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Abstract

A new method was developed to prepare 5-1,4-mannotriose by the enzymatic hydralysis of white copra meal
and the subsequent elimination of monosaccharides and mannobiose from the resultant hydrolysate with a yeast.
The optimum pH and temperature for the mannanase were 6 and 50° C, respectively. The mannanase was stable
between pH 5.5 and 7 after Zhr treatment at 30" C. White copra meal (70g) was hydrolyzed with the mannanase
{3,450units / 500ml) at pH 6 and 50°C for 24hr. The hydelysis products were monosaccharides, mannobiose
and mannotriose, By the elimination of monosaccharides and mannobiose from the hydrolysis products with
Candida guilliermondii IFO 0566, 12.1g of mannotriose was obtained without the use of chromatographic techni-

ques.
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INTRODUCTION

The objective of this research is to apply -mannana-
se from Penicillium sp. 1o the preparation of mannotriose
from white copra meal. A large amount of coconut residual
cake is discharged as a by-product in the process of oil ex-
traction from copra, and the full utilization of the cake has
not been accomplished in the cocomut industry in the South-
east Astan countries (1), Only a small amount of the cake
has been utilized as fivestock feed (1}, even though the cake
contains about 20% protein, 65% carbohydrate and others
{2) partly because the above countries are technologically
underdeveloped to utifize the cake effectively. In this con-
nection, Kusakabe et al. have been studied f-mannanase,
especially the enzymatic preparation of 8-1,4-mannooligo-
saccharides (3,4) from coconut residual cake, and also some
properties (5-7) of the purified enzyme. However, their pro-
cess showed two drawbacks : (1) The enzyme, in addition
to mannooligosaccharides, also produced considerable
amounts of galactomannooligosaccharides, which inter-
fered with the crystallization of mannooligosaccharides.
{2)The copra galactomannan, extracted by a heavy alkali
solution (20~24%), was used in their study for the prepara-
tion of mannoofigosaccharides. However, it is difficult 1o

extract the mannan from the cake by the alkali solution.

Threrfore, it is necessary te find out other enzyme which is
able to directly hydrolyze the galactomannan in the cake,
ard does not produce galactomanno-oligosaccharides in the
hydrolysate. in order to overcome the drawbacks, author
attempted to isolate microorganisms producing f-man-
nanase, and succeeded in isolating a strain from soil, Penicil-
itum sp. which produced extraceilulary a galactomannan-
degrading enzyme.

Thus, author, in this paper, attempted to apply the spe-
cHfic characteristics of the enzyme, and carried out the pre-
paration of the mannotriose from white copra meal by a
combined process ; that is, hydrolyzing the copra meal
by the crude enzyme and eliminating both monosaccha-
rides and mannobiose from the resuliant hydrolysate with

yeast.

MATERIALS AND METHODS

White copra meal

The copra meal, which is a by-product of oil extraction
from copra, was kindly supplied by 8lue Bar Inc.{the Phil-
lippines). The meal contained 49.9% of as total sugar
which was composed of 63.4% mannose, 24.9% glucose,
6.6% galactose and 4.4% arabinose. White copra meal was
hydrolyzed with 72% sulfuric acid at 30°C for 30min,
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followed by 4% sulfuric acid at 100°C for 2hr. The total
sugar content and sugar composition were determined by
Somogyi’s method (8) and gas liquid chromatography (9),
respectively.

Preparation of B-mannanase solution

The medium for the enzyme production was cormpos-
ed of 4% white copra meal, 0.9% peptong, 0.1% yeast
extract, 1% potassium phosphate (monobasic), ¢.05%
magnesium sulfate, 0.5% corn steep liquor and a small
amount of Toshiba Silicone as a antifoaming agent. The
mediun was placed in a jar fermentor (mode! ; MB-C,
iwashiya Bio-science Co. Utd, Japan}, and sterilized at
120° Cfor 10min. The seed culture of Peniciflium sp., which
had been grown in the same medium in shake flasks at
35° C for about 2 days on a reciprocal shaker, was inocu-
iated into the fermentor. The fermentation was carried
out at 35° C with an air supply at a flow rate of 500ml per
min and with: an agitation at the speed of 7G0rpm. A few ml
of the broth during the cultivation were withdrawn from the
fermentor, and fileered through a Toyo-roshi No. 2 filter paper.
Then the filtrate was analyzed for the activity of the enzyme.

Thin layer chromatography (TLC)

TLC was carried out according to the method of McCleary
{11). The sugar sample was dotted on a plate of Merck DC-
Alufolien Kiesel gel 66 (0.2mm), and developed with a sol-
vent systemn of 1-propanc! : nitromethane : water(5 1 2 :
3, viv/v) for about 4hr at room temperature. The sugars on
the plate were visualized by spraying with 30% sulfuric
acid-ethanol and heating to 120° C for 10min,

Determination of B-mannanase activity

B-Mannanase activity was deterriined by the method
described in the previous paper (10}

Preparation of B-1,4-mannotriose

The white copra meal (70g), which contained 34g of
total sugar (with 20g of mannan), was hydrolyzed with 500
ml of the enzyme sofution (3,450units) at phH 6 and at 50° C
for 48he. After the removal of insoluble materials from the
hydrolysate by centrifugation, a solution containing 21.2g
of total sugar was obtained. The final cancentration of the
nutrients added to the solution was 0.2% for peptone, 0.3

Y for yeast extract, .1% for potassium phosphate (mono-
basicl, 0.05% for magnesium suifate and 0.2% for calcium
carbonate. About 100m| each of the solution supplemen-
ted with the nutrients was placed into five 500m| shaking
flasks each and sterilized under the above conditions. After
cooling, 5mi of the seed culture of Candida guilliermondii
IFO 0566 was inaculated into the medium. The cultivation
was carried out at 30° C for about 48hr.

Determination of sugar

Reducing sugar was determined by Somogyi‘s method
{8). Total sugar content in the enzymatic hydrolysate was
determined by the same method after hydrolysis by 4%
sulfuric acid at 100°C for 2hr. Average degree of pofyme-
rization {D.P} of the sugar was calculated from the ratio of
the total sugar to the reducing sugar.

RESULTS

Production of S-mannanase system

Fig. 1 shows the progress of fermentation. There was a
rapid increase in the production of the enzyme at about
110hr after the beginning of fermentation, and the man-
nanase activity ir the culture filtrate reached maximum
values at 120hr (8.2 units/ml). After 120hr, the mycelium
was filtered off through a Buchner funnel with a Toyo-ro-
shi No. 2 filter paper, The resultant filirate was ther dialy-
zed against a 4-fold volume of distilled water, and the
dialyzed solution (6.9 units of mannanase activity/ml) was
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Fig. 1. Time course of the production of mannanase.
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used as the mannanase solution for the following experi-

ments.

Enzymatic properties of the mannanase

Effect of pH on mannanase activity * The enzyme reac-
tion was carried out at various pHs with a Mclivaine bui-
fer solution at 50° C for 30min. As shown in Fig. 2, the en-

ryme showed the maximum activity at pH 6.

Fifect of temperature on mannanase activity : The en-
zyme reaction was carried out at various temperatures
at pH 6.0 for 30min. As shown in Fig. 3, the optimum term-

perature for the enzyme reaction was 50°C.

Effect of pH on stability : The enzyme solution was
maintained at 30° C for 2hr at various pHs, and the rema-
ining activity was assayed. The pH stability of the enzyme
was presented in Fig. 4. The enzyme was stable in bet-
ween pH 5.5 and 7.

Effect of white copra meal concentration on enzyma-
tic hydrolysis

Each reaction mixture contained 1.5g(5% based on
enzyme solution used), 2.1g (7%], 3.0g{10%}, 4.5g{15%)
or 6g (20%) of white copra meal, and 30ml of the enzyme
satution. The enzyme reaction was performed at pH 6
and 50°C in a T-form tube on a Monod shaker. A small por-
tion of each rmixture was withdrawn from the tube and
heated to about 100° C for 5 min to inactivate the enzyme.

After removal of insoluble materials from the mixture by
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Fig. 2. Effect of pH on mammanase activity at 50°C.
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Fig. 4. Effect of pH on the stability of mannanase.
The enzyme solution was maintained at various pHs,
ranging from 3 to 8, using the Mcllvaine buifer solution.

centrifugation, the reducing sugar content in the superna-
tant was determined by Somogyi’s method (8) to estimate
the degree of hydrolysis,

Fig. 5 shows the time course of enzymatic hydrolysis.
The hydrolysis of the white copra mea! proceeded rapid-
ly at an early stage of the reaction, but gradually slowed
thereafter especially at a higher conceniration of copra
meal such as 20%. As shown in Fig. &, the major products
at the final stage were monosaccharides, mannobicse
and mannotriose without detectable amounts of other sac-
charides. In addition, the enzyme scarcely hydrotyzed -
1,4-mannotrinse under the condition of low enzyme con-

centration.
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Elimination of monosaccharides and mannobiose
from enzymatic hydrolysate of white copra meal
by Candida guilliermondii

The mannanase from Penicifiium sp. produced mainly
monosaccharides, mannobiose and mannctriose from
the white copra meal. Therefore, it might be possible to
prepare mannotriose from the enzymatic hydrolysate of

the meal without using chromatographic technigues, i a

2
S ow
&
N
=
© ]
=]
e
£
% 404
=
) +
o
= |
]
z
=
z 204
o
ch O substrate concentration 5%
%‘3 p —{J}— substrate poncentration 20%
=
v
~
& ot y v T v
[¢] 20 40 60 0

Reaction time (hr)

Fig. 5. Effect of white copra meal concentration on enzyma-
tic hydrolysis.
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Fig. 6. Time course of hydrolysis pattern of white copra meal
with enzyme solution.
A : Standard mannose, mannobiose mannotriose, man-
notetrapse and mannopentose from top to bottom
G : Standard galactose

certain yeast could eliminate monosaccharides and man-
nobiose from the hydrolysate by selective fermentation.
To achieve this opjective, Candida guilfiermondii IFO 0566
was selected in a preliminary experiment. The yeast me-
tabolized arabinose, galactose, glucose, manncse, xylose
and g-1,4-mannobiose but not B-1,4-mannotricse (Fig. 7).

As shown in Fig. 8, the sugar content decreased with
the time of fermentation up to about 24hr, but any signifi-
cant decrease was not observed thereafter. After 48hr cul-
tivation, the total sugar content fall from 4.5% to 3.7%, and
the average degree of polymerization, on the other hand,
rose from 2.6t0 3.2,

Some properties of f-1,4-mannotriose

At the end of fermentation, the yeast cells were remov-
ed by centrifugation, and the sugar solution containing
17.8g as total sugar was obtained. The solution was decol-
orized with active carbon, followed by desaiting on the
columns of cation (IR-200c) and anion (IRA-68) exchan-
ge resins. The resulting sugar solution was concentrated
to a syrup by a vacuum rotary evaporator. Ethanol was ad-
ded to the syrup to reach the concentration of about 80%
ethanol. After seeding of crystalline -1,4-rmannctriose and
cooling, mannotriose was crystallized. Crystals formed were

A C 16 32 48
B 8 24 40
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Fig. 7. Elimination of monosaccharides and mannchiose from
enzymatic hydrolysate of white copra meal by yeast.
A : Standard mannose, mannobiose, mannotriose, man-
natetragse and mannopentacse from top to bottom.
B : Standard giucose, C : Standard galactose
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Fig. 8. Time course of cuitivation of enzymatic hydroiysate
of white copra meal with Candida guiliiermondii.

isolated by centrifugal filtration, and 12.1g of crystafline man-
notriose was obtained.

Fig. 9 shows the flow sheet for the preparation of crystal-
line mannatriose. Crude crystals of the mannatriose obtain-
ed above were recrystallized twice from about 80% aque-
ous ethanol. The recrystallized mannotriose was subjected
1o thin layer chromatography and was homogeneous on the
thin layer chromatogram. Hydrolysis of the methylated
saccharide, on the other hand, afforded 2,3,4,6-tetra-C-
Me-D-mannopyranase (1mol) and 2,3,6—tr5—OuMe—DAman—
nopyranase (2mel) using the gas liguid chromatography.
These results indicate that the saccharide had the structure
of B-1,4-mannotricse.

DISCUSSION

The galactomannan gives galactose and mannose in
the ratio of 1 1 10~1 : 15. The distribution of the a-galac-
tosyl branches is irregular and the distance between two
branches, in some parts of the chain of galactomannan,
i5 short. Therefore, the final products (3,7}, arising from
the degradation of the galactomannan by Streptomyces
mannanase, were mannose and mannocligosaccharides,
in addition to several kinds of hetero-oligomers (galacto-
manno-oligosaccharides) consisting of galactose and
mannose residues.

in this paper, Penicilliurm sp. was isolated from soil sam-

ples. The strain produced f-mannanase extracellularly
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Fig. 9. Flow chart for the process of enzymatic preparation
of crystalline mannotriose from white copra meal,

and the enzyme system attacked directly the galactoman-
nan in the white copra meal. Thus, a process extracting
galactornannan with the concentrated solution of sodi-
um hydroxide was not necessary for the preparation of
mannaotriose by using the enzyme systern, The final pro-
ducts of the galactorannan digest with the enzyme sys-
tem included monosaccharides (galactose, glucose and
mannose), mannobiose and mannotriose without the
detection of a considerable amount of other oligomers. |
was able to eliminate the monosaccharides and man-
nobiose with selective fermentation by yeast, and to pre-
pare mannotriose without using any chromatographic te-
chnigue. In addition, it is assumed that the enzyme system
also contains other kinds of enzymes, probably cellulase
and B-glucosidase, as glucose was detected in the enzy-
matic hydrolysate.

in conclusion, my preparation methods, namely the
process combining the hiydrolysis of white copra meal
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by the enzyme system of Penicillium sp. and the elimi-

nation of monosaccharides and mannobiose from the

resultant hydrolysate with Candida guilliermondii IFO

0566, is suitable for the preparation of mannotriose from

the copra meal, because there is no free mannotriose in

nature nor any other efficient method for the preparation

of the sugar.
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