel .  The  feed in take  was  sl ight ly l ower  

for  the  water  hyacinth  l ignocel lu los e  –  supplemented 

die t ,  cont rol  d ie t ,  and water  hyacinth  l ignocel lu lose  

die t .  Thi s i s  probably due  to the  fact  tha t  the ra ts 

were  not  ye t  used to the  die t .  

   Uriyap ongs on and  Toapra yoon  (1994)  fed l ambs  

wi th  water  hya cinth  ens i led  wi th  yeas t  and showed 

tha t  the  ens il ed  subst rate  had higher  d iges t ib il i ty 

than the  dr ied  subst rate .  Malaya  et  a l .  (1995) 
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showed tha t  two fun gi ,  P.os t reatus  and P.sajor -caju  

were  capable  of  con ver t ing water  h ya cinth  biomass  

in to prote in -r i ch  food  or  feed.  Thi s  was  a l so 

confi rmed b y Das  and Kar im (1995)  who s tudied the 

use  of  degraded l ignin  in  water  h yacinth  

l ignocel lu lose  for  animal  feed product ion us ing P.  

os t reatus .  The  present  study used two Streptomyces  

spp GS 3 ,  and S 2 2  for  the  bioconvers ion of water  

h yacinth  l ignocel lu lose  in t o feed.  From the  s tudy,  

the  prote in  qual i ty indica tors  of  the  die t s  compared 

favourabl y wi th  tha t  of the  cont rol  (prote in) d iet  

showing tha t  the  l ignocel lu lose  feed supplement  was 

accepted b y the  rat s  in  the formula ted die t s.          
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