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N OF MANNANASE 

NUTRITIONAL Ev:i~rl~y THE RELATIVE 

TREATED CO!',ER IIALUE (RNVJ METHOD 
NUTRITI V, VM 

Franco G. T.eves 

INTRODUCTION 

b en achieved by the c~conut industry i 

The full utili_zation of ~oconut has ~~tine roduct from cop~a 1s ~oconut oil, th~ 

coconut-producing c_ountries.. A(s tr,e d poorfac or copra meal) IS basically used Only 

residual cake after 011 extraction ca e 

as animal feed •or regarded as waste. 
. . t ·n from copra meal and fresh coconut 

· · Efforts to extract the highly n~trit,ve proc~~s A significant finding on the carbo 

have been the main thrusts of vario~s ~esea! h mannan content as shown by aver. 

hydrate composition of copra(7
m0

ea%)1 1~ '~~~id by glucose (20%) and small amount~ 

h 1gh percentage of man nose v , o 

of arabinose and galactose. 
. • from copra meal using mannanase 

An attempt was also made to utilize_ mannan • (or enz mes st 

enzyme from Actinomycetes with plausible r~sults. This enzyme Y Y em) 

,has also-been reported in various m1croorgan1sms. 

This study primarily attempts to investigate the hydrolysis of man~an from copra 

meal without prior isolation and purification of the polysacch
1 
ar.'de, u~i~f' man~anase 

enzyme extract from Streptomyces and to compare_ the re at1ve nu rl ive_ va u! of 

the hydrolysate with that of untreated copra meal using Tetrahymena pyrlform,s .W ; 

as test organism. 
/ 

REVIEW.OF LITERATURE 

I 
I 
I 
I 

I 
I 

Butterworth and Fox (1963), Krisnamurthy et al. (1~58), Lanchance ~nd M~lina / 

(1974). Rao and .l~dira (1964)' and _Ra(? et al. (1965), in ~eparate stu_d1es poin~ed 

out the high nutritive value of proteins in copra meal. Studies on protein extraction 

from copra meal or fresh coconut meat include those of Alcantara et al. (1978), 

Chandrasekaran and t(ing (1967), Chelliah and Baptist (1969), Hagenmaier et al. 1 

(1971). Such studies attempted to utilize the protein from copra meal. That of Rao / 

et al.(1965) involves metabolic studies in children. The main carbohydrate found I 

in copra meal is mannan which is significant in that it is a rare occurrence to find 

highlY. concentrate_d manna_n in natur~ (Takaha~~i et al., 1983). The same authors 

described the phys1co-chem1ca! properties ~f _p_unf1e~ mannanase from StreptomyceS' 

sp. and separated the enzyme into four act1v1t1es, with mannanase IV accounting for 

64.4%of the total mannanase activity. 

Tetrahy"}ena pyrifo(mis W ~as bee~ shown to digest proteins and requires the 

same essential ammo a_c,ds as ~19her animals. Guggenh~im (1970) mentioned com

para.ble r~sul~s of relative n~tr1t1ve values (RNV) of various protein sources using T. 

pyr,form1s :-v1th gross protein value (GPV) and net protein utilization (NPU) The 

same orga~1sm w~s used by Helmes an~ Rolle (1970) to study the relative nut~itive 

value of mixed diets, by Ge~an (1982) in evaluating the nutritive qualit of fermen• 

te~ mungbeans and white kidney beans, and by Siopongco (1982) · ¥ -1 st dy 

using corn. 
in a s1m1 ar u 
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MATERIALS AND METHODS 

Production of Mannanase Enzyme 

49 

An agar sla_nt culture of Streptomyces sp. was obtained from the culture collect- · 
ion of the _M1crobiolo~y laboratory of the University of the Philippines at Los 
Baft<?s and inoculated mto two 250 ml flasks containing 120 ml of Seed Culture 
Medium. These were. incubated in a reciprocating shaker kept at a constant tempe
rature of ~°Cand with a speed of 125 oscillations/minute for 3 days. 

Nine ml. 9f the seed culture were inoculated into each of the two 250 ml flasks 
containing 120 ml of Enzyme Production Medium. The flasks were then shaken 
with the same incubation conditions as described above for 5 days. The medium was 
then filter~ using a sterile _ Whatman No. 2 filter paper into a sterile fermentation 
flask. The filtrate was used as the source of crude mannanase enzyme. Enzyme pro- · 
duction was verified by determining the presence of reducing sugars. 

Figure I shows a schematic diagram in the production of mannanase enzyme. 

Enzyme. production _ medium------- Pre-incubated at 35°c for 30 minutes 

Streptomyces No. 1 7 

... 
Seed cuiture med ium 

... 
3 days incubation at 35 
degrees C with shaking 

9ml I 
Incubate at 35°c for 5 days w ith shaking 

Filter+4-----I 

1 
Enzyme source 

Fig. 1. Schematic diagram for the production of mannanase enzyme . 

Determination of Reducing Sugars 
Mannanase Activity 

Somogyi's method of determining reducing sugars was followed. The reaction 
mixture consisted of 129.4 mg. of copra meal that had been passed through a stand
ard. 0.2 mm mesh sieve (instead of pure mannan), 40 ml Mc _llvaine buffer(pH6.8) 
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so 
f rnentation flask. The mixture 

·n a er Was . 
1aced I Pre · · 

d water P • a shaker· ·1~c 
distille inutes 111 . . ~. 

d 5 nil oc for 10 rn . ture combination was then tra 
~~ted at 45 n,e-reaction .~'~eagent and 4 ml of distilled wat~:ferred 1 

f this erizY I of sorno9Y1 I tion and 1.5 ml 2N H2S04 Wer ar,d bo·o a 
one r,1I ~taining 5 rn of 2.5% Kl ~o u o * 5H 0. A blank consist in e added 11ed 

test tube ~0\es four rn.l N/200 1~a2S~3~ also run. When the test solg ~f 5 ~i'he 
for 2~ 111;:S titrated t~gdistilled ~a~e:as added and ti~rated to compi~t.0n tlJrf 
sotut1~~ reagent and of starch solut1~e amount of redu~1ng sugar.s was ex'Or, IJntifd 
mo9Y1 a feW d~ops 

5 
reached: T /ml enzyme solut,on/30 minutes ( fressed .a 

yello%'ss endpoint traeaction n,1~~r~ormula used for the calculation was a so an e~n 
colo~annose/10 ~ase activity). e • . . . 
mprission of n,anna . ml N/200 Na_2S203 5H 2 0 x Somogyi f 

5 
o

3 
• 5Hz0 

1 
k) (Test) ac10, 

1 N/200 Naz 2 {B an 
(m mg mannose/10 ml reaction mixture/ml 

• 5H 2 0 factor == enzyri,e 
x Na2S20 
solution/30 minutes. 

. ation of the Relative Vutritive 
Dete(~NV) of Untrea_ted and Mannanase-

Vafue Treated Copra Meal 

. rocessed copra meal was used in thi~ study as substrate. Th 
A Fr~nklin-Baker P nd assed through a 0.2 mm mesh sieve. The% nitrogen we 
sample_waJ t0t;d;odified Kjeldahlmethodusinga0.2 gram sample, a small amou~; 
determine b e ts Na HP04 10 parts K HPO and 2 parts CuSo4) and 10 ml 
of catalys! Hpar 50 a2s digestion mixture which was then distilled and titrated 
concedn_tra, e(AOA2C l~]5) The analysis was conducted at the Food Sanitation Labo. 
accor ing1y , · d · 
ratory, 1 FST, UPLB. The same process was one on casem1 

The assay procedure followed that of Stoot and Smith (1963) with some modi
fications. Based on the Kjeldahl analysis, samples wer~ taken from the sieved copra 
meal and casein containing 15 mg nitrogen and placed into separate 100 ml beakers. 
These were extracted three times with 10 ml diethylether at room temperature, once 
with denatured ethyl alcohol and finally washed with ether to remove the residual 
alcohol. The extracts were then air-dried at room temperature. Twenty ml sus
pensions of these materials were prepared to give a nitrogen content of 3 mg/4 ml 
and the pH adjusted to 8.2. 

Into three 20 x 16~ mm scre~-capped tubes were pipetted 2 ml of solution E, 
4 _ml of the t~st material suspension and 2 ml distilled water The same was done 
:~~~c~~:e~a:~1721JPC~sio1ond. the enzyme-hydrolyzed copra meal. The tubes w~re 
ted ten times an or mi_nutes. After cooling, 1 ml of sterile solution A dilu• 
and inoculated w~hl t~I of dsterile 15% glucose were aseptically added to _each !u~ 
ATCC 10542 These ::e . rop~ of a 3-day old broth culture of T. pyrdorm1s

1 
ft 

loose during this eri re incu ated at 25° C for 4 days. The screw caps were e. · 
to provide suffici~nt ~d the tubes_ were inclined at 15 from the horizontal axis 
made c:i the 3-day old beratihon for rapid growth. Prior to this, an initial count was 

ro culture. . 
After 4 days, the cultur · d 

te _ml of culture was tran:f~ we~e shaken for 30 seconds in a test tube shaker an 
~:~~:g ~ne

1 
m~ preservative (90emlt~.at~

1
6
1 

x 160 mm screw-capped culture tube d0fo 
c s.o ut1on D). is I ed water, 20 ml 36% formaldehyde an 
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Organisms were counted in a T f 
alternate one square mm were cou'~t e Thoma hemacytometer. The organisms in 8 
tiplied by 2 gave the final po ulati e~ and_ the mean number per square mm mul
then calculated using the for~ula don_m units of 10 organisms/ml. The RNV's were 
percentages as follows: erived by Helmes and Rolle (1970) expressed in 

RNV = log (count for test protein x 10
4

) - log (count for inoculum x IOl J 

log (count for casein x 104
) - log (count for inoculum x 102 ) 

RESULTS AND DISCUSSIONS 

Production of fvlannanase Enzyme 

Suffi~ient man~anase en;2yme was produced by Streptomyces sp. in the Enzyme 
Production Medium which was verified by its activity. This shows 
that _whole copra meal could be used instead of purified mannan for enzyme pro
duction. 

Determination of Reducing Sugars 

The crude mannanase extract produced above was used to hydrolyze the mannan 
in copra meal following the method of Somogyi. Table I shows the titration data 
and the computation of reducing sugars in terms of mg mannose/10 ml of reaction 
mixture/ml enzyme solution/30 minutes. 

Table I. Average volumes of titrant at end point following titration of blank and 
sample. 

SOURCE 

Blank 

Sample 

VOLUME (ml) Na2S2O2. 5H20 

USED 

239.2 

224.8 

(0 1399) (1 412) = 2 8445 mg mannose/10 ml 
Note: (ml. Blank - ml. Sample · · r~action mixture/ml enzyme 

solutiori/30 minutes 

• · f Streptomyces No. 17 compared with that 
Results showed a l~wer activitr, r~m xtracted mannan from copra meal as sub-

obtained by Takahashi ~t al. (198 ) usmsi eactivity of 8.3 for Streptomyces No. 17. 
strate where they obtained a ma;1ana pra meal it may be that there was less man
Since the substrate use~ was w O e co ra ~eal was used than when pure man
nan per volume of reaction mixture w nc~ntration of substrate for the enzy!'Tle. 
nan was utilized and therefore, lowedr C';) sugars was produced. Another possible 

nt of re ucing · · th 
Consequently, a lower amou s bound to other organic substances m e copra 
reason was that the mannan wa . . 
meal hindering enzymatic hydrolysis. 
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,nation of the Relative Nutritive 

Det~ue of Untrea_ted and Treated 

Copra Meal with Mannanase 

0 ra meal and c~sei~ was first determined u . 

The % nitrogen of t~e ~lep 2 shows the t1trat1on data of the distil/at sing_ the 

tied Kjeldahl Method. a 
es With O,ti}! 

N HCI. 
I d · , 

. t' n values for copra mea an casein by Kjeld 

Table 2. Average t1tra ,o 
ah1 aria1~s1 

VOL. OF HCI USED (ml) MEAN VOL~ 

_:S~OU~R~CE=-------------~ 1 

Blank 
1 
2 

Poonac 
1 
2 

Casein 
• 1 

2 

0.05 
0.05 

0.35 
0.30 

0.50 
0.50 

0.05 

0.325 

o.so 

¾:, 

From Table 2 the % nitrogen of copra meal and casein was computed based 
01 

the following formula: 

% N = (ml - lit of HCl (0.014) 
11 

g. 
ut,on 

%N Casein - (0.50 - 0.05) (0.0776) (0.014) 

0.2 (5/ IOo) 

= 4.8888 

% N Poonac= (0.325 - 0.05) ~0.0776) (O.m4) x 100 

0.2 ( / loo) 

= 2.9876 

From these figures, the weights of copra meal and casein were computed which 

contained 15 mg of nitrogen to be used in the RNV experiment as follows: 

Copra Meal 

2.9876% of 0.2 g = 0.0059752 g N/0.2 g poonac 

5.9752 mg N/200 mgpoonac 

15 mg N/5.9752 ::: 2.5103 

2
.5103 >< 200 mg = 502.0752 mg poonac containing 15 mg N 
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Casein - 4.8888% of 0.2 g = 0.0097776 g N/0.2 g casein 

= 9.7776 mg N/200 mg casein 
15 mg N/9.7776 _ = 1.5341 

1.5341 x 200 mg = 306.8238 mg casein containing 15 mg N 

53 

Tab~e 3 shows t~e hema~ytometer counts of T. pyriformis W in the 3-day old 
broth moculum •. with casein, untreated copra meal and enzyme-treated copra 
meal as test materials. 

Table 3. Mean hemacytometer counts of T.pyriformisW. 

SOURCE FINAL COUNT 2mm x 104 * 
lnoculum 
Casein 
Untreated copra meal 
Enzyme-treated copra meal 

. 1.08 
4.25 
2..00 
2.08 

From Table 3. the RNV's for the untreated and enzyme treated poonac were 
computed as followS: 

• 2 
log (2.00 x 1()4) - log (1.08 x 10 ) 

RNV Untreated Copra Meal = -----------
log (425 x 104

) - log (1.08 x 102) 

=46.48S 

RNV Enzyme Treated Copra Meal= log (208>< 104
) - log (1.08 x 110:) 

2 
X 100 

log (4.25 x 104) - log (1.08 X 10 ) 

= 49.27S 

*· 102 for the inoculum 

Results showed that the RNV of the enzyme-treated copra meal was higher by 
2.79% than that of the untreated copra meal. As observed during the count, many 
cells in the tube containing the enzyme-treated poonac were lyzed by still undeter-
mined factors. No lysis was observed in other tubes. . 

SUMMARY AND CONCLUSION 

In summary. mannanase enzyme was produced by Streptomyces sp. irown in 
the Enzyme Production Medium. The amount of mannose produced per O ml of 
reaction mixture/ml of enzyme solution/30 minutes was 2.8445 mg from 129.4 mg 
of copra meal analyzed by the Somogyi method. The tentative nutritive value of 
untreated copra meal using T. pyriformis W was 46.48% and that of the enzyme
treated was 49.27% which showed an increase of 2.7% after enzyme treatment. 
This may be due to the release of bound protein that serve as-additional protein 
source for the post organism. 
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se activity was obtained, ~his study is significa . 

Although a low mannana meal could be used as direct substrate form nt rn tha 

it is shown that .w~ole co~~m arable to that of Streptomyces No. 319 a;~nanase' 

This level of actrv1ty was_ t (!983) using copra _mannan as substrate Th 385 as 

determined ,bY. Takah~shtlh:t ~annanase treatment improved the nutritio"na1 e RNv 

results are s1gn1frcant NV of enzyme-treated copra ll)ea_l W(?Uld have been hi ~Ualit~ 

of copra meal. T_he R . cells lyzed. A means.of el1r:n1na~rn9 the causative f er had 

not some T. pyrtformis _W d to prevent lysis of cells 1f a s1m1lar study Will b actor(s) 

should therefore be devrse . e Cori. 

ducted in the future. 
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