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INTRODUCTION

During the last ten vears there has bsen ai
increasing interest in growing cocoa as a mixed
crop in coconut and arecanut gavdens. However, of
lata, there has besen a decline in the interest
among the cocoa. growers owing to the sharp £all in
the price of cocoa. The present area under cocoa
in Kerala is estimated to be 25,000 ha and the
anmial production is arcund 3, 300 tonnes. The'
production 1s expected to go up markaedly in the
next few years, when more plantations will attaln

baaring stage.

Cocoa beans deterilorate rapidly in gquality
after removsl f£rom the pods, Prcpar‘preliminary
procegsing, namely fermantation and drying, of
fresh beans is sgsentilal to develop and-retain the
characteristic chocolate flavour. Large scale
planting of the crop was taken up in this country
during the seventies and no seriocus attention was
paid to the processing aspect. Growers arc not

conversant with the preliminary post harvest



tachnology of cocoa bemans. The majority of the
growers sell the wet beané ag such to the cocoa
collection centres established by private £irms,
vhere the preliminary processing is carried out,
which includes fermentation and drying.

Considerable work has been done with
regard to various unit operations involved in the
processing of cocca bheans right £rom harvesting
to precessed products. For the complete processing
of beans, into products like, cocoa powder and
chocolate only few industries such zs Cadbury Fpry
{Indias) Private Ltd., and Kaira District Co-operative
Milk Producerz® Uplons Ltd., (Amul) are in possession
of the neeesgary know-how and equipment, Post
harvest studies are being undertaken at various
centres like C.P.T.R.I,, Hysora and C.P,CeR.I,,
Kagaragod. But these studles too are gencrally

aimed at large scale processing.

Scme informatlon is already availlable on
fermentation and drying. Reasting, shelling,
grinding and removal of cocoa butter are highly

speclalized operations on which only limited



information is avallable, These operations are

now carried out by multinationals and big firms.

Unlike in the othsr cocoa growing countries
most of the cocoa growers in Indla are small
farmers. Thelr average yleld does not exceed more
than 25-50 kg of fresh baans per harvest during
peak ssasons. There 1s a geﬂeral feeling among
the growers that thaey are now belng exploited by
the big manufacturing firms., This feeling is
justifiable, to a large extent, when one considers

the following faet¢s and £igures.

The present'market price of wet cocoa beans
13 Rse¢5.50 a kilogram, Phree kilogramgs of wet
'beans are required to produce one kilogram of dry
beans, that is the cost of wet beans required to
produce 1 kg of dry baéns is Rs.is.éo. The'loss
of welght during various processes involved in the
production of cocoa mass is 17.5 per cent and hence
one kilogram of dry beans producesg 0.825 kilogram
0% cocoa mass. Thg cost of wet beans recquired to

produce 1 kg of cocoa mass works out to Rg.20/=,



Cocoe mass containg cocva CaKe and butter in the
approximate proportion 45t55. The price 0f cocos
powder in the market varies from Rg.100/= a
kilogram to RS.140/= a kilogram. The price of
cocoa putter, wilch has a good export market, is
much higher than that of cocoa powdar. Even if
the price of butter is taken same as that of cocoa
powder, the price of coéoa mass will not be less
than R5,120/= a kilogram, while tha cost of raw
naterial reguired to produce 1 kg of cocoa mass is
only Rs.20/=, There is 3 great disparity between
tae price of raw material and the finished product,
The varlous opersticns invﬁlved in the production
ok coéoé powder are not very expensive when they
are dene on 2 large scsle. This wide disparity in
the prices of the raw materiazl and the finished
product is because there are only very few buyers
for the raw material and 2 large nunber of ssllers.
It 1s a buyecvs' market where the buyers dictate the

price,



Once the know how and the equipment for
small scale processing of cocoa are developed,
small scale entrepreneurs can take up processing
of cocpa, The formentation and drying can be
carried out by the farmers and further processes
of roasting, shell removal and extraction of
butter can be carried out in small scale units
set up at various centres in the state. The
products can be gold to bakers and confectiloners
in the form of raw cocoa powder and butter. This
will incregse the number of buyers in the market
which will in turn create healthy competition in
the market, This will go a long way in helping
the small cocoa growers of Kerala by fetching a
good price for thelr produce., Consumers will also
be benefited as the prices of the finished products

arce likely to come down. .

This project aims at developing a viable
technology and egquipment system suited for small
scale processing of cocoa beans into cocoa powder

and cocoa butter.



[aviow of ﬁtatdng




REVIEW OF LITERATURE

2.1 Botanical Description

~

The cocoa tree belongs to the gemas Tpecbroma.
a group of small trees whose natural home is in the
amazon basin and other evergreen tropical areas of
South and Central america. The centre of origin of
cocoa tree 1s considered to ba in the Upper Amazon.
Thore are over twenty specles in the genus, but only

one, Theobroma Czcac L, is cultivated widely (Wood 1975),

Cocoa, Theobroma €acac L.is one of some twenty
two species that constitute the genus Thepbroma, a
member of the family Sterculiaceas. Only Theobroma
€acao produces the cocoa of commerce, though other
species are sometimes used as adulterapts. The seed of
cocoa 43 non-resting, and hence it cannot be stored
within the pod £for any length of time, If not harvested
at maturity the seed may germinate within the pod.
When taken from the ripe fruit, the seed 1is surrounded
by a mucllaginous pulp which conitains the germination
inhibitor. Cermination can be speeded up by removing
this pulp with the testa which is thin and leathery.
The testa is usually called the, skin oz, when dry, the
shell. -



The tap root of the seedling grows stralght
down into the ground, At a veé& early stage laterg&
rocts arise in‘a collar just below the sgurfacs, and
in the mature tree it is found that most of the
secondary roots have arisen within 15 to 20 éﬁ of the

purfacea.

The seedling grows as an unbranched aingle stem
to a helght of one to twoe metres. A £ull grown tree -
grows to a height of 8 to 10 metres but to facilitate
the gathering of the pods, growth 1s restricted to some
5 to 6 metres. The first leaves are long petiloled and
symmetrical, The petlole has a marked pulvinus or
swelling at each end, which allows the orlentation of
the leaf in relation to light. The leavas on the fan
branchas have shorter petleles and are'slightly
asymmetrical, Lgaves vary in.calour agccording to the

tybe £rom pale green to pink or pink red.

Cocoa is casuliflorous, that is, the flowers and
frults are borne on the old.wood of the trunk and main
branches. The inflorsscence arise in the leaf axil and
iz a compreséed dichasial cyme. After a compatible
pollination the Efruit starés tc develop and normally

reaches maturity in five to six months., The cogoa pod






grows near to the stem and develop into a longish
oval=ghgped ”gourd“, The average size can be anything
from 18 cm to 25 cmfiength and 7 cm to 11 cm in breadth,
-The colour of the outer shell varies and often changes
from green to yellow. Az the pod ripens, the outer
layer of the integument of the seeds within produces

a layer of prismatic cells which have a high content of
sugar and mucilage. At full maturity, these cells break
down and the sced separates easily, each surrounded by
its layer of pulp. The high sugar content of the pulp
is of importance in the fermentation process which the
seeds undergo after harvesting and is essential for the
proper development of chocolate flavour. The average
number of bsans found in the pod varles from 30 to 40,
The number of pods harvested f£from a tree in a year

ranges from 50 to 100. (Nyffeler, 1971),

224 Preliminary processing

2e2.1, ngvesting;
This involves removing the ripe pods from the

tree and opening them to extract the wet beans. Ppds
are removed from the tree by various forms of knives.
The pods can bs opened with a knife or by cracking them

on a gtone or on a strip of wood (Plate 2 and 3),







The process of pod opening is one that would appear
suiltasble for mechanization, but nco simple and effective
machine has been developad., Scme attempts at developing
a pod opening machine have been reported (JFimanez, 1967,
Jabogun, 1965 éna Wocd, 1968), but so ifar they do not
appear to have been successful, which may be due to the
difficulty of separating wet beans f£rom pleces of

broken husk. Though the task of harvesting and pod’
opening are separate, it has been ?ound that a man can
harvest about 1500 pods a day and similarly a man can
open about 1,500 pods a day. When the beans are removed
from the pods they are covered with mucllage or pulp.
The pulp consists of 80 per cant water, 10 to 15 per cent
glucosa and fructosa, upto 0.5 per cant of nonevolatile
acid and some amounts of s?crose, starch, volatile aclds

and salts (Wood, 1975),

2.2+2. Pgrmentation

Fermentation involves kegping a mass of cocoa
beans well insulatéd. so0 that heat generated during the
fermentation is retained at the optimum level, During
this process, alr is allowed to pass throujh the mass,
The progsss lasts upto seven days, and is followed

immedliately by drying. PFermentation means conversion of
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sugars contained in the pulp to alcohol and from

alcohol to mcatic acid., Basic requirements for
gatisfactory fermentation of beans, which should
commence within 24 hours after opening the pods, are
maintenance of heat, drawing off sweatings and provision
for adequate access te air (Chatt, 1953), The heat
produced must be conserved so as to aid the chemicél
changes that are taking place inside the baans, Maln
purpose of fermenyation is t¢ dmvelop good chogolate
£lavour. ﬁgrley {1968) reported that the most important
crieterion for good fermentation is that for at least
three days the temperature Ef the fermentation should
be as close to 50°C and it should never be lass than
45°¢ in this period, The different metheds of
fermentation are heap method, box method, basket method,

tray method and polythene bag method,

Fermentation methods varies widely betwesn the
cocon producing countries in the world. Propar
fermentation depends on the following factorsi-

i. anount of aeration of beans,

2. Provision for drainage of sweatilngs,
3. Temperature control,

4. Mpvement of beans during fermantation,

5. Duration of fermentatlon,



11

2¢2.2.1. Heap faermantation

In this process, the wet beans are placed on
banana leaves on the ground, When the heap ls complaete,
it is covered with more leaves and these are often held
in position by small logs of wood. The heap 1s kept for
six days., turning the beans after the 2ﬂd and the 4ﬁh
days. Generglly, the leaves are kept on strips of weod

above the ground level to draw off gweatings.

2e2:2:20 &2& ﬁementation

Boxes of different sizes, madse of wood, are used
depending u@on the availability of wet beans. The
commonly used boxes are of siges 60 cm x 60 cm x 60 cm
and 120 cm x 120 c¢m x 90 cne On the side of the boxes,

5 ¢o 15 mm holaes at a spacing of 10 to 15 cm are provided
to draw off sweatings and als2o for proper aeration., Tha
size of the box used varies depending on the quantity of
beans to be fermented., In one of the methods developed,
boxes are arranged in tiers either making use of a alope
or railsing initial boxes on a stand. The wet beans are
covered with banana leaves or sacks in order to rektain
the heat. During the course of fermentation the beans
are moved from one box to another to ensure uniform
conditions, It also helps to revitalise the fermentation

as the temperature rilses immediztely after mixing.
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2.2.2,3, -Bgsket formentation

in this method baskets made of bamboo are lined
with banana leaves. Besans are put inside the baskets
and covered again with banana leavas. Ganerally some
weights are kept over this. This will be kept for seven
days and beans are turned on every third and £ifth daf.

2+2.244, Tgay fermentation

*  This 1s relatively a new msthod developed by
Rohan in 1958, Normally, the size of the trays will be
90 em x 60 cm x 13 cm and is made of wood. About 10 to
12 trays are stacked one over the other. The bottom one
18 left empty for proper aeration. Fermentation in trays
has been found to be qulicker than f£ermentation in heaps

or boxes (Wood, 1979).

2.2.2.5., Polythene bag fermentation

In this method beans are kep; in polythene baga
provided with holes and this though suitzble for small -
quantity of beans, does not glve very satisfactory

rasults,

All these methods require substantial quantity of
beans at a time for satisfactory results, Small scale
fermantation is a problem to the majority of cocoa

growers in Kerala, where tha average size of most of the




holdings is well below one hectare. The number of

pods harvested at a time is few to ge for any of the
traditional methods of fermentation. Fermentation of
small batches of cocoa in the range of 5 to 25 kg has
always been difficulte Igvestigations wera ¢apried
out in the Kerala Agricultural University to develop
suitable methods, for small scale fermentation, Threes
ﬁeﬁhbda. ﬁini basket, mindl box and minl trays were
tested. In each of the methods, the quantities of wet
beéna i.5 and 3 kg were compared. The beans were set
for fermentat%on for varying periods, four days for
mini tray methcd and six days for miﬁi box and mini
basket methods (Kumaran, 1980) ., Results revealed
that the mini box and the mini basket methods, which
involve keeping the'beéns fﬁ; slx days and turning
them onece in alternate days, were sultable for propor
fermentation of small quanfities of coco? beans, Among
the contalners; thosé made of wood were better than
basket as far as‘tempgrature retention and proper
geration were concerned. The qualitf of beané wera
Judged by cut test. The acidity values were also found
were satisfactory. Since there is sufficient information
available about fermentation, no further study was

undertaken in this project.
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2u2+3. Drying

The objective of cocoa beans drying is to
dehydrate the beans sufficiently to ensure that they
will not putrify or davelép unpleasant odour Quring the
period of storage. At the end of fermentation the
molisture coﬁtent of beans 1s about 55 per cent and this
mast ba reduced to 6 to 7 per cent for safe storage
(Wood, 1975), The rate of Grying varies greatly
according to the method employed. If drying 1s too
slow there 1s a possibllity that moulds may develop on
the outslde and may penetrate the shell, there 18 &

further danger that off flavours may develcp.

Drving is done in Ehe suon where quantities are
small and climate is sultshle. Artificlal dryers are
employed for large preduction or under adverse conditions, .
Countries whese the main harvest is gathered during dry
seasons, the beans are usually drled in the sum. The
" area reguired fox sun drying is about 2,8 m2 per 50 kg
of dry beans. %The beans are spread to a depth of about
5 cm and are raked with a,woqden palette. Suyn drying
regquires constant attention not only to ensure uniform
drying but alse to put the beans under cover when it

rains. It is found that beans dried at ground level
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leads to contamination by domestic and other animals.
The f£ollowing are the most important factors governing
the artificial drying. '

(a) Difference in temperature between the drying
air and that of the product.
(b) Difference in vapour pressure between the
drying air and that of the product.
(¢} Surface area of the product exposed to drving
alr.
(d) air velocity.
The above conditlons are.basically dependent upon
the temperature and f£low rate 0f drying air( bean dapth,
and agitatlion of beans or a combination of all these

factors,

Studies were conducted to plot cocoa beans drying
curves under different conditions of air flow rate, alr
temperature and thickness of cocoa beans layer to
determine the transfer coefificient for a drying pericd
at constant rate and also the resistance to drying. The
properties of cocoa produced by artificial and solar
drying were compared in regard to pH, volatile acidity
and total acldity of cotyledons, microbizl contents of

the whole beans, bitternsss and aroma of the chocolate.
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Rasults revealed thaloptimal drying condition of air
temperature is 65 to 70°¢ and moderate air f£low of
0.4 to 0,5 m/sec.{Tacquet, et al., 1980) to avoid
caking. Egquioment for small scale drying particularly
suited for Kerale condition is not readily available.

- Attempts are being made at the C.P,C.R.I,Kasaragod to

develop a small dryer for 50 to 100 kg fermented beans,

2e3e Sgeondary Processing

2;3.1. Roasting
" ‘Roasting of cocoa beans, . more correctly termed
a9 treétment of cocorm beans 4in hot air)is one of the most
important operations in the processing of cocoa and the
degree of treatment recuired being adjusted to the degree
of ripeness of the bedns concerned and any other
pre-treatment which they may have undergone (Riedel, 1977},
The true purpose of roasting is not only restricted to
loosening of the shells, but alsoc to develop positive
flavour as well as the removal of excess moisture and

other undesirable volatile matters.

Diffarent styles of roasting can be applied and
they result in different énd effects, some of wyhich are

more applicable to particular varleties of beans than

others. fThe style of roasting should ensure an
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absolutely equal treatment of all the bsans in the .
batch, Riedel, {1974) suggested that the main objecga V
of roasting are (a) colour development (b) aroma and
f£lavour development {¢) modlfication of the atructuéa

of the shell so as to permiﬁ easler subaZQuent sepa?ation
(d) reduction of moisture content (e) solubilisatioﬁ of
cocoa starcﬁ:%g) chemical changes, especially oxjda?ion

off somg ninor constituvents of the beans.

Roasting causes somc degree of loms of cocoa
butter from the nib but this doos not amount to a great
deals A 1088 of 0:2 to 0.5 per cent by welght (dri baais)
has been reported (Riedel, 1978), The loss occurs as a
 Fesult off migration of fat from the nib into the shell.
The hlghe;miemnerature. hhe greater the loss, The loss
of £at can appreciably reduced i1f the beans are well
conled lmmedistely after roasting. Thare 1s, in aﬁy case
an overall loss in waighé%g to 7 per ceat while roasting
due to reduction of molsture content. Risdel (1974) also
stated that the most fawvoured temperature for propar
roasting of cocoa beans for chocolate making lies Qetueun
120% ana 125°%. The optlmum temperature is also éo scne
extent dependent on the actual time allowed for roasting.

The temperature and time have . considerable inﬁluénce on
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solome and flavour. Chemiéal changes_take place in

che nib at a temperatureﬂabout 120°¢ to 135%. To
>htain the £inal qualities of £lavour, beans should
i8nally be roasted at the lowest practical temperature.
the f£ine beans of the criollo type should be given a
Lower -temperature of 110% to 115% +0 prevent loss of
wore delicate flavouring components (Lees et al., 1975).
v low temperature roast ¢an take npto 60 minutes to
zomplete; a medium roast upto 40 minutes and a high
tempefatura roast £rom 15 to 25 minutes: The discharged
omans muist ba rapidly cooled to prevent over roasting
with’attendant discolouration and spoilage of £lavour.
fhere is very little loss of volatile acids from the
npeans during romating. Upto 10 per cent of acetic and
sropicnic acids are however released from the shell
(Dicmer ot al., 1959). They haye also shown that losses
>f carbohydrates and amino acids also oceur ‘during
roasting. Mghr et al, {1957) found this to be 0.2 per
cent of the dry nib welght, while Kieinert {(1957) in
tgasurements made on a8 different bean variety found a
loss of Q.5 per cent, PrOperiy dried anns have a
agdstura conteﬁt of 4 to 6 per cent. During storage

there 1is a gradual pick up of wvater from the atmosphere
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and the moisture content can rise to 10 to 20 per cent.
Weoll stored beans can show a weight loss during roasting
of 4 to 7 per cent, the greatest part is of which

accountable to the removal of moisture.

Tne various possible methods of heating of the

beans are as follows,

(a) Direct or indirect heating

(b} Direct heating by gas

{c) Direct heating by steam pipes

{a) Heating by hot air.

One of the most economic methods of roasting is
ori the Lghmann Roaster. On thig the alr 1s £irst used
for cooling the beans and the beans are then further
heated for roasting.

The Buyhler roaster uses hgatea air which blows
throuéh the beans as they pass down sloping metal plates.

The Nalder & Malder machine iz a steam heated
cascard type of machine,

The Barth Sirocco maching uses only heated air
for roasting,.

A new style of continuous roasting machine has
recently been introduced by Probat - Werka, of Emmerich.
The recasting is produced by hot air which is introduced

in the appropriate quantity and at the appropriate rate
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at sach stdage of the roasting process. Exuel. . control )
over the moisture content can also be exercised with

the help of a special apparatus (Rjiedsl, 1974).

2.3.2 * Kjbbling and Winnow.iﬂg »

The purpoge of winnowing is to separate the shell
and germ and to split the cocoa into its natural segments
{cocoa nibs). Roeasted cocca beans can contain between
10% ‘and 15% ghell depending on the source and about 1%
germ. The preseace of significant amount of shell, in
chocolate will affect both colour and f£lavour and in
additlon reduces the effectiveness of refining, The
separation of shell and germ can ba carried out separately.
or foqether. depending on the choice of commercial plant,
Cocoa beans are f£irst cracked by passing through rollers
or rotating cones. An alr current is then used to blow
away the lighter shell. The velocity of this air sﬁgam
is critical, it should be sufficient to remove the
undesirable shell but not too high to blow off the costly
nlb and must be varled to suit the changing size of cocoa

bean from differing sources,.

Discharged cocoa shell may contain as much as
20 to 25 per cent of cocoa fat. Yields of between 80 to
86 per cent are normally achieved by winnowing. The shell

butter content of commercial shell is variable and



fluctuates according to the amount of £at transferred
from the nibs through roasting and the efficlency of
the winnowing machine in separating nibs from shell.
Cocoa shell butter is a degp yellow solid, and melts to
a dark brown liguid. On account of its high acid value

shell butter is mot accepiable as human fcod,.

Studles were carried on husk content of cocoa
beans (Marshalkin et a2l 1979) in relation to the
fractional composition of cocoa beans and husk content,

The smaller the beans the higher the proportion.

Marshalkin et al (1979) also reported that
canplete separation of nibs and shells are possible
1£ the siza of shell particles sesparated is increased,
The size of shell particles can bz increased by treating
beans prior to cracking , with water to give a shell

molsture content of 13 €0 16 per cent.

2+343, Alkalisation

When béans are used for manufacture of cocoa
powder the cocoa liquor is generally treated with alkall
to improve the colour and to davelop the flavour. |
Alkallsed cocoa is known commercially as "Soluble Cocoa®,

The amount of alkall used for the preparation @s soluble

21



cocoa is ééjusted £o bring gbout partlal rather than
complete ﬁ@tralisation. Sgturated solutilons of sedium

or potassium carbonate or bicarbonates are most generally
used while, ammonia, ammoniumfcarbonate; ragnessium

oxide or garbonate or bi-carkonate 6 mixtures of c¢ertain
of the shove chemicals are favoured by Sdme manufacturers.
alkali may be introduced prior to roasting or at the nib
stage or at choecolate liéuor stage. However, it ls more

ecoancmical to mix it with chocolate liguor.

The original process of alkalisation used tanks,
in which the nib was soaked in warm-.alkall selution unti;
complete penatratlion into the nib was achieved, Both the
quantity of alkall and its concentration in water used
had a profound effect on the colour of the f£inal cocoa.
Alkalisation temperature 9f 80°C to BSOC gave the best
£lavour . The duraticn of alkalilsation was determined
by the time faken for the alﬁali solution to penetrate
the nib. Ip productlion experiments this was found o be
about an hour which was also the adequate time required

for the mixture to reach 8¢°C (Minifie, 1968),

Liquor alkalisation has been widely practissd
particularly In Britéb, but suspensions or solutions of

alkali are used with much less water than with nibk
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alkalisation and az a result sandy -~ boown cocoa are
produced. Nib alkalilsation produces a darker cocoa

‘powder than givén by liquor alkalisation.

2.3.4. Grinding

Yory £ine grinding is essential for subsequent
processing to chocolate; Normally cocoa i1s subjected
to a pree-grinding stage followed by £ine grinding
(Bauermelster, 1978), The particle size of the finished
product has pronounced effect on its suitsbillity as an

ingredient of diffarent food products (Minifie, 1968),

The nibs or meaty part of the beans, remaining
after removal of the husk and thne germ are milled to
liquor by grinding very finely. During this operation
heat is genergﬁed by friction which melts the fat.
Bywaters (1930) points out that great difficulty is
encountered when dealing with low=roasted beans owing
to their tendency to form a pasty mass wnich will not

readily flow,

Normal grinding is by means of either cylinder
rollers of 3 or 4 stages or a ball mill. The ball mill
glvas better over all pesformance as regards to fineness

of grinding and is simple to maintain (Bauermeister, 1978).
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Chatt (1953) roporfted the following,

In stone wmllls, koown as tripple mill, the nibg
are ground between three palrs of grooved stones. The
nib f£alls from the hopper through the centre of the
upper stone of the first pair and passes towards the
outer edgas during grinding. Stone millls possess
cartain advantaées over the roll mills, in that the
licguor delivered has & lower viscosity and consistent
aize of pariicle, but they suffer from the disesdvantage
that continuous wear necessitates frequent re-cutting
of the stones. This objection can be ovaécome by using
ceramically bounded sluminium oxide (aloxide) gteone which

are more durable than the customary burr stonss.

Roll grinding is effected by a serles of hcilow
water cooled stesl rolls of by a combination of steel
and stone rolls coperating at different spoeds., The
nibs are first erushed between the £iuted rolls or in a
dise nmill, Alternately, they may pass through a series
of roughing rolls before reaching the f£inishing rolls for
£iner grinding. The Byhler eight roll mill is in two
sections of four rolls for ceargse grinding, placed akovae
four f£inishing rolls. 7The Lehmann‘eight roll mill is
arranged in £ive-~roll and thres-roll sections. Stollwerck

mill has two fluted crushing rolls, three roughing rolls
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with occassional flutes and three smooth finishing_rolls.
The reduction of nibé to liquor ¢an be performed in a
disc mill, The Baker Pgorkins model consists of éwn seto
of gravity-fed water-cooled discs. Coarse grinding is
done between the upper discs and the liquor passes o
the lower set forbﬁina griﬁding; The developmnent of
li&ﬁbr mills has groatoly increased tﬁe efficlency of
grinding both as regards to finenessg and output. The
early model devéloped in the 1930's had two verticél dize
mills, the £first a breaker, and the second a f£inisher
vhich producéd a fine ground liguor (Mianifile, 1968},
Egch mill had a £ixed and rotating steel disc and ﬁhe
gap between them was adjustable Lo give the required

output and finenass.

Daffey (1976) reported a Bauermelster mill typa
referred as “Beater Blade Miil®"., This gzinding miil isg
guaranteed for 600 hours which is eguilvalent to 600
tonnes mf product, Also 1t has the advanbage of the eass

of accessibility for cleaning and adjustments.

2¢3.%. Extraction of the butter from the Cocoa masg

The only practical way to remove cocoa butter
from cocoa mass is with a bydraulilc press. Cocoa presses
have a long history. Thé very early presses were

probably operated by .a screw pushing a plunger down on a
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cloth bag full of gocoa mass kKept inside a cylinders
Lgter in sbout the mid,lsth century C.J,.Vanhouten
employed principles of hydraulics to get the raguired

plunger pressures (Carcver. gt al.. 1570).

Changes in presses began in the egrly 1520°g

Cocoa presses remained Vertical f£or about 150 years.
They did not changs much until early 1929's when metal
£ilters were developed and patented by Fred.S.Cgrver
(Carver, 1970), Thase metal £ilter plates with their
woven metal screans did away with canvas and felt pads,
whilch were messy, cxpendable and contributed foreign
£ibers to the cocoa cake. Important improvements in
vertlical pressez ware developed and put into use during
that decade by Carver, These included spring closiéng
of the pots (instead of individually screwing them alosed)-
hydraulic cake ejeciicn, multiple pot £illing {instezd of
using buckets and hosges), He 2180 put into usze the self

contained pot presses employing all these features,

In the 1830°g Carver developed the large horizontal
pressure ~ £illed cocoa press and some of ths £irst ones
built are still rTunning on a round the clock basis.

At present there ére four manuiacturars in the world

offering cocoawpregses. Aall the fouwr makers employ the
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horizontal feature, spring closing of the pots, metal
filters, hydraulic ejector of cakes and simultanecus
liguor feed to the pots. Two makers, Carver & Bauermeister
employ pressure £illing to pre £ilter much of the butter
out, using the encrgy of a liguor pump £or this purpose.
This allbws a larger load or charge for a given sige Of
presss It also permits more rapid ram advance in the
initial stages of the hydrauvlic cycle. Some makers axert
as much as 865 kg/bmz. This helps to reach lower

residual cake fat in a given time., However cxcellent
results, have bzen and are being obtained at less than
halg this pressure, One of the plants made a study on the
effect of pressure on the individual cocoa particles and
found a definite flattening effect at 400 ko/cn’,

Horizontal pump-£illied presseé Seems to work best
when liquor 13‘fed at temperature of about 93qc, Some of
the installation go as high as 10406 to 113%%. Holding
the liguor at these‘temperature for a long tlme can affect
the flavour and -perhahs the colour of the £inal powder. |
Welch (1975) has also reported that 1l§uor for pressing
is normzlly heated just prior to pressing £rom Qeqc to
110%, and for fast pressing will -ideally contain 1l«ii/z
par cent molsture, Additicon of water c¢an be done a short

time before pressing for purpose of thickening the:liquor
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and for easler prassing to a lower 10 to 12 per cent

£at contents

van Braderodo (1974) explains an automated system.
in which the roasted nibs are ground and during ths
process temperature develops upto 100%. Fat: in the
nib (55%) melts and the resultaxliquid is pumped into
a battery of horizontal pot presaaes, which are
hydraulically operated at a pressure of 330 kg/&mg. The
press c¢ake thaf is obtalned will have a fat content of
10 to 24 per cent according to pressure and time.
Carver et al.. (1570) describes variocus treatments of
cocoa beans to produce good quality cocoa butter and
recomnends that removal of butter is bast achieved by

using a hydraulic press, i

The ether'methoés of separating cocoa solids and
butter are now rarcly used, because they gffect the

guality of the powder or the butter or oftan both,

Screw presses have been employed on nibs but not -
too successfully. The extreme heat of friction involved
in this process usually burns the cake spoiling its
flavour. Screw presses aré usually used to recover
butter from shells and scrap cocoaa 'éaars agos this

Ooperation wag more popular when cocoa solids were used
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for extraction of theobromine, Much of this type of
butter goes into cosmetice and pharmaceuticals(Carver,

1970) .

Another methcd of £at removal 1s solvent
extractions. Eﬁe powder and butter that iz cbtained by
solvent extraction will contain solvents which may
cause undesirsble flavour changes as in the case of

seroew pressing.

Roselius et al (1975) Germany has suggested
a method for extraction by use of Co, under specific
conditions for the production of cocoa butter from
cocoa nibs or cocom mass. in principle, it is
inmaterial whether or not the cocoa nibs are roasted
or whether or not the materlal has been alkalized,
The methed is based on the observation that various
food acceptable gases which are super critical In respect
to praessure and temperaturs constitute excellent
solvents f£for cocoa fat, The cocoa fat can be thereafter

separated f£rom the solution,

Centrifugal type of separatlon of liguid from
cocoa mass is rarely used., Very little llterature is

avallable on the use of centrifuges.
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The pghysical characteristics of Cocoa powder

are as followss- (Fincke's, H. 1963) .
1,  Bulk welghts-

Natural process cocoa powders f£rom 350 g/l

with 10 per cent fat to 450 ¢/1 with 22 per cent fat.

alkalized cocoa powders from 400 g/l with
10 par ceat fat o 500 g/l with 22 per cent fat. ,

2, Denaltyt-

Pat-free 4dry cocoa particles=l.4Ss
Cocoa powder with 10 percent fat = 240
Cocoa powder with 22 per cent fat = 1,35

3. Specliic Heats-

Cocoa pouwder with 10 per cent £at 2 0.41 cal/g

Cocoa powder with 22 per cent fat s 0.42 cal/g
4o  Ignition temparaturese

Spontaneous combusion hazard arises at approx.
165 deg., C Dust explosion hagard arises at approx.40

grams ©f cocoa powder per cublc metre of air.

The physical characteristics ©0f Cocoa butterl'
are as followsi- (Kaufmann, 21958)
i, Specific heat{liquid) - 0.5 cal/g deg.C.
2¢ Melting heats Average melting heat of the crystalline
form 36 cal/a.



3. Hgat transfer coefficient s At B0 deg.C
the heat ¢gransfer coeffiicient botween stainless
steel and cocoa butter, whilst being stirred, amounts

to 370 K cal/aeg.C/mz/h.

A glossory of terms used in Cocoa industry

is given in Appendix I
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MATERIALS AND METHODS

3.1. Gbjectives

The overZall objective of this project is to
select or design various items of equipment which
ave required for small scale processing of cocoa

baans into cocoa powder and cocoa butter.

The specific objectives ares-
(1) 7o study the existing technology of
processing of cocoa and to select sultable methods

for procassing of cocoa beans on a small scale.

(2) T0 1dentify a set of unit operations to
be performed for production of cocoa powder and

butter.

(3) To assgess the performance of the selected
or newly evolved machines in relation to the quality

0f the products obtained,

{4) To standardise the conditions and

equipment for the above oparations,

The unit operations to be performed in the
processing of cocoa bsans are fermentation, drying,

roasting, kibbling and winnowing, grinding and



extractiocn of butter from the ground cocoa. Though
studies were conducted on most of the above unit
operations, more emphasis was given to the extraction

of buttes in this projesct.

3.2, Preliminary processing
3,2.1, Fermentation

From the literature reviewed, it was seen that
mini~box method cof fermentation was more suitable than
the other methods. for fermenting small quantities of
beans., Therefore the box method fermentation was
selecteds The fermentation boxes were made of wood.
The capacities of the boxes were 2 kg, 5 kg and 11 kg
(Blate 4), The beans werc kept for fermentation for
144 hours. The teﬁparatu;e variations were noted at

9am and Spm throughout the fermentation period.

3+2+2, PEydng
A dryer for drying small guantities of beans

was fiabricated (Fig.I),& (Plate 35). The dryer mainly
consisted of a wovden box with shutters, of internal
éimensions 60 cem X 60 cm ® 90 cm, with three wooden
racks, placed one over thé other at a spacing of 15 cm

between them. The wooden racks were f£itted with wire



FIG: |- BULB HEATED DRYER:
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mesh at the bottom, Six electric bulbs fitted at tho
bottom of the dryer were used for heating the alir,’
anéilations wefe provrided gt the bottom on the 31§ea
and the back of the dryer for entry of air, There was
provision for escape of heated air at the top, |

Initially 6 numbers of 60 watts bhulbs were used

~ for determining the average inside temperature without
loading the material. The quantity of aif £flow was
contzolled by adjusting the openings of the ventilators.
The steady state temperature of 55% was reached a#ter
242 héufs.; But thils tempsrature was- not suﬁfieienﬁ to
dry thae bsans, when the dryer was fully loesded with
bgans, Therefore six bulbs of 100 watts each were used
for obtaining higher temperature. In this case, a%out
70°%¢ steady state‘temperatuse githlsufftciént air fiaw
was reached at no load c¢ondition aﬁier 2Y2 hours.

This was sufficient for drying the beans. About 3@ kg
of fermented beans were used for drying. Each:trag

was 1oaaed-wi£h 10 kg of wet beans. Eéans were agitated
at one hour interval and the trays wera interchanged
after every two hours, For the f;rst 20 hours fhe:
average temperature was 4598 and £xom the second dé}

onwards the tempersture rose upto 50°C under loaded



condition., The beans were dried to the reguired
extent after 36 hours of drying.

3e30 Secondary processing

3.3.1, Roasting

The roasting of the beans was carried out in
an open pan, heated by an electric heater (Plate 8).
© Thea temparatﬁre of roasting was maintalned at 115001
Tha time taken for roasting was 40 - 30 minutes,

A roagter as shown in Plate 7 was Labricated.
This cohaistea of a cylindrical drum of diaméter.
200 mm and length 350 mm made of mild steel sheet,
Both ends of the drum were closad zand a door with a
hinged' shutter was providea at one end for feeding
the bheans. The drum was supported on a central shaft
which was mounted on a suitable frame. Four number
of qurved blades of 50 mm width and 350 mm length,
pade of mild - steel sheaet, were f£itted insida the
drum longitudinally to function as agitatprs.,when"
the drum was rstateé; The roaster was.fésted by
keeping an ordinary heater @eneath it. The
performance was sﬁtigfactory. A curved electr}cal

heating unit, which would follew the curve of the
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eylinder, might further improva the efficiency of the

system.

3.3.2+ Kibbling and Winnowing

The roasted beans were craked or Kibbled and
shells and germs were removed manually. As the shells
and germs were removed manually, very clean nibs:were
obtained, Howaver this operation consumed a lot of
human labour —-one womanwds required to clean 5 kg of
roasted beans. No attempt was made to mechanlzea this

operation during this prcdect.
3.3.3. Alkallsation

To improve the qﬁality of the cocoa liquor,
the beans were tréated with alkali., The alkali used
was potassium-bi-cﬁrbcnate and the ééncentration of
the alkall in the solution was.maintained at 0.1%.
The beans were soazked in the solution and the solutien
was heated to 85°C. The beans wera.kapt in the

solution at that temperature for one hour.

another method tried was neutralisation of the
acid by soaking the besns in water for 24 hours. The

results obtained were somelwhat satisfactory.
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3.3.4. Grinding

An ordinary wet grinder ¢f 2 litre capacity
was used for grinding the nib (Piate 8), The

material was ground for one and a half hours.

3.3.5. Extraction of butter

The separation of the cocoa butter f£rom the
ground cocoa mass is achieved in the conventional
methods by using screw preases, horizontal presses,
‘vertical presses and by solvant extraction., These
methods are sultgble only for processing large
guantlties of beans. Equipment suitable for

extfaction Oof butter on a2 small scale is not availlablo.

The main objective of the present study was to
develop e system for separating cocoa butter £rom
ground cocoa mass by mechanical process and further
to pulverise the cocoa cake into cocoa powder. The
basic technique used in this process was to subject
the cocoa mass to a high pressure for separation of
cocoa butter. The pressure requirement for the
extraction varied £rom 10 - 800 kg/cm? depanding upcn
the quantity of butter to be extracted,






A 4.2 cm dismeter pipe with one end closed was
used to fabricate a cylinder. A mild steel rod of
5 cm diameter was machined to make a sultable piston.
32 numbers of 2 mm holes were drilled on the bottom
plate of the caylinder. 2 emall guantity cof cocos
mass wrapped in cloth bag was kept inside the cylinder.
Lpad was apolied at the top of piston, using a 1¥2 ton
bullepress, An vellowish liquid came out through the
bottor of the cylinder and the solid matter was left
inside the cotton bag. The quantity of butter extracted
waa less than 10 per cent, This gave an indication
that much highesr pressure was required to extract more

buttere

An automobille wat liner made of cast iron with
internal diameter 81 mm, length 200 mm and thickness
9 mm was used to fabrilcate an extraction unit for
testing under . high pressure {(Fig.2). A 7 mm plate made
of mild steel, with 20 numbers of 3 mm holes, waa used
ag f£ilter (Pig.3), A sultable adapter was made to seat
the £ilter at the bottom of the cylinder. A round
sclid shafit of 85 mm diameter was used to make a piston

of 80 mm diameter (Fig.4) & {(Plate 9),
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A frame was fabricated with a stand at the
bottom and a strong cross member at the top. The
frame was made with 6 mm thick box and channel
sections g0 as to make it very strong {Fig.3), The
cylinder was placed on the bottom stand., Cocoa mass
wrapped in £ilter cloth bag was placed insids the
cylinder. The piston was placed inside the cylinder
over tha cocoa masse On the top of the pilston a three
ton hydraulic jack was placeds. In thisz condition the
cross member on the top of the frame was bar§ly
touching the top of the jack. When the jack‘was
operated, the stem of the jack moved up. The upward
movement of the jack was stopped by the cross membor.
On further operating the jack, as it could not go up,
it pressed. the plston which 4in turn pressed the cocea
mass placed inside the c¢ylinder, Ag the pressuce
increased the butter was forced cut of the cocoa mass
which was collected in a container placed below the
stand. A pregsure of about 60 kg/cmz could be applied
using this jack, With this system about 25 per cent

of the butter could bé exXtracted at amblent temperatures

The main defect noticed in the working of this

system was that substantial quantity of butter came out



FiG:5- PRESSING FRAME:
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through the interspace between the cylinder and piston.
The butter spilled over the sides and oozed cut in all
directlions making the collection of butter very
difficult, To prevent the leakage of butter through
the interspace, a tight fitting leather washer was used
at the bottom of the piston. This, to a large extent,
pravented the leakage of the butter. But another
sarious drawback was noticed. The removal of the
butter £rom the cocoa mass was not uniform, Very little
butter was removed from the top half of thg cylinder
eventhough, considerable quanfity of  butter was removed
from the lower half. During the press;ng operation,
the butter that en#ered into the interspace between
piston and cylindér provided an ai¥ geal which prevented
the entry of alr f£rom outside intokthe eylinder, This
made the remQVal of piston from the cylinder very
difficult because of the vacoum effect it produced.

To overcoms this diffilculty various modifications were
tried, but none of them were successful and they were
discarded. All these trials however indicated that for
uﬁiform extraction of butter froﬁ cocoa mass, there
should be some provision on the sides of the eylinder

for the butter to £low out.
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With this in view, another wet liner of thei
aame dimensions was taken and 12 numbers of
longitudinal slots of 10 mm width and 2 mn depth were .
made around tﬁa outside pheriphsry, 2 mm dianeter .
holes'aﬁ a apgeiﬂg~of 10 mm were drilled on the centre
1ine of the slots, A@_the!bottom, a ring slog aroéng
thg pheriphery was made to collect the butter 6oziqg
out thﬁough the holes in the fe&tangular slots (Fig.6) &
{(P1ate 10), Four slanting holes were provided to |
convey the butter collected In tha ring slot to the
bottom of the cylinder from where the butter would flou
into the collecting device p:ovided at the bottom oﬁ
the cylinder, '

The colleceing device was made with 12 mm thick
mild steel plate and was made of a slightly larger
Aiameter than the. cylinder bcttom. It was providea with
a hole in the canere and a eloping top surface towarda
the hole, any butper that Bpilled over the coilecting
ring .was also collected in the collecting device. ?oﬁ:
slots were provided on the surface of the device, Which

conveyed the spilled butter to the centra (Fig.7). '

There was an increasajin the percentage of butter

removed, and the loss of butter was substantially feﬁuced



47

IR AT AST AR RETRNRNRY

S R B A NSRS RNRN

NN

wn
T -
@]
3
w
E
E
Q

smm HOLES

2mm HOLES

SECTION AA-

FIG:@ BUTTER EXTRACTION UNIT-






48

4mmWIDTH &
I8mm LENGTH SILOTS-

113mm
N 104mm h-{ 7 ; {_{_
e gz T oo oEI ]
% - oo
——’-l I4mm|'4—
F’* : 140mm oot f
55 mm

FIG:7- COLLECTING DEVICE



43

when collecting device was used. The plston could
also be taken out without difficul@yfrcm the c¢ylinder
because the side holes asllowed free entry of z2ir from

atmosphere.

Temperature of the cocom mass has a pronounced
effect on the quantity of butiér removed at a particular
pressure, and the range of optimum temperature lies
between 40°Q - 70%. To maintain the temperature during
the experiment a 3uitable water jacket was fabrieated

with nild steel sheet (Fig.8).

The overall performance of the egquipment fabricated
was satlisfactory and tests ware conducted to determine
the optimum temperature and presaure for various levels
of extraction of butter. The temperatures tested were
35%, 40%, 30%, 60°C and 70°C ana the loads tested
were 2.5 tommes, 5 tonnes, 7.5 tonnes, 10 tonnes and
12,5 tonnes, The avea off the piston used was 50,26 cm2
making the loads sguivalent to 49,74 kg/bmz. 99.47 kg/bmzp
149.20 kg/cmz. 199,94 kg/bm?, 248,67 kg/bm2 ré;pectively.
A hydraullc press with a lead guage attached to it waa

used to apply tho load,

The ground cocoa beans, the cylinder and the

£ilter cloth bag were kept in an oven and temperature was
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malantained at 35%. Aftar 15 minutes when the material
kept inside the oven attained steady state temperature
of 3500. the cylinder was taken out and placed over the
bottom stand. Water jacket was put around the cylinder
with arrangements £or hot water circulatlon and the
temperature of the circulating water was malntalned at
the same temperature as that of the material, 250 ¢m
of cocoa mass was taken and put inside the filter cloth
bage This was kept inside the cylinder. A load of

2+,5 tonnes was applied to the mass by operating the
hydraulic press {(Plate 11), As the.butter was forced
out, the pressure dropped. The hydraulie press was
operated to majintain the steady state load of 2.5 tonnes,
Initially the pressure droppad at a faster rate. Ag
more and more butter was expelled the rate of pressure
drop became slowers Finally after about 20 minutes,
there was no further reduction in pressure., This gave
an indication that under the givén state of temperature
aﬁd pressure no further expulsion of butter could take

places The butter obtained was weighed separately.

For the second test, the load was increased to
5 tonnes and thils was maintained through out the test.
When the load attained a constant reading for fivé
minutes, the butter cbtalned was welgheds. The

experiment was repeated for 7.5, 10 and.iz,s tonnes,






The temparature of the oven was raised to 40°c,
The cocoa mass, cylinder and £ilter cloth bag were
also kept inside the oven till they attained the
same temperature. The experiment was repeated for
different loads viz. 2.5, 5, 7.5, 10 and 12 tonnes.
similar tests were conducted at temperature of 50°c,-

60° ana 70°c.

The cocoa ¢cake and butter obtained were used
for making drinking chocolate and milk chocolate.
The standard recipes given in text books were followad

for the preparation ©of the above products.

A typlcal design for the cylinder and f£iiter
plate of the butter extraction unit is given in
Appendix IXI. Thin cylinder theory has been used for
the design of the c¢ylinder, beam theory has been
adopted for £ilter plate design. |
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RESULTS AND DISCUSSION

4.1« Exeiiminary processing

During the conduct of this project the f£ollowing

rasultawere obtained at each stage of operation.

441.1. Termentation

The results of the experiments conducted on
fermentation using mini-box method are given in Tpble
Hoe (1) .

The mean wéight loss during the fermentation was
30.3% per cents The quality of the beans atfter
Ee&mentation was judged by cut test and it was
satigfactory. 7

The temperature varlaéions noted at 9 am and S pm
during the fermentation perlod are given in Table (2).
A graph showing the temperature variations 1s'given in
Fig.(9) ., The mean maximm temperature attained during

Larmentation was QGOC.

The results showed that the pattern of the
temperature curve agreed well with the curves given in
the standard published data, even though the maximum
temperalure attalned in the experiment was lower than

that given in the published data which was around 50°%.
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Table No. 1. Height loss during fermentation

Walght of wet Weight of fermen~ Welght loss

beans (kg) ted beans (xg). An %
11 7.7 30,00
11 Ted 31.18
5 3.5 30.00

Average 30.39
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Table Ho.2. Temperature variations during
fermentation :

{Temperature °C)

Time (hra)

Box (1) Box (2) Box (3) Average
0 30 30 30 30
16 30 30 30 30
24 33 30 31 31,33
&0 37 34 33 35,33
48 30 34 34 35.33
64 45 45 40 43,33
72 47 43 42 44.33
B8 40 40 38 39.33
96 38 40 39 39,00
112 42 43 42 42,33
120 45 47 46 46,00
136 43 44 4¢ 43,63
144 44 44 45 44,33

2ox Mol - CagaCLt Ye 2 kg .
Bax NO . 05}?&(:11;_?0 5 kg » b
Box Noa 3 - Ca}?ﬂCitYJ i1 kg;

The temperatures given agalnst each box in the
table are moan values of three sets of experimonts,
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Thig could be dum to the smaller sige of the boxesa for
formentation, The lower temperature achleved in the
mini-box method of fermentation apparently did not have

aby‘adverse-effect on the gquality of the beana.

4:1424 m
The tempeorature attained, when 6 bulbs of 60 watts

edch were used, was 30°C after 2Y2 hours of heating.
When the dryer was tested after loading with fermented
beans, the temperature cama down to about 40°c, It was
observed that this tomperature was not sufflcient to dry
the beans, Aafter replacing the 60 watts bulbs wyith 100
watts bulbs, the no ioad tcmperatﬁre of the dryer rose
to 70°%C after 2¥2 hours, This temperature was sufficient
to dry the beans to the desired molsture content in 36
hours, A table ghowing the weight losses durlng drying
are given in Table No.(3), A moisture loss of 52,54

par cent was observed during drying and the moisture

content of the dried beans was aboui 10-12 per cent.

The capacity of the dryer was 30 kg of fermented
beang. This dryer could be used for drying during rainy
season to produce about 15 kg of dry beans ?er‘loaaing.
4024 Secondary processing |
4.2.1. Roasting

The roasting wae carried out in an open pan and
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Table No.3. Moiature loss during drying

Halght of EZrmen« Weight of dried Molisture

ted beans (kg.) beans (kg) loss in %
ii 7,05 53.00
i9 2,00 52.64
30 14,40 52,00

Sttty ——

Average 52.54

Tgble Noo,4. Mpisture loss during roasting

Weldght of dried Welght of beans Mplsture

beans (kg) after roasting 1loss in %
(xg)
1.000 0.952 4,80
1.000 0.948 5.40
1,000 6,540 6.00

Average 540
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and the welght loss noted during roasting is given in
Tgble No.(4), A welght loss of 4 to 6 per cent was

noticad during this process,

- Tpe cylindrical roaster fabricated when tested
with an ordinary electric heater, as the heating unit,
gave satliszfactory results. The agitators provided inside
the cylindrical drum gave good agitation to the beans,
when the drum was rotated, as evidenced by the uniform
roasting of the baans. A curved heating unit is likely

to improve the heating efficlency of the system.
‘ i .

4.2.2. Kibbling and Winnowing

Zhells and gernus were removed manually. Aslit ‘

was done manually, very clegn niks were cobtained, but

it was a labour consuming céaraﬁion. One woman could
only clean 5 kg of roasted beans in a day. A welght
loss ©f 12 to 15 per cenit was noted during this pfocesav
Ona draw back noticed during this operation was that
complete removal of the germs from the nibs vas not
possible. If a simple, cheap and efficient equipment
could be devised to mechanise kibbling and winnowing, it

would conslderably reduce the cost of this operation.’

4.2,3. Aljkalisation

The beans that werae alkalised with potassium
/

bi-carbonate were used to make drinking éhocolate.

/
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Dyrinking chocolate was also made with beans that waré
treated with-water, for neutralisation of gcids. Out
of these, driﬁking choeolake made wilth alkallsed bsans
tasted better, did not have any sour or bitter taste
end wvas comparable with the standard produqts. Howevér,
the drinking chocolate made with water treated beans,
tasted better than tﬁe drinking chocolate made with

untrezted beang,

4244, Spinding

The particle size of the material ground in the
wet grinder was not ovf the desired finoness., Further
improvements in this operatitn are desirable to 1mprove'

the guality of the final preduct,

do2e5Hs Butraction of butter

The quantities of buther that could be extracted
with the equipment, that was desioned and developed as
a part of this project, at various pragssuras and
temperatures are given in Table Noe(5), These values

are plotted in Flg.io .,

From the results i{ was seen that tha temperature
" had a pronounced effect on the guantity of butter that

could be extracted at various pressures. For auample,
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Table 5(a) Quantity of butter extracted at a conshtant .
temparature of 35°c at various pressures

Waight Ecuivalent Quantity Average
Sl. of ggafied pressure of weight i?rgigzzga
No. cocoa (Toones) (Kg/cm?) butter  of butter o= Jo7CC0
mass(q) removed ) removed {g)
1 250 245 49,73 62,17 59.84 23.94
57.50
2 " 5.0 99.47 ;i';: 76.63 30.73
82,17 |
3 n . 705 149.20 85 50 83.84 33.54
B89.15 :
103.17

" 103,09 431,23
5 12.5 | 248,67 £63.00




Table 5(b) Quantity of butter axtracted at a constant
temperature of 40°c at variocus pressures

sl, Welght Load Equivalent Quantity Average Percentage
No. oOf cocoa applied pressure of weight of butter .
masa{g) (Tonnes) (Kg /cmz, butter of butter extracted
removed(qg) removed(qg)
§3.90 64.70 25.8
i 250 245 40.78% 65.50 . .
84.40
o _ 81.50 32.6
? 50 99.47 78.50
' 23.290
5 * 91.45 . 36.58
3 7.5 149.20 89.00
' - 104.60
" : * 101.25 40,50
4 19 158,94 ' 97.90
S " 12.5 248.67 . 106,00 106.00 42,40

106,00




Table 5{(¢) Quantity of butter extracted at a constant
temperature of 50°c at various pressures

Sl. Welght Load Equivalent Quantity 2:ir§%° Percentage
No. of cocoa applied preasure of butter of gutter of buttar
mass(g) {Tonnes) (Kg/bmz) removed (g) removed(g) ctracted
- - 66.00 '
1 250 2.5 49.74 68.25 67.13 26.85
86.00
" ) 84:46 33 078
2 5.0 99.47 82.91
o 03,37 37.35
3 75 149.20 93.75
101.80 -
o 102.65 41.06
4 10 198.94 103.50
106.00
5 " 12.5 248,67 107.50 - 43.00

102.00




Table 5{4)

Quantity of butter extracted at a constant
temperature of 60°¢ at various pressures

248,67

110.00

g1 Weight Load Equivalent Quantity Average Percentage
No. of cocoa applied pressure off butter welght of butter
*  mass(qg) (Tonnes) (Kg/cmz) removed(g) of butter extracted
removed {g)
71.00
) - - 73,00 - 29,20
i 250 2.5 49.74 . 75.00
87.50 :
P ' ¢ 88,30 35,.32
2 5.0 99.47 89.10
95,00
.3 " 95.50 38.60
103.80
n 104049 41 .76
4 10 198,94 105.00
108.00
5 - 12.5 109.00 43460




Table 5 (e) fuantity of butter extracted at a constant

temperature of 76°¢ at various pressurag

51 Waelght Load Egquivalenk Quantity Average Percentage
No. * of cocoa applied pressure of butter welght of butter
* " mass(g) (Tfonnes) (Kg/bm?) removad{g) of butter extracted
removed (q)
74450
* 73.50 29.40
b 250 245 49,74 72.50
91,50
* 90.35 36.14
2 o 5.0 93,47 89.20 ‘
102,50
ke 106.32 40,13
3 " 7.5 149,20 98,15
4 . ' 10 198.94 108.50 107.00 43,12
107.10
111.00
- 112.00 44 .80
5 i 12.5 248.67 113.00
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Table 5(£) Quantity of butter extracted at wvarious
temperature and pressure

P”°33“§° 49.74 99.47 149.20 198.28  248.67

- {kg/cm”) .

Tenper-

ature(°c)
35 23.94 30,73 . 33.54 35.73 41.23
40 25,80 32.60 36,58 40.50 42.40
50 26.85 33.78 37.35 41,06 43.00
60 29,20  35.32 . 38.60 41.76 43.60
70 29,40 36.14  40.13 43.12 44,80

L9



the butter that could be extracted at a pressure of
49i7£-kg/bm?. at ambient temperature (35°C) was only
23.94 per cent, whille at GOOC, it was 29.2 per cant.

The normel fat content of cocod mass is around
5% per cent. The quantity of butter to be left in the
cocoa mass 1is AQetermined by the end product requireat'
High fat cocca powder (bréék fagt cocoa) containg
about 20 per cent butter and in low fat cocoa it is
about 10 per cent, From the results 1t wag seen that
at-70°c and 248,67 kg/bmg pressura, the butter that
could be extracted was 44.8 per cent. leaving about
10 per cent in the cocoa powder, Under the 6rdinafy
circumstances, the maximum quan;ity of butter that 1a
extracted f£rom cocoa mgss is 45 pér cent and as this
level was achieved at 70°C and at 248.67 kg/cmz pressure
extraction at higher tamperatures and preasures was not
tried.

The equipment developed for extraction of bﬁtter
using the pressure developed Ly a 12 ton hydraulic jack;
would not cost more than‘Rg,l.loofﬁ. This has a capacity
-to proceés about 15 kg of cocoa mass per daye. Small scale
proceesing units could profibtably use such an eguipment

for production of ecocoa butter and cocca. powder Piate (12).
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Drinking chocolate and milk chocolate were made
following the standard recipes given in text books,
They were palatable and somewhat comparable with the

_producta manufactured by raputed f£irms,

4¢3, Economic anelysis .

The cost of processing of 1 kg of cocoa powder
and butter, using the different equipment suggested for
small scale processing of cocoa, 18 worked out and given
in sppendix (IX), The cost of production ccmes to
R8.10,.29 per kg of cocoa powdar and butter excluding the
cost of raw material. The ccst of raw material (cocoa
beans) regulred to produce 1 kg of butter and powder

is RS.20/= .

The technology of £at removal, which was one of
the main stumbling biocks in the processing of small
gquantitles of beans, could be standardised.
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SUMMARY

Cocoa is cultlvated as a mixed c¢rop in coconut
and arecenut gardens. Large-scale planting of the crop
was taken up in this state during the seventies and no
merlous attention was paid to the processing aspect,
The production of cocoa beans is expected to go up
markedly in the next few years when more plantations

willl attain bearing stage.

At . present the culti§ators sell the cocoa bsans
as such to the cocoa collection centre where the
preliminary processing of fermentation and drying are
carried out. The secondary processing namely roasting,
kibbling and winnowing, alkalisation, grinding and
extraction of butter are undertaken by the big

manufacturing £irms.

There are only few such £irms in the country and

70

they have @ monopoly in the cocoa préducktse The important

cocea products are cocos powder, cocoa butter, milk
chocolate and drinking chocolate. At present there are
no small scale processing units taking up secondary

of
processing cocoa in the state. The maln impediment for

starting such units 15 the lack of know-hcw and equipment

for small scale processing.



The primary alm of this project was to evolve
a viable techneclogy and equipment system f£or small scale
processing of cocga beans into cogoa powder and cocoa
butter. Though studigs were conducted on most 6f tha
unit operations required for the production of cocoa
powder and butter, more emphasis was given for .the
development of an extraction unit for the separation of

butter.,

The mini-box method. ¢f fermentation, developed
earlier in the Kerala Agricultural University, was
sslected for fefmenting small cuantities of beans. The
results obtalned were satlsfactory. A weight lossg of

30.39 per cent was cbserved durling fermentation,

A bulb heated dryer.was fabricated and tested.
The capasity of the dryer was 30 kg of fermented beans.
Beans could be drled, to the desired molsture content in
36 houraz. Ths loss of welght due to Arying was 52,54

ROE cente.

Beans were roasted in an open pan. Aan ordinary
electric heater was used for heating. There was a
reduction of 4 to 6 per cent in moisture content of the
beans during roasting. A rotating drum type roaster with

provision for agitation during roasting was fabricataed
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and tested., Uniform roasting of beans could be achleved

with this roaster.

Kibbling and winnowing were done manually and was
a labour consuming operation. A welght loss of 12 to 15

per cent was noted during this. operation,

Alkalisation was done by soaking the beans in
potassium bi carbonate solution 6f 0,1 per cent

concentration at a temperabture of 83°c for one hour.

An ordinary wet grinder of 2 litre capacity was
used for grinding the cocoa mass, Particle size of the
desired fineness could not be achisved with this grinder.

Purther improvements in this operation are necessarxy.

The study mainly concentrated on the extraction
of butter from cocoa mass and production of cocca cake.
Initially a hydraulic jack was used to extract butter,
A hydraulic press with a prassure guage was used to
conduct the axperimené at various pressures and
temperatures ané the butter that coulé be extracted at
various pressures and ltemperatures was determined. _The
temperature at the desired level was maintained by
controlling the temperature of circulating water passing
‘through a water jacket which surraundgd the extraction

unit. The data obtalned could be usaed to dacids the



prassure to ba appliecd and temporature te ke malntained
for various levels of extraction of butter from cocoa
masa. Tha extraction unit degigned and fabricated
during this project and operated by a 12 tonne hydraulic
jack could be recommended to the small seale
entrepraenures, f£for precessing of cocoas The cost of

this extraction unit would not exceed Rgol,100/=.

Drinking chocolate and mllk chocolate were made

using standard recipes.

Bgquipmant slready available and sultszble for
various unit operations in the processing of cocoa
beans were identified and tested. They were the
mini~fermentation box for fiermentation 0f small
quantities of beana and tha wet grindeyr for grinding the
cgeee mass. The equlpment that were designed, Zfabricated
and tested during the course of this projget were the

dryer, cylindrical roaster znd the butter extraction unit.
The technology of fat removal; which was onc of
the main problemsencountered in the proczssing of small

guantities of cocoa beans, could be standardised.
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APPENDIX I

1. Cocoa beamsSi-
The seeds of the cacao=tree (Thecobroma cacao

Le) fermented and drisd.

2. . Cocoa nibsi-

Cocoa beans, roagted or unroasted, when

- eleaned, shelied and having undergons germ

' separation, containing, a waximum residue of 5%
ghell or germ and a maximum ofcontent of 10%
ash~these percentagses to be hased on the welght

of dry defatted matter.
3. Cocoa masse-

Cocoa nib reduced to a paste by a mechanical
process without losing any of 1ts natural fat

content.

4. Cocea vress caket-

Cocoa nib or cococa mass converted Into a cake
by a mechanical process, containing, cocoa butter
at least 20% - thils percentage 0 be based on the
welght of the dry matter—and-a maximum of 9% of

water.

Se Fat-reduced coceoa press caigesw

Cocoa press cake containing a minimum of 8%



of cocoa butter, based on the weight of the dry

‘matter.

Go Sweatened cocoa, suectened cogoa powders-

The product obtained by mixing cocea powder
and sucrose go.that 100 g of the mixture contains

at least 32 g oflcocoa povider.

7. Drinking chocolates=

The product cobialned by mixing cocoa powder
and sucrose so that 100 g ¢f the mixture contains

at least 25 ¢ of cocca powder,
g,  Cocoa buttezte

The £at obtained by pressure £rom one or more
of the fcllowing materialsi- Cocoa nlb, cocoe mass,

cocoa press <ake, fat-reduced cocom press cakae.
9, Chocolates-

The product obtalned from cocoa nibk, cocoa
mass, cocoa powdar or fat-reduced cocoa powder
and sucrose with or without added cocoa buttexr,
having a m;nimum total dry coccoa sgolids content
of 35%=at least 14% of dry non-fat cocoa solida

and 18% of cozoa butter.

10, Plain chocolatai-

Thea praduct obtained from coceoa nib, cocoa

79
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mass, cogoa powder or fat-reduced cocoa powder
and sucrose with or without added cocea bu#ter.
having a minimum total dry cocoa solids coatent of
0% - at least 12% of dry nonefat cocoa solids and

18% of cocoa butter.

11, varmicelll chocolate, chocolate flakess-

cheeolata in the form of granules or flakas
having a minimum total dry cocoa solids content
of 32% including 12% of cocoa butter.

i2, MilKk chocolatet=

The product chtalned f£rom cocoa nib, cocoa
masge cocoa powder or fat-reduced cocoa powder and
sucrosg, from mllk or milk scllds obtalned by
evaporation, with or without added cocoa butter,
and containing, a minimum total dry cocoa soldds
content of 25% including at least 25% of dzy
non-fat cocoa sclida, at least 14% of milk solids
obtained by avéporation, including at leagt 3.5%
of butter fats. not more than 55¥% of sucrcse, and

at leazt 25% of f£at,
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APPENDIX IX

Design Of the pressing Vesseli- Extraction ... unit ‘

Preasure vessels can be classified into thin
cylinders and thick cylinders. The ratio of the wall
thicknessa(t) of the shell o its diameter{(d) is
a deciding factor. I1I£ the ratlo é is less than 0.1
it is called thin cylinder and i1f the ratlo is
greater than 0.1, then it is a thlek cylinder.

For the design of the pressing vessel, thin cylinder

theory has been used here.

Stresses _in a thin cylinder due to interval pressure

When a thin cylinder 13 subjected teo an internal
pressure it is likely to £all either by splitting
up into two cylinderical shells (ie. circuﬁﬁeraﬁtiallyﬁ
or by splitting it up Into through (ie. longitudinally}.
Thus the'wall-of a cylindrical shell subjected to
internal pressure has to withstand tenslle stresses

of the following two types.

i, circumferential or hoop stress
_ A tensile dress acting in a dircction
tangential to the circumference is c¢alled

clrcumferential a hoop stress or is referred as



tensile siress on longitudinal section.

26 Longltudinal stress
In g closed veasssl; é-tensile stress acting
in the direction of the axis is called longitudinal

stresa,

calculation of circumferential strezst-

Let = Inktensity of pressure kg/cm?
= diameter of the cylinder {om)

= length of the cylinder {(cm)

o = O

n thickness of the cylinder {(cm)

fy= civcumferential or hoop stress in
the eylinderical materilal., kg/cmg,

‘Total force acting on a longitudinal asction
{Ar section cut £from a cylinder by a plane that
contains the axis is called longitudinal section)
is = Intensity of pressure & projected area

mpxdxl (1)

Total reslsting force acting on the cylinder
wall = £ % 2t x 1(2). £;= tensile stress of the
material. Egquating (1) & (2) t w E% - {3)

28¢

Caleulation of longitudinal sgress

Total force acting on the transverss sactlon
(A sectlon from a cylinder by a plane at right angles

to the axis of the ¢ylinder 1s called transverse section)



is = Intensity of pressure 3 cross sactional area

= p x W at (4
4

Total resisting force = £l x 7 x4 x t (5)

Equating (4) & (5) t =
quating 42%51 (6)

£t = longitudinal stress
(Khurmi, et al, 1979)

Design of thickness {(tc) of thin cviinder

P = pressurae = Load
Area

= 12500 = 248.72 kg/am2
50,25

& RS
2 tc

Fh
B

a = Qlameter of the cylinder

fl

8.1 cm
] = Minlmum thickness of

the cylinder

If we azsume that the material to be pressed
is purely a fluid, the pressure {(p) will exert
equally on all sides of the eylinder. In actual
practice, 1t is found that, it is not a complete £luid,
but solid containing oil (cocoa cake). And so the
side thrust, due to the pressing operation is a
dependant factor of the Poisson'®s ratio of the material

(cocoa caka). Poisson's ratio of the material is



84

assumed as 0.3

side shrust = Pressure % 0.3

= 2"-318 - 72 X 0 - 3
= 74,62 kafcn’
£t = x d Where be Unit length
L—“"

= ézgg .

since there are 2mm holes provided at the side
walls at an interval of 10mm, the effective area to

raslist the side thrust igs reguced.

ia, 1=0.2 = 0.8 x (be) where be = (b-3d)
{ d = 4ia. of holes providaed at the side wall)w 2mm

¢ e = RX4 = Td.62 x 8.1 = 0,63 cm
> 2x fyxbe 2 x600x 0.8

Thercfore the thickness of tha cylinder

wall = Q.63 cm

Lo

Design of the filter plats

For the design of the filter plate the beam
theory has been used. Here, for the analysis, an
element {strip) of the plate having unit width, with
uniformly distributed load ( w kg/unit length)
throughout its length (1) is considered.. The beam
i3 assumed to be partly fixed at both 99&5.' That
i8 a case between simply supported and f£ixzed, Maximum

‘ 2
bending moment in such a case is taken as %é_' where W



is the load per unit length and 1 is the effective

span of the support.

Desion of £ilter plate thickness ( beam theory)

From the beam theory gﬁ:ﬂgﬁ = £ (D

Where

{1) 8™ max = Maximum bending moment
mt le
ie
{2) Zux = Section mcdulus about
X = b X ¢t 2

5)

b = width of the beam (plate) -
taken as 1 cm

t = thickness of the
filter plate

".(3) £, = Design bending
atress.
. 2 '
BM max = wl_ = 404.41 kafen’
Whera
W = load per unlt length
3 = length of span

Since the filter plate is provided with 3mm
dianater holes, the effect of these holes are

considered in the section modulus, ZIxk

(1~ 0.3) x¢°
6

14 = thickness of plate

le, Zx¢ =




{Assumed that along the width the number of holaes =

1 Ro, per centimeter)

Design tensile stress for the filter plates material

(mild steel) is taken as 1200 kg/em2 {(Ref 1.5.Code)

substituting the above values in Eqn..(7)

BM max = fﬁ

Zxx
404 .41 2 = 1200
10,3 X ¢
6 e . T e = %:%gggg

The thickness of the plate designed (using beam

' theory) is 1.69cm. Since the plate used is a circular
plate with holes, the actual thickness necessary for
the pressing operation may still ke lesser. It is
found E£rom lab experiments that 0.7 cm thickness for
the plate 1s sufficient enough for the £ilter plate,

This thickness is checked for the safe shear stress.

check for shear stressz

The shear may occurs at a dismeter of 5.1 em
« 2y
Load acting on this area = 12,500 = égnl ))n
- . ¢

= 495541 Kqf

The above lozd will act on an arca of T x d % %P

Load agting on thla area
Shear stress = S i eToting the Shear 1553

Txax t, = d955.41 kof

Since there are holes provided it may weaken the
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plate. Therefore an 80% efficiency is considered,

for the plata,

t = 0,7 cm
.o, B = 332.23. K9
This is within the limit ¢of gsafe shear strsss

for the material. Safe shear stregs for mild steel

@ 350 - 650 kg/cm® (Ref I.S. code)
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APPENDIX « ITI

Eccncmic anaygsis

The cost of production of one kilogram of cocoa
povder and butter is worked out on the basis of the

following assumptions.

(1) Capacity of the small scale unit is 15 kg
of processed material per day = (eocoa powder and cocoa
butter)
(2) The unit will work atleast 100 days in a year.
{3) Total annual production of the unit is /50043
(4) Artificial drying need ba resorted to only
when sun drying is not possible, However, the cost is
calculated on the basis that the entire quantity is dried
artificially.

(5) The fermentation boxes made of wood will last
only for one year and they have to be replaced every year.
Hence the cost of fermentation box is tgken in the

operating cost an& not in the fixed cost,
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APPENDIX « IIIX

[ s e

Econonmic analzsis

The cost of production of one kilogram of cocoa
powder and butter is worked out on the basis of the

following assumptions.

(1) Capacity of the small scale unit is 15 kg
of processed material per day - (cocoa powder and cocoa
butter) .
(2) The unit will work atleast 100 days in a year.
{3) Total annual production of the unit is /5004y .
(4) Artificial drying neeid be resorted to only
when sun drying is not possible, However, the cost is
calculated on the basis that the entire quantity is dried
artificialiy.

(5) The fermentation boxes made of wood will last
only for one year and they have to be replaced every year.
Hence the cost of £ermentation box is taken in the

operating cost and not 4in the fixed cost,



Caleulation

Annual f£ixed cost:

(a) Cost of dryer

{b) Cost of Roaster with
heating element

(c) Cost of wet grinder

(@) Cost of pressing
cylinder with water
jacket

(e) Cost of hydraulic jack

(£) Cost of stand

Total capital cost

Interest on capitzl cost
at the rate of 16%

Depreciation at 10%
Eepairs and maintenance
at 10%

Total £ixed cost

Flxed cost per kilogram
of £inished product

Rs. P,

500 00

300 00
2500 00

300,00

500 00
300 00

4,400 00

704 00
440 00

440.00

1,584 00

. — -

1584

00 1056/kg.
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Operation cost

Ra4P,
{(a) Fermentation (one woman
at Re,18 per day) - 15 00
(b) Drying (Y3 woman) - 5 00
(c) Kipvbling and winnowing
(3 woman) : - 45 00
(@) Roasting (Y2 woman) - 7 50
(e) Butter extraction’,
(2 woman) ! - 30 00
(£) Packing and storing
material (%3 woman) - 5 00
() Cost of fermentation :
boxes - 75x8 - 6 00
100
{h} Cost of packing material - 15 00
(1) Eost of electricity - 9 98
138 48

Operating cost per kg of
finished product - 138,48 = 9,23
15

Total cost of production

excluding the cost of raw

material (Fixed cost +

operating cost) - 1,056 + 9.23

= 10.29/kg

* .
The cost of one fermentation box of the required

8ize 1s about Rsa.75/=, The duration of fermentatiocon
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being six days., a minimum of six such boxes are
reguired o0 keep beans for fermentation to consecutive
day2 and if two boxes are to be kept as spares, total
nunber of boxes regquired are eight, The cost of elght
boxes will come to RS.600/=, These boxes can be used
only for 100 days and hence the cost per day {that 1=

to preduce 15 kg of finished product) is 600 = Rg,.,6/=,
100

Ycost of Electricity:
Electrical energy consumed by different egquipment

for producing 15 kg of £inished product are as

followss
Lopad Ho,0& hiours Ensrgy
(Watts) of working (Units)
1., Dryer (bulb 600 35 21,00
: heated) (6 x 100W)
2. Roaster 1000 4 4.00
3. Grinder 375 4 : 1,50

(Y2 1,P,motor)

4. Hot water bath 500 . 4 2,00

Total energy required (kilowatt hour) 28,5

S ———

At present 35 paise is the rate for one unit
of energy. '

. . Total cost of electrical enargy reguired
to produce 15 kg of f£inished product - RS.9,98/m
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ABSTRACT

The primary objective of this project was to
evolve a viable technology and equipment ayastem for
small scale pgpceasing of cocoa beans. The study
mainly concentrated on the develcpment of an exxtraction
unit for the separation of butter from cocoa mass.
Various egquipment required for =small scale proceasing

of cocoa beans were either identified or designed.

The mini-box was selected for fermsntation of
beans. A bulb heated dryer was designed and £abricated.
This dryer couid dry ab?ut 30 kg of fermented baans in
36 hourss A rotating drym type roasster, which was
designed and fabricated, roasted the cocoa beans
~uniformly. Winnowing and kibbling was done manually.
Alkalisation was done to reduce the acidity of the beans
by soaking them for one hour in a solution of 0,1 per cent
potassium bl-carbonate. A wet grinder of two litref

capécity vas selected for grinding the cocoa nibs,

A cocoa butter extractor, which utilised the
prassurce developed by a hydraulic jack for extraction
of butter, was fabricated and tasted. The butter that

could be extracted at various temperatures and pressures



was determined, A maximum of 44,8 per cent of butter
could be extracted appliying a pressure of 248,72 kg/bm?
at a temperature of 70%¢. Drinking chocolate and milk

chocolates were made and they were palatable.

The cost of production, including the cost of
raw materials of 450 g of cocoa powder and 550 g of

cocoa butter (yield £rom one kg cocoa mass) would come

to R3.30.29,

The technology of fat removal, which was one of
the main problem encountered im the processing of small

quantities of cocoa beans, could be standardised,

33



