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SUMMARY

Spoilage and loss (10=15% or more) of coconut material
through microbial and insect action, during the drying of the
kertriel for the production of copra, is @ major problem for the
tropies and, particularly, for the Philipplines, which, with an
annual production of about 10 billiion nuts, is the world's
largest producer of copra., The.present studies have shown that
the rapid unindirectional movement of water, sugar and other
solutes towards the surface is the main cause of spoilage. At
the same time, the kernel has the property of resisting the
penetration of a variety of chemicals, including strong acids,
alkalis, salts etc.s By utilising this property and using
permissible, protective chemicals as surface coats and dip
solutions, it has been possible to ensure control of all forms
of infection and infestation,; both during the drying and
subsequent storages of copna. Pield trials have shown that
incredsed yilelds ranging from 10-20% can be obtained., The
broducers have already taken.to the application and treated
a few million coconuts. :The’treated product is:free from
odour and the oill from it is almost colourless with F.F.A.
of 0.1% even after four months of storage, and transport in
ship's holds. The technique has been extended to the prepa~
ration of qualities sul table for flour and protein and for
edible segments. The possible application to other perishable
matericls has also been indicated.

Coconut is an important food crop of the world, though
it is generally classified and treated as an oil-bearing
material in most of the producing countries. The graceful
palm tree that produces the nut is now being extensively grown
in practically every region where there is good seasonal
rainfall and adequate drainage. Because of its strong root
system and tolerance for salt, it is one of the few economic
crops that can be raised on steep hill slopes and also on
sandy sea shore. The area under the crop is extending so fast,
and the statistics are so inadequate, that most of the figures
for production have turned out to be under—estimates. The
present world's production may be placed at over 100 billion
nuts with fresh kernel weights ranging from over 600 grams to
less than 200 grams each. The Philippines is the largest
single producer, with an annual production of about 10 billion
nuts with an average kernel weight of over 400 g. Indonesia,
India, Malayasia, and other South East Asian countries, Ceylon,
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Kenya, Congo, Cameroons, Nigeria, Carribeans, Central and
equatorial South America, are all large producers of coconuts
besides -tens of thousands of islands that dot the Pacific

and the Indian oceans and for a large number of which it is
the most important economic crop. Over 100 million people
depend on the crop for their livelihood. In the Philippines,
with a population of about 33 millions, the crop prodives
either the .ntire livelihood or a large part of the income

to over 1C million people: in some of the provinces nearly
90-95% of the people are dependent on the return from coconut
for most of their requirements, 1India is one of the few
countries where a large part of the production is used as
human food, 1In most of the others, it is chiefly converted
into a dry product, the copra, which is marketed as a source
of 0il @nd cake. Carefully dried kernel from 'base! or
'medium! mature coconut which is generally used for the
burpose contains, on the average, 63%3-65% of o0il with a free
fatty acid (F.F.A.) content of about Ov1%. The copra of
commerce contains, however, T0-72% and some times even a
higher percentage of solvent extractable matter with a F.F.A.
content ranging from 3-5%-and some times as high as 10%.

The o0il is generally obtained by expelling under high pressure
and the residual cake contains anything from 5-15% 0il,
depending on the efficiency of the pressing. Solvent extrac-
tion is used only to a limited extent, and the resulting cake
contains less than 0.5% of oil and about 24% protein.

In the Philippines, about 95% of the total production
of coconut is converted into copra. Besides the large
internal consumption, chiefly for production of oil, over
1.5 million tons of copra are exported, either as such or
as 0il and cake, thus earning the equivalent of about 350
million U.S. dollars per annum, The return is not, however,
commensurate with the number and potential value of the
coconuts used for the production. At least 10% of the
coconut material is lost, through microbial spoilages during
the production of copra with.a moisture content of 5-6%, while
there is a further loss 5-10% or more, through insect damage,
during storage and transport. If these losses can be avoided
and the penalties levied by the overseas buyers (3-5% or more)
for poor quality of 0oil can be at lcast minimised, the -
Philippines alone can save the equivalent of over 800 million
coconuts, produce sbout 200,000 tonnes more of copra and
earn the equivalent of over 35 millions U.S. dollars more
per.annum from the same numker of cowonuts as are now being
processed. The other copra producing countries, which have
similar problems, can also increase their yield and earning
in a similar manner. :

During the past six decades or more, a large number
of investigators in different parts of the world have thrown
much valuable light on the nature and extent of spoilage and
the various factors and agencies responsible for them. They
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have suggested various methods of minimising the spoilage

and improving the quality; and the most important of these
have been through the design and demonstration of the use of
improved types of driers. While some of the improvements
have found application &t the hands of 2 small section of
enlightened producers, - the great majority of the latter,
including a good secflon of large producersy have continued in
the same old way and have bgen content to accept what they
receive for their low yields.and poor quality. To the food
technologist, the conditions on the ficld are highly dis-

. heartening, with the continued deposition of dust and dirts
bites by flying insecls, cockroaches, lizards; rats etc;
partly eaten by cows, pigs, horses, poultry and oftentimes
even wild enimals at night; and rough handling, with frequent
trampling by the workers themselves. There is g early
possibility by changing these conditions; and if scientific
methods are to succeed, they should do so i the face of 211
types of conditions which promo te and encourage massive
jnfection and infestation.. The object of the present paper
is to deal with some basic findings which have thrown some
fresh light on the problem and to report about thelr practical
application under field conditions. Possible application of
the same principles for the production of new and better
classes of products will also be dealt with.

Moisture conteht of the Coconut Kernel
in relation to_spoilage

Starting with the pioneering contributions of Walker (1906),

Brill, Parker and Yates (19717), a succession of workers have .. .-

drawn attention to the influence of the moisture content on
the noture and extent of spoilage of the coconut material.
They have shown that spoilage can occur at all stages of
drying and even after the equilibrium moisture level of about
54 is reached. As the dried copra in heaps or.in jute bags,
it can reabsorb moisture in humid weather and that will
encourage surface zgrowths of fupgls Our observations have
shown that the spoilage is largely favoured by the unidirect-
jonal movement of water, together with dissolved sugars and
other solutes towards the surface which then becomes the most
vulnerable part of the kernel. It was also observed tha?

the discharge, especially from the freshly opened coconuu,

is continuous and under high pressulc. "If the coconut 18
opened at the eye (the point where the sprout emerges), the
enclosed water drained out and then sealed with a plug, the
pressure is so high that the thi® shell will crack within

a few hours, though it may some times happen within a Icew
minutes. The cracking is generally at the cent;e.. When the
cracked coconut or the segment prepared out of_lt is dried
in the shade, sun or hot smoke (as often practised) the
water is removed at a fairly fast rate until a moisture
content of about 15% is reached,
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TABLE I

‘Loss of moisture from coconut kernel during drying,.

Temperature, 25-28°C, '‘Relative humidity, 75-90%
Initial moisture eontent: 54%

28]

(¢

srcentages of moisture

In the shade,
with cover
against rain

Tapahan (smoke
drying) Temp. of
gases, 150-2002C

Sun-drying
(with heaping
and .cover at
nights)

38 90.0y

Time

In hours Heating in shell for
6 hours on lst day

(moisture, 35%)
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The advantage of smoke drying (which yields a dark coloured
product with deposit of creosote and o ther constituents of

smoke) is primarily in the initial reduction of moisture.
Subsequent drying is slow in all the cases.

~Nature and chronology of infection and infestation

: The agencies involved and the pattern of spoilage

of the coconut kernel during the production of copra are

not very different from those which occur during the compos-
ting of a perishabic material. All the commoner soil organisms
take part in the process and it is only the inherent drying
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capacity of the kernel that saves 1t from complete destruc—
tion by the penetrating fungi. Later, when insegt infestation
feis Th, At 0= Hie predatory habits of certain forms that
keep down the extent of destruction by others. The spoilage
changes, however; never stop and even after the copra is
crushed for oil they continue in the cake unless special
Precautions are taken.

There is extensive literature on the spoilage
organisms associated with copra production. Among the
earlier contributions, special mention should be made of
the work of Ward (1937) and Corbett et al (19%7) who have
made fairly exhaustive stucy, chiefly of the fungi and
the insect fauna associated with the spoilage. The earlier
work and also our observations on the chronology of infection
woul d show that several specles of bacteria and yeasts are
the Tirst to appear ands especially in moist weather, they
discolour and soften the sirface with the accomplanying
production of different acids (chiefly, lactic), They also
start the production of the characteristioc copra odour with
accompanying development of oxidative roncidibys Tais G-
particul arly noticeable in the case of suh-dried copra, but
in the case of tapahan dried copra which starts with a lower
moisture content and a thin coat of creosote and o ther cons—
tituents of the smoke, bacterial action is not so pronounced.
In this case, the fungi start appearing almost within 12 hours
of the bagging of the product and spoilage changes with the
accompaniment of intenmse odour follow rapidly if the product
remains within the bag for 2-3 days - as im often the case -
before it is spread out to dry further in the warechouse.
Though insect eggs are present right from the start and more
are added from dust and the copra bags, which are used repeated N
without cleaning, the aectual mul tiplication of insects is
seen only when the copra is comparatively drys The order
of appearance and activity of different forms of flora and
fauna may be presented as follows:-

Agencies, pattern and chronology in the
spoilage and destruction of coconut material#

Time after ‘ '
opening the Form of 1iife Effects
coconut

12-24 hours I. Bacterial, At 20-50% moisture ‘
(depending prominently : Discolouration, softening
on the Staphylococcus of surface, development of
season) aureus Spe: off-flavor, pro-oxidants
some bacilli leading to rancidity 6f oil.-
and yeasts

contde., . 6.




Time after
opening the
coconut

Hormeof Litfe

Effects

Promlnent
fungi

48-96 hours II.A.flavus-

At later
stage

111,

oryzae
R.nigricans

A.tamarij
A.niger

At a moisture level of-
15-40%, highly penetra-
tlng with development
of copra odour, heat
gases and rancidity,

At a moisture level of
8-12% - also penetrating

with similar effects,

A. Glaucus

Chiefly 'surface growths
~ Pencillia

at less than 8% moisture,

Insects

Attracted by mould copra -
~ makes copra powdery

Carpophilus
dimidiatus
(copra bug)

Necrobia

rufipes De -
Geer Zcopra

beetle)

Also attracted by mouldy
copra and by the presence
of Carpophilus=Voracious
feeder on copra-and
Carpophilus grubs,

Attacks and consumes
surface moulds-does not
attack uninfected materialﬁ\

VII, Ahasverus -
advena
Waltl,

*¥*This tablec does not include bacteria and fungi,
which have already entered the stored coconut through
the "eyes" and through cracks and other physical
damage through rough handling.

The growth of S, aureus is most pronounced duringl
the wet months when it may appear in lesd fHan 12 hrs, It
was examined for us by Dr. Barua, WHO baeteriologist, who ~-
reported that it is of the non-pathogenic type. Among.the
penetrating fungi, A.flavus, R.nigricans and A. famarii
are the most damaging and- they are chiefly responsible
for the development of heat and gases (chiefly Co%) bo th
during the drying of the kernel and the subsequen ware-
housing of the moist copra under poor ventilated conditions.
The surface growing fungl appear only at low 1evels of

Gontd. . -.7




moisture and although they do not cause much loss of weight,
they do nevertheless make the product unattractive and smelly,
Insects are attracted primarily to fungus infected copra on
which they lay eggs and multiply rapidly.

We have.carried out several studies to determine the
actual extent of loss of dry matter through microbial action
in different seasons. It is generally at a minimum during
dry months, but, even then, it is not less than about 10%
between the stage of opening the coconut and the production
of copra (resecada quality) with a moisture content of 5-=6%,
* The maximum loss is during storage in bags or in heaps. During
the wet months, the losses are greater and they =are chiefly
due to the action of penetrating fungi. In the early stages
the losses are chiefly in the form of non-oil fractions., Tater,
there are losses of both oil and non-oil fractions. Earlier
workers in the Philippines and also in &dher countries have
réported the total losses to be as high as 30% or more within
% months of storage. 1In one of our trials, we obtained a
loss of 25% in two months and it was chiefly due to the action
of insects. About a third of this loss is in the form of
powder which is rejected by the buyers. This phenominon is
popularly known as 'shrinkage! as the copra continues to
shrink in size and volume, while losing weight,

Theifollowing table will illustrate the manner of
destruction .of both oil and the non-oil fractions and its
influence on the apparent oil content of copra. -~ =

TABLE  I1X

Influence of loss of oil and non-oil fractions
’ on the oil content of copra. :

Average initial (on moisture free basis): oil, 64%;
non-oil fractions, %6%.

.Composition of final
product as per cend

" Tosses : 0il Non-o0il

©
l_J.
=

Non-oil

5045
2849
2130
2843
2840
2848
3040

e
vipbowvippO o
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It may be seen from the above that even when there -
is loss af coconut material to the extent of 30%, the percen-
Yoie of a1l is ctill et a2 high level of 70%s -Suech 2 copra
may contain about 7% or more of F,F.A. As the result of this,
the producer is the chief loser, because he gets a reduced
weight and a low price for his product. The overseas buyers
do not evaluate the copra in. terms of the apparent oil content,
but levy a penalty when the F.F.A, exceeds 3%, They also pay
a premium when the o0il is light coloured and has a F.F.A. of
less than 3%.

Experiments on surface protection

Our earlier attempts, involving a few hundred trials,
were direoted towards washing the coconut kerael with dilute
solutions of a variety of permissible chemicals with bacte-
riostatic and/or fungistatic action followed by dipping the
kernels into solutions or media that would leave thin protec-
tive coats around the product and thus facilitate its drying
without the entry of fresh infection. The chemilcals, that
were used, included dif ferent mineral acids, alkalis, neutral.
salts, hypochlorite, metabisulfite, benzoic aeid, calcium
propionate, acetic acid, sorbic acid, etc. and excepting in
the case of sorbic and benzoic acids which were tried at 0.1%
they were tried at concentrations up to 3.0%., The protective
coats were in the form of gums, mucilages, waxes, resins,
plastics, protein-formaldehyde complexes etc.

At the concentrations which were tried, most of the
chemicals were not effective for mot~ than 24 hours, while
some were of benefit up to 2 days. The physical coats failed
because of the shrinkage and, often, the eracking of the
kernel during drying.

The exclusive use of chemicals had been tried by a
number of earlier workers. Among these special meaition should
be made of the work of Surridge ?1931) and Blackie (1931)
who recommendcd fumigation with sulfur dioxide and washing
of copra with a variety of chemicals.’ Sulfur-dioxide is
effective in a closed system, but in the case of sun and
tapahan dried produets, the treatment has to be repeated a
number of times; but, even then, the effect is not sustained.
soda ash (5 and 10%) and caustic soda (3-5%) were not effective
in the case of the copra, especially after the infection had
penetrated to some depth. Soda ash, however, proved effective
under other conditions and that would be discussed in = lkater
section of the paper.

Our efforts were next directed towards the use of
calcium hydroxide, which is a cheap and permissible cbemlcal,
primarily as a surface coat. 1t was observed that this
chemical was effective at concentrations of 10% and above
in completely controlling infection at all stages; but the
coating had a tendency to crack and portions to peel off as
the drying advanced. A second application, preferably to the
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kernel 1in shell, was more effective. Dusting of the dry
product with powdered slaked lime had the added benefit of
controlling all insect infestation. It was also found that
the resulting product was a dehydrated coconut, which after
washing and soaking in water, can re-constitute into fresh
coconut, with the flavgur and taste of the original product,
Even after storage for four months the o0il was clear and
colourless, the F.F.A. about 0.,1% and the peroxide value,
nil. Examination of successive batches also showed thaf
there was no penetration of the chemical below a depth of
half a millimeter though the application was repeated, The
dried portion below this layer had the same composition and
properties of the fresh coconut dried in the oven at 1009¢
or in a.current of hot air at 50-60°C., On repeating the
trials at concentrations up to 100% or on prolonged soaking
-0f cut pieces of the kernel in lime water or suspensions of
.1lime, the effect was still found to the same, thus showing
that the chemical had not penetrated into the coconut. These
observations, having suggested the possibility of an unique
property; the experiments were repeated with a variety of
normally penetrating chemicals such as strong acids, alkalig, . -
salts, soluble dyes etc., and in:all® cases the effects were
found to be nearly the same. The following tables will
illustrate the resul'tss- : :

TABLE IV

Effect of‘application of chemicals to kernel surface:
Acid and Alkali

Quantity of . Hydrogen-ion concen-
chemical in mg. tration (pH)

As ap- As found Per- Un- Trea— Treated
plied on wash- cen- tred- ted (surface) —~
to sur-ed sur- ° tage ted (whole)
faee face of- re (con-- After washing
ter P4  tained trel)
hrs.
20.0 148 beb 5.1
115 5, - 5ih A0
mee - e e L
0.86 0. 36 He 8 = O
0,86 DeT2 ea . ByP
25 556 5.8 6.4
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TABLE V

Effect of applicatiqn of ehemicals to kernel surface,
Calcium hydroxide - penetration of chemical with
effect on H-ion concentration.

Whole kerncl - Surface only
(as me. in 100 omsy) (25 ms, 10100 oms,)

Treatment Untreated Treated Untreated Surface ' Surface
(con trol) (after (control) (after  : (without
. ‘ ; washing washing) washing)

8 Galon), . 65157} . 122(5,T5)  176(5.8)  ...(6435) 293(85 00
20% Cce(0H), §4(6.0) 83(6.10) 106(6.10) 244(6.35) 246(6435)
30% Ca(0H), 61(548) 98(6.10) 212(5.75) 344(6.40) 624(6455)

The figures 1n brackets give the H-ion concentration
as determined with a pH meter,

TABLE VI

Penetration of sodium chloride

‘Quantities Concentration in Concen tra-
i nge whole kernel as % tion on
Treatment As app- As pre- Control Treated gurface ash -
lied sent in (un- Cont-  Trea-
kernel treated rol(un- ted
treated)

i

Coated with 15% 7.0 0,49 073 Ou 70 e
solution and

allowed to stand

for 48 hours

Coated with 25%
solution and

al lowed to stand
for 48 hotirs
Dipped in 10%
solution for

5 days




The treated kernels were washed for about 30 seconds in
running water ant then dried before analysis by AOAC me tho dg

The above observations woul d show that the coconut
kernel resists the entry of chemicals and that even strong
and reaetive substances are retained mostly at the surface,
It would logieally follow that if such substances have
protective action against infeetion and infestation, they
can help to control the spoilage without, at the same time
entering the coconut., This action will be analogous to that
of a plaster or poultice to the -body.

-Based on these studies, followed by nesrly 1500
experiments, with various types of treatments under conditions
similar to those on the .field led %o the evolution of the
following procedures which were found to be effective,

Sun-drying - T

‘Coconut Kermel in shell after'removal of
husk) (moisture, 53-55%)

Surface dabbed
with protective chemi cal
and allowed to dry for 24 hours,

Kernel then removed and cut
to pieces

Cut pleces - (moisture 40-45%)
Steeped for 5 mins. in a secand
solution and then dried for
4 days

Partially dried kernel (moisture (1+0-15%)
Stored in warehouse in heaps or
in bags for 2-% weeks.

Copra (moisturc, 5-6%)

Sun—-drying - II

Pieces of fresh kernel (as removed
: from whole coconut with husk)

Sfeeped for 5 mins. in protective
chemical solution

dried for 4 days
Partially dried copra (10-15% moisture)

Stored in warehouse in bags or
heaps for 2-3% weeks

‘Copra (moisture, 5-6%)

Contd....12
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The following were found effectives- Sun-drying I - Coating
or surface with 10% slaked lime followed by dipping of cut
Pleces in %0% soda ash (sodium carbonate, Jbechnical) solution;
or coating of surface with 5% ece'tic aeid followed by dipping
in a mixture of 5% sulfurie acid and 7% acetic acid. Sun-
drying IT - Dipping of eut pieces in 30% soda ash salution;
or dipping in a mixture of 5% sulfuric acid and 10% acetic
acid. Treatment with lime followed by soda ash or soda ash
alone yields a dull coloured product, but the o0il obtained
from it is clear and colourless with F.F, A, of 0.1=0,3 even
after 4 months of storage. There is no infection at any
stage and the dried dopra is also resistant to insect infes-
tation. It .can also withstand rain for short periods without
the risk of its being completely washed away. The acid .
trecated product yields an attractive, white coloured product,
Acetic acid which helps as an effective fungistat volati-
lises away during drying and only the mineral acid is left
behind as final protection against surface growths of fungi,
The 0il from this. type of copra has a.light yellow colour

and the F.F.A, is 0,5-1,0% after 3 months of storage., There
is no infection at any stage, but the dried copra is less
resistant to insects than that obtained with soda agh., It
cannot also stand continued exposure to rain,

As applied to smoke drying (tapahan)

The following procedure has been found to be in keeping with
the traditional practices that are followed over many parts
of the Philippines:-

Tapahan (smoke drying)

Coconut kernel in shell (moisture of
kernel, 53-55%)

Smoke dried in layers for 6-8 hours
Kernel then removed
Cut pieces of kernel (Moisture 30=35%)
' Dried for second time for 6-8 hours
A High moisture copra'(moisture, 15=-20%

Dipped when hot in protective
chemical solution

And spread overnight to dry
Treated copra .
Stored in warehouse for 3%3-4 weeks

B Copra (moisture, 5-6%)

A - classed as coriente or bien coriente.

B - classed as Resecada - the best quality for export.
gontdesels
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The smoke is produced by burning coconut shell alone
or a mixture of shell and husk, Copra coming in Class 4 z
1s often sold at that stage by a large section of the produ-
cers., The buyers levy a heavy penalty (20-25%) for accepting
siteh = produet.

Varlations of the above procedure will be to dip the
kernecl in shell in the proteetive solution and then to
continue with the heating till the moisture content comes
down to about 5%; or to dip the fresh kernel (as cut pieces)
in the solution then'to nile it'up in the drier and then
continue with the heating, with gradual reduction in the
Hse of the fuel, till the final product has =2 moisture
content of about 5%, Both of these are rather hazardous
because there is always the risk of excessive heating, with
over-deposition of smoke and caramelisation, especially in
the bottom layers.

Use of coconut ash extract as a partial substitute for scda ash

In addition to burning shell or shell and husk as fuel for
drying, all surplus quantities are burnt away on the planta-
tions, with the result that large quantities of ash are
produced on each day., Chemical examination of such ash, as
produced in different areas, showed that though they all
contain a high percentage of potassium carbonate which can
be easily extracted by boiling with 3-4 volumes of water.
The highest concen tration of 30-35% is present in coconut
shell ash, while lower cancentrations of 15-20% are present
in mixed ashes. Even without any further concentration, the
first ash extract will correspond to 7-10% of soda ash. By
concentrating in the open pan, a specific gravity of 1250
can be attained after a few hours. This has been found to
be quite efficacious in controlling infection.

In the course of these studies, it was observed that
the concentrated ash extract which was giving a more attrac-
tive product than soda ash contained varying amounts of aluminiur
partly as aluminate and partly as carbora te. This led to
g further cdudy on thc effect of aluminium ohd othgr me tals
particularly on the paring from which some colour 1is extracted
on trcatment with soda ash, '

Effcct of aluminium salts on the extraction of colour from
coconut paring:- Many metals have been found to reagf with
the coconut paring and to render the colour unexprac§able.
The action is very similear to that of a mordant in fixing

a dye. Among the permissible metals, iron salts impart a
dark colour to the paring; Zinc and aluminium sal ts preserve
the original colour. They act best if the kernels are first
allowed to dry for a few hours before dipping in soda ash
solution. Aluminium salts also act in combination w1th‘
soda ash. An effective procedure has been found to be that
of first dissolving aluminium sulfate, which is easily
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available, (1-2 parts) in minimum amount of water and then

to add soda ash gradually till a homogenous mixture is formed,
The use of such a mixture has the advantage that it will °
yield a whiter and a more attractive poduct than that
obtained with soda ash alone.. '

Colour of the @prai- The oil nmillers have found by long
experience that the smoke-~dried copra yields a coloured

o0il which involves the use of extra large quantities of
bleaching earths to remove them to produce a colourless oil
both for edible and industrial uses., They have therefore
learnt to associate a dark shade of copra with a coloured
0il. Our studies showed however that the external appearance
is due to a nhumber of factors, many of which have no effect
an the colour of the oil, :

Effect of different conditions and treatments
on the colour:of debra and the oil

Origin and nature Effect on external Effect on oil

of colonr appearance - -

1) Effect of soda ash Glives a dull None, as it
or any other alkaline 'colour to copra is not soluble
sutstance on the e : in oil
colouring matter of :
the paring -most .
noticeable in the
case of immature
coconuts.

2) Development of a Gives copra a - None, as it
latent colour already gray colour 1s not soluble
Present in:coconut =  which tends to kn-oil
becomes more proncunced become deeper
with alkaline reaction on extended
- OFfcen in the strong especially
beginning and slate without proper
gray to a darkcr ventilation
shade 1n the late
stages.

Effects of tannins Light blue-=black
(polyphenols) present darkening with
in coconut - the  fine

colour is cabtalyzed by -

an cnzyme and the .

Ppresence of traces of

iron which are

unavoidable.
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Effect of interaction
between sugars and
amino-acids present

Yellowish in
the beginning
but turning

in coconut-— (Maillard brown with time
reaction) = catalyzed

by heating or prolonged

storage in a warm

atmosphere.

®) Direct effect of heat Red-brown in
on the sugars of the the early
coconut - noticeable stages - turning
in the case of over- dark
cooked tapahan dried
product. (Carameliza-
-tion).

Deposition of creosote Dark deposit
and other some consti- chiefly at the
tuents - brown to . surtfzec of the
black-variable extent kernel

of deposition.

Mixture of
colours from
white to red-
brown green and
bla ck.

Effect of microbial
growth, insect damage
and insect residues.

None, as it
sl alelr
soluble in
il

Colour par=-
tially eXxX=-
tractable in
0il - mixture
of red and
yellows

Colour partially
extractable in
0il - predo-
minantly yellow
shade with

some red.

Imparts red
and yellow
shade to
the 01l

Tt was observed that a 0.3% solution of sulfur in
dilute alkali or sodium sulfide at a concentration of 0.5%
was effective in preventing the development of the latent

colour present in the kernel. Many reducing

agents were

2l so found to have a similar effect. As there was objection
from the oil millers to the presence of sulfur and as aluminium
salts, at even low concentrations were almost equally effective
the use of the latter was preferred when alkaline solutions

had to be used for the treatment.

Field trials in collaboration with the industry

In association with a leading oilemilling fir
the following were tried:- 1) sun-drying with

m in Manila,
lime (10%)

followed by dipping in alkall (3.0% NeOH); 2) tapahan
drying without any further treatment; and 3) tapahan
followed by dusting with soda ash (1%). Six batches of
1000 coconuts each were treated partly in Alaminos and
partly in Manila. The processed products with a moisture
content ranging from 15-20% were warehoused partly in the
factory and partly at the National Institute of Secience
and Technology. Analyses were carried out at 4 days
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intervals over ga period of 35 days for each batch, At the
end of the period the molsture content ranged from 5-6%; .the
loss .of dry matter fron 1-2%. in the case of (1), which was
practically free fronp infection; 5-7% in- the ocase of £33
which carried a slight infeetion; and 10-12% in the case

(2) which was most heavily infected. The o0il from (1) had
the lightest colour (Red/Yellow in Lovibond units 1/3),
whereas (2) had a colour ratio of 3/20 and (3) a ratio of
246/15, The FeFoh, 0of fhe 011 was jess than 0.3% in the
case of (1), 0.5-0,7% for (3) and 1,0-1,5% for (2. The
manutfacturers were highly appreciative of (1) which yielded
oil-6f adible quality which required practically no refinine
olie bleaching,

Field trials in collaboration with the producers

These were carried out with financial assistance from the
National Science Development Board ang the cooperation of

the producers in the provinces of Cotabato, Lanao del Sur

and Misamis Oriental in Mindanao. Out of the several
POssible treatments, we selected only that with soda ash

as being the most convenient and at the same time the most
effective under field conditions. The treatment was applied
by pPacking- the kernels with and without shell in wire baskets
holding 50-60 kg, each and dipping in a solutiohn ranging in
specific gravity from 1.270 to 1.250 for 5 minutes., In the
case of sun-drying they were spread out on the drying yard
during the day and then heaped at night with @, I, sheet covers.
In the case of tapahan, they were packed into the driers up
to a depth of 3-4 feet before starting the heatings,: The
producers followed their own traditional methods in respect
of removal of the kernel, extent of heating, period of drying,
packing, storage etec. Control trials were also carried out
under identical conditions without any treatment, After
completion of the processing, the copra was stored in bags
for periods ranging from 10-15 days and then weighed before
gales. The following are some of the results:-

TABLE VII

Increase in yield
through treatment
* Method of ' 2
Number removal of Treated Weight As percent-
01 kernel and or of age over

Estate coeonut drying Untreated Copra In kg.untreated

1

= 5 4 2

A

18545 TLuglt! and
: sun-dried Untreated 2659 )

S S do= Treated 321
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Untreated 18356 )
-do- Treated

Dried as split Untreated
coconut for one

night, the

Lugit and sun-

dried

—~do- Treated
Kernel in Untreated
shell and
tapahan
dried

-do- Treated
Lugit and Untreated
tapahan

dried

Treated

ILugit! a method of removing the kernel
with a sharp curved instrument.

The most significant observation was that none agf the
treated products showed any sign of infection., The products
were clezn, attractive and completely free from copra smell,
There was 2lso »igher yield in every case as the result of
the treatment. The untreated products carried infection to
varying extents depending on the local conditions and methods
of processing and storage. The extent of increase in yield
in each case may be regarded as a measure of the loss no rmally
incurred by the producer., The oil from the treated product
was invariably of superior quality and had a F.F.A of 0.1%
as compared with over 1.0% in the case of the untreated
product at the time of sale.

Consequent on the sucnessful application of the treat-
ment the producers themselyes have now taken to the appli ;ation
in the areas where the trials were carried out. Within a
period of about 2 months nearly 2 million coconuts have been
treated by the improved method. The local buyers are how
offering a premium for the treated product. Two. shipments
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have already left for the States and a third one will soon
follow. The premium to be paid for the quality of the oil
will be assessed by overseas buyers.

Even without such incentives, the higher yield alone
has proved to be a major attra~tion to the producer. The
data for the yields of copra and the returns from the sales
as furnished by the producers themselves would show that
by spending P350% on a ton of soda ash for the treatment,
the producer can treat about 60 tons of fresh kernel and
obtain an yield of about 32 tons of resecadsa copra as
compared with the usual yield of 26-28 tons without any
treatment. The price of copra ranges from P500-T700 per ton
depending on scason and market demand. Taking an average
price of P600 per ton, the producer can exXpect a net
additional earning of about P2000 through a small investment
on the purchase of the chemical, There is no caplital expenditure
on buildings or machinery and hence no depreciation or other ’
commisment. As the producers get their payment within a
few days after delivering their copra, they can expect the
return within about a month after starting the treatment,

Use of acid treated product for production of
gil, ‘flour and proteins

The product obtained oy pre-treating the kernels with a
mixturc of dilute acetic and sulfuric acids has beeh made
on a fair scale and uscd for the preparation of oil and
edible flour with a high protein content. About a ton of
the product has already been prepared and processed in
batches of 60 kg. each in the following manner:-

Treated and sun-dried kernel (60 kg at about —
' 6% moisture)

Sliced and pre-pressed
for prrtial removal of oil

i :
ed meal (33 kg O3l (22,5 kgy FoP. ks Oa2%)
Extracted with
solvent hexane and
dried

Pres

v =t a s we ([N i 2~

i !
! !
Desolventised 01l
me 2l (12,2 kg
(19.5 ke; o1l 2% FoFehay 042%)
protein 20-21%)

*¥At the current rate of exchange 1 U.S. dollar
Philippine pesos.
- contds s cnel9
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The total yield of oil is over 60% on the dry weight
and the products obtained by pre-pressing and subsequent .
solvent extraction are almost of the same quality, with the
samc in@E@Eity of colour and F,F.A., which is quite low.
The flo@e ttains a pH of about 4.5 &8s the result of macera=
tion ¢nd distributicon of the residugl acid from the surface,
This has the effect of softening the fibre and the material
breaks up easily on grinding., The yield of fine flour-passing
the 60 mesh sieve is about 80%. The flour contains 18=19%
pIotein =and has a soft feel and toste,  The residite left
after extraction of flour is rather coarse and coloured as
it -contains o foir proporiion-of the €ocunut parine. 15 is
however richer in protein (23-24%) and can be used for either
admixture with other foods or as an animal feed. Studies
on the nutritive val ue of the flour and its various uses are
now in progres. The reaction of the flour being a2t the iso-
eleclric point of the preiein, Ll roacllon has fo be adjus tedg
preferablyy to pll 5,5-6.0 for extraction of fthe protein. The
protein has so far been prepared only on a small scale and
further work osn ghe produetion and use of the isolate are in
progress. . '

Because of its attractive colour, bland flavour and
taste, the possible uses of the flour from the acid treated
product has already attracted the attention of the food
industries in the Philippine and abroad who are interested in
developing various uses for the product. The Philippines
has vast scope for the development of this class of product
which will, not only supplement the available food resources,
but &elso go a long way towards meeting the much needed protein
supplement in the dietary of the people. :

Prepara
segment

tion of dehydrated coconub
s for use as human food

Al though it suffers by familiarity in countries where it

is abundantly available, coconut is nevertheless valued

for its attractive flavour and taste in eountries where it

is either not being grown or where itdis in short ‘supply.

Like many other food products, it is, by itself, an unibalanced __
article of food; but whecn mixed with other food prwducts which
are low in fibre and fat, it makes 2 welcome supplement,
improving the flavour, taste and nutritive value of the food.
The whole coconut in shell has however only a very limited
World market firstly because it can be transported only in

the highly mature condition, when it is very fibrous, and
secondly because it is both heavy and fragile., Desiccated
goconut 1s virtnally = luxury product for most developihng
countries. On the other hand, if the kernel from !base!
mature coconut can be dried by some cheap method in the form
of attractive segments with good keeping quality, the problems
of packing and transport will be greatly simplified, Such
product can be used, either as such, or after re-constitutign
by soaking in water and used in the same way as fresh coconut.
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Our studies were directed primarily towards de termining
(1) the effect of different treatments on the edible quality
of the dried product; (2) the best meansgoe f removing the
pro tective chemical after drying; and (O 'inal processing
before packing. We could carry out only-breliminary studies
on the packing. Among the various treatments, dipping in
a solution of lime (10-15%) followed by dusting of the dried
product with lime powdor yielded a product which, on washing,
had the most accep table t‘;yist(j egnd flavour. Dipplng ina O 5;
me tabisulfite, followed #ithin 24-36 ‘hours, with a second
dipping in 0.1% sorbic acid 2lso yielded an acceptable prodict,
The drying was done on trays which werc placed on racks with
a wire nefthing enclosure permitting of freec flow of air, The
product had to be given a final drying at 40-500C for a few
hours to reduce the moisture toc less than 5%. We found that in
sealed containers the dried product preserves the ddible guality
when inpacked with metabisulfite. the product deteriorates in
quality on prolonged storage in polythene bags. Further research-
1s necded to introduce soma pre—treatment with antioxidants
and edible surface coats to facilk@@ate its storage and marketing
in small lots in polythene at other cheap packs.

: The most significant part of the present contributions
was the finding and the application of a certain property
of coconut which facilitates the use of protective chemicals
to control infection, reduce spoil age and loss, eliminate
the unpl sasant odour zand to lmprove the quality of oil. Similar
broblems exist in respect of a number of oil-bearing materials
and some of them have already attracted extensive attention
and even caused alarm in certain cases. The possible extension
of the same principles and methods to those and to other
perishable materials mey offer scope for further study and
application in many fields.,
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