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I. STAT::1·1FlYT OF TIIE POOBLt'JM 

Coconut .flonr protein is of ~reater nutritional value than 

that of coconut protein isolr,te, but th.e hieh fiber of 'f:t1.e flour is 

of ooncom in in.fmt and child fooding (29, JO). There are many 

reports to indicate triat the cellulase typm of enzyme are of immense 

help in the der,rAfla.tion o:f' various cellulosic substrates includin~ 

raw and cooked ver,etru:ilos. It may be possible to reduce tho fiber 

content to a satisfnctory lovel by suitable enzymic treatment or to 

strip out the fiber prior to protein extraction. T..is latter process 

mi:ht increa::;o t 11c recovery of the flour protein isolnto. Since 

tho biolo7,ical value of the flour protein exceeds t 11~t of the iso-

late (JO), i'll::,rovinJ the efficiency of tho extraction would be e··-

peoted to i:nprove the nutritive value of t:1e isolnte. 

In this dissertation attan.;1ts were !ll.a.de to seloct a suitable 

mold for the ,reparation of a potent, freoly dif.fus:ln.:; cellula.se 

type of enzyme 1~ ich could :fulfill the above e~-:pecta.tions. 
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II~ INTRODUCTION AND LITERATURE REVIE1v 

At present at lea.st one third of the world's population is 

malnourished or underfed. 'lhe dietary surveys conducted ao far by 

many individuals and groups have shown that the present diet of a 

great proportion of the htl!Tlan race is deficient in protein. 'lhis 

is particularly tr11e of the people of the Elllerginr, nations where 

chronic malnutrition is found even amone families with large llvestook 

holdings. The main dietary source of the people in underdeveloped 

countries is of plant origin, and especially the post-ueaned children 

reoeivo mosUy cereal grains and tuber flours. 'lhis and restricted 

intake of animal protein due to its cost and availability create the 

proble:n of inadequacy in protein intake and amino acid balances; 

however, careful planning to use local plant foods in proper co1nbina-

tion and proportion, should help to eliminate t.11e protein deficiency 

for t\e most part, t..'1ouch .not completely. Developments of such foods 

os L~CAPARINA, are already under way in Latin A.-neric.'.lll countries and 

in I-Idti. 

An i.'!lportant group of the plant kinr.:do:n worth considerinr as a 

source of protein supplement in day to day diets is the "011 Seeds.,: 

Soj,bean, cotton seed, pe~~ut, sesame and coconut are of major interest 

in the above group. 

Coconut is a en.sh orop in many countries, and the copra or the 

dried coconut has been an article of internation2l com.11erce for a 

lon£ time. Table 1 (3) shO'W's world production data of copra. Usua.lly 
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Table 1 

World Production of Co-;,ra* (196;) 

Asia -
Country 

Ceylon 
States of }tale.ya 
India 
Indonesia 
North Borneo 
Philippines 
'Ihm.land 
Viet NI.Vil 

Ooeonia 

Br. Solomon Island 
Fiji 
French Polynosia 
NeH· Guinea 

t-:erlco 
West Indies 

Afric:i. 

Moza."11.biquc 

Production in 1,000 metric tons 

240.4 
139.0 
259.0 
4-0;.5 
33.0 

1,511.3 
20.8 
25.5 

25.6 
41.9 
24.9 
93.3 

203.9 
35.0 

62.0 

*Countries producin~ 20,000 or !llore metric tons of copra. 
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the coconut is dried in the sun and often stored under damp conditions 

till shipment. 'l'he humidity and other conditions provailinc at storage 

favor the crowth of ~icroorganisms which results in the production of 

toY.ic substances and off flavors and odors thus renderine the copra 

unfit for hummi consumption. So it is essential to elirninate the 

microbial contamination in order to use the copra and/or copra meal 

as a protein supplement 1n the human diet. 

Since currently, fae main objective of processing copra is to 

get mrod.mum extraction of oil, tl1e protein fraction has been largely 

ner:locted, and the meP.1 laf t over after the oil extraction if:: generally 

used as ms.nure or livestock feed. '!he oil is extracted by either one 

of the followinc two mot.hods. 

1. 'llie expellcr process where high tmperature and pressure 

physically squeeze the oil out and, 

2. Solvont extraction niet..i-.,od ·where fae oil is removed by an 

organic solv1:mt such as hexsne. 

More often the protein in the press c.'.tl{e is he.1.t-da.'llaced and 1 ts 

biolocical value is reduced in tl1e former case, while the problem 

of residual solvent is detrimental in the latter method. 

::owever, specially prepared expeller coconut meal (cake) contains 

20 to ?5 percent protein and a.bout 10 to 12 percent fiber' which limits 

its nse as a supplanont in Want and child feedinr, ('.?9). So it be-

ceme a "must'' either to reduce or toWly eliminate fae fiber content 

of' t.he metl by various rossible means before testine fae nutritional 

value of the protein in tho coconut rneal. Because albumins and r:lobulins 
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are the major proteins of the oil seeds, these can be extracted by 

peptization with water leaving behind part of the protein and most 

of the fiber. There are reports in the literature to show that the 

nutritive value of coconut flour is greater than that of coconut protein 

isolate (30). According to Van Veen (30) the fiber can be reduced by 

fel'!nentation but only at considerable risk of bacterial contamination. 

So it t.tppears probable th~.t an enzyme capable of reduoin'.:" the fiber of 

coconut flour to a satisfactory level within a f,sw hours could be of 

im."llense help. This enzymic treatment of the flour to strip out the 

fiber prior to protein extraction mi~ht improve the efficiency of 

extraction thereby improving the nutritive value of the isolnte. 

The following a.re the various metJ:1ods available to date for co-

conut processing. 

1. 'lhe Lava. Process (31) was developed by Lava in 1937 to extract 

t.11.e oil from frosh shredded coconut meat by water extraction and sub-

sequent separation of oil from protein. The by-products are the press 

cake tri th 8 percent protein, dried protein concentrate containing · 

75 percant pntein in fairly pure state and an aqueous sugar-mineral 

solution. Dried protein concentrate could be used to replace casein 

in human and animal feedini;. 

2. Robledano-Luzur1a.ge Process, 194<3 (31). This is a "wet 

process" in which the meat from the ripe nut is ground and pressed 

to obtain an 001ulsion of oil and water extractions which by sub-

sequent treatments separated into oil and water phase. Heating the 
0 water phase to 200 F yields the protein concentrate containing around 

60 percent protoin. 'lhe residual meal is reported to be suitable for 
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direct human consumption. 

'.3. Carver-Greenfield Proooss (31). 'Iha essenti2.l feature of 

this process is U1e evaporation of the water in the ground meal nt 

low temperature in the presence of excess of oil followed by pressine 

the slurry to separate oil from non-fat constituents. 

4. Hiller's Process, 19.58. In this process, the kernel is re-

moved from. the nut after cooking the mature nut. 'lbo sliced kernel 

is then dried rapidly and the oil is extracted with an expeller. 

'lbe cake is ground into a meal and is of good quality. 'llle pro-

cessing time is around three hours. 

5. Azeotropic Extraction, 1963 (31). '!his process was developed 

by Central Food Technological Research Institute {CFTRI) in which the 

kernel after sep['.ra.tion from the shell is milled and mixed with solvent 

heptane. 'lne extraction is carried out until the material is free 

from moisture and oil. 'lnen the meal is passed throu£11 a micro-

atomizer and powdored. It can be used as such in edible formulations. 

Eighty per cent of its protein is water extractablo. 

6. Kraus-Ma.ff ei {KM) /CF TRI Process. In this process the kernel 

obtained from steamed nut is pressed 1n a scret-1 press. 'l'he "milk", 

free from fibrous meal, is separated into oil p.i.ase and water phase 

by centrifugation. 'llle water phe.5e is concentrated to get "coconut 

honeyt' rich in heat or acid coagulable protein. 

In the modified CFTRI/KM process where stea:nini of the nut is 

abandoned, the recoveries of oil and protein are improved. 
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7. In 1960 Peters ( 32) presented a lab-scale "wet extraction" 

technique which comprises conventional methods of grindinc, 2queous 

extraction, pressing and isoelectric precipit.Ation. 'lb.en it was 

&UE,Jlented by employine; saline and alkaline solutions to increase 

protein yield. Th.e limitation of this procoss is that the oil re-

covery is low compared to tJi.at of copra pressing. 

A:3 early as 1919 Johns, Finks and Paul (16) reported tha.t co-

conut globulin produced a. normal growth response in rats fed as a 

sole source of protein while coconut press cake produced an almost 

normal r;rowth response. Since then many workers have tried to 

compare the nutritive value of coconut meal and com in terms of 

Protein Efficiency Ratio (PER), Biolo~ical Value, and Jic;ostibill ty 

in .2.d, libitum feeding experi11ents. Some observed hieh Biolocical 

Vtluo and dir,estibillty for coconut meal {2J, J6, 24) while others 

found no difference bettveen fue two (25). 

Even ti1our;h Jones, FinMs and Johns (18) coiJ.ld not find any 

difference in Bioloc;:ical Vii.uo between solvent ex:tractod and 'screw 

pressed meal, it is wiclely accepted that the former is cenerally 

more nutritive than the latter. According to Mitchell et al. (24) --
tho cooonut meal produced by .an extraction process in miioh fue 

te:npcraturo never exceeded 75°c had a higher biolor;ical value than 

a product prepared by the "usual drastic methods." v·lhen the meal 

was subjected to various degrees of heat treatment and the nutritive 

value of the resulting products was evaluated, the results showed 

that the nutritive value as well a.s available lysine and HCl-soluble 

protein decreased as the processing temperature increased (4). 
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'lhe PER of expeller pressed meal has bem variously reported 

from. 1.2 to 2.J (31). 'lhe wide variations experienced are evidenUy 

due to different degrees of protein damage caused by the high heating 

encountered in pressing. 'l'ryptophan, lysine, and methionine are the 

limiting amino acids of which lysine is the most limiting one (4, 31). 

'lhe low nutritive value of commercially produced coconut meal has 

been attributed to the possible inactivation of lysine during pro-

cessing (8, J2). Coconut meal as well a.s coconut protein isolate 

showed a remarkable supplementary value to poor cereal and tuber 

flour diets (19, 35, 32, 39). 
'lho use of coconut oil meal in diets for poultry and other 

animals has been reported by v&rious workers. 'lhe results with 

poultry have been so poor that several reports suggeoted the pre-

sence of some toxic or growth suppressin~ factor. Chick studies have 

usuilly resulted in poor growth, poor efficiency of feed utilization 

2nd high mortality. L~g hens lost weight and productivity (10 9 

21, 9). However, recenUy 'lhomns and Scott (41) danonstrated that 

copra meal does not contain any toxic or growth depressing activity 

·when properly supplE!!l.ented and balanced 1n te:ms of all nutrients. 

'!heir report also con!irroed tJ10 earlier rvports (8, 32) tJ1at lysine 

is more severely dMiaged in expeller meals than in solvent processed 

moals. 

Now-a.-da.ys, supplemcnt~tion of diets with co11R11.crcial cellulase 

t:,pc enzyme preparations is becorn.ing more and more common. Use of 

fun:aJ. and bacterial enzymes to supplert1ent the barley rations for 
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chicks showed signifio~t improvment in growth rate and feed 

eff1oiency (14, 47). '!he studies on the ef'feot of enzyme treated 

barley on the performance or breeding hens resulted not only in the 

increased feed efficiency but also increased egg production and 

hatchability (27). According to Toyama (44), Morimoto in a Japanese 

patent claims a 35 percent increase in egg production as a result 

of adding crude Trichoderm.a viride cellulase to barley-based layer 

rations. 
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Ill., MATERIALS AMD ME'mOD3 

A. Microbiological Procedures 

l. Screening of Cellulolytic Fungi. (Table 2) 

Aspergillus terreus - Q.M~72f, Basidiomycetes !Jl• - Q.M.806, 

Chaetomium. globosurn - Q.M.459, Myrgt.~eoium verruoaria - Q.M.460, 

Pestalotiopsis westerdijkii - Q.M. 381, and Trichodema viride - Q.M.6a, 

were compared for their ability to elaborate freely diffusing, extra-

oellula.r oellulolytio enzymes 'When grown on coconut flour and trace 

mineral solution of Reese and Mandela (34). 'lhe crude enzyme was 

prepared, following the procedure of Toyama ( 42). 

2. Cultural Medium 

(1) Serial Culture Experiment (Table 3) 

f• westerdijkii and£. globosum were grown on coconut 

flour and trace mineral solution for eight days, and the enzyme was 

e::~traoted. 'l'ne residue containing the coconut flour and the fungal 

mycelium was dried, ground, and used again to grow the molds. Tnis 

procedure was repeated until the molds were unable to grow any more 

on t..~at particular medium. 

(11) Modification of the Cultural Medium (Table 4) 

In order to select the medium best suited to support 

grow1: .. '1 and active enzyme production by f• westerdijkii several '!ledia 

were prepared using coconut flour and solka-floc in various pro-

portions, and the fungus was grown on than f'or eight days. The 

enzy.ne produced was extracted and tested for its capacity to facilitate 

the extraction of protein from coconut flour. 
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3. Extraction and Partial Purification of the Extracellular 

Enzyme (Fig. 1, 2 and Table 5) 

The crude enzyme was extracted from flask or tray 

cultures. 'Ihe enzyme precipitated between 30 and 80 percent satura-

tion of (NH4)2so4 was collected by refrieerated centrifugation at 

2.500 x G for JO minutes and redissolved to one-tenth of the original 

volume with distilled water. The concentrated enzyme was filtered 

throubh a glass fiber filter, and one ml was put on the Sephadex 

G-2.5 colu,m (1.5 x 15.0 c~) and eluted with distilled water. One ml 

fractions were collected and spot tests were made using 0.05 ml of 

eluate and 0.4 ml of p-nitrophenyl-B-D-glucopyranoside. After 5 

minutes 0.1 ml of 2.5 percent K2HP04 was added, and the appearance 

of the yellow color caused by p-nitrophenol was considered as an in-

dication of enzyme activity (12). 'Ihis procedure was repeated with 

a larger column to collect t.11e active portion of the enzyme in large 

scale preparations. 

The possibility of loss in activity of the enzyme during gel 

filtration was also considered but were not serious. 

4. Effect of Changes in Cultural Conditions on t.."le Enzyme 

Production 

(1) Opti..rn'll!ll Temperature (Table 6) 

'Ihe enzymes produced at different temperatures by 

E• westerdi.jkii were compared for t.11eir ability to implement the 

extraction of protein from coconut flour. 
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(ii) Age or Culture (Table 7) 

Cultures were harvested at diff orent intervals 

or time, and the enzyme preparations were compared tor their ce.pacity 

to increase protein extractabili ty from the coconut flour. 

B. Assay Procedures 

1. cl Assay. 

'!his assay using hydrocellulose as substrate was performed 

according to the procedure or Flora (11). '!he decrease m turbidity 

by enzymatic action was measured in a Klett-SU11111erson colorimeter 

usinr, the red filter. 

2. Ca.rboxymethyl Cellulase Assay (CMC-ase assay) 

'lhis assay was performed following the procedure of Hash. 

and King (13) where the reducing groups produced by the enzymatic 

action on carboxymethyl cellulose (CMC-70-L, Hercules Powder Co.) 

were 111easured by the Nelson-Somogyi procedure (26, 38). 

3. Aryl 8-Glucosidase Assay 

'D:1is assay using P-nitrophenyl- 8-D-glucopyranoside as 

substrate was perfol"!lled according to the procedure of 'Hash and King 

(12). 

4. Activation or Enzyme by Cysteine Hydrochloride (Table 8) 

'!be opti.,ium level or cysteine hydrochloride required to 

activate the !!.• westerdijkii enzyme was studied using different 

qu:m ti ties of cysteine hydrochloride in the reaction mixture C 46). 

5. Studies on Protein Extraction by f.. westerdijkii Fnzyme 

(a) Bench Scale: 

(1) Optimum Temperature (Table 9 and Fig. '.3) 
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This was studied by incubating the coconut flour and 

the enzyme mixture for three hours at dirf erent tE111peratures ranging 

rrom 28 to 6o0 c. 
(ii) Optimum i:£: (Table 10 and Fig. 4). 'lhe pH at 

which the enzyme could cause maximum protein extractabili ty from 

coconut flour was studied by varying the pH's of the reaction mixtures 

from :,.o to ?.O. 
(111) Effect of Concentration of the llllzyme on the 

Protein Extraction (Table ll). A comparative study was made using 

different volumes of crude enzyme to extract the protein from the 

coconut flour. 

(iv) Ef'fect of Incubation Tinle (Table 12, and Fig • .5 

and 6). 'lhe variation in protein and dry matter extraction caused 

by pretreatment with enzyme was determined by incubating 5, 10, and 

15 ml of the enzyme with one gram of the coconut flour residue for 

;, 24, 48 and 72 hours. 

(b) Processing of Coconut flour for Rat Feeding Experiments: 

(Tnbles 13 and 14) 

The protein from each 100 €1111 or coconut flour was extraoted 

with 1500 ml of distilled water or distilled water plus - partially 

purified enzyme. The protein and the residue preparations were 

lyophilized in trays and used for preparing the diets. 

C. Cher.iical Analysis 

1. 'l'i.111ell Analysis: 'J.'he hydrolytic products fomed from 

hydrocellulose by the f.• westerd1.1ldi enzymatic action and the average 
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degree of polymerization (D.P.) of the products, were determined 

accordine; to the procedure of Timell ( 40). 

2. Reducing Sugar Analysis: Followinr, the procedure of Nelson 

and Somogyi (26, 38) the amount of water soluble reducing sugars 

present in various coconut milk preparations was estimated. 

J. Paper Chromatography (Table 22). To identify the various 

sugar fractions contained in the coconut milk preparations, par,er 

chromatograms were developed on rhatman No. 1 filter papers for 20 

hours either in the ethylacetate..pyridine-water solvent of Jermyn 

and Isherwood (15) or in the pyridino-n-butanol-water solvent and 

sprayed with the periodato-benzidine spray of Ci!onelll and 9m1 th 

(6 ). 

4. Nitrogen Determination by Miorokjeldshl Procedure: One 

ml or less or sample was heated w1 th one ml of digestion mixture for 
0 12 hours in a digestion oven at about 300 C in PfreX test tubes. 

After cooling the tubes, 3 ml of water, 3 ml or J.JN NaOH and 2 ml 

of Nessler' s reagent were added, mixed and read 1n a Spectronic 

20 oolori.~eter after standing for 10 to 15 minutes (17). 

5. Proximate Analysis: 1his was done £or moisture, crude 

protein, ether-extract, crud€. fiber, and ash according to the 

procedur,)5 described in the A.O.A.C. manual (1). 

6. .Amino acid An&lysis (Tables 1.5, 16, 17 and 18). Amino 

acid content of various milk preparations was analyzed in Beckrnan-

Spinco 8lllino acid analyser after hydroly-ztng the sMtples 1n sealed 

thick walled glass test tubes for 40 hours (3'7). Correction was 
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ma.de for loss of a.~ino acid if any, during hydrolysis, Md intemal 

standards of nor-leucine and s-guMid.ino-a.lanine were included with 

t.1.e long and short colurms respectively. 

D. Animal Evaluation 

1. Detennination of PER (Table 19). Follo'tdng the procedure of 

Campbell (2) diets were prepared at 9 and 10 percent levels of protein, 

using various coconut preparations as protein source. Twenty-one day 

old weanling male rats of Sprague-Dawley strain weighing 55 ! 10 gm, 

(mean weight among the groups being .52 ! l gm) were kept in individual 

wiro-screen cages. Food and water were given .!!! libitum. The ex-

periments lasted 7 and 10 days for cocor1ut residue and milk pre-

parations respectively. Th.a food intake was measured every day. 

2. Dete:nnination of Apparent D1restibillty (Table 20) 

Sprague-Dawley strain male rats were individually kept 

in :11.etabolism eages. Food (oonttlnine 9 and 10 percent protein) and 

wr. ter wore given 2£! libi tu'll. 'lhe food intake was measured every da.v. 
T.1e urine, collected under toluene, and the feces were collected over 

six days of the experimental period. '!he nitrogen content of urine 

and feces was determined by the A.O .A.C. macrokjeldahl method (1). 

E. ~zymological Observations 

1. Product Analysis (Table 21). '!he products formed from hydro-

cellulose by the action of f.• westordi.jkii enzyme were analyzed according 

to Cole and King (7), and Timell (4-0). 'lhe average D.P. of t."ie pro-

ducts was also dete:nnined. 
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2. Degradation of Filter Paper and Other Carbohydrates 

(Plate 1 and Tables 23 and 24). 

'lhe ability of the enzyme to degrade pieces of Whatman 

No. 1 filter paper as well as other carbohydrates was studied (42, 

20). 

J. Vegetable Prooessine. (Plates 2 - 11) 

'lhin slices, pieces or sections of various vegetable 

products were treated with partially purff'ied L. westerdijkii enzyme. 

Observations were made after 12 Shi 48 hours of incubation to establish 

the extent of degrada.ticn of vegetable products. 
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'.tV. RFSULTS AND DISCUSSION 

1. Screening or Cellulolytic Fungi. 

Six cellulol.ytic molds, _A. terreus - Q.M. 72f I BasidiO!!l.VCetes 

~- - Q.M. 8o61 C. globosum - Q.M. 4591 M. verrucaria - Q.M. 4601 - -
P. westerdijkii - Q.M. J811 and T. viride - Q.M. 6a1 were tested tor - ----
their ca.paci ty to produce freely diftusing, extracellular enzymes 

to hydrolyse crystalline and amorphous cellulose by growing them 

on the medium of coconut flour a.nd trace mineral solution ('.34). 

'.llie assays for total c1 and CMC-ase activity (ll, l'.3) produced by 

the above molds in each flask were compared as seen ,1n Table 2. 

T.le wide variations ranging frm 5 to J8 and from O to 22,600 

units or c1 and CHC-ase per flask respectively, are quite obvious 

from the table. Concentration or the crude enzyme preparations 

by precipitation with (NH4)2S04 at 70 percent saturation resulted 

in npr,recia.ble loss in activity in many cases. Since £.. r:lobosum 

and I:• westerdijkii showed high c1 and CMC-ase activities respoctively, 

both were chosen for further studies. 

!• viride, a potently oellulolytic f'l.mgus 1 was not able 

to produce active enzyme for improvement or the ext.re.ctabillty or 
protein from. coconut .flour when grown on the medium of coconut flour 

and trace mineral solution. However, a comr4ercial crude enzyme 

preparation shaved a m.arlced impl'ovalleftt in protein extraction when 

used to trent coconut flour. 

2. Serial Culture Experiment. 

£.. ~lobosin and f.• westerdi.jkii were grown on t.he same 
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coconut flour plus trace mineral substrate repeatedly, and the 

enzyme preparations obtained were compared for their potency. The 

results are shown in Table 3. 

The gradual improvement in the extractability of the protein 

from the coconut flour by enzymic treatment, shown in the above table 
' 

suggests that at each step a part of the easily available nutrients ought 

to have been stripped out of the coconut, thus, forcing the organisms 

to produce more and more active enzyme to degrade the fibrous portion 

of the medium in order to get the energy to support growth. ~ globosum 

was unable to grow after the third culture while~ westerdijkii grew 

until the fifth culture. A 10 percent increase of coconut pro-

tein extractability seen in the non-enzymic treatment group at the 

fifth culture level makes that part of the data not quite reliable. 

From this stage onwards only~ westerdijkii was considered. 

3. Selection of the Cultural Medium Best suited for Active 

Enzyme Production by~ westerdijkii. 

Since the previous experiment suggested that the more 

restricted was the easily available carbohydrate in the medium, the 

higher the potency of the enzyme produced by the organism when grown 

on it, various growth media containing different proportions of the 

coconut flour and the solka-floc were used for the enzyme preparation. 

When the potency of the enzymes ~as tested in terms of the ability 

to improve the extractability of protein from the coconut flour by 

the enzymic treatment, the one obtain~d from the growth medium con-

taining coconut flour and solka-floc in the ratio of 2:1 proved 



Table 2 

Screening of Cellulolytic Fungi* 

C1 Activit: 
Organism 

Crude 

Asi,err;illns torrcus 5 5 

Basid.iOl"llycetes ~· 23 28 

Ch a.otomiu:-n. ;;lo hosu>n J8 J8 

M;,_,rrot:1 eci'lr~ verruc aria. 23 5 

PeEt~9_t.ton_sj_s wc15to:rdj.jldi J2 14 

'I'ric>odnrnn. viri:lo 14 14 

CMC-as~ _ _l~ctivi t 

Crude 

1,180 

1,750 

1,010 

1,700 

2,260 

0 

Units/Flask 
7<:/fo {NH4)zS04 

Concentrate 

600 

1,520 

900 

1,180 

2,840 

0 

•E;rn.ctly 5 i:,n of coconut flour plus 25 ml of the trace rninoral solution of Reese Dnd Mandels (34) 
were placed in 2.50 ml Erlenmeyer flasks vith cotton stoppers and sterilized at 121°c for JO minutes. 
The flasks were than :inoculated with 2 ml of spore suspensions and incubated at room te:nperature 
(28 to 30°c) for seven days sfter whic.11 tho crude onzyme t1as extracted wi t.'1 25 ml of deionized 
distilled ua.ter for three hours and expressed through cheese cloth. Part of t..'1.e crude enzyme 
was concontratod by '!)reoipitating at 70 percent saturation of (NH4)2304 and the precipitate was 
redissolved in distilled wntor to t..t-ie original volume. Cl and Cl~.C-ase assays ,rere done following 
the procedures of Flora. (ll) and Hn.sh and King (13) respectively. 

(\) 
\.n 
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Table 3 

EnhancE111ant of Enzyme Activity by Serial Culturinc on the 
Same Substrato by C, globosurn and L. westordijkii* 

Serial 
Culture No. 

1 

2 

3 

5 

Symbol - : no growth 

Control £.&. globosum ~ westerdijkii 
(no onzme} 

62.3 

63.0 

62.8 

62.7 

73.1 

62.5 

64.3 

67.2 

63.0 

64.7 

68.6 

70.2 

83.6 

*Exactly 20 gm of coconut flour plus 40 ml of fae trace mineral solution 
of Reese and Mandels (J4) were placed in one liter Brlemeyer flasks 
with cotton stoppers and sterilized at 121°c for 30 minutes. 'fue flasks 
wcro inoculated with spore suspensions and incubated at room touperature 
for eicht days, after which the crude enzyme was extrnctod with 100 ml 
of distilled water for three hours and expressed through the cheese 
cloth. n1e coconut flour alone ltlfa the funcal myceli,n was dried, ground 
in a Ailey Mill, placed in the flask, moistened with 40 ml of the trace 
mineral solution, sterilized and reinoculated with spore suspension. 
lhis was repeated until the orr;anisms ceased to crow. For detemining 
the potency of the enzyme, 2 cm of coconut flour plus 20 ml of distilled 
water plus 10 ml of crude enzyme were placed in a 100 ml beaker and · 
incubated at room tmperature for three hours; at that ti."11.e the contents 
of t:10 beaker wore transferred to a Waring blendor,blended for .five 
minutes ond filtered throur\.1 four 11:cy'Ors of cheese cloth. '!he filtrate 
(milk) i-ras tJ.1en analyzed for 1 ts nitrogen content by the miorokjeldahl 
proceduro (17). Using a conversion factor of 6.25, the orude protein 
content was calculatod. 
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to be the best (Table 4). Verry poor growth of the mold on the 

medium composed or only solka-floo indicates that the energy 

source in tenns of carbohydrate alone cannot support the growth 

of the organism. 

4. Preparative Scale, Extraction and Partial Purification 

or ~ westerdijld.1 Enzyme. 

'.nle org311ism e:<hibited the capacity to· e:row: on the coconut 

flour-solka-floo (2:1) medium plus tap water in place of t..iie trace 

mineral solution of Reese and Mandels (34). 'lhe crude enzyme was 

extracted with fivo parts of distilled water (V f1I) followine the 

procedure of Toyama (42). Use of the crude enzymo resulted in 

lo.rc;e corrections for enzyme nitrogen after treatment with the 

coconut flour. A thick, d~ brown, precipitate was obtained beween 

30 and BO percent saturation of (NH4)2so4 and redissolved 1n dis-

tilled water. When the concentrated enzyme was passod through the 

3epho.dex G-25 column, b.ro distinct bands were seon. 'lhe first one 

was a fast moving, hig.'1.ly active, dark brown band with a. negligible 

Dn1ount of nitrogen, and the second was a slow moving, slighUy 

a.ctive, yellow band having almost ill the nitrogen of the concentrated 

enzyme (Fig. 1). Loss of activity was noticed during the gel filtration 

stop; however, the activity pattern of the en~Jme remained the sane 

(Table .5 and Fig. 2), and there was a slight increase in the spoeifio 

11.ctivity (O.ll9 and 0.140 units of c1 per mgn T'rotein before and after 

the eel filtrntion respectively.) 
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Table 4 

Selection of the Cultural Medium Best suited for 
Active &lzym.e Production by f.:. wosterdi,jkii• 

Cultural Medium Protein Extraction 

Coconut flour 64.o 
Solka-floc 57.0 
Coconut flour + Solka-floc (1:1) 76.9 
Coconut flour+ Solka-floc (2:1) 82.0 

Control (no enzyme) 57.0 

('.t) 

*'!he mold was grown on 20 gm of sterile medium in 500 ml Erlenmeyer 
flasks for eight days at roO!'!l temperature after which the enzyme 
was prepared as mentioned in Table J. 

Exactly 2 gm of coconut flour plus 4-0 ml of enzyme were placed 
in a 100 ml beaker and incubated at room tanpernturo for three 
hours. '!he milk was extracted, and its protein content was deter-
mined as described in Table J. 
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Fig. 1 

Preparative Sctle &traction and Partial Purification of 

f.:. westerdijk11 Enzyme• 

Koji Culture 

I ~:traction with distilled water -u--------1-------., 
Residue Crude Extract (4 L) 

(used for growing ;the 

mold again) 

Precipitate 
(discarded) 

Precipitntc redissolved 

in distilled water 

J~ (NH4)2so4 precipitation 

and centrifugation at 2500 x G 

Crude rnzyme 

(4 L; Ca. one unit of c1/ml) 

8~ (NH4)2so4 precipitation 

and centrifugation at 

2500 X G 

Supe::matant 

(discarded) 

(~-00 ml; 13.9 units of c1/ml) 

Gel filtration (Sephadex G-25) 

Slow moving yellow band 

wi t."i. slight activity 

(discarded) 

Fast movinr., highly 

active, dark brcnm band 

(?35 ml; 6.5 units of 

c1/ml) 
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Table 5 
Detemination or Potency or f.:. lresterdijkii Enzyme 

before and after Gel filtration• 

Volume of Protein Extraction <il 
Enzyme (ml) Before After 

o.o 61.5 

0.5 66.9 61 • .5 

1.0 69.4 62.5 

2.0 74.2 65.2 

4.o 76.9 67.7 

8.0 81.2 74.5 

12.0 80.6 76.9 
16.o 85.8 76.3 

•Tuo e;n of coconut flou7.' plus the specified volume of enzyme were 
placed in 100 ml beaker and the final volume 'Was made up to 40 ml. 
A f e-..r drops of toluene were added, and the beakers were incubated 
at 40°c for 72 hours after lihich the milk was extracted and analyzed 
for its crude protein content as descibed in Table J. '!he volme 
of the enzyme was almost doubled after gel filtration. Sephadex 
G-25 was used for this purpose. 



Fir. 2. Dotomination of Potency of _f.. westerdijldi 'Enzyme 
be.fore and after gel filtration 

' 
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5. Effect of Chances in Cultural Condit.ions on the Enzyme 

Production. 

Attanpts were made to grow the fungus at different 

tan.peratures rangine fro!!l 28 to 40°c. Excellent, cottony white, 

mycelial growth was observed at all tooiperatures except 40°c, at 

which tanperature the organism did not crow. 'l'ne cultures sporulated 

on the fifth, titth, and the seventh day at 28, 30 and Jl 0 c respectively. 

The fungus elaborated highly active enzyme at 31°c indicating that 

it:· is the opti:11\D:ll tempera. ture ( Table 6). 

In order to dete:miine the eff eot or the age or the culture on 

enzyme production, the mold was grown for up to 11 days at Jl 0c 
and harvested at 5, 7, 9 and 11 dizys tor processing. T.·,e enzj?lle 

propo.rntions were compared for their capacity to increan(; ,,rotein 

Md dry matter extrnctabili ty f:rom the coconut flour. Taolo 7 

shows that f.:. westerdijkii is capable of elaborating tJ.1e greatest 

a.11ount or active enzyme when grown at 31°c for 11 days as evidonced 

by the marked increase in protein and dry matter extraction. 

W}1ethar growth for more than 11 days would further improve the 

enzyme yield wa.s not studied. 

' 6. Activation or f.:. westerdijkii Ehzyme by Cysteine-Hydrochloride 

There are nUJnerous reports to show that many enzymes 

can be activated by sulfhydryl res.gents at optimum levels. An 

atta!llTJt was made using cysteine-hydrochloride s.t levels rancing 

from O to 0.8 mg/ml of enzyme. A slight improvement in the extract-

e.bilit3r of protein and dry matter was observed when 0.6 mg or 

cysteine-hydrochloride was used per ml of enzyme (Table 8). Similar 
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Table 6 

DoteM.inn. tion of Opti'!lum Tmipera.ture for llizyme 
Production by r..:. westcrdi.jkii • 

Growth Protein Extraction tt) 
Tenperature ( 0 c) 

28 55.0 
31 66.7 

32 65.0 
40 organiS!Tl did not grow 

Control 
(no enzyme) 42.7 

Dry Matter 
Extraction ci) 

22.6 

39.9 

37.1 

16.5 

*Fifty gm of coconut flo11r-solka.-!'loc mixture (2: 1) plus 60 to 80 ml 
of tap water wore placed in one ll ter Erlemeyer flasks w1 th cotton 
stopners and sterilized at 121°c for JO minutes. '!he flasks were 
inoculated with spore susnension and incubated at different tanpere.-
turos for eight days. Then the crude enzyme was extracted and 
partially purified as described in Table 3 and Fig. 1. 

To determine the potency of enzyme, one gm of coconut flour plus 
30 rnl of partially purified enzyme adjgsted to pH 6. 0 were placed 
in a 100 ml beaker and incubated at 40 C. A few d.ro;:>s of toluene 
wero added to prevent bacterial contanins.tion. Aft.or 72 hours the 
contents of t:.1e beaker were emptied into a 'daring blendor, blended 
for 5 minutes, and filtered throuch four layers of cheese cloth. 
'Die nitrocen content of the filtrate was detormined by the micro-
kjeldahl proced~re and converted into crude protein using a con-
version factor of 6.25. 
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Table 7 

Detei,-llination or the Effect or the Age or Culture on ~zyn,.e 
Production by ~ westerdijkii 

Ar,e of Protein Dry Matter 
Culture (Days) Extraction (j) Extraction ('/,) 

5 69.2 25.8 

7 74.4 28.l 

9 79.6 sa.6 
11 87.6 46.8 

Control 
(no enzyme) 62.4 8.9 

*Fifty gm of coconut flour-solka-floc mixture (2:1) plus 60 to 80 
ml of tap water wore placed in one liter Erlen'lleyor flasks with 
cotton stoppers nnd sterilized at 121°c for 30 ?111.nutes. '!he flasks 
wore inoculated with spore suspension and incubated at 31°c. 'lhe 
cultures were harvested at differont intervals of time. 'lhe crude 
enzyme was prepared and partially purified as shown in Table ; and 
Fig. 1. 

To test the potency of the enzyme, coconut milk from the coconut 
flour was prepared and its crude protein content was determined as 
described in Table J. · , 
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Table 8 

ActiTation of ~ westerd1.1k11 En~yme by Cysteine Hydrochloride* 

Cysteine HCl (me)/ml Protein Dry Matter 
F.nzyme Extraction ci> Extraction ('<) 

Control (no enzyme) 3.0 15.5 
o.o 62.'.3 41.5 
0.2 64.0 41.5 

o.4 64.o 40.9 

o.6 66.o 42.9 

o.& 58.J 40.2 

*One ~ of coconut residue (dry matter left over after protein 
extraction w1 th water) plus 10 ml of enzyme plus 40 ml of distilled 
water were placed in a 100 ml beaker with different quantities 
of cysteine hydrochloride and the pH was adjusted to 6.o. A fw 
drops of toluene were added to prevent bacterial growth. After 
72 hours incubation at Lio0c, the milk was prepared and the crude 
protein content was determined as mentioned in Table '.3. Correction 
was made for the nitrogen content of the cysteine hydrochloride 
added. 
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results were observed by Ver.na, il J!!. (46) in their studies l-"ith 

an enzyme preparation from Curvularia lunata. 

7. Studies on Protein Extraction by L. westerdi.jkii. 

'lbe literature survey showed no evidence of any publica-

tion dealing with the ~ westerdijkil enzjltlle system. Experiments 

were designed to study the optimum conditions such as temperature 

and pH,tor the createst activity of the enzyme. '1he effects of 

the concentration of enzyme and of incubation were also studied. 

'llie data 1n Table 9 clearly show t-11a.t t-'le enzyme causes rua.~um 

protein extrat tabUity or 86.2 percent from the coconut flour at 
0 40 c. 'I.he activity l-rent dovm sharply corresponding to further in-

crease in the incubation temperature (Fig. 3). 

'!he results of the pH studies are given in Table 10 and 

Fig. 4. From the table it is obvious that the enzyme was moro 

ttotivo at Jil 6.o t-'lan at any other pH. 'Ihe protein extractions at 

pH 3.0 and 4.0 by the enzym.ic treatment are comparatively poor 

which sui;gests a possible inactivation or denaturation of the 

enzy.11e. 

Tne results obtained for an e,q>eriment on the enzyme 

concentration are shown in Table 11. '!he increase in concontration 

certainly helped to extract hig.i.er percentai;es of protein from 

the coconut flour, but use of roore than 20 ml or enzyme per gram 

or flour was of litUe value. 

'lhe ef.f eot of various incubation ti11les is shown 1n 

Tabla l.?., and Fig. 5 and 6, from w.i.ich it is evident that the 

major '!')Ortions of the protein and dry m.atter were extracted within 



Table 9 

Detonnination of Optimum Tc.'llporature for 
I::. westerdi.jkii Enzyme Activity· and Protein Extraction* 

Incubation Protein 
Te.>11pera turo (OC) Extraction (%) 

28 73.0 

JO 81.5 

4o 86.2 

50 72.0 

60 68.0 

Control (no enzyme) 66.1 

*ExacUy 2 c,:u of coconut flour plus 4o ml of crude 
enzyme were incubated at various temperatures in 100 
ml beakers. A:f'ter three hours the milk was extracted 
and the protein content was detennined as mentioned in 
Table J. 
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Table 10 

Dete:nnination of Optimum pH for f.:. wostcrrl5. i 1-cB. Enzyme 
Activity' and Protein Extraction* 

3.0 

4.o 

5.0 

5.6 
5.8 

6.o 

6.2 

6.4 

7.0 

Control (no enzyme) for 

pH 3.0 and 4.o 

Control (no enzyme) for 

pH 5.0, 6.0, and 7.0 

Protein 
Extraction ci> 

43.0 

53.5 

69.0 

71.8 

72.0 

72.3 

70.7 

71.2 

66.o 

41.0 

66.o 

*Two vn of coconut flour plus 20 ml of crude enzyme 
adjustc9- to various pH's plus 20 ml of distilled water 
were placed in a 100 ml beaker and incubated at 40°c 
for t..'.ree hours. 'lhe milk was extracted and its protein 
content was estimated as described in Table 3. 



Fig. 4. Detomination of Opti.':l.U.'11 p:i for .E.:_ 1-,e~t0rdi 1kii Enzyme 
Activity and Protein Extraction 
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Ta.ble 11 

Detomina.tion of tho Elf'fect of Concentration of f:. -i,restordi.1kii 
mzym.e on Protein Extraction • 

Volu":le of Enzyme Proto1n 
Used (ml) EY-trnction (~) 

o.o 71.6 

10.0 77.6 
20.0 82.0 

JO.O 83.6 

4-0.o 8.5.0 

*Ji.ff eront volumes of enzYTlle were added to 2 ~ of coconut flour, 
the final volu'1le ·was 111ade U:') to 40 :iil in a 100 !!11 be~ker, and 
they were incubated for six :~ours at 40°~. '!ho milk •,rns e:·trn.ctecl 
and t.'1e crude protein oont<mt was determined as mentioned in 
Table 3. 



Table 12 

Detemination of the Effect or Incubation 'l'1llle on Protein and Dry Matter 
Eictraction by!!.:. westerd1jkii Enzyme• 

Volu'1'le of 
Enzy:r.e ( .11) 

o.o 
5.0 

10.0 

1.5.0 

p. z. (1,) 

7.7 
26.0 

J2.J 

36.0 . 

P. !!:. : Protein Extraction 

J 
Incubation Ti:ne (hrs.) 

24 

D .. ('') • (.. /'-> p .:. C't) D.E. ti) 

15.5 13.0 16.l 

19 • .5 41.J 25.9 

21.6 57.6 ;n.e 
2J.O 62.0 J4.5 

D. E.: Dry Matter Extraction 

48 

P.E.(1,) D.E.(i) 

- 14.J 
49.6 29.2 

63.3 36.7 

6e.o l~l.5 

72 

P.E.(%) D ~ ("'\ • !~. I 

-- 14.l.,i. 

54.6 32 ·'1 . , 
67.6 4J.l 

68.0 47.7 

4'0ne c,n of coconut residue plus .5, 10, or 15 m.l of nartiA.Lly purified enzyi,a ad,j8sted to pH 6.0 were 
p13ced in 100 'Tll beakers and the vol'U!11e •,as ma.de up to 50 ml and incubated at 40 C f'or 3, 24, 48 and 
72 hours. A few drops of toluene were added to prevent bacterial growth. After the specified period 
of incub:-,tion the pH of the contents of tho beaker was raised to 7.0 with dilute NaOH and further 
incubnted -tor JO minutes :\t room temperature. 'D1en t.he contents of the beaker were filtered through 

1,ih&t'lcin 'fo. 1 filter pa,,er and the nitrogen content of the filtrate was dete?'!'1ined by the microkjeldahl 
procedurf) imd converted into crude protein,using a conversion factor of 6.2.5. 'Ihe residue was dried 
in fl hot-air oven at 100°c for 25- hours and we1g.'1ed. 

·~.) 
'-0 



Fi~. 5. Dcter.:iina.tion of the Effect of Incubation Time on 
Protein Extraction by 1::.. ~,,c~tP.rdi. ikii Enzy.ne 

0,5,10 and 15 ml refer to volume of enzymes per gram of coconut 
residue. 
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Fig. 6. Determination of tho Erfect of Incubation Time on 
Dry Matter Extraction by E:. westordiikii Enzyme 

0,5,10 and 15 ml refer to volume of enzymes per gram of coconut 
residue. 
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24 hours. Only slight iJ"'lproVEll'lent was noticed over 72 hours 

incubation. 

8. Processing of Coconut Flour for Rat Feeding Experiments. 

In large scale preparations 84.5 and 79.2 percent extr~ 

ctions of protein and dry matter were observed by enzymatic-treatment. 

Table 13 shows the achievement of 70 percent protein extraction 

over the control in the above case. Th.e percentage of protein 

extraction from coconut flour varied even among t."i.e controls in 

bench and large scale preparations. 

Table 14 shows the material balance on processing 1200 gtn 

of coconut flour. 'lbe total crude protein and crude fiber values 

for control, boiled-enzyme-treated, and enzyme-treated preparations 

a.re in excellent agreement. It is evident front the: table that more 

t."i.an half t'1e amount of residue (non-extractable dry matter) in the 

control was solubilized by enz;vme treatment. 'lhe material balance 

for ash, and ether extra.ct was also very close in all the above 

preparations. 

9. Amino acid Analysis. 

lhe am.ino acid analyses are given in Table 15. 'ilia total 

amino acid content did not add up to 100 percent of the crude protein 

in any cnse. However, the total amino acid contents a.re almost equal 

for all the coconut milk preps.rations. On one hand the total amino 

acid figures for control and boiled enzyme-treated residues are .. 72.07 

and 72.12 respectively; on the other hand, the enzyme-treated residue 

amino acids s'lll11ffl.ed up to 90.42, indioatinc the presence of very litUe 

other ni troeenous material. 
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Table lJ 

Prooessinc of Coconut Flour for Rat Feeding Experiments 
(i) Comparison of Protein and Dry Matter Extraotion 

wi 111 and w1 thout f_. westerdijkii Ellzyme Treatment• 

Description Protein Extraction (i) Dry Matter 
&traction ('~) 

Control (no enzyme) 49.4 59.5 
Control (boiled enzyme) 54.6 59.8 
Enzyme-treated 84.5 79.2 

•Each 100 r.;m. of coconut flour was suspended in 800 ml of distilled 
water and incubated at 40°c. A.fter 1111-ee hours the contents were 
transferred from the beaker to a large stainless-steel Wa?'ing blendor 
end blendod for 4 minutes. 'l'he milk was expressed through four 
layers of cheese cloth. 'Iha residue was again suspended in 500 ml 
of distilled water or 400 ml of enzyme adjusted to pH 6.0 (8 ml enzyme/ 
em of dry residue) plus 100 ml of distilled water and again incubated 
at 4o0 c for t.l-1ree hours; at that time 1:Jle contents were transferred 
to the ~Jaring blendor. blended for two minutes, and e:xprossed throur.h 
four layers of cheese cloth to collect the milk. The residue was re-
suspended in 200 ml of distilled water, allowed to stand at room 
temperature for ;.O minutes and tho milk was collected as before. 1be 
milk prc,par~.tions were then pooled toeether, and filtered throuc;h 
four layers of cheese clot.'1 once aeain. 'I.he milk preparation and 
residue were lyophil1zed in trays. 



Table 14 

(11) Material Balance on Processing 1200 gm of Coconut Flour 

Preparation 

Control (no enzyme) 

Control (boiled enzyme) 

Enzyme-treated 

E. : . Extractable 

Dry Matter (gm} Protein (gm} 

E. N .E •. E. N.E. 

486 596 139 118 

482 598 153 115 

835 250 237 26 

N.E.: Not-extractable 

Crude Fiber· (gm) 

E. N.E. 

9 169 

1; 187 

19 100 
+:'" 
N 
I 
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'lhe weight nercent of total amino ncids are shown in 

Table 16, ~nd reveal either sir,nificant or slicht increases in 

tho extraction of the following essential anino acids 1n enz.yi.ne-

tro~tcd co'n-::,arod to conventional mill<:: t.:.1.reonine, vnline, met;1ionino, 

isoluecinc, leucine ~nd phenylalanine; the enzyme-treatod residue 

sho•-•s correspondinc decreases in the above mino acids, ~ms con-

fi:minG the ~.bilit)r of the enzyme to strip out t.i..e protein from t.1e 

coconut flour. 

Tables 17 and 18 show the cor.ipa.rison of the a;"!lino acid re-

quirements of the rnt (33) Md t1e tim.ino acid composition of various 

coconut pr~para.tions. 

It is quite obvious fro~ Table 18 that t.eie most l1r.rl. tine 

Br.lino acid in the coconut milk preparation is lysine in confima.tion 

of Butte~ 0or~1 imd Fo:-: (4), Md 'Il10:11as Md Scott (41), followed b;r 

thrcon:i.ne, tie sulfur runino acids nnd isoleucine. Ehzyme-treab":trnt 

omsEd sir,nificnnt improvement in threonine [Ind isoleucine and ~-..e 

order of li."'!li.t.'.l.tion becDme l~ino, the sulfur a"'Tl.ino o.oid.s, isoleuc:ine, 

and lastly, tltroonine. 

Due to the fact that l.ysinc :md su:Lfur amino ncids nre 

relatively inexpensive, t~ey could be used to supplanent diets 

prepr..rod from the nhove propt1.rations. It is worth mentionins that 

t.1e cnzyr:te could be activated by usin::; cysteino hydroohlorido which 

not onl3~ imr,roved eYtract:ibility of protein from coconut flour but 

also would tend to balroice t1e sulfur amino ~.oid dcfici t. 

10. r.vnluation of Protein )Utlity. 

(1) Dcte!"dn2.tion of PER: 'Ihe p;.::R obtained for control 
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Table 15 

Amino Acid Co:n:oosition of Coconut Milk and 
Residue Preparations (f1!1/l00 gm crude protein)• 

Amino acid c.:!. C.R. B.M. B.R. E.M. E.R. 

Iqs:ine 4.05 J.44 4.Jl 4.ll 4.06 4.28 
Histidine 1.92 1.47 1.64 l.Gl 1.78 i.01 
Ammonia 1.64 1.60 l.?6 1.67 2.04 2.05 
Arginine 14.07 9.68 12.76 12.19 12.69 11.19 
Aspartio acid 7.66 8.49 7.60 s . .57 7.89 9.45 
Threonine 2.64 '.3.l? 3.01 3.24 3.30 3.90 
Serine J.00 4.42 2.36 3.93 3.93 4.60 
Glutamic acid. 18.38 4.64 16.99 3.80 17.27 14.78 
Proline J.21 J.JO 3.23 3.35 3.47 3.79 
Glyotne 4.26 4.29 4.21 4.37 4.50 4.85 
Alanine 3.53 J.59 J.;4 3.62 3.75 3.92 
H al.t...Cys tine 1.72 o.86 1.88 0.82 1.43 1.23 
Val1ne 4.80 5.:34 4.75 4.28 5.13 5.64 
MetJ1ionino 1.04 o.88 0.83 1.01 1.07 0.72 
Isoleu.cina 3.32 3.78 J.LJ6 J.88 3.63 3.99 
Leucine 5.98 6.52 5.97 6.83 6.29 6.98 
Tyrosine 2.48 2.22 2.29 2.23 2.50 2.61 
Phenylalanine 3.90 4.38 J.?6 4.41 4.17 4.4J 

Total 88.46 72.07 84.15 72.12 88.90 90.42 

•Analysis t-'M done according to Spackman !l1 !!• 
Internal standnrds: Nor-leucine and 8-guanidino-alanine with long 
and short colwans respectively. 

Symbols: C.M. s Control Mil1c; C.R.: Control Residue; B.M.: Boiled 
Enzyme treated ·~illq B. R.: Boiled Enzyme trea.tod Residue; E.M.: 
Enzyme troatod ,iilk; E.R.1 Enzyme treated Residue 
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l'A-ble J.6 

Amino Acid COM?osition of Coconut Milk and 
Residue Prop.a.rations(% of total amino acids)• 

Amino acid C.M. C.R. B.M. B.R. E.M. E.R. 

Lysine 4.i 4.7 5.1 5.6 4.5 4.7 
Histidine 2. 2.0 1.9 2.5 2.0 2.2 
Altmlonia 1.8 2.2 2.0 2.J 2.2 2.2 
Arginine 15.9 lJ.4 15.1 16.9 14.2 J2.J 
Aspartic acid 8.6 11.7 9.0 ll.8 8.8 10.4 
'Ihreoninc 2.9 4.3 3.5 4.4 3.7 4.3 
Serine 4.2 6.1 2.8 5.4 4.4 5.0 
Glutamic acid 20.7 6.4 20.1 5.2 19.4 16.J 
Proline 3.6 4.5 J.8 4.6 J.9 4.1 
Glycine 4.7 5.8 5.0 6.o 5.0 5.3 
Alanine 3.9 4.9 3.9 5.0 4.2 4.J 
Half-cystine 1.9 1.1 2.2 1.1 1.6 1.3 
Valine 5.4 7.4 5.6 5.9 5.7 6.2 
Methionine 1.1 1.2 0.9 1.4 1.2 0.7 
Isolnucine 3.7 5.2 4.1 5.3 4.0 4.4 
Leucine 6.7 9.0 7.0 9.4 7.0 7.7 
Tyrosine 2.8 J.O 2.7 J.O 2.8 2.8 
Phenylalanine 4.4 6.o 4.4 6.1 4.6 4.8 

•Note tryptophan is not included. 

Symbols: C.?':.: Control Milk; C.R.: Control Residue; B.M.: Boiled 
F.ilzynie treated Milk; B.R.: Boiled Enzyme treated Residue; E.M.: 
mzyme treated milk; E.R.: Enzyme treated Residue 



! t' 
- .... J -

Tn.ble 17 

Comparison of A~ino Acid Composition of Various 
Coconut Preparations wit.11. t..11.o Requirements of tho Rat 

1:, of Diet wi t..11. 10·,a True Protein 

.&"Tlino acid Requirement Coconut I•:ilk Coconut Residua 
of rat Control l:'.nzy.·10 Control :Enzy.no 

- Trcn.ted Treated 

Histidine 0.2.5 0.21 ', 0.20 0.20 0.22 

Lysine 0.90 o.4.5 o.4.5 o.47 0.47 

Tr:f.? toph an 0.11 --
Isoleucine 0 • .5.5 0.37 o.40 0 • .52 o.44 

Valine 0 • .5.5 0.54 0.57 0.74 0.62 

Leucine 0.70 0.67 0.70 0.90 0.77 

Threonine 0 • .50 0.29 0.37 o.43 o.4J 

Met..11ionine 0.16 0.11 0.12 0.12 0.07 
0.50 O.JO 0.28 0.2J 0.20 

Cystine 0.34 0.19 0.16 0.11 0.13 

Ph:enylalMine o.42 o.44 o.L:6 0.60 o.48 
0.72 0.72 0.74 0.90 0.76 

Tyrosine 0.30 0.28 0.:38 0.:30 0.28 
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Table 18 

Amino acid Cor~posi tion of Cooon•t Prepare.tions ;;;::,:-pressed as 
percent of the Requirement Estimated by Rama Rao ,2! !l, •. (J;) 

Ar.iino acid 

Histidine 

Lysine 

Isoleucine 

Valine 

Leucine 

Cyst:me 

Phenylilanin e 

Tyrosine 

% of Requiranent 
Coconut milk Coconut Residue 

Con:brol IBz~a tren Control tEhzr:f. ~. rea . 

84.0 80.o 80.0 88.0 

50.0 50.0 52.2 52.2 

-- - - --
67.3 72.7 94.5 80.0 

98.2 103.6 1J4.5 112.7 

95.7 100.0 128.6 no.o 
,58.0 74.o 86.o 86.o 

60.0 56.0 46.o 40.o 

100.0 102.8 125.0 105.6 
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flour was o •. 48 as against the PER of 2.2 obtained ·with a previous 

batch or flour. 'lli1s su.cgests that the quality of protein 1n this 

batch was inferior probably because of heatinc during its manufacture 

at CFTRI. 'n1e PER for control and boiled-enzyme-treated milks were 

almost the same, thus ellrninatinc::; possible enzyme toxicity (0.80 and 

o.?J.nspect.ively). T..1e enzyme-treated-niilk gave a low PER, al..'!'lost 

equal to that of coconut flour (0.47). It is worth mention1nc here 

that t.'1.0 rats 1n all ooconut milk groups showed marked gain 1n 

wei::;ht during the last t:.,ree days of the exper1mental period suggesting 

that tl1e ani<--nals might have underi;one tl1e stress of adjustine "t1em-

selves for t.1e now food. So it would be of more value if the e:::-..-pari-

mental period were prolonc;ed. 

Even tl1our,h tl1ere is a larr;e apparent difference between the 

PER's of control and onzymo-trea.ted milk groups 1n fuo raw data, Chi-

aqur.re and s1mple T-test analyses revealed no statistical signi-

ficmice betrcen the PER's shown in Table 19. 

T..1e animals on t..'-le residue r;rou,s all lost we1e-,ht but t.'1.ose 

whic:1. were on enzyme-troated residue did very poorly-; the rats had. 

a. blo~_tod irppearanoe 2nd lost balance durine the end of t..'le e7.peri• 

montal period. 'llie effect might be due to the aub-optim.ar level ot 

essenti:>.l amino acids present in t.1e enzymo-trea.ted residue compared 

to the other two residue preparations (Table 19). 

(ii). Determination of Apparent D1gestibili ty. 'nle be-

havior of tho ani.'1l.als 1n the above e:xperi.il.ents suggested an exper1ment on 
·-

the dicestibili ty of' the various proteins. Table 20 shows that the 
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protein digestibility is low for the diets composed of coconut 

residue oompared to coconut milk. It is even lower-·· for enzyme-

tNated residue. Hence, it is quite obvious that the poor di-

gestibility of the diets restricted the protein intake, the 

effect or which was reflected by the weight loss of the rats. 

11. Illlzymological Observations 

1. Product Analysis 

Incubation or partially purified enzyme (7 units of 

c1/ml)and hydrocellulose (5 mgs/ml) at pU 6.o and 40°c resulted 

in about 77 percent hydrolysis of hydrocellulose. '!he results 

of the chromatographic analysis of the hydrolysate through the 

Miller colu:nn can be seen in Tablo 21. Low recovery, the clogged 

appearance of the column at the higher gradient of aqueous ethanol 

and tho decrease in tJ1.e volume of the fractions collected at tl"'.is 

stage suggested the precipitat!on of higher oligosaocharides of 

D.P. 10 and above. 1he D.P. analysis of the hydrolysate revealed 

an average D.P. of 11 con.firming the above suggestion. Table 21 

also indicates that the enzyme is more capable of handling oellobiose 

through cellohexaose ~~an the higher oligosacoharides to form glucose. 

2. Identification of Water Soluble Reducing Sugars in the 

Coconut Milk Preparations 

According to Cara.y (5) copra meal (coconut flour) contains 

sucrose, raffinose, galactose, glucose, fructose, pentosos, cellulose, 

pentosans, starch, dextrin and galaotan. Paper chromatography of 

t;.10 various coconut milk preparations revealed the presence or 

ara.binose, glucose, galaotose and disacoharides. However, the 
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Table 19 

Evaluation of Protein Quality 
(i) Dotcnnination of P&1* 

Dietary Protein Ho. of No. of Wt. Ch.7-e PER Source R.:1ts D.:1.ys 1.ver1~} itat 
0·1 

Control ?-!ilk (no enzyme) 9 10 + 5.0 0.80 

Control Milk (boiled 
enzyme) 10 10 + 4.2 0.71 

En.Z~"11e Treated Milk 10 10 + 2.6 0.47 

Casein r1 10 10 +28.1 J.4-0 

Caseinil 2 10 7 +14.1 2.ll 

Coconut flour 10 7 + J.O o.48 
Control Residuo (no 

cnzy:ne) 10 7 - 1.8 

Control Residue (boiled 
enzyme) 9 7 - 2.2 

Enzyr.ie Treated Residue 4 7 - 5.2 

*T..e diets wore fomulated to contain 10 percent cottonseed oil, 5 percent 
salt, one percent vi ta.--nin mixture, 10 and 9 percent protein, and J percent 
or J0.6 percent crude fiber in t..11e case of milk and residue preparations 
respectively. n1e crude fiber level was made up wit'1. solka.-floc where-
ver it was necessary. 

Salt r.iixture ru1d vi ta.'11.in rr.ixturo excluding vi ta.11:ins A, D, and E, were 
prepared accordine to C:1.'1pbcll•s Procedure (2). Vita.--nins A,D, and E 
mixture were pre;,ared using Percomorph and a-Tocopherol. Ead1 100 cm 
of diet contained 208, 90, and 6.6 I.U. of vitamins A, D, and E res-
pectively. 

'I'\rcnty-one day old weanling male rats of t..11e Sprague-Dawley stra1n 
weighing 55 ! 10 gm were used. 'Ihe rats were kept in individual wire-
screen cac;cs. Food and water were r;iven .'ld lihi b.:."1. 'Ihe expcrh1cnts 
lasted 7 and 10 days for residue and milk preparations respectively. 

Even thou::;.'-1 t'1.cre is a lar:e diff c::.--c nee bcttrncn the PE..'{' s of control 
aid enzyme-treated milk eroups in tho raw data, Thi-square and si-::ple 
T-test a..>1alyses revealed no statistical sisnificance between t..11e PER's 
s'.1o"t,,'n in t'1.e tablo. 
1control for coconut milk groups. 2control for residue groups and 
coconut flour group. 
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Table 20 

(ii). Dcte:rmination of Apparent Digestibility* 

DietD.:ry Protein Source 

Control Milk (no enzyme) 

Enzyme treated milk 

Control Residue 

Enzyme treated Residue 

Appm:-ont Dizcstibility (~) 

82.5 

76.l (n.s.) 

62.l (**) 

43.6 (**) 

*Sprazue-Dawley strain rn.ale rats were individually kept i."'1 metabolism 
caces. Food and water were siven [ld libi. tum. The food into.ke was 
measured every day. The nitrocen content of urine, collected under 
toluene, and t.'1e feces was deterr.rl.ned by fae A.O.A.C. macrokjeldahl 
met.1.od (1). 

(n.s.) not significantly different from control milk 

(**) highly significantly different from control milk (p < .01). 
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Table 21 

(1). Irlentification of Hydrolytic Products from 
Hydroccllulose by~ westerdi.1kii Ehzyme• 

Sugar 
Glucose ~ or Total i of Recovered 

F.q{ivllent Soluble Sucar Su~ar 

Glucose 260 12.10 J2.74 

Cellobiose 26 1.21 3.27 

Cellotriose 14 0.65 1.76 

Cellotetraose 11 0.51 1.38 

C ello:,en taose 20 0.9J 2.51 

Ccllo:1exaose 16 0.73 2.01 

*'lhroe ml or hydrocellulos e (5 mg/t~l) plus 20 rnl of pll.rtially 
purified enzyme ~,~ere adjusted to pH 6.0 and placed in a 100 
ml Erlenmeyer flask ·wi t:1 a rew drops or toluene to prevent 
b:i.cteritl growth. 'l'no flask was incubated at 40°c tor 120 hrs. 
'Uic contents of the ~ks were autoclaved at 1210c for 20 
minutes Md filtered throur,h Millipore filters. The filtrnte 
wns boiled for 30 minutes and again filtered through Nilliporo 
filters. 'Ihe filtrate (7.5 ml) was concentrated in a rotary 
evaporator to one nl or which 0.5 m.1 was put on Miller column 
and eluted with a gradient of aquoous ethanol to collect 2 ml 
fractions. Total su::;ar and a.vorago D.P. were detomined accordin,: 
to 'l':i.mell • s procedure ( 4o) • 
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MlOunts of faese sur:nrs vnried a great deal in different prepsrations 

as can be seen in Table 22. 'n.10 marked increase in nrabinose, 

r;lucose and gtlactose in tho enzyri.e treated milk indicates primary 

degradation of the pontosm1s, c;luca:ns such as starch, de:.:tri.n and/or 

cellulose and r;alactan by the enzyme. T'nase results are more 

meaningful if compared with tile reduction of non-extractable crude 

iToor shoi:-m in Table 18, for t.1'1ey establish that the enzyme accomplishes 

a. net reduction in structural polysaccharides. 

3. Der;ra.dation of Filter Paper and Ofuer Carbohydrates. 

n1e ability of the enzyme to decrade pieces of What.man 

No. 1 filter papor at various concentrations can be seen 1n Plate 1. 

Table 23 shows n. weight loss of 43 percont at fue hichest concen-

tration of the enzyme. The gradual decree.Se in weight loss corros-

pondinc,; to tl1c decrenso in the units c,f C1 activity is noteworthy. " 

Toyruna (42) developed a mo~1od for measurin~ cellulose activity by 

obscrvinc; the timo in seconds required for broakdown of filter paper. 

Table 24 shous tl1c ca.paci ty of t.1e enzyme to hydrolyse 

various oa.rbohydrntc.5, and ~stablish es quite ~-vn.riety of substrate 

s:,cci.ficities. The loss of enzyme notivity observed durin~ gel 

i'iltre.tion (Fie. 1) rni2;ht be due to fue adheronce of t.t-ie enzyme to 

the r:cl. 

4. Vegetable Processing 

The results of t.1-ie enzymic action on various vegetable 

food stuffs can be seen in Plates 2,J,4,5,6,7,8,9,10 and 11. Cuc\llllber, 

r:idisl1, carrot, apple, onion, potato and shredded coconut were completely 
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Plate 1. Degradation of Filter Paper by~ wcstcrdi ikii Enzyme 

Pieces of Whatman No. l filter paper weighing 27 mgm were incubated 
at 40°C for 48 hours with varying concentrations of enzyme except 
for the tube at right which contained no enzyme. The tube at left 
labeled 1, contained 28 units of c1 in 4 ml of distilled water. Dilutions 
of enzyme in the other tubes were as indicated. 





Table 2? 

(11). Determination of 'hrter Soluble Reducins Suge.rs in Various 
Coconut :·1ilk Prep[l.ra.tions* 

Control Boiled Enz:vme-treated Hilk Enz:r.no-treatod Milk 
Sugar ;-iilk 

Inc~~iver Increase over (no enzyne) me/ E?il mc/t71'1 Control -
Arabinose ; .• 7 J.J None J().O 2G.J 
Glucose lJ.9 lJ.8 None J6.6 2';>. 7 

Galactose ll.J 12.2 0.9 17.2 5.9 
Disacct-..~.ri.Jes 1.3 1.3 :Jone 1.3 ;fone 

*One ~undrcd :11~ of various milk preparations (dry ,uatter) were dissolved in one nl 
distilled ~:ater. T;ro ·.Jhatman No. 1 filter papers were spotted ,·rith eight, ei[;:1t, 
and five .Ol ml spots of control, boiled enzyme-treated, and enzyn1e-treated milks. 

'lhe napers were develo:1od for 20 hrs. in pyridine-n-butanol-uater (6:4:1), dried 
and one parycr was sprayed trith the perioda.te-benzidine spray (6). Various spots 
were located and the corresponding 8roas were out from unspr:iyed p8Z)er and eae:1 
strip was elutod uith 5 ml of distilled water for 2 hrso and one ml. portions were 
used to ana.lyze the reducing SUGar content following t;.1e procedure of Nelson and 
Sanogyi (2G, 38). 

I 
\.n 
~ 

I 
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Table 23 

Enzymatic Degradation of Filter Paper-Estimation 
of Hydrolytic Activity at Different Concentrations 

of Partially Purified f.:.. westerdijkii Enzyme• 

Units of Ct Activity/tube Weight loss 

28.00 4J.O 

14.oo 18.9 

7.00 6.6 

3.50 4.0 

1.75 4.7 
o.88 2.9 

{%) 

llcpieces of Whatnan No. 1 filter paper, 8 x 40 m.m. • were in-
cubated with 4 ml of enzyme (adjusted to pH 6.0) at a series 
of dilutions in 18 x 150 m.m. test-tubes and incubated at 40°c 
for 48 hrs. At the end of incubation period, the tubes were 
genUy shaken. Toluene was used to prevent bacterial growth. 
'!hen the contents of the tubes were dried 1n a hot air oven 
and weighed. 
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Table 24 

Testing the Hydrolytic Activity of~ westerdi.1k1i Enzyme 
on Various Carbohydrates• 

Substrate 

6-1-4-gluc ans 

Hydrocellulose 
Cellobiose 
Cellotriose 
Cellotetraose 
Cellopentaose 
Cellohea:aose 

Substituted a.1.4-gluoans 

CMC-70-I.F 
CMC-70-M= 
Cellobiose octaa.cetate 

Other a-glucosides 

Susceptibility to 
Hydrolysis 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

F.sculin + 
p--Nitrophc7l- a-D-Gluoopyranoside + 
Salicin + 
Am.ygda.lin + 
Gentiobiose + 

Other Carbohydrates 

a-D-Glucose pantaacetate 
Gum arabic 

Inulin 
Maltose 
Melebiose 
Melezitose 
Trehalose 
Tu.ranose 
Gum ghatti 
Lactose 
Raffinose 

+ -+ 

+ 
+ 
+ -+ -+ 
+ 
+ 
+ 
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Table 24 Continued 

Substrate 
Susceptibility to 

Hydrolysis 

,· ,Sucrose 
Sephadex G-2.5 
Sephadex G-75 
Sephadex G-100 
Biogel P-10 (Polyacrylam.ide) 
Am.ylopectin 
Amylose 
Polygalacturonic acid 
Detran 
Xylan (P) 
Pectin 
Pectic acid 

+ 

+ 
+ 
+ -+ -+ .. 

Symbols: +: Clearcut evidence of Hydrolysis 
-: No detectable Hydrolysis 
±: Hydrolytio products. if' -produced• were present 

in anounts making detection questionable. 

*One mgct the substrate was dii;;solved in 0.05 ml distilled water 
in a 1 J/4 x J/8" test..tube to which 0.05 ml of partially 
purified enzyme adjusted to pH 6.o was added. After mixing 
well 0.005 ml portions of the reaction mixture were spotted 
on a Whatman No. l filter paper. '!he tube was incubated at 
4o<>c for one hour and O. 00.5 ml portions of the reaction mix-
ture were again withdrawn and spotted on the paper (20). 
Chromatograms were developed in the ethylacetate-pyridine-water 
solvent or Jennyn and Isherwood (15) for 20 hrs. and the products 
were identified by periodate-benzidine spray (6). 
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solubilized exoept for the outer peels in some instances 

within 48 hrs. when inoubated with 4 to 6 ml of enzyme (7 units 

of c1 activity/ml) at pI 6.o and 40°c. 'lbe section of orange 

fell into pieces consistinc of individual cells during that 

incubation time. '!he slieh t degradation that resulted with the 

vm.ole green bean and the piece of cabbage can be attributed to 

the presence of the outer, waxy cuticle layer which acts as a 

barrier to t.1i.e enzyme's reaching the internal cell parts. 

Noticeable degradation occurred within 12 hrs.of incubation. 

Similar results were reported by Toyama (43, 45) with the entyme 

preparations obtained from Trichodema .!mll•, A.sper;;illus nir;er, 

and !• oryzae. 
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Plate 2. Complete solubilization of Cucumber by~ westerdijkii 
Enzyme 

Sections of Cucumber approximately two mm thick were incubated for 
12 or 48 hours with 6 ml of enzyme (42 units of C1) at 40°C. Control 
sections were incubated in 6 ml of water for 48 hours. 

Plate 3. Complete solubilization of Radish by~ westerdijkii 
Enzyme 

Sections of Radish approximately two mm thick were incubated for 
12 or 48 hours with 6 ml of enzyme (42 units of c1) at 40°C. Control 
sections were incubated in 6 ml of water for 48 hours. 
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Plate 4. Complete solubilization of carrot by~ westerdijkii 
Enzyme 

Sections of Carrot approximately two mm thick were incubated for 
12 or 48 hours with 6 ml of enzyme (42 units of c1) at 40°C. Control 
sections were incubated in 6 ml of water for 48 hours. 

Plate S. Complete solubilization of Apple by~ westerdijkii 
Enzyme 

Sections of Apple approximately two mm thick were incubated for 
12 or 48 hours with 6 ml of enzyme (42 units of c1) at 40°C. Control 
sections were incubated in 6 ml of water for 48 hours. 



APPLE 
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Plate 6. Complete solubilization of Onion by f..:. westerdijkii Enzyme 

Sections of Onion approximately two mm thick were incubated for 12 
or 48 hours with 6 ml of enzyme (42 units of c1) at 40°C. Control 
sections were incubated in 6 ml of water for 48 hours. 

Plate 7. Complete solubilization of Potato by f..:. westerdi1ikii Enzyme 

Sections of Potato approximately two mm thick were incubated for 12 
or 48 hours with 6 ml of enzyme (42 units of c1) at 40°C. Control 
sections were incubated in 6 ml of water for 48 hours. 
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Plate 8. Complete solubilization of Shredded Coconut by~ westerdi1kii 
Enzyme 

Plate 9. Effect of~ westerdiikii Enzyme on the section of Orange 
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Plate 10. Effect off=.. westerdijkii Enzyme on the whole Green 
Bean 

Plate 11. Effect off=_ westerdijkii Enzyme on the piece of Cabbage 

Sections of Cabbage approximately two mm thick were incubated for 
12 or 48 hours with 6 ml of enzyme (42 units of c1) at 4o•c. Con~rol 
sections were incubated in 6 ml of water for 48 hours. 
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: V. SUMMARY AND CONCLUSION 

1. Based on c1 and CMC-a.se activities, A• terreus, 

Basidiomycetes !ll•, £. globosum, t1,. verruearla 1 f.. westerdijkii, 

and l• viride were soreened for enzyme production on, oooonut 

flour plus the trace mineral solution medium. 

2. f.• ¥,esterdijkii yielded highly actiTe enzyme when grown 

on coconut flour-solka-floc (2: 1) plus the trace mineral solution 

or tap water medium, at 31°c for 11 days. 

J. · 'Ihe optimal conditions for the enzyme to cause maximum 

extraction of protein trom coconut flour were pH 6.o and 4o0 c 
in three hour test periods. Cysteine hydrochloride showed an 

activation effect on the enzyme under the above conditions. 

4. A noticeable increase in protein and dry matter extraction 

occurred when coconut flour was treatod td th partially purified 

f.• westerdi.ikii enzyme. '!he material balances on processing 

1200 gm coconut flour for animal reeding experiments are in 

excellent agreanent. 

5. Partially purified f.:. v~esterdi,1kii enzyme showed a 

wide substrate specificity including the complete degradation 

of most of t~e vegetable foodstuffs tested. 

'!he results discussed in this dissertation prove that 

it is technically feasible to reduce the crude fiber content of 

the coconut flour with a corresponding increase in protein ex-

traction by treatment of the flour with f.• westerdijkii enzyme. 

'!he enzyme appears to be non-torlc. 
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ABSTRACT 

Postalotio,-,sis westordi,jkii, a cellti.lolytic rr1old, emibi ted 

the production of a freely diffusin;i:, c~,tra-oellulr.r enzy.ne 

capable of solubilizinc hydrocolluloso and a'"llol';)hous cellulose 

·when crown on coconut flour-solka.-f'loc (2: 1) medium at 31°c for 

ll days. For the first time, the !)H and tan:1erature opti 'lUll1 

for the max:L.num activity or the enzy.ue nas established. '!he potency 

of t:.1e enzyme incroased by serial culturin::; of tho mold on t..~e sgne 

medi'll'll. Activation or enzyme by cysteine hydrochloride was 

observea. Five-fold increases_ in spocif'ic activity l-Tith the 

elbdnation of -rnost of the non-emwmic ni tror::on was achieved by 

(NTI4)2so4. "'.')rocipitation ond gel filtration of the crudo enzyme. 

'lhe enzyme troatuont of coconut flour brour,h t marked 1.--,:,rovOl'llent 

in 11rotein e:?:tracta.bili ty v."i tJ1 a corros;1ondinJ decrease in crude 

fiber. 'lhis nction of tJ1e enzyme t-~ns f'urt."ior established by tJ1.e 

increase or 't:ato?'l-soluble roduoinc sucn.rs 1n t.~e enzyme-treated n,.ilk 

due to the docradation of structural polysacc!'ls.rides. 

'l'he a..-n1no acid composition or tJ1e control residue predicted 

a..-11ple room for possible i.'Tlprovement of t.1-ie a.'1lino ncid pattern 1n 

the enzyme-treated milk. The most llmi ting 31lino acids 1n the 

coconut milk preparation is lysine in confin11ation of Butterworth 

and Fo::~ (4), and 'lhom.as and Scott (41) 1 follm:red by threonine, 

the sulfur amino acids ond isoloucine. Sif11ificant amounts of 

t:.1rconine and isoleucine were strip!)Od out or t.he control residue 
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by the enzyme treatment, and the order of limitation became 

lysine, the sulfur amino acids, isoleuc~ne and lastly, threonine. 

The animal feeding experiments did not show any significant 

difference between the protein qualities of the control and 

enzyme-treated milk preparations; however, the animals on the 

residue diets all lost weight. Those which were on enzyme-

treated residue did very poorly. Low digestibility of the enzyme-

treated residue reflected by the restricted protein intake due 

to high fiber content, and the presence of the sub-optimal levels 

of essential amino acids compared to the control residue resulted 

in great loss in weight, bloated appearance and loss of balance at 

the end of the experimental period. The enzyme appears to be non-

toxic. 

The enzyme at its optimal pH and temperature solubilized hy-

drocellulose yielding oligosaccharides with an average degree of 

polymerization of eleven. Also, the enzyme was more capable of 

handling cellobiose through cellohexaose than the higher oligo-

saccharides to form glucose. The wide substrate specificity 

exhibited by the enzyme resulted in extensive degradation of pieces 

of Whatman No. 1 filter paper and certain vegetable foodstuffs. 
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