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1 \-.\l ann~l!1ase \\';) S cxrracred frul11 cocon ut (Cows 1II1oFT(l Linn) ha usto rium and purified rJ1rOugh 
(1-)a:lll1l(,n iUl Il sul Ll tc orcc;p itdLl!lI1 811J sepharns(~ 6B- /ccrin affi nity chrom atography, Cuconut 

11 - l1l,1l'n;!I1clse is an ac idic pl'o lein w; th 8 pI of},75, T he m\llccu l::! r m ass ofc(;con u t I)-mannanase side I 

( ~I'J iL1 in dodecy l sut'~ltc - poh'ac r)'!J lri je gel ,:lcc trop horesis) was ClUnd ~o be 44 kDa 2,!ld was gala,:: 
COnflrlT1ed by rn 8t r ~x - C1ssisted laser deso rpt icil ;u niZ'I'.i ' l: l ti me-or-fl ight m ass sr;~ctr(1r '1 ctry , The a:ld 
uptimum temperature and pH for enzyme Jcr ivity \\'8S 70°C and 5.2, The enzyme was used for map) 
the prepClratio n or neu traceu tica l dietary SLI pp lement from ga lacto l11 an nans of guar gum and on tr 
tend er coconut kernel having a 13-( 1,4)-linkd D-m an nosc backbone. D epo lymcrized guar wan use 1
has 92'Yr) of o li gos accharides with a degree 'If polymerization o f 3 and 7 . Tender coconut kernel 

C{\("'nv .... >Jh as a degree il l' p ,) lvlllcr iz8tion of 9- 39 oligosacchand cs ,dong with d isaccharides and rrisacchar­
prest Ides , HC:i;.:e thi s m3 nnd11 3SC will be usci'ul to depo lymer ize ~ - ( l , 4)-linked D-mannose poly­

saccharides fro l11 1110St pi :lllL so urces to rrod uce prebiotics in a cos t-effective technique, coco 
COCd 
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Mal' [3-Mannalnse (endo 1) 4- ~-D -man nan 111 ann ohydrolase, EC 3,2. 1,78) hydrolyzes t.hc 
1. Ll-[)-D-111anll ol'yrunosyl linkage backbo n e of manna ns, glu co m ann ans, galactoman­ p- N; 
nu ns and galactoglu co lTI annans to produce ma r.na noligos8ccharides. M annanoligo­ p-ni ' 
saccharide s dre seco nd -generation preb iotics (Gibson and Roberfrcid 1995). bear 
l\1annano ligosaccharides arc lhm-cilge stab le oligos1Ccharides possess ing imrortant We',!:: 
phys io log ica l p ropert ies to behave as d ietary fiber anJ rrebiotics P rebiotic oligo­ lyte~ 

s]ccharides are also adva ntageo us as they are sekc ti vely utilized by Bifidobacteria; and 
de crease en r ric: ~,athogen ;c bacteri a, ['l: ,~u l atc immu n nreactioll s, and impro,!e me 

I 
fror 

ill lcgri ty of in tc tin ,tI m U(OS<1, chercby increas ing the hum an hea lth leve l and t.he 
wo rth of <1 breedi ng animal ('.Xio ng :ll1 d Sadd le r 1993; Gomes and Ste:ner Enz 
1998; Ku bayashi ct <1 1. 1987; Dh(\\'v ~\fl an d K Clllr 2007; Mo reira and F ilho 2008). , , Tht.E nd l) ~) -ma[l Il:\l1a <;es c8 t,dy!.t' Lhc d':~l ,lg~ of the inte,nal [)- 1,4 ll1an nopyranosyl 

~ 
<; Llblinkages of the t1l<:nlHl ll pl' !Yll1c r r , \I l d\ )l1ll ~ ' rn m lll na;Yliigl ' sll cch al :dt'. Mallnana~es 
3a ly. 
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useful for the enzymatic analysis of polysaccharide structures 
and Matheson 1986). ~-Mannanase occurs widely in microorganisms 

different characteristics in terms of molecular weight, isoelectric focusing 
optimum pH and temperature, so forth (Reese and Shibata 1965; Araujo and 

.....,.'j/: 1990; Hossain et al. 1996; Gomes and Steiner 1998). The microbial mannanases.......,u
 d 
ar Streptomyces sp. (Takahashi et al. 1984), Bacillus subtilis (Mendoza et al. 

~~..-- Zakaria et al. 1998), Sclerotium (Athelia) rolfsii (Sachslehner and Haltrich 

1999), Bacillus stearothermophilus (Zhang et al. 2000), Aspergillus awamori (Kurakake 
d Komaki 2001) and Trichoderma harzianum (Ferreira and Filho 2004) have been 

an and characterized. A few ~-mannanases have been purified and characterized 
from higher organisms such as blue mussels (Mycilus edulis) and snails (Helix pomatia) 
(Yamaura and Matsumoto 1993; Yamaura et al. 1996; McCleary 1988) . Mannans are 
an important component of the hemicellulose famil y, and C3il be classified into four 
ubfamilies : linear mannan, glucomannan, galactomannan and galactoglucomannan. 
Jalactomannans are the reserve p olysaccharides in endosperm of plants in the 
fegum,:n.oseae family. Guar gum (Cyamopsis tetragonolobus) has a linear back bone of 
(l --t4)-die uatoriaHy linked ~-D-mannose residu~s, some of which carry single-sugar 
~ee chains of 0:-L-gaiactose attached by (1---* 6) Iinkages. 'DIe :TIolar ra tio of mannu::;e LO 

gala~t0se ra tio is - .6 . Coconut meal c0ntc:ins 26 % ma!1.:Jans, 61 (;10 gaJactomannans 
":lJ 13% c lluiose. Even though 'L..~ e re are studie3 on the ·:ndo ma11annase ge ::1 e 
mapping of plants such as arabidopsis, rice, poplar and tomato, there is ao report 
on the characterization of endo ~-mannanase isolated from coconut h::mstorium and it:; 
u e in the production of prebiotics. Previous studies in our laboratory have shown that 
coconut haustorium is a rich source of lipase, ~·mannana3e and ex-galac':osidase. In the 
presen t study we have purified and characterized a thermo-stable ~-mannanase from 
coconut haustorium to make the prebiotic ITl ;:l,nnanoligosaccharides from guar gum andc. 
coconut kernal. 

Materials and nlethods 

Materials 

p-Nitr -phenyl-~-D manopyranoside (PN PM ), ~-mannanase from H. pomatia, 
j-nitrophenyl-ex-D-galactopyranoside (PNPG), ex-galactosidase from green coffee 
bean, bovine serum albumin, locust bean gum, guar gum, sepharose 6B, and molecular 
weight markel's were purchased from Sigma-Aldrich (St Louis, MO, USA). :\mpho­
lytes for Rotofor were froIll Bio-Rad (Trivandrum, Kerala, India). Lectin was iso lated 
and purified from locally available Jack frui e seed. Coconut hans ' 'Jrium was procured 
liorn the labo ratol'y ["i l ~ntation. Ad the 0 h~r reagent used " ere of analyti cal grade. 

S'112yme assay 	and jJrotein detenninations 

Tn ~pec · fi.c -mannanase activity' of h.a~s tJ"'ium was a<;s .•yed v.<th PNPM as a 
an 	 ' 1. bstr:l.te . P NP.\ ~ (I m l'v\) was incubated with an a. prupr: ale ~ n:uunt of enzym e 

,:lIT,.!" in J . l N\ acetate buffer (pH 5) a[ 40"C for i 0 min. T he reaction was stopped by 
adJ bg 0.5 rn l of 1 M N azC 0 3 ap.c L'l e abso rbance of the released p-nit ro-phenol 'vas 
( ten linl.d at 400 11m u<;ing aspect: pilr1tom eter. One un it o f ~~-manr. a :1ase WaS 

j~:lneJ as the amount of e:1Zyrne r. el. ed to produce! Ilmol!n: lI1 p-nm -p: lenol p~r 
rr inute ( r l'raka ke and Komaki 200 l ) . TI1e o.,-gala tosidae aC tlVlty of coconut 
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as the micromoles of mannose released per minute per milliliter of the enzyme under 
the experimen tal conditions . 

T h e co n centration of the protein was dete rm;ned u s ing the Blo-fe. d protein 
~ls ~;ay according to rhe method of Bradford ( 1976), u sing bovine serum albumin as 
<;wnda rd. The concentration of protein was moniLOred by observing [he c.bsurb:.mce at 
)l)5 nm. 

Ex /raclIo)l and pUrificatioJl of {3-7I1QnilOlwse. All of [he purificati o n '; tcps w~:: r t perfo rmed 

at ~l 'C l~nlcss stated o Li1~r\" i se . The crude -2x~r:lcc!lllL:r and intracellldar Til1:lna.'1ltse 

was uh~aineC from coconut h aus ror:urn 8y macerating tte haustorium into a pulp \\~th 

0.05 M pho sphate buffer (pH 7.0) and sand, and filtering the mashed pulp through 
cheesecloth. The filtrate was centrifuged at 2,655 x g for 10 min a[ 4°C. The crude 
superr,atant was subj ec ted to 20--90% ammonium sulfate saturatioi1. The precipitated 

protein was collected by centrifugation (2, 655 x g) and dissc lved i;l 0.05 l'v~ rhospnate 
(pU 7) buffer. Further purification was done oy affin; ty chromatography USl11g a ~ass 
column of 30 cm height and 2. 1 cm inner didmeter filled with sepharose 6B beads 
(di ameter 45- 165 11m) loaded with jack lectin . The column was loaded with 8.5 mi 
di~ll yzed er zyme sample (specific activity, 39 .8 6 mghnl) and equilibrated with phos­
phate saline buffer, pH '/.4 . The void vo lume of the co lumn was 3.72 ml. The bound 
L'annanase was se lectively eluted with D-gal actos e (5 to 100 mM) in th e sam;; buffer at 
a Aow rate of 3 mllmin . Th e active fractions were combined and dialyzed against the 
same buffer and the dialysZltc WZl S used in further f'xperim ents as th ,~ puri5.ed 
mannanase. 

/so('icClric fo cusing 

lsude ctric: focusing was pe rformed u sing ~i mini-Rotofor (B io-Rad Llboratories). 

PlIf'ifled c oco nut hau 'l to 'Ium extract :', at 4" (: were l; ial _' ~ ' c d agains t r:,h os pha tc buffer 
of ! H 7 Cor '30 min, along \\lith 2% amphol yte (pH 5 -8; Bin-Rad) Zlnd is fel 'used ar4

c
,-, 

fnr') :1 Zlt 12 ,\\l The fracti () ~1S were harves led and th e isoek ct li c poior of the enzyme 
\\ ;lS J d crmined. 

S~\ d i um dodecyl suILlll'-p olyacry lalT'ick gel elec trop horesi s C.::>DS-PAGE) ',vas pe:" 
lorrncd in a lO'Yo w 'v po lyac r;'laulJde gel IJV tbe ll-:.etbod of La-: mmli ( 19/'0) , r\'oielfl 

b m<J" WC ft: visualized b\' C oon1:J s<': lc b:' i ! li ~: n t blue R- 2S0 <': '·a inlllg . :\ 111 ' \) 'cu la~' 'e:gh! 
lIu rkL r for S S- PAGE rJ.ngin g from 14.3 to 97 . -~ :z.Da (G~n ic) In d Ia) wa:, us ..d. 
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haustorium was assayed using PNPG as the substrate. The assay mixture had 
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minute at p~ : at 2~oC (Borooah et al. 1961 ). The general glyc?sidase el1Zytne 
assay was carnca out WIth 0.5% locust bean gum (galactomannan) in cItrate phosph 
buffcr (50 mM, pH 5.2) with 1 00 ~l 'l mannanase, incubated at 50 ± 0.5eC for 30 
and the reducing sugar releascd was determined by the dinitrosalicylic acid me: 
(Stalbrand et a1. 1993) at 540 nm. A standard curve \'.' as made \vith differe 
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tJIl!f.H')'.<-<+ laser desorption ionization time-of~fiight mass spectrometry of f3-mannanase 

isted laser desorption ionization time-of-flight mass spectrometry (MALDI­
, Japan) (Shimadzu; Biotech Axima CFR plus, Japan) was performed to 

the molecular mass of the mannanase enzyme. The matrix used is sinapinic 
the linear mode. The molecular mass and degree of polymerization (DP) of the 

galactomannansamples was done with 2,5-dihydroxy benzoic acid 
in the linear mode. 

dichroism spectroscopy 

circular £Chroism spectrum of -maminnase was carried out in a spectropolari­
meter Gasco J-81 0, USA) scanned from 190 to 300 nm under a nitrogen atmosphere. 
'!be data were analyzed by K2D2 software (Perez-Iratxeta and Andrade Navarro, Bio 
Med Central Ltd, 2008). 

!if~ of pH and temperature on {3-ma,'1nanase activity 

~ptimum pH of mannanase activity was determined ~sing citrate phosphate bufier 
pH 3-7 under stal1dard assay couditions. The effect of temperature on the 

"'l:"r'lWllUJ"U....,e activity was determined by incubating the purified enzyme with the 
spbsttate at temperatures ranging from 30 to 80a C in 0.1 M citrate phosphate buffer 
ofpH 5.2. 

The M:chaelis- Menten constant (Km) and the maximum reaction velocity (Vmax) for 
mannanase was determined by varying the substrate concentration, keeping all the 
other paralueters constant. The enzyme kinetics was determined using an enzyme 
kinetics software (Sigma plot, version 7.01, 2001, Richmond, California, USA), and 
Km and Vmax were calculated from the Hanes Woolf plot [S] versus [S] / M. From 
these values, the catalytic constant for the conversion of substrate to product (kcaJ and 
the catalytic efficiency ratio were calculated (Cornish-Bowden 2004). 

Dep(llymerization of f3-1 J 4-D-galacwrnannans 

~-lA-Galactomannan from gU2[ gum and tender coconut kernel 1% (w/v) were 
suspended in 0.1 M citrate phospha:e buffer of pH 5. 2. After the addition of purified 
mannanasc, the solution was incubated at 30 ± 2°C for 24 hand 72 h. The solution v'as 
then passed first through 'hyflow' superceJ and then through 0.45 ~m and 0.22 flm 
Atillipore ultrafiltration membranes. The supernatant was applied to MALDI 
TOF-MS analysis. ' 

Resu1t .::i and discussion 

Aqueo!.is extract from coconut hausto rium contains lipases, a-g:llactosi<ias.> as 
we!l as ~-mannanase. The activity of lipase was 90.5 olive oil units/ml and that of 

http:Aqueo!.is
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a-galactosidase using the specific substrate PNPG was 0.1374 units. The ~-rn.anw 
enzyme was very difficult to separate from the abundant acid ,ic Iipasesanase 
a-galactosidase by the classic purification methods such as ion excbange chroma:~ 
raphy and gel permeation cbromatograpby . 

Purzjicatioll of InaJiIlOnClSC CIIZ)' IIIC by sepharose-lcClin af/il/ity cizl'O,natograph,Y 

The results of the ammonium sulfate precipitation and affinity chromato';}ra 

~u~'ification of f.3-l11annanase from .the coconut ~austorium are . ~ um~~ar.fze~ 
In fable l. The [3-mannanase was punfied 693-fold WIth a speClfic aew 'ity of O. 
units!mg protein. The enzyme activity \vas assayed using PNPlvl a~; the spe:.:ifi 
sub s trate:, f\fllnity chrornawgraph y using kctin (specifically binds tu D-galactos~ 
and D-mannw:c) \1 :1S sUl: cl~s s ful in separating f.3-mannanas fro m (f,-" alaclo0'('l '-'s ., , " e 
and !ip~\~)I':s , The II pa';c was e~cll1ded from tbe column along witb the \'o irl \'olume. 
TI C [l -IlLlilllan,lsc \";lS dUlnj with a D-galactose gradient o f 5 to 1( mM and the 
u-g,lL1 ClOS id ~lSC \1 , IS eluted by a higber mola:-i ry (40 mM) of D-galacto sl' . 

/s(lciec:l'lc joclisilll; 

b()elc ~t ric focu sing .maf ys is f,; JvC all isoelcc tri c I)oim or' 3.75 for the lUC Vl1 m j-,~u 3to­

r[um r3-mannanase, and h ence is an acidic protein. It is repo rted that man: ' bacterial as 
wel l as fungcll -manannases h ~II. ' c acidic pI values (Viikari et al. 1993). ~-M annanase i~ 

an ;lci"ilc protein irl H . jJOi!W I!O (snail ) and also S. (Alheba) rolfll, wbicb h as a pI of2.75 
( achskhnc and ibltri ch 19 99) , whereas th e enzyme from fvf cduhs IS ba s ic h2ving apT 
of 7,R. 

Po,:voaylo ll'lz'de gel eleCLrophoresls 

The purified-manannas~s were analyze d c1ectrophore tical! y und er derl a lurmg concli­
tions; Only ()llP protein band was detected under the staining condition specified. '-TIle 
analysis revealed a single band on the SDS-PAGE that corre sponds te a molecular 
weight of44 kDa , ThiS is similar to that of the carller repo rts for ~-manm.na:)c JiJtaiLeG 
from AI. etiuhs (39 kDa) (Xu c[ a1. 2002) , fron. H pOlllalZa (37-42 kDa'! IJli.cCleary 
1988; Yal1l:111ra and ~v1at s u muto 1993; Yamaura et al. 1996), and fr0111 S (A thelia) 
r(! ~ I :\ii (46, ') kD:::t) (Sachslehner and Haltrich 1999) . The results from SDS-_-'AGE are 
confirmed by MALDI TOF- j\ lS , and are similar to the reported values of -F'), 0 KDa for 
DaciLlus sp . (Oo i and Kikuchi 1995), 39 .2 kDa fo r iVI. ed:dis (X u e t ai, 2 0(2),39 ,0 for 
n. ,\ l! bli1is KU -! (Z,lkar ;;l ct ~d , (998) 2nd )7 kDd l'o r H pC'llaria (iv1cC Jc a;:-y (988). 

Table- [ ~ l l l lIl IlJI,\, II I 1\- Il1 ~l!Hld ll<lSc' l)unfic:t!I (l1i fro m c()(utlur hali SrO rll.111l 

bT(I [ ' tI :!Clil i1\-" I'[\llc il l Sp<:ci Ji c ,1C lil i l\' 

i'1I 11il ,; ,I II!;, It ; ;U!1iloi l11 ,' ) 

C rll ..lc \l (Il~I; t,: iYC( I'i id ;\)\! . 1( 11 \ i'<' 33._~28 \1 I , I 2 tJ-+29 
{) ''' " anllll P lliutll slllC; I , ~ 1 i'c'L' q i ;Hi lli) 6 1-+52 3 L) i-( {' 0.0770 
. \fhlltL\, ,." ;1<1Llr;111 ('. ! 12 '5 Il I ); I~ n ~ 3r 

' \(li '.' II': \1 .1 111 ~;; SI : I ',-, d 111 ') I \t a(el ,I I,' hJ!l~ l- i f, H 5) <I t -fll ': ;",1 1, 1,: I .n; \ P1\[)\ '1 ;1 , s ui " 
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dichroism spectroscopy 

UV region (190-240 cm- I
) in the circular dichroism spectrum normally shows . , . 

econdary structure of -manannase, and the chromophore is the peptide bond. The 
dichroism spectrum of -manannase was plotted using K2D2 software. 

result show~ that about 3.25% -helix and 49.36% -sheets were found in the 
. From the near-UV region (240-400 nm), the tertiary structure can be 

ned and the chromophores are phenylalanine, tyrosine and tryptophan. The 
was found to be a typical -2 type of globular protein. 

optimal pH for ~-mannanase actiVity was 5.2 (Figure 1). Figure 1 shows the 
ll.decrea~t: in activity of mannanase at higher pH values of 6 and 7. ~-Mannanase from 
·.... _.'''' ..nrium can be used in slightly acidic conditions to depolymerize galactomannans. 

mannanases of microbial sources as well as from higher organisms such as 
sca reported in the literature had molecular masses similar to that of mannanase 

_'..""no hausto:-ium; however, L~e catalytir: properties are obviomly different. The optimal 
fOi" mannClllase (5.2) is similar!O the enzyme from M. edulis (Xu et al. 2002), fungal 

Ir'&lU ...,~.anJse, \-\'ith pH between 3 and 5.5 (Stalbrand tt 31 1993: Cb.ristgau et al. 
Ademark et al. 1998; Viikari et al. 1993) and frum B. subtilis WY34 pH 6 
et al. 2006). The optimal temperature for ~-mannanase activity in the present 

v",,, , ..a:.atiOl1 was 70°C (Figure 2). The coconut mannanase is a thermophilic enzyme 
shows a higher activity at 65-75°C compared with 65-70°C from B. subtilis WY34 

et al. 2006). 
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cont 
Kinetic parameters was: 

viscc
The K rn ) V", nx and K car values of ~-mannanase were found to be 2.563 x 10-3 mol/ml, 

phos
7.908 >( 10() mol/se c/g, and 1.797 >< 10 9 mol/sec/mol enzyme with locust bean gum liS 

ch~r
the substrate . For the specific substrate PNPM.) the K m ) Vmax and K ed ' values ,)f enzyme 

is pr
\overe 9.1 11 X 10-8 m 8l1ml) 6.98 x 10 2 mol/sec/g) and l. 58 x 10-6 mol/sec/mol 

oligc
(.Figure 3). These data are compared with the mannanase from M. edulis ) which has a 

oligc
reported Km value of 3.95 mg/ml as locust bean gum substrate (Xu et al. 2002) and 

acch 
mannanase from Asper{;zllus niger) which has a Km value of 0.30 mM using PNPM as 
substrate (Ademark el a1. 1999) . When the substrate concentration was plotted against (Xu
the ratio of the substrate concentration to the rate of the reaction (Hanes-W'oolf plot), dow 
thl~ primary plot was obtained and Km and Vmax values were obtained automatically lmag
from the secondary plot values using Sigma plot software (version 7.01) 2001). 'The gom
Hanes-Woolf equation can be represented as: dait) 

soyn 
supf. 

where (S1 is lhe sl!bslrate concentration) Tl.n ,,,, is th e maximal ve locity and Km is the Con 
binding affinity of substrate dt (112) Vrmx (ivlichaelis constant). The lower the Km vauc, 

In tlthe higher the affinity between the enzyme and G1C substrate. The Hanes- Woolf plot 
and .avoids hod~ the misleading impression of the experimental error and the uneven 
Pre!.:distribution of the poines by a Lineweaver-13urk plot and the angular distortion of 
~'1 rnUk' erro rs o f the Eadic- H ofstec plet (Colnish-Bowde n 2004). 
glue 
(\

p-m: 
DepO£VlIlerizCllioli of (3 - I, 4-1 r galClcto ma1'llWII haus 

optiJBoth guar gum and tender coconut kernel were depolY!.llet lzed by me purifi;;;d 
enzvf3-mzmnanase at pH 5.2 to produce dt) t.:ri and oligogal actomannans. A reacticn mixture 

' . 
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Hanes - Woolf plot 
'I 

1.5 

1.0 

0.5 
Km = 9.114 x 10-8 moUml 

Vmax = 6.98 x 10-2 molls/g 

0.0 	 0.1 0.2 0.3 0.4 0.5 0.6 

[Substrate] (Ilmollml) 

=r:II.",._._ 3. YJnetks of ~-mannanase from coconut haustorium using PNPM as substrate . 

HitJij,nllIlg 1 % (w/v) guc:r gum and showing an initial high viscosity (1,075 sentipoises) 
lS .-KiUiUIUAJU] liquefied during enzymatic hydrolysis at 30 ± 2°C; after about 1ah, the 

A"'...."'t<n reduces completely (0 centipoises). Similarly, 2 g tender coconut gel as such in 
n......:!rth~tf" buffer was hydrolyzed at 30 ± 2°C for 72 h. The distribution of oligosac­

:Y[:IalJ,\:1t;;!I was analyzed by MAlIH TOF-MS. Oligosaccharide ofDP 21-37 and DP 32 
in the original guar gum, while the depolymerized guar gurr.. gave 

of DP 3 and DP 7. The unhydrolyzed tender coconut gel contained 
of DP 4-97, whereas the hydrolyzed ones gave 50% of mannan dis­

h~li:Cll:amles and trisaccharides along with oligomers of DP 9-39. The fungal mannanase 
w 1 as mannanase from M. edulis gives mannobiose and mannotriose on hydrolysis 

et al. 2002). This oligomannans can be used as prebiotic without any costly 
11r;\lI71"lQtrp~ln processing. Prtbiotics are being made available in almost every product 
......,S'..... ...,.'" and, as they become increasingly popular, more and more uses of them are 
:gQing [ 0 be adopted by the industry. So far, such uses include kefir, yogurt and other 
:dairy drinks, sports products, functional waters, nutrition bars, weight-loss products) 
Joymilk, infant foods and formulas, green foods, pre biotic supplements, mineral 
supplements, medical foods, as well as pet foods and animal feeds. 

Conel sion 

In the cartohydra te family, the indigestible oligo saccharides are of particular interest 
and may, i_n the next decade, be one of the most fascinating functional food ingredients. 
Prebiotics are principally ofigosaccharides, as !hey stirrul?te the growth of Bifidobacteria 
in.;-he intestine, and they may have anticarcinogenic, aCltimicrobial, hypolipidemic and 
glu 'ost -moc1ulating activities. Coconut haustorium was found to be a good source of 
~-mannanase . In thi" I,ov;)rk, ~-mannanase vVa s isolated and purified from coconut 
haustorium, which is an acidic globular protein of molecular mass 44 kDa with a::1 
optimuI~ pH of 5.2, !:cm;Jerature of 70cC and a I<tn value of 9. 114 x 10-11 Inu1/ml 
enzYlIl using PNPM as suostrat~. This endo enzyme is capaGle of randomly 
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depolymerizing ~-(l ,4)-linked D-mannose contammg polysaccharides 
sources. This is the first report of a cheaper, eco-friendly and versatile plant 
that can be used to produce mannanoligosaccharides from galactomannan-rich 
materials, such as guar gum and tender coconut kernel, on a large scale. 
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