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RINGKASAN

Penghadaman bahan-bahan makanan kambing bi r i -b i r i  yang mengandungi  30.  40 dan 50
peratus jerami padi  ybng diproses dengan 5 dan 8 peratus NaOH atau Ca(OH)z didalam makanan
yang mengandungi  molasses dibentangkan di  s in i .  Kandungan k imia "serabut"  d idalam jerami
yang belum diproses dan dalam bahan ker ing ia lah 30.4 peratus.  Dengan rnenegunakan 6 dan 8
peratus NaOH jumlahnya te lah turun kepada 29.0 dan 28.2 peratus dan dengan Ca(OH)2 turun
kepada 28.8 dan 28.5 peratus.

Jerami yang te lah diproses dengan alkal i  boleh meninggikan kadar pengarnbi lan rnakanan
dan penghadaman bahan-bahan (P<0.05).  Walaubagaimanapun. keputusan yang pal ing baik te lah
didapat i  untuk bahan makanan yang mengandungi  30 peratus jeranr i  padi  yang diproses dengan 8
peratus NaOH. Dalam per lakuan in i  kadar penghadaman t iap-t iap bahan bertambah dar i  60.3 ke
76 .0  pe ra tus  un tuk  bahan  ke r i ng .  35 .8  ke  78 .1  pe ra tus  bag i  , ' p ro te i n  kasa r "  23 .g  ke  67 .E
peratus untuk "serabut" .  34.4 ke 62.5 peratus untuk "abu" dan 34.4 ke 62.5 peratus untuk
tenaga. Dengan Ca(OH)z kadar penghadaman bertambah dar i  66.5 ke 73.3 peratus untuk bahan
ker ing'  59.4 ke 68.4 peratus untuk "protein kasar" ,  36.4 ke 54.4 peratus untuk "serabut"  dan
63.4 ke 75.8 peratus untuk tenaga. Makanan yang mengandungi  30 peratus jerami padi  dan 8
peratus NaOH atau Ca(OH)2 te lah didapat i  menambahkan pengambi lan tenaga ungkaibina (ME)
dar i l .3 kepada 1.4 MJ untuk kambing bi r i -b i r i  pada t iap-t iap har i .

Perbandingan diantara alkal i -a lkal i  tersebut menunjukkan baharva NaOH adalah lebih baik.
Kadar penggunaan bergantung kepada jenis per inukat  yang digunakan! cara yang digunakan dan
t indakbalas yang berkesan dalam t iap+iap percubaan makanan dan anal isa kos dan keuntungan.

INTRODUCTION

The annual total production of rice straw available in Malaysia is approximately two
mili ion tonnes (DrvENn n n . 197 5a). and represents an inrportant energy source for feeding
ruminants.  Much of  th is  r ice st raw is  current ly 'burnt  l r  s i lu ,  a l lowed to decompose.  or  is  used
as a base for mushroom cultivation. less than 30 per cent of the total volume produced is
currently used for feeding ruminants mainly' for meeting maintenance needs especially during
periods of feed shortage and to satisfy bulk. There are two main reasons for this l imited
util isation: f irstly, l intited technology due to a sparse base of knowledge. and secondly,
inadequate understanding of its value as a feed. The low level of rice straw uti l isation is also
compounded by the fact that the by-product is poorly uri l ised.

Chemical treatment of cereai straws and stovers is not a new subject. and has been
at tempted by BEcxunNN (1921) ear ly  th is  century.  I t  has s ince then been the subject  of
qu i t e  cons ide rab le  resea rch  i n  Canada  (WILSoN and  P rcoEN.  1964 :  DoNEFER,  1968 ) ,  U .S .A .
(GnRRer r  e r  a / . ,  1976 ) .  Denmark  (Re r rN .  S t r cs r ,N  and  KRrs reNSsN 1975 ) ,  No rway
(Houn ,  SuNns ro l  and  ARNASoN.  1976 ) .  F in land  (L r r , r r o ,  r g : ' 6 ) .  un i t ed  K ingdom
( C e n l r o N n  a n d  G R E E N H A L G H ,  1 9 7 2 :  J n y n s u R r A  a n d  O r v e N ,  1 9 7 5 ;  T p n n y ,  S p o o N E R
and  OssounN.  1976 ) .  Un i t ed  A rab  Repub l i c  (Anou  E r  HnssnN.  ABou  RAyA and  AL
RrHes .  1971 ) ,  I s rae l  ( LEvv  e t  a t . .  1917 ) .  I nd ia  ( JACKSoN.  1976 ) .  Tha i l and  (Ho lu ,  t 9 ;2 ) ,
and the Phi l ipp ines (Prnlz .  1976).  More recent ly .  the a lkal i  t rearment  of  r ice st raw has becn
rev iewed  ( JACKSoN.  1977 ) .
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In  r , ie rv  o f  ihe  p( ) ren t i r l  i rnpor tance o f  r i ce  s l fa \ \  as  a  sou lce  o f  energy  fo r  ruminants .  a

research prosraul le n'as init iated to st inrulate increased r.rt i l isat ion of this feed. Previous studies

in  th is  contcxr  have e tan t ined op t i rna l  1eve1 in  the  d ie t  (DEVEI IDRA.  1975b) .  leve l  o f  c rude

pro te in  and urea  as  a  so le  source  o f  d ie taL l  n i tLogen (DrVExnRa.  1975c) .  the  e f lec t  o f

carbohy ,dra te  source  on  the  u t i l i sa t ion  o f  d ie ta r l 'u rea  and n i t rogen re ten t ion  (DgvrNona"

lg '76) .  and the  e f fec t  o f  d i f feLent  pLote in  sources  on  in take  (Dr .v lN lnn .  1977) .  In  a

cont inuat ion  o f  th is  p rogra l ln te .  and in  v ies  o f  the  po ten t ia l  economic  benef i t s  assoc ia ted  w i th

imp lc lv ing  t l ie  n r " r tL i t i ve  va lue  o f  s t ra r "  b l 'a lka l i  t rea t rnent .  i t  r . vas  appropr ia te  to  assess  the

ef fec t  o f  chent ica l  t rea t l l teu t  on  the  d iges t ib i l i t l  o f  r . i ce  s t ra$ ' i t l  mo lasses-based d ie ts .  Paper  one

in  th is  ser ies  p resents  the  resu l ts  o i  inves t iga t io l l s  o l l  d iges t ib i l i t l ' .

MATERIAL AND METHODS

Rationale for alkali treatnlent and use of high levels of alkali

T i te  c rude t lb re  cor . i ten t  o f  seven r i ce  s t ra$ ' r ,a r ie t ies  i s  about  16  to  33  per  cent  in  the

c ln  n ra t te r  (DLVt rNDn. , \ .  1915a) .  L ign in  ac ts  as  a  bar r ie r  to  inc reased d iges t ib i l i t y  o f  t l ' re  s t raw.

and theLefore  the  supp i l  o i  re la r iveh '  n rore  d iges t ib le  energ l .  S ince  a lka l i  t rea tment  d is rup ts  the

ce l l - rva l i  b l ,  d rsso l r , ine  hent ice l lu lose .  l ig i in  and s i i rca  b1  h1  dro l -v -s ing  uron ic  and acet ic  ac ids

es ters  b r  s r , ,e l i ing .  r t  i s  obv ious  tha t  a1k l l i  t f cern len t  i s  ber re t l c ia l .  T to  t1 ,pes  and leve ls  o f  a lka l i

\ \ ,e re  used.  The cho ice  c , f  t t ' o  l c .ve ls  (6  and 89  peL kg)  r ras  jus t l ied  on  grounds o f  d i lu t ion  w i th

o ther  ieed ingred icn ts  rn  th r .  d ie r  (n to lassc .s .  anc l  copra  cakc  in  th is  oase)  rvh ich  rna l ' render  the

ef tec t  o f  a  loq ,er .  le ' , ' e l  r . . r i  a ika l i  tLea tnren t  less  e i tec t i ve .  Addr t iona l l l  .  the  use  o f  low a lka l i

l cve  ls  q  ou ld  re l i l  to  ha i 'e  uo  c t tcc t  on  i ib re  d iges t ib i l i t r  i i  the  leve l  o t '  d ie taL l '  carbohydra tes  is

h igh  ( .10  pe f  cen t  o t  t t ,oLe  ) .

Treatment of r ice straw

Tl rc  r - i cc  s t fe \ \ '  (RS)  used in  r i re  tL ia ls  r ras  o i  thc  Bahag ia  ra r te t r  and was chopped to

I  7  cnr  l cng ths .  T i re  s t ra rv  t 'o r  t i t c  en t i r ! .  t f ia l  \ \ ' as  so i i ked  i t t  t tous l ts  under  a  roo f  a t  the  ra te

o f  1  l i t rc  per  kg  o f  5  and t  g  100 nr l  so lu t ro r t  o f  \aOH or  Ca(OH)1 overn igh t .  Soak ing  was

p r e t i r r c d  t o  s p r a )  t r e a t l l l e r r t  i n  r i e u  t t i  t h e  d c n l t t l l s t r a t i o n  ( C A R \ 1 o N ' r  a n d  G R E E N I I A L G H '

lg r l  )  thar  \aOI l  s l ioucd be t t . . i  e i f i c iene 1  r ih r ' r . r  L rs . ' J  i i r r  s t i l k ing  ra ther  than spra t ' ing .  due to

bet tcL  r l i r ing .  l t  r ras  co l lec ted  l - i  hours  Ia te r  a t rd  s to f ! 'd  1 r l  s lcks  io l  t l i e  c iu ra t ion  o f  the  t r ia ls

Tab le  I  p rcsents  thc  chent ie  a i  cor r rpos i t ion  o i  u r t t tea t . 'd  a t id  t rea tcd  r i rL '  \ t r l \ \ .

Dietar-v treattnetrts

' l  
u ,o  e  o lsecut r r ,e  t r i l l s  gere  c6nducted .  \aOH t tea t l l l e r l t  and  Ca(OH)2 t t 'ea tment .  Three

lcve ls  o f  r i ce .  s t r .a r i  (Tab le  2 )$crc  used (30 .  -10  and 50  per  c . ' r l t  in  the  d ie t )  wh ich  were  each

t rca tcd  u . i th  6  nnd 8  s  100 r r r l  so lu t io r . i  o i  labora torv  g radc  sod iunr  hvdrox ide  (NaOH)  or

ca lc iu r r r  h rdror rc lc  (C. r (  OI I ) :  ) .  T l t r .  . l0 t ' ,  r iee  i t l i \ \ - ln t ) iasses  d ie t  ac tc 'd  as  cont ro l .  The d ie ts  were

k c p t  i s o - n 1 t r o s c 1 ( ) g s  i l t  1 l  p e f  c e n t  c r u d e  p r o t e i n  * i t h  u r e a  ( f e e d  g r a d e ) c o l l t r i b u t i n g  a b o u t  7 0  p e r

ce ' t  o f  thc  c rudc  pr t r tc . rp .  i -ob le  - l  and  4  g ivcs  t l t r -  chenr ica l  co t t tp t l s i t ion  o i  t I r 'a t l l l en t  d ie ts .  The d ie ts

rvc're tcd ad l ibinnr

Sheep .

A  t . t l l  o t ' l 8 : h c c p  i n  c a ; i t  o i  t h e  t u o  t l i a i s  r l ' a s  u s e d .  N l  a n i l n a l s  w e r e  a d u l t  r a n l s  o f

thc  inc i igenous shccp o t '  \ fu Ia1  -s ia  (DI  v l . r -DRA.  l9 l5d)  us ing  the  techn iques  fo r  d iges t ib i l i t y

l r i a l s  c l e . s c r r b c d  p r c y i o u s l r  ( D l  \  i \ t ) R A .  1 g 7 5 b ) .  T l r e r  u ' c r e  a b o u t  3  t o ' 1  t ' e a r s  o f  a g e '  a n d  1 6

t ( )  l0  ks  i1  l i ve  r i . . igh t  The sheep ucr .e  d renched r i ' i th 'N i l vern t 'as  par t  o f  normal  f lock

r lL r l l l sc I rc r t r .  Thc \  r rc ie  i . ' d  t$ ice .  da i i l  a t  08 .30  ar ld  15 .00  hours .  Four  sheep were  used in

r 'ach  l re i t t t l l L 'n t .  T l rc  sh t 'ep  \ \ ' . Ie  rc ta t ldonr tscd  tb r  cach t r ia l

l 6



TABLE I .  THE CHEMICAL
RICE STRA\\' /r,ar

COMPOSITION OF UNTREATED AND TREATED
Balwgia) WITH TWO T\?ES OF ALKALI
( ' ;Z dr) nratter basis)

Const i tuent Unt  reated
f l ce  s t r a \ \ '

+ 6 n
NaOH

+ 8 7
NaOH

+ 6 %
Ca(OH)2

+ 8 %
Ca(oH),

Dn,n ta t t e r '

C rudc  p r t r t c i n  1N  r  t ' . i 5  )

Crude f ibre

Ether  er t ract

Ash

Nitrogen-free extract

Gross energy' (MJrkg)

9 1  0
, t 1

,10..1

1 . 1

I  8. .1

4 5 8

1 6 . 1

s0.6

5 . 8

t 9 0

0 8

: - r .5
,10.9

1 .+ .6

9 0 . 6

4 . 9

i d . _

0 . 1

24.5

i  5 . 9

92.2

1 . 4

28.8

0 .4

2 3 . 0

10.4

1 4 . 3

9r .7

5 . 6

2 8 . 5

0 .3
1 /  A

A 1  1

1 5 . 4

TABLE :  CO\{POSITIO\ OF DIETS

Ingredien t
(7 a i r  d11'  basis)

Tre  a t rne  n  1

l
Treatrnent Treatrnenl

3

Rice stlari '

Molasses

Copra cake

Urea '

Mineral ntixture

.10.0
-+1 1

t 6 . 0

1 q

1 . 0

.+0.0

J l . 1

t 6 . 0

1 . 9

1 . 0

5 0 0

t 1 . t

26 .0

1 9

1 . 0

Total 1 0 0  0 1 0 0 . 0 1 0 0 . 0

+
I feed grade urea (280.0 per cent)

+The nt ineral  st tppletrent  provided the to l lo* ing nr intra ls and v i tamins uhen added at  the rate
o f  1Ks .  pe r  l 00K r  :  5 . 000 .000  I L '  \ ' i t am in  A :  1 .250 .000  l u  v i t am in  D :  1 .39 .  coba l t :  250g .
c a l c i u r n : 2 2 . 6 s .  c o p p e r : 4 1 . ? s .  i r o n : 4 4 . 2 e .  \ l a n e a n e s c : 3 8 . 2 g .  Z i n c  a n d  1 1 3 . 4 9 .  r { a g n e s i u m .

Chemical analyses

50 g. saniples of the dailr. food pror,ided
days and subsantp led for  chernical  anahses.  A 10
( D c v r N n n e  a n d  R a t r  L n L .  l a - l )  t l . r o r u u e h l v
analvses.

i n  ind iv idua l  t rea tments  u 'e re  bu lked over  seven

per ceni sample oi the faeces voided was bulked
rnrxed. ground and subsarnpled for chernical

Al l  analvses used \ \ /ere those recornntended b1,  A.O.A.C.  (1gj  l ) .
dupl icate.  Dry mat ter  was deternr ined bv dry inr  at  102oc for  24 hours.  ash
f'or 6 l iours. protein bv the nricrokjelclahl procedure. and crude fibre
successive boil ing rl ' i th alkali and acid. Ether exrract \\ 'as cletermined
petro leurn spi r i t  (40 60" B.P.) .

and rvere done in
by ashing at 600"C
rvas determined by
by refluxing with

'7'/
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Statistical analysis

The analysis of variance
method of the least significant

Dry matter intake

The pattern of intake of dry'
Ca(OH)z is shown in Table 5. There
intake.  Wi th 30 per  cent  r ice st rau
by as much 24,2 and 26.9 per cent
rice straw per animal per da_v Table
as relative intake.

NaOH treatment

was  ca r r i ed  ou t  as  desc r i bed  b r ,  SN ln r , coR  (1965 ) .  and  the
difference bet*'een nreans was also used.

RESULTS

nlatter due to alkali treatrnent using both NaOH and
is no doubt that alkali treatrnent increased the dry matter

+ 8 per cent NaOH or Ca(OH)z , the intake was increased
respect i \ re ly .  equivalent  to  i r . r takes of  29 and 33^g.- f resh
5 also show's caiculations of the intake per kg Wu /) arld

Table 6 suntmarises the effect oi \aOH treatrrent on the digestibil i ty of individual

const i tuents.  Stat is t ica l l l 's igni f icant  e i fects (P<0.05)  \ \ 'ere found for  a l l  const i tuents.  The

apparent digestibil i ty' coefficient oi dr1 nratter on the 30 per cent RS control diet was 60.3,

whereas wi th NaOH treatmenr.  the values r ' ,ere s i i rn i f icant l l ' (P(0.05)  increased up to 76.0 per

cent. an increase of 16 per cent digestibil i tr r-rnits tbr the 30 per cent RS + 6 per cent alkali,

and then decl ined.  Organic u lat ter  d igest ib i l i t r  a lso io l lor ied the sante t rend.  Crude prote in

digestibii i ty was significantlv inrproved (P<0.05) ior all diets rnth alkali treated rice straw.

Concerning crude t ' ibre.  \aOH t reatnrent  s igni f icant l l  (P(0.05)  i rnproved t l te  d igest ib i l i ty

in all treatrrent diets. The highest crude t-rbre digestibil in rr 'as noted in the 40 per cent rice

straw diets t reared rv i th  6 pc ' r  cr 'n t  \aOH. b*  ond n l i rch the d igest ib i l i ty '  decl ined.  Ash

digest ib i l i ty  was a lso s igni t icanth inrproved (P<0.05) .  ior  a l l  t rc 'a t r t te l l ts  cxcept  the 50 per  cent

r ice st raw diet  t reated wi th E per  cent  \aOH As r i 'ou ld be expected.  the d igest ib i l i ty '  o f  energ,v

was a lso in tproved wi th NaOH ior  a l1 t reatrnents e\cept  the 50 per  cr ' l l t  r ice st rarv d i91 + 8 per

cent  NaOH. The h ighesr  energl  d ige ' t ib i l i r r  *as noted tor  the 30 pc ' r  ce l l t  r ice st raw level

t reated wi th 8 per  cent  \aOH. The overal l  resui ts  suggest  that  the best  respouse rvere obta ined

wi th a 30 per  cent  r ice st rau d iet  t reated n ' i th  8 per  cent  \aOH.

Ca(OH), treatment

Table 7 summarrses the eifect of Ca(OH)z treatnrent on the digestibil i t l ' '  of individual

contituents. The observation in tire tlrst trial (NaOH trealntent) for the digestibil i ty of each

constituent to improve with alkali treatnrent *'as also conl-irnted in this tria1. Horvever. there

was a tendency, for  the values to be general l l  1ot 'er .  No stat is t ica l iv  s igni f icant  d i f ferences were

found between lreatments in dry nlattef. organic nrattef and crude protein digestibil i t i t.

Crude fibre digestibil i t l , rr 'as rrtrproved rvith Ca(OH)2 treatntent for all the 30 and 40

per cent rice straw diets. the highest digestibil i t-v u'as noted for the 30 per cent rice straw level

i S per cent NaOH Ash digestibil i t l , unlike trial one. decreased for all treatnrents with

Ca(OH)2 addi t ion.  and rvas s igni f icant l l ' lon 'er  (P(0.05)  compared to the contro l  d iet .  Energy

digestibil i ty was signrficantl-l higher (P<0.05) for the 30 per cent rice straw + 8 per cent

Ca(OH)2 t rearnrent .  and s igni f icanr l l ' lon 'er  (P<0.05) .  ior  the 50 per  cent  r ice st raw + 6 per

cent Ca(OH), diet. The overall result nhich is similar to trial one suggests that the best results

were obtained with a 30 per cent level of rice stra$' treated rvith 8 per cent Ca(OH)t '

8 0
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Efficacy of alkali teatment

Since it was of interest to assess the efficacy of the two alkalis used. the effects on the

diges. t ib i l i t l ,o f  dry matrer .  organic urat ter  and crude f ibre rvere tested.  For  th is  purpose.

Bart le t t 's  test  of  homogenei ty ,of  var iance was used.  and no s igni f icant  d i f ferer lces were found

for rhe digestibil i t l '  of the three constituents. This then permitted an analy'sis of variance

calculation. which indicated that alkali treatrnent aft 'ected significantl i" d11' matter digestibil i ty

(P<0.01) .  organic mat ter  d igest ib i l i t l  (P<0.05)  and crude f ibre d igest ib i l i t l " (P(0.01 . )

DISCUSSION

The efiect oi NaOH or Ca( Ot{)2 trearlrent increased the dry mattel intakc signif icantly

(P<0.05)  compared to  u l t t rea ted  r i ce  s t ra r ' , .  Th is  resu l t  i s  cous is ten t  w i th  a  s in l i la r  observa t ion

in  a lka l i - t rea ted  roughage ied  r r , i th  o ther  i r . rg red ien ts  in  the  d ie t  (Gnnn ET ' r  e t  a l . ,  1974

MCMn xus  e t  a l . .  191 1)  o r  then rcs idua l  a lka l i  was  w 'ashed ou t  (CAR1\ '1ONA and

G R T T N H e L G H .  1 9 7 1 ) .  T h e  i n c r e a s e  r n  v o l u n t a r y  i n t a k e  i s  p r o b a b l l  d u e  t o  r e d u c e d  r e t e n t i o n

t in te  in  the  run ten .  Where  e i ther  o ther  teed ingred ien ts  a le  no t  used.  o r  the  a lka l i  i s  no t  washed

o u t .  a  r e d u c r i o n  i n  i n t a k e  r s  c o r n m o n  ( S r s c n  a n d  J , q , C K S o N .  1 9 7 1 1  H o l - n .  1 9 1 2 ' .  R E X E N '

S T I G S E N  a n d  K R t S t p N S [ \ .  1 9 ? 5 ) .  T h i s  r e d u c t i o n  i s  d i r e c t l l '  r e l a t e d  t o  t h e  a n l o u n t  o f  a i k a l i

u s e d  a n d  a l s o  d u e  t o  r e d u c e d  p a l a t a b i l i t l  .  B l ,  c o r n p a n s o n .  K I S H a , N .  R A N i l l A N  a n d  N I : T K E

(1973)  found no  d i f t c rences  in  in take  be lveen t rea ted  and un t rea ted  u 'heat  s t raw g iven to

buf fa io  ca lves .

The increase tn  j r )  rnar te f  in take  r ' , i th  a lka l i  t rea t l r ten t  has  a lso  been no ted  by

C e , R r t o N a  a n d  G R r t s H A L G l t  ( 1 9 7 1 . 1  a n . l  r r r p h e s  t h a t  t h e  i n t a k e  a n d  t h e r e f o r e  s u p p l y  o f

rne tabo l isab le  energ l  ( \ , lE )  . , . ,as  a lso  inc reased.  i t  nas  ca lcu la ted  tha t  th is  inc reased in take

increased the  supp l l  o f  l . - l  \ I i  and  i . .1  \ '1J  o i  \ ' 1E per  sheep per  day  io r  30  per  cent  r i ce  s t ra rv

+  8  p e r  c e n t  N a O H  o r  C a ( O F l ) , .  T h c s e  i n c r e a s e s  ( 1 5 . 1  a n d  1 6 . l  p c r  c c n t )  a r e  s i g n i f i c a n t  i n  t h a t

the  e f f i c ienc l  o f  r i ce  s t raw to  supp l r  encrgr  i s  cons iderab lv  e r te l tdcd .  and th is  i s  in lpor tan t

e s p e c i a l l y  i n  s i t u a t i o n s  * ' h e r e  r i c e  s t r a r , , ' s u p p l r ' i s  p l e n t i t ' u l  T h e  i r l l p l o v e d  e n e r g y  v a l u e  i s

probab i l ,  due to  inc reased ce l lu lo l r  t i c  ac t i v i t )  o f  the  bac te l ia l  t ' l o ra  (Car r  FT e t  a l . ,  1974 
' \

Tkre  inc reased d iges t ib i i i t l  o i  dq  nra t te r  f ronr  60 . - l  to  be i l lee t l ' -1 . - l  and  76 .0  lo r  30  per

c e n t  r i c e  s t r a $ , +  O  o i  S  p e r  c e n r  N a O H .  i n  t r i a l  o n c .  a n t l  b e n ' , ' c e n  i l  l  a n d  7 3 . 3  p e r  c e n t  l b r

the  sante  leve l  o f  r i ce  s t raw,  t rea ted  lv i th  6  o r  8  per  cent  o i  Ca{  OH)2.  and a lso  d iges t ib i l i t y  o f

energy  ls  tn  agreernent  rv r th  the  resu l ts  o i  DOf  f ' f  f  R  (1S68)  Thc  prcscnt  resu l ts  a lso  conf i r l t t

a n  i m p r o v e d  o r g a n i c  l t t a t t c r  d i s e s t i b i l i t l  n o r c d  b 1  C r R \ 1  O \ a  a n d  G R E E \ H A L ( l l l  ( 1 9 7 2 ) '

The d igesr ib i l i t l , ,  o f  p r ( ) te in  i s  in te res t rng  and Inents  so t t te  co l r l r l l en t .  \ \ ' i th  bo th  a lka l i s .  thc

crude pro te in  d iges t ib i l i t y  w 'as  tncreased,  Bear ing  in  n t ind  tha t  u rea  accounted  io r  about  70  per

cent  o f  the  to ta l  d ie ta r l  c rude pro tc in  supp ly ' thc  i rnp l i ca t ions  are  t i ta t  a  l l l o re  e f f i c ien t  use  o f

t h e  u r e a  w a s  a c h i e v e d  b 1 ' a  f a s t c r  r a t c  o f  t e n r e n t a t i o n .  r e d u c e d  f e t e t l t i ( ) n  t i r l r e  i n  t h e  r u r n c n

and fas te r  ra te  o f  passage.  Spra l - t rea ted  s t ra \ \  has  in  tac t  been shown to  havc  a  tas tc r  ra te  t r f

p a s s a g e  b 1 , ,  B O I o U A N .  V o t G T  a n d  P I e r K o \ \  S K I  ( 1 9 7 , + ) .  A l s o .  a l k a l i  t r e a t r l l c n t  t n c r e a s e s  t h e

r a t e  a s  w e l l  a s  e r t e n t  o f  d i g e s t i o n  o i  b a r l c 1  s t r a \ \  ( R E X E I  a n c l  T t t o r t s E N .  1 9 6 9 ) .  P r e v i o u s

s t u d i e s  ( D L V n U n R a .  1 9 7 5 b )  h a v e  a l r e a d y  d c l u o r l s t r a t c d  t h c  s i g n i f i c a n c c  o f  d l e t a r y '  L l r e a  ( ) r l  t h e

in take  o f  r i ce  s r raw.  and w i th  NaOH t rca tnren t  in  the  p fes0r l t  s tud , t  (Tab le  5 / ,  the  i t t tp rover t te l r t

in  c rude pro te in  d iges t ib i l i t l  o i  17 .1  per  cc t l t  c r . rn tpared to  -15 .8  pc f  ccn t  fo r  the  cont ro l  i s

no tewor th ,v .  The s ign i f i cance o i  these resu l ts  i s  a lso  re i l cc ted  rn  the  resu l ts  o f  DoNEFER

( 1 9 6 S )  t h a t  w h e n  t r e a t e d  s t r a \ \ ' w a s  f e d  r v i t h o u t  u r e a .  i n t a k e  r v a s  d e p r e s s e d  W h c n  L r r c a  w a s

added however .  there  was t r r tp roventen t .
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The pattern of digestibil i ty of ash was different for NaOH and Ca(OH), treatment. Wirh
MOH, high digestibil i t ies, higher than the conrrol diet. were noted, but with Ca(oH)2.
depressed results were found. The reason for the latter siruation is probably due to an excess
of Ca due to Ca(OH)2 addition which with the low level of p present (0.i4 per cenr) caused
an acute Ca : P imbalance. More particularly, it may,be due to th. prrr.n., in rice straw of a
high potassium and oxaiate content which interferes with tl.re absorption and uti l isation of
ca l c i um (SEN,  R l v  and  TeLnpATRA,  1942 ) .  A l so  BRUNE and  BnsoEsonN (1962 )  have
ob-served frequent negative calcium balances on rice straw diets. The situation is crit ical in that
a level of 0.3 per cent is required for normal growth and ierti l i t l ,.

The  rev iew  by  Gucco rz .  KOHLER and  Kop r r ss rE IN  (1971 )  conce rn ing  the  fac to rs
limiting the uti l isation of gross energy contained in fibrous feeds indicated that ia.y l igrin acts
as a barrier between the carbohydrate and the digestive enzymes. (b) be.aus. cefiulose is
crystall ine, its availabii ity to enzyme action was slorv. and (c) sil ica inhibits carbohydrate
digest ib i l i ty '  S ince the BECKMANN (1921) pro iedure of  soaking rhe st raw wi th d i lu te a l ,ka l i .
the process has been improved further by separating the l iquor frorn the strarv b1, pressure and
re-cycling it into the soaking bath (HnRr er a/, 1975). However. such rriethods have the
disadvantage of causing pollution when the l) 'e is discharged. Accordingll,. a furtler
modification that is now being developed in Sweden and elservhere is treatment rn a closed
system wi th less envi ronmental  ef fects.  Ho\{8.  suNDSToL and AReusoN (1976) have rn th is
context recently described alkali treatment techniques at comlnercial and farrn level.

The method used here did not have any polluting effecrs of spent lye since the rate of 1
litre per kg straw was found to be adequate. $'ith no residual left over l iquid. what is
significant is that the method increased crude fibre digestibil i t l , of 30 per..,.,r ri., straw levei
from 23.8 per cent without alkali treatntent to 67.8 \\, ith 8 per cent ), 'aOH. and _36.4 agai'
without alkali to 54.4 per cent with 8 per cent Ca(oH), for the sanre rice strarv ievell both
improvements were s igni f icant  (P<0.05) .  ceRrtos l  and GRi-TNHALGH (  rgrr )  har ,e arso
reported an increase in ce11u1ose digestibil i t l  of 1.1 units in barlel strar,,,rreated r,",rth 9 per cenr
NaOH Chemical  t reatment  has qui te; lear l1 'a s igni f icant  and benetrc ia l  e f fect  on r i re ut ihsat ion
of rice straw.

The improved d igest ib i l i ty  of  a lka l i  t reated r ice srrau ' is  due to the improved d igcst ib i l i t r
o f  ce l lu lose.  I t  is  due to the conrbined ef fect  of  l ien in.  s i l ica and hernicel lu lose being st lubi l ised
by the a lkal i  and improved d igest ib i l i t l 'br  the sheep.  The sequence of  events is  enhanced by
the cel lu lose swel l ing when t reated r r i th  a lka l i  (wtr rsrEHER and Trxc.  1970).  and
hydrolysation of the inter-molecuiar ester l inkages benveen uronic acrd groups of hemicellulose
and  ce l l u l ose  (Tan row  and  Fe rs r .  1969 :  F r r s r .  BAKER and  ren ro i i l .  1970 ) .

Between the two alkalis. it was quite clear that NaoH was nroLe efficient than Ca(oH.)2.
and was associated with nluch higher digestibii i ty coefi icients for all parameters measured.
notably dry mat ter .  crude prote in.  crude t - ibre.  ash and energr ' .  A lso.  ca lc iurr  l . rydroxrde 5as thedisadvantage of being assoclated with negative calciunr balances e,,,en rvhen the calciunr conrenr
was apparent ly  adequate (NnrH.  S,quer and KeHen.  1969.) .

The study reported here on the vaiue and effect of alkali treatnrent on rice srraw
represents the first of its kind in Malar,sia. Quite clearlr, ' . the study is consistent 'vrth several
other similar studies elsewhere which together demonstrate thar there are verr, definite bereficial
ef fects.  especia l ly  that  of  r lak ing the st rau 'more valuable.  more ef f ic ient  ut i l isat ion of  i t  and
increased supply of  ME. One potent ia l  impact  of  th is  denronstra i ion is  increasing the value o i
rice straw for feeding ruminants. and more particularlv increasing the preseni iorv level of
ruminant production in Malaysia. This improvement also has advantages oi less reliance t n the
use of  concentrate feeds.
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More studies are needed to test the efficacy of alternative types of alkali, for example

NaOH flakes on nutrient digestibility, and also the concurrent effects of these on the physical

treatment of the straw (heat treatment and also pelieting). Such studies, to be realistic and

meaningful, will also have to be extended to practical feeding trials under field conditions and

subject to cost-benefit analYsis'
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SUMMARY

The digestibilit)' by sheep of nutrients in diets containing 30, 40 and 50 per cent rice

straw treated with 6 and 8 per cent NaOH or Ca(OH)2 in molasses-based diet is described. The

content of crude fibre of untreated rice straw in the dry matter was 30.4 per cent. With 6 and
g per cent NaOH, the value was improved to 29.0 and 28.2 per cent, and with ca(oH)2' 28.8

and 28.5 per cent

Treatment with alkali increased the intake and improved the digestibility of all nutrients
significantly (p<0.05). However, the best results were found for the 30 per cent level of rice

straw inclusion treated with 8 per cent NaOH. For this treatment, individual digestibilities wele

improved f rom 60.3 to 76.0 per cent  for  dry matter ,  crude protein f rom 35.8 to 78' l  per cent '

crude fibre from 23.8 to 67.8 per cent, ash fiom 34.4 to 62.5 per cent and energy from 34.4

to 62.5 per cent ,  With Ca(OH)2.  the improvements in d igest ib i l i ty  were f rom 65.5 to 73.3 per

cent  for  dry matter .  59.4 to 58.4 for  crude protein,  36.4 to 54.4 per cent  for  crude f ibre,  and

energy from 53.4 to 74.8 per cent. It was calculated that for the 30 per cent dce straw + 8 per

cent  NaOH diet  or  ca(oH)2 diets,  there was an increased intake of  1.3 to 1.4 MJ of  ME per

sheep per day, equivalent to an increase of 25.2 and 26'2 per cent'

A compalson of the effects of both alkalis indicated that NaOH was considerably more

superior. The ultimate value of NaoH treatment will depend on type of level used' method of

application. beneficial responses in feeding trials and cost-benefit analysis'
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