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INTRODUCTION

Cocoa ranks third among the beverage orops in the
World, after tea and ooffee, As a result of the launching
of many development schemes, this crop gained ground in
Kerala during the past decade., It is estimated that out of
the total cocoa area of 20,000 ha in India, Kerala accounts
for about 15,000 ha (75 per cent), followed by Karnastaka and
Tamil Nadu which account for 4,400 ha (22 per cent) and
600 ha (3 per cent), rospootivoly;MmEQ;\;?1éuotion of coocoa
beans in India during 1981-82 was about 3080 tonnes, of whioh
Kerala contributed 2500 tonnes (Anon., 1981). India's
requirement of cocoa has been estimated to be around 5000
tonnes by 2000 AD (Anenthakrishnan et al., 1979). During
1960's India imported 1135 tonnes of cocoa beans and cocoa
products involving & foreign exchange drain of Re.241 lakhs.
The latter half of 1970's saw a massive expansion of cocoa

oultivation and by the year 1980, India exported 1000 tonnes
of coooa products valued at Rs.10 lakhs (Anon., 1981).

In Kerala, due to the pressure on land, pure and large
plantations of coooa are not raised. Its cultivation is
limited to small holdings, especially as an intercrop in the

cooconut and arecanut plantations where ideal situations exisi,

The cocoa of oommerce is the fermented and dried (or

cured) bean. While different methods are being suggested for



curing beans on a larger scale, techniques suitable for small

quantities are yet to be standardised.

At present in Kerala, certain agencies like the Kerala
State Co-operative Marketing Federation, the Cadbury Fry
(India) Limited and the Central Arecanut Marketing and Pro-
cessing Co-operative collect the pods from the cultivators,
extraot the beans at a centralised place and carry out the
fermentation and drying. This has been found to be a cumber-
some process. Besides, this practice does not ensure a
reasonable prioe for the beans. If the techniocal know-how
to cure small quantities of beans could be siandardised and
passed on to the cultivators, they would be in a position to
dispose off their produce in cured form, thereby realising
better price. This can help in transforming cocoa into a
small growers' orop, ultimately paving the way for inoreased

production.

In cognizance of the above, studies were taken up at
the College of Horticulture, Kerala Agricultural University,
Vellanikkara on curing small quaentities of coooa beans. The
studies aimed at elucidating the following information:

1. The efficacy of different methods of fermentation of

emall quantities of cocoa beans.

2. The comparative efficienoy of the fermentation methods

during dry and wet seasons.



4,

Se

The maturity of pods at harvest in relation to fermen-

tation of cocoa beaus.

The effect of storing harvested pods on feruentation

characteriestics.

Quality sttributes of beans in reletion to storage.
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ReVIEW OF LITERATURE

Cocaapean is the base material for the manufacture of
cocoa butter, chocolate, chocolate drinks, ete, The charac-
teristic flavour and aroma of cocoa develop only on proper
fermexnts tion/curing of cocoa weans, Fermeniation of cocoa
peans involves keeping the mass of coooa besns witn the muci-~
lege well insulated so as to retain the heat, at the same
time allowing air to jaes througn the beans for a stipulated
period of time (uorually lasting upto eeven days) and then
drying. & orief review of literature avzlilaole on various
aspects of fermentation and curing of cocoa is presented

hereunder:

Farul NTATION W{-THODE

The metnods of feruerntation vary from couniry to country,
grower to grower and varieiy to variety. Basically, tnere are

four methode of fermentation.
Box method

For fermenting cocos veane, various typees of voxee are
seen advocated., Hden (1961) devised a fermentztion vox
measurin 1.5 m x 1.2 m x 0,90 m, He cited tne height of the
box ae an important criterion and pointed oul wnat heignt
above 30 cm hzd an adverse effect ol the quulity of ine beaus,

Maravalnes (1966) workirg in Bshia developed a special iyge of



sweat vox of size 1.2 m x 1,0 m x 1,0 m. The vox had four
compartments divided by removeble vertical partitions. In
this vox, two lateral walls were provided with rows of holer
at & spacing of 6.0 cm. #» perforated leth sliding over the
holes helped in regulating tne passage of air. For unioading
purpose, oune of the walls facing the partition was made re-
movanle, It wae claimed that vecause of the reguiation of
seraiion at all stages of fermeuntation, turning of the weauns
could ove avoided =zid the process of fermentation gol completed
in ghree to four aud a helf days. ‘iThis method guve,on au
average, 50 per cent fully fermented and 43 per cent partially
fermeinted veaus. WQueenel and Lopez (197%) iuventied a sweat
oox suited for fermenting emall quemtities (10 to 20 kg) of
peans., The sweal vox wae nade out of stiyrotex, = polysierene
foam plastic which was found 1o be efficient in providin.
sufficient insulation thus avoiding the need for supplementz-
tion of heat from external sources. 4 box of size 33,5 cm x
24.0 cm x 29.% cm could hold a maximum quantity of 1o kg of
wet beans. ‘hen the box was half full, ths cocoa veans were
covered wiih vanensz leaves and the lid was closed. No furtiner
covering of tae oox was rejuired. A temperaiure of 45% to
43%C was atteined irside tne box in about three daye sné it
wag maintained till the completion of feramentation. The
chenical analysis oi tne fermented cocoa indicated that tae

caanes occurrin: inside the box were similar to those in



normal fermentation; but the beans were slightly more aerated.
By this method, quantities of six to seven kg of oveans oould
also de feraented properly. The procees involved turning of
beans on elterneie days. The quallity of the product vas

good. For finding out the efficsoy of eac covers and nusber
of openings in the wooden mini boxes, ianurung et al. (1976)
used wooden mini-boxes with one, three ond five holes and
covering with one or two lgyers of sacking. tlompering the
resulis wiin those ootained in ordinsry sweat uvox feraenta~
tion, they cleimed that mini-boxes having ithree or five holes
and two ezc covers ylelded better resultis in terms of weizht
lose and peroentage of fermented beans, Kumaran et al. (1980)
conducted trials during rainy eeason with mini-box to eluoci~
date the effectis of degree of iusulation, frequency of turning,
pumber of sluic.es in the box and Quantity of beans on the
fermexntatiion characteristics and final quality of the cured
beans, Among the four ineulstions provided, "strew (tharse om,
in two layer gumny" was found superijor. With thie insulation,
a ratisfactory temperature build~-up in the ferment was observed
during the rainy seasons as oompared to the control with two
layers of gunny. Among the four types of insulstors, poly-
thene sheet was found to be the least effective., ZEZffect of
season on fermentation was marked as it delayed ouring oy two

to taree deye during reiny season. Turning the beaus once
daily and providing sluices 10 om x 10 ca spart resulted in



proper feramentetion. Jueniily of the beans did not markedly

influence the sxtent oif feruentation.

Heap nethod

hmong tne different meihods of cocoa fermentztion, heap
metnod is comuonly adopted in the small holdinge in Ghana and
other “egt African countriee. dohan (1958) found taat quenti-
ties of 70 kg wet beans could be properly fermented ueing
heap metnod. Yood (197%) described the methodology of heap
fermentation. In thie method, the wet beans heaped on banan:
leaves are covered with the leaves themselves, The leaves
are held in place using small logs. The fermentation process
lasts for six days during which time, the beans are turned
twice at intervale of two and four days afier the initial
setting. Adomako et al. (1331) conducted trials on heap fer-
neutation using samples of 50 kg, 150 kg and 450 kg beans to
study the effect of heap size on teaperature, pil end quality
attributes of beans, IV was found that the temperature
fluctuations were tne sane in all the heap sigzes, except in the
50 kg heap in wiaich the bottom temperature was consistently
lower throughout the period of fermentation. The hesp size
did not influence either the finel pH values or the grade
of the dried beans. However in the largest heap, the decreare

in pd of the cotyledon was rather elow.



Basket method

Hammond (1953) and Wood (1975) reported tuat oeeket
method of fermentatiion is generally practised in Nigerisz
for fermenting emell queniities of beans. Kumeran ey sl. (1980)
found that oy using mini-oaskets, bean lote raiging irom two
to six kg could be successfully fermernted. Basikets made of
closely woven bamboo matiing with a diameter of 20 ca and
height of 15 om could hold two kg beans. For larger lots,
they recommended deeper vaskeis. The baskets were lined with
one or two layers of banaue leaves winich L2sides providinug
insulation could also facilitate drainage of the sgweatings.
Vet beans were filled, compacted and covered over with banena
leaves, To allow the flow of sweatings, tne uvaskets were
placed on raised platforms. Iwentyfour hours after tnhe sett-
ing, the oackets were covered with gunny saokiig. After
fourtyeight and ninetysix hours, the veane were taken out,
mixed end reloaded., By this method, fermentation wes comple-
ted in eix days and the besne were ready for drying on ihe

seventh day.

Tray me thod

Tray metnod of fermentation was evolved vy Rohan (1955)
who recommended the same for small quantities of beans of
FPorastero veriety., In this method, wooden trays of 10 cm

depth with slatted split cane bottoms were used. The trays



were divided into seciions using wooden partitions fittinug
appropriate grooves provided at required distaunces. 1lhe
capacity of tne tray could be adjusted by adjustiing tne dis-
tance between the partition planks. A tray measuring 60 ca
lenzth axd 25 om width could hold 10 kg of beans., For success-
ful feramentation, a#tleast four or five itrays were used. The
traye were stacked one avove the oitner in such a mexmer that
the cocoa~-filled portions were in a single row. The topmost
tray was covered with banane leaves, After twentyfour hours
of initial setiing, & close fitiing sack cover was provided

to maintain ine temperzture, This method 4id not invoive

any mixing or turning. Fermentation was completed within four
to five days.

Laboratory methods (small scale)

Various meihods have veen tried for fermenting cocoa
veans for laboratory studies. ilaclean and Wickens (1351)
evolved a metnod suitacle for fermenting 40 to 30 wesus.
Their set up nad a bucnner funrel with aeration mechariem
and temperature control. iwo grammee of dextrose wags added
to the ovean mass, The assembly was set up in an oven main-
tained at 37-38°C and tne treatuent was continued for six days.
After fermentstion, the veans were sun dried., {uesnel (1357)
described a cnemlezl meinod of fermentation. In tnis method,

225 g of pulp~free wvezus were weighed into a xilmer jar to
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which an aqueous solution of hot acetic acid and ethenol

(225 ml contuining 1% volume of each constituent) wass poured.
The jar was sealed and incubated at 56°C for 48 hours. The
beaus were thenu rinsed and dried. <Challot (1977) reporied
anotner fermentatiorn method using desiccators for fermenting
small szmplee of cocoe. The loaded desiccators were main-
teined at 37°C for 45 hours aud then shifted to “0%C for four
daye. The oeans were stirred twice a day., After six days

of treatuent, good guality product could be obtained,

Solar fermenting frame

€olar energy has also scen used for fermenting cocoa
beans. HcDonsld (19356) fermented saall quantities of cocuoa
beans using a solar feraenting fraame counsisting of & thick
walled box with & glass 1lid which helped to trap and retain
the solar energy. Sweal boxes holding about 25 kg of wet cocoa
wvere plsoed in itne solar fermentary asnd kept in the sun. Thus,
a blanket of warm air at 100°F-150°F (37.78%¢-65.56%C) could
ve maintained around the sweat boxes for & period of eiznt
hours & dsy. The otner advaxtage of this method was that
excess evaporation was prevented., The apparatus was simple
and cheap. The fermented cocoa so obtained wae of excellent
quality possessing even appeerance and quality. The oveans
were almost free from blue mould. Due to tne maintenance

of even temperature throughout the mass, turning of cocoa



during fermentation was unnecessary. Rayes (1964) working
in Venezuela used & basket holding 32 kg of wei cocoa and
fernented ihe same using solar enerygy. Before placing the
basket in the sun, it was covered with a polythene shneet.
The pezns were turned every 24 hours. # charge of cocoa
reached a temperature of 50°C in the upper layer on tne
second day and in the bottom layer on the fifth dsy. Fer-
mentation was completed within five daye. It was found that

86 per cent of the beans was well fermented,
EFFICACY OF DIFF RENT METHODS OF FEHMENTATION

Many scientists nave compared the efficacy of different
metnhods of fermentstion and their wvariations. inapp (1934)
compared six methods of fermentation of cocoa beans (heap,
pit, wooder. mini-box, basket, plantain stea frame and bamboo
frame) under Ghana conditions. ile concluded that the ovest
type of container was ine wooden box, inepite of the fact that
it lacked sufficient protection sgeinset cooling. By thorough
and quick mixing of the oveans every two daye, considerable
improvement in the gualitiy of fermented vesuns could be ob-
tained irrespective of the metnod employed. laycock (1936)
reported that the heap method of fermentation was superior
to the pit method. It yielded a higher perceniage of cnoco-
late coloured beans against purple beans. For the production

of superior first grade cocoa, two turnings in ithe heep were
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adequate. Rohan (1958) tried heap, sweat box and tray
metnods. From the observations made on the phyeico-chemical
changes at different stages in the cocoa mass, he reported
that when heap fermentation was used, the temperature on tne
surface four-inch layer rose more rapidly than in the centre,
cauging rapid kiliing of the veane., The caocolete flavour
developed quickly and it was possible 1o ovtuin au scoeptuoie
product ai the surface of the heap after 30 hours of fermen-
tation. In the ceutre of the heap, chsassuiges occurred slowly;
out once the beans died, development of chocolate flavour

was rapid. There was necessity to mix the beans after tne
first 24 hours, In sweat boxes upto one tonne capacity,
changes were slower than in the heap method owing to the lack
of aeration. Jutl oy frequent mixing, this difficulty could
be overcome. ~Plummer (1968) conducted small-scele trizls
uring voxes and trays. ile found that a product of good
flavour and better uniformity could be obtained with tae trays,
coupered to the box method. Among the different stacks of
traye used, tne resulis obtained using three to eisht trays
were similar to the stacks having twelve traye. On the second
dsy, uniform temperature of 47°C was recorded in all the trays.
A four-day fermerntation gave the oest resgults. Kumaran et sl.
(1980) fernented cocoa veane using wooden mini-box, vamboo
mini-oasket and wooden mini~itray charged with two quantities

of veans (1.9 kg and 3,0 kg each)e. In the case of mini-tray
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method, the beans were fermented for four daye and in the .
other metinods, six days. They found that for uhe proper fer-
mentation of small quantities, turning ihe beaus once in alter-
nate days was necessary. The variation in temperature followed
the same trend in all the methods, as in the conventional
methods using large quantity of beans. iHowever, esmong ihe
various contrniners tried, wooden container was found to be
better tnan the ovaskei, because of betiter temperature reten-
tion and aeration. The quality of the bheans, as judged by

the cut test =nd pd of cured beans was satisfuciory in tas

wooden mini~-box and bamboo mini-vasket meinods.

CHANGES DURING FERMERTATION

Temperature

Tne temperature variations occurring during fermenia~-
tion have been studied by many workers. Fhillis (19456)
reported that the initial tleaperature during feraentation
rose to 37°¢-38%C and remained at that level for four to five
days. Phillis regarded this as the anaerooic stage. During
the second stage, which was considered as the aerobic stage,
the tempersture rose to 529¢-54%C. It wee considered that
at thise stage, changes associated with fermentation occurred.
But when fermentation was done after storage of tne pods for
tvo weeks, the first stage was not perceptible and the tempe-~

rature rose rapidly to 50°C, followed by corresponding phyeical
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changes. Hardy (1960) and Wood (1975, reported ihat in

large soule fermentation of oeane, tempersture rose stieadily
to 40°¢-44°C during the first two days. After tihe firet
mixing, temperature rose rapidly to 48%c~-50°¢. Theresafier,
tesmperature fell slowly and roese sgain after eech turning

of the besns., After six days of fermenimstion, temperature
of the mase was 45°C-4a%cC, They also found tuat over~fer-
mentation increased the temperature to 50°C-52°C, Witn emall
gquantities of cocoa veans, comparatively lower peak tempera-
ture was observed than wituh larger quanti tles. Quesnel and
Lopez (1975), while fermenting small quantities of cocoa
veans (10-13 kg) in "styrotex sweat boxes", ooserved slightly
lower peak temperature in the mass compaered to the mass fer-
mented in the comumon sweat boxes. The maximuwn temperature
was recorded oy them on the sixth day aund the teaperature
dropped 8 little on the seventh day. Adomako et al. (1981)
studied the ireund of variation in ieaperature of oveans in the
heap end tray amethods of fermentation under Ghaune conditions.
They found nignher peak temperature in the heamps compared to
the trays. They also observed reguler temperature fluctiua-

tions in ithe necps compared to the tray method.

Powel (1960) and Jueenel (1968) reported that the
zeneration of hest was due to fermentation and oxidation
processes in tae pulp. Only negligible countribution to the

temperature variastion was impartied by the bean enzyme,
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Yorking furtier on the suvject, Quesnel (1972) contended
that feraentztion and oxidation processes in the pulp czused
production of acetic acid which was responsiole for tne
liveration of neat necessary lo bring the veans to the opti-

pun temperature for effective fermentation.

bffect of temperature on colour development

Jacquemin (1957) found that in small scale-fermenta-
tion of cocoa, slaty aud purple beans developed when teupe-
rature development in the mass was poor. This was not
connected with the stage of maturity of the pods., Slaty saud
purple besns were still present after six days, when the
tempersture developed wae below 45°C. Between 45°C ana 50°C,
purple beasns decreased with the elimination of slaty beaus,
Maintenance of temperature between 30°C and 40°C during the
first three days and at 50°¢ during the remsining five days
of fermentation helped the production of higzh quality cocosa.

pd and acidity fluctuations during fergentation

Weisberger et al. (1971) and Lopez aud Wuesnel (1973)
oovserved the presence of a range of both volatile and non-
volatile organic acids during fermentation. These were found
to contribute to ine caaracteristic flavour to the end product,
Any laoceleance in the concentwration of the various zcids

resulted in acidic, insipid and fruity tastes of the oveans.
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The predominant acid formed wae acetic acid, which got vole-
telised and lost in substantial degrees through evaporation
during drying. According to Couprie (1970) aud Witt (1973),
small amounts of acetiic acid were losi during storage, lead-
ing to a reduction in tne pH. ‘ood (1975) reported tane pH
of fresh pulp as 3,5 and that of the cotyledon as 6.6. ie
also observed production of acetic acid during fermentation.
He postulated thatl vecause of the permeabiliiy of the testia,
acetic acid passed inlo the cotyledons, killed the oean and
lowered the pid to 4.5, by the third day. He could find a
gradual pH increase during the remaining period of fermenta-
tion and drying. In the drjied beans, a pd of 5.5 could be

observed.

$aid end Idrus (1976) reported that the existence of
more of copper and polyphenols in the cotyledons increased
the residual zcidity in the beans. They opined that idalayeian
cocoa beaus arc acidic due to the presence of more copper and
polyphenols. According to Liau (1979), Malaysian wet useaus
possessed more puip aud sugar and these were assumed to be
the major reasons for e acidity of haleysisn oveans. Greater
aerrtion at the end of fermentation reduced tue acidity con-
eideravly. Turning the beans three times & day during the
last three days of fermentation promoted aeration lezding

to a reduction of acidity considerapnly.
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Bden (1953) gave testimony to the views that under
ertificial drying the heat damage csused to the testa ren-~
dered inhan impermeable to acid thereby resulting in high
acidity of the cotyledons. Howat et al. (19%7) investiga-
ted the effect of drying process on tine acidity of the
cotyledone. 4ifter a segquence of tests on a throush~flow
tray or csbinet drier at 80°C, they showed tuatl t.ie aversge
post~fernentation pH of 4.5 did not chauge during ertificiesl
drying ae against sun drying when the samples snowed & higner
pi of 5.2, However, no investigation on the nature of tne
acids responeible for this incresse was domne. It was presumed
that the pil variaiion have been due to ine presence of volatile
acide; butl the cnaracteristic fruity off-flavoure due to e
presence of volatile acids were detecied only in the chocoluate
made out of artificially dried oeans. uesmnel (1972) reported

hat nigh acid levels persisted in artificially dried cocoa.
He hypotnesised that the rapid high tieaperature during the
drying did not lsnd esufficient time for the volatilieation
of the acetic acic, thus leading to higher acidity.

FACTORS INFLUsHCING FolldcoNTATION

Seasonal factors

Seasgons have peen found to exerecise =z great influence
oun the time taken for fermentziion. Under Trinidad couditions

fermentatiion iook gix days during the wet geason and eight
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days during the dry season (Anon., 1957). Allison and
Kenten (1963) found that the temperature rose slowly during
June and July, the months of heaviest rainfall, thereby
taking longer time for fermentation in tne rainy months
compared to that in the dry season. They reported that ihe
ratio of cured cocoa to wet weight and the fermentation
temperatures were significantly lower in the mid-crop
(June-July) than in the mein orop (October-November)., Egoe
and Owolabi (1972) found lowest bean weight, lowest butter
fat and highest shell percentage for the ligat crop (February-
May) and highest bean weight, highest butter fat and lowest
shell percentage for the main ocrop (October~January),

Maturity of pods

Knapp (1926) found that beans of green pods with firm
pulp did not ferment, the temperature having remained at 35°C
after an initial rise to 40°C. Further, the loes during fer-
mentation and drying was much higher than when ripe pods were
cured. With the green podes, yield of cured beans was not
more than 21 per osnt of the wet weight, Further, the bean
eise was 1.05 g as against 1.%4 g obtained when ripe pods wers
used. MacLean and Wickens (1951) categorised cocoa pods into
over-ripe, ripe and under-ripe pods according to the colour
of the pods before breakini. Ieane extracgted from pods of
different aaturity were feruented in basketz for six days
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with foriyeight-hour turning. Their oovservations on tae
temperature coanges indiocated ihat veans froam the ripe and
under~-ripe pode atiained higner aaximum temperaiure, althousn
they took two days longer to reach the maximus than tne beans
from overripe pods. The ratio of dry to wet weignt was lower
and the proportion of purple veans was higher tiau normal, iu

the case of unripe pods.

Ruinard (1961) reported taat fermentation of beans from

unripe pods resulted in cured besns of lesser weight and

greater shell perceutage. The veans were found to ve disfi_ured

wiwa pulp residues, Further, longer fermentatiion time wse

necessary than when veans from ripe pods were used.

Pre-fernentation storage of pods

declean and Wickens (1951) stored the cocoa pods har-
vested during four consecutive days until tne fifth day =nd
fermented the oeans in the basketis for six days with forty-
eight-hour turning, Their data indicated that by storing the
harvesied pods for two days or more, significant temperature
inocrense (of 2°C) could pe obtained during tae first 46 nours
of fermentation. Compared to the beans from pods stored for
only one day, tihe beaus from pode stored for four days showed
a significantly lower temperature, after 96 hours of fermen-
tation. Increased length of storage of unoroken pods not

only did not affect the percentage recovery or the vean sige,



but aleo caused & significant reduction in tne percentage

of both purple and wrinkled besane.

DRYING

According to Knapp (1937), coaplex biochemioal chenges
occur during drying of ihe beans, which decide the quality
of the end product, 7The factors considered indicative of
good drying were (i) good storage properties, (ii) crisp
and plump beexr. with shell neither oroken nor fragile,

(1ii) well oxidised interior with adequate arown colour saud
low bitternees, eand (iv) good flavour without excessive
acidity or smoky flavour. He also found tanet drying the
pveans to & moisture level of less than eigut per cent wes

necessary to prevent mouldiness of the oveans during storage.

Sun drying

Sun drying is popularly adopted by tie cocoa growers.
Knapp (1937) and Palma (19%1) have reported that concrete
platforas were used for drying cocoa oceane in noruiern
South America, parts of the Far sast and ligeria. Rohan (1963)
reported on tne uese of platforue made out of veamboo mzis for

drying cocoa in West Africa,

The common provlem confronted with the sbove methods
wag the difficulty in providing protection to tae veans during
rainy periods. Van i{all (1932) used tne metiod of heaping
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the beans during rzine and covering them with canvas.

Hohar (1963%) found ii advantageous 1o cover the cocoa beans
on vamboo mate using palm fronds during lizh? showers and

to roll up of tne drying mats and storing them indoors during
heavier rains. Wood (1975, preferred placing of corrugated

iron sheets or PVC sheetls over the beans during rains.

Thickness of tie cocoa bean layer hss veen known to
influence tine duration of drying se well as the quality of
the end product., Hudson (1913) advocaied spreading of cocoa
beans to a thicknese of not more than 5.0 cm for drying.
Wood (1975} and Sorbal (1981) stipulated that & quantity of
13 kg of dried beans per square metre area of drying yard

faciliteted completion of drying process within seven dsys.

Acoording to Ghosn and vumnha (13975) drying under reainy

oonditions took about 22 days.

Artificial dryiug

Ariificial drying, though involves higher expenditure,
may become necegeary during the rainy season when sun drying
is difficult. The economice and efficiency of artificiaml
drying depend on the depth of the ueans, the raie of air flow
and the air temperature. Through a series of small scale
experiments, Shelton (1967) indicated that a 25 cm layer
allowing en air flow of three metres per minute at a moderate

temperature of 65°G was ibe most economic conditions for drying.



Salz (1972) ovserved taat high air flows of 50-60 ft/minute
(1.5 m~1.8 m/minute) at a low temperature djuring the pre-
drying stage and low air flows of 30-35 ft/minute (0.9 m=1,05 m)
at high temperature during the final stages of curing gave the
vest results. A "tamoan drier" developed by Cadobury Brothers
(Anon., 1963) was found to be & low iuvestment installation
useful for the smaller farmer. Nair (19230) developed an
eleciric cocoa drier. It was a wooden boxfeize 9C x 60 x 60 cm
with taree trayes placed oune over tne other. A temperature
range of 47°C-51°C could be maintained using four bulbs of
100 Watt eacn. Drying could be compleied wiihin 24-72 houre.
The capacity of the drier wae approxiamstely 10-25 xg wet veaus.
EFFECT OF STOHAGE OF CURELD BEANS OH BoAk pH AND PERCBHTAGE
NF BROWN, PALS PURPLL, PURPLE AND SIATY BEAKRS

Couprie (1970) conducted triale to find out the effecti
of storage of cured beans on their acldliiy and olner cnarac-
teristics., e reported tnat aroms of the cured beans deve-
loped during the firet three months of storage aud scidity
during the following inree montihis.

MacLean and Wiokens (1951) studied tue ratve of change
of tne purple bean count during storage of Amelonado and &
50:50 mixture of amelonado and Upper Amazon cocoa. They
observed that purple wvean percentaze fell from 80 +to 20

during & period of %6 weeke of storage.
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MATERIALS AND METHODS

The inveetigations reported in this theais were carried
out during 1979~'81 in the Depertment of Plantation Crops
and Spices, College of Horticulture, Vellanikkers. The
following aspecte were studied:

The efficacy of different methods of fermentation

of smell quantities of cocoa beans,
The comparative efficiency of the fermentation metnods
during dry and wet seasons,

The maturity of pods in relation to fermentation of

cocoa beans,

The effect of storing harvesied pods on fermentation

characteristics, and

Quality attributes of beans in relation to storage.

THE EFFICACY OF DIFFERENT METHODS OF FERMENTATION OF SMALL
QUANTITIES OF (OCOA BZANS

Mini basket lined with banana leaves

Small bamboo baskets of size 20 cm diasmeter and 15 onm,
30 cm and 45 om height to contain two kg, four kg and esix kg
wet beans, respectively were made., The bamboo baskets were
olosely woven ones with sufficient strength. Lining with two

layers of bznsna leaves was given., In all the three setis
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oocooa pods of uniform maturity were used, three dayes after
harvest. The pods were broken and the wet weight of beans
with the mucilage was recorded, After filling the beans
into the baskets, the gurface of the beans was levelled with
palm and covered with a layer of banane leaves, & small
brick was placed on the top of it and tnhe mass was set for
fermentation for six, seven and eight days. The baskets
were placed on the ground over bricks for 24 hours to peramit
drainage of the sweatings. On the sscond day, the baskets
wvere covered with a single layer of gunny which was weighted
down by placing bricks, Mixing and resetiting were done after
48 and 96 hours of initisl loading. The end point of fermen-
tation was judged by cutting the beans crosswise through the
middle portion and observing the reddish brown ccloured
exudate, pale-centered cotyledon with a brownish ring around
the outside, plumpy nature of the beans and loosened testa
over the cotyledons. The beans were finzlly taken out for
drying on the seventhn, eighth and nineth days. In the dry
season, the beans were dried in the sun by spreading them
over bamboo mate at a thickness of five cm and stirring fre-~
quently to ensure uniformity in drying. At night, the beans
were kept in the mat iiself in folded couditionn to protect
them from dew, dust and other foreign particles., Irying was
done for five to six days. Completion of drying was judged
by the characteristic orackling noise of the dried bean when
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pressed in the palm. In the wet season, the cured beans
were dried in a cocoa drier developed by the Kerala Agricul-
tural University. It was of size 90 cm x 60 om x 60 om with
three trays placed one over the other., A temperature range
of 47°C to 51°C could be maintained using four 100 W bulbs.
Drying was completed in two days. After cleaning off the
eplit and flat beans, the good ones were filled in double

V2 Fauge)

~

poly thene bags, labelled and the bags stored at room tempe-~-
rature and humidity.

Mini basket lined with polythene sheet

The baskets mentioned as above holding two kg, four kg

and six kg wet beans were used. The basketes were lined with
one layer of 150 gauge polythene sheet. Charging of the wet
beans, methodology of fermentation, judgement of the end

point of fermentation, drying and storage were done as men-

tioned in the previoue method.

Mini box

Wooden boxes of sire 25 x 15 x 12 cm, 32 x 20 x 12 cm
and 41 x 25 x 12 cm were used to hold two kg, four kg and
8ix kg wet beans, respectively. 7The boxes were made with
hard wood planks of 1.5 cm thickness. Holes of about five mm
were provided at all the sides of the box to facilitate aeration
and drainage. The top of the boxes were kept open. Charging
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of the wet beans, methodology of fermentation, judgement of
the endpoint of fermentation, drying and storage were done

as mentioned in the above methods.

Smail heap using banana leaves

A layer of bamboo splits were placed on the ground in
a radial manner, On the bamboo layer, two layers of ovanansa
leaves were spread. Samples of two kg, four kg and six kg
wet beans were heaped on the besnana leaves, The heaps were
covered with projected portions of the beanana leaves and a
small brick piece was placed on the top of the ban=ana leaves
to keep them in position. Iilethodology of fermentation, judge-
ment of the endpoint of fermentation, drying snd storage were

done as mentioned in the previous methods.

Small heap with polythene sheet

A layer of bamboo splints were placed on the ground in
a radial manner. On this, one layer of 150 gauge poly thene
sheet having 5 mm holes at a spacing of 10 om were spread
and the wet 0000a beans cured as in the case of small heap

with banena leaves.
Tray (Single traye and stacks of irays)

Wooden trays of sigze 25 x 15 x 12 om; 32 x 20 x 12 om
and 41 x 25 x 12 om were nade to hold two kg, four kg and

six kg wet beans, respectively. Wooden reepers of 1.5 om



27

width were fixed to the bottom of the trays at a spacing of
0.5 om. The beans were set for fermentation for four, five
and six days. The trays were assessed singly and after
stacking five trays one over the other., The heans were not
mixed after the initial chargirg. The beans were taken out
for drying on the fifth, sixth and seventh day of initial
loading. Drying and storage were done as in other methods.

ez YO Pty oo foleei Thotie -

Out of the seven methods of fermentation, mini basket
lined with banana leaves and mini box (with six kg beans,
gix days fermentation) were selected for further studies based
on the temperature development and on the results of tne cut
test. In the case of tray method, the stack of five trays
(each iray holding two kg beans, four days fermentation) wae

selected for furtner studies,

THE COMPARARIVE EFFICIENCY OF THE FERMENTATION METHODS
DURING DRY AND WET SEASONS

Three methods, namely, mini basket lined with bananea
leaves, mini box and set of five small trays were tried
during the dry and weti seasons using six kg of beans. The
beans were subjected to turning on alternate days. Observa~
tions on temperature development, pH changes of the pulp aund
the cotyledons, pd of tue dried bean, cut test, average bean
weight, shell percentage and percentage recovery of the cured

and dried besns were recorded for the different treatments.
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AATUHITY OF PODE IK RELATION TO FERMENTATION OF COCOA BEANS

Pods were harvested ai different siages of maturity
apd classified as green (uuripe with fira pulp), furrow
yellow (with furrowes turned yellow aud the rest of the pods
green), yellow/ripe ( completely yellow pods) and over-ripe
(completely yellow with disintegrated pulp).

£ix kg sauples of wet neans from pods of different
maturity were fermented in vaskets lined with two layers of
oanana leaves for 2 period of eix daye, subjecting the beane
to turning en aslternate days. The experiment was repeated
five itimes and ooservaiions on tae temperature developaent,
pl changes of the pulp and cotyledons, pi of the dried oeane,
cut t{est, average oean weight, shell percentage =a1d percentege
reqovery of ithe cured oeans were recorded,

EFFECT OF STO0uINRG HAKVESTED POLS ON FERMENTATION
CTARACTERIBTICE

Uniformly yellow pods were harvested on a single daoy and
stored iu gunny bage for a period of eeven days, Out of tane
lot, pods were iziken for fermentation at diffaren:i stages,
namely, on the day of narveet, two days after harvest, four days
after harveet and six days after harvest, The beans were fer-
mented in mini baeket lined with banaua leaves, tae duration of
fermentation beinyg six days. 7The beans were turned on alter-

nete days. Observatione on tne temperature development, p?,
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chapges of the pulp and cotyledons, cut test, average bean
weight, shell percentage and percentage recovery were recorded
in this experiment also for the different treatments,
QUALITY ATTRIBUTES OF BEANS FERMENTED BY TH: DIFFERENT
METHODE IN RELATION TO STORAGE

In order to gather information on the changes in the
guality attributes of cured beans during storage, =ix to ten
kg beans were sealed in double polythene bags and stored for
a period of ten months, DBean samples were drawn every month
for observations on the percentage of brown, brown.pale purple

and purple besns as well as on the piH of tue cotiyledons.

OBSERVATIONE RECCRDED

Temperature

The temperatures were recorded at two levels, naaely,
top and bottom, twice daily at 9 am and 5 pm for the different
methode of fermentation tried, In the case of tray method,
temperatures were recorded at the middle portion of the top,

middle and botiom trays.

pi
The pH of the pulp and the cotyledones were recorded
adopting the method recommended by the Coooa Hesearch Ineti-

tute, Ghans {Anon., 1978).
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For determination of the pH of the pulp and the ooty-
ledone, bean samples were drawn everyday from the middle por-
tion of the basket and the box., In ihe case of tray metnod,
samples were taken from the centre of the top axnd middle
trays. OSamples were left out from the bottom trays since
the temperature development will be low in ilne bottom traye
and satisfactory fermentation will not take place in them
(Rohan, 1958).

A sample of 10 beans was made and the pulp poriion
removed by a scalpel. The pulp was then Wwansferred into a
100 ml beaker and 90 mi of boliling water poured inio it with
stirring. The mass was then cooled to 20.0%C to 25.0°C and
the pH was determined with the help of a pH meter,

For estimating the pH of the cotyledons, the cotyledons
from 10 peanes were taken and finely ground using mortar and
pestle., From the ground mase, 10 g samples were taken for

determining the pi, as described for the pulp.
Cut test
Properly driea beans were subjeoted to tue cut test for

determining the efficiency of fermentatiou.

Samples of oeans were taken, thoroughly mixed and quar-

tered to give a heap of more than 100 beans. One hundred

beans were ihern tuxen at random for ithe cut test. Each bean



31

was out lengthwise through the middle with & sharp scalpel
and one half of the cotyledon was examined for ite colour
in good day light. 1he beans were clussified into brown,
pale purple, purple, slaty =nd over-fermented beens., lhe

percentage of the beans in ea¢h category was then worked out.

Average bean weight

Weight of 100 beans was recorded and averaged.

Shell percentage

From a sample, 100 beans were countec, irrespective of
their size and shape., After recording the weizgant, the oeens
were ghelled and the weight of the cshell recorded. From

these dzta, the shell percentage was calculated.

Percentage recovery of cured beans

Based on the weigiht of beans vefore fermeuntation and
the weight of cured (fermented and dried) oveans, tne percen-

tage recovery was worked out,

Statistical analysis

£1]1 the data collected were analysed staticstically es per
the methods sugzested by Panse and Sukhetme (1973).
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RESULTS
EFFICACY OF DIFFERENT METHODS OF FERMENTATION

The efficacy of seven methods of fermentation was
assesgsed based on the development of temperature during
fermentation and on the cut test. The resulis are presen-

ted below:

Temperature development

Mini basket lined witn banana leaves

Tempera ture developuent in the top 1/3 portion and
bottom 1/3 portion have been recorded at the time of initial
loading and thereafter at 9 am and 5 pm each day. The data
are presented in Table 1 and Fig.l. By the second day
(40 hrs), the temperature in the top 1/3 portion rose from
the initisl 27.0°C-27.5°C to 37.0%C, 34.0°C and 32.5°C in
the six~-four-and two-kg bean lo ts, respectively. On the
fourth day (88 hrs), peak temperatures of 48,5°C and 45.0°C
were attained, which dropped to 39.0°C, 37.5°C and 37.0°C by
the fifth day (112 hrs). Temperature again rose on the gixth
day (136 hrs) to 45.5°C, 44.5°C and 44.0°C. From the sixth
day onwards, there was a steady drop, the temperature ulti-
mately reaching 37.0°C, 35.5°C ana 33.0°C, respectively on
the nineth day (1392 hrs) in the three lots.
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Table 1.- Temperature development (OC) in the bean mass fermenied
with bansna lesves,

asing the mini-baskets lined

A " W G G W S G T NS AR WO NS T NP GU W B e e B R G W -

A G . G A S G S T S e W

, 2
Temperature Days afier setting
recorded at 1 2 3 4 5 6 7 8 9
6 kg lote
Top 1/3 27.;: 35.0 39,0 47.0 41.C 45,0 44.0 40.C 37,0
31.0 37.0 42.7 48.5 39.0 4%.% 41.0 33.0 -
Bottom 1/3 275 33.0 36.5 45.5 39.0 43.5 43.C 38.0 35,0
29,0 35,0 40,0 46.0 306.0 45,0 38.5 37.0
4 kg lots
Top 1/3 27.0 32.0 36,0 47.0 39.0 43.0 43.0 7.0 35,5
2900 3400 38.0 4705 3705 4405 4000 3705 -
Bottom i/3 27.0 31.0 34.0 45,0 39.0 42.0 41,0 37.0C 34,0
28.0 33.0 36.0 45.0 37.0 43.0 39.0 36,5 -
2 kg lots
Top 1/3 27.0 31.C 35,0 43.5 40,0 43.0 42.5 37.0 33.0
2805 3205 3605 4500 3700 4400 3900 35.0 -
Bottom 1/3 27.0 2%.5 33,0 42.0 38,0 42.0 41,0 36,0 32.5
26-0 3200 3400 4300 36.0 4205 38.0 3~4.0 -
@ The beans were mixed at 9 am dn the inird and fifth days

* Temperature recorded at 8 am.
*¥ Temperature recorded at 5 pm.
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The bottom 1/3 portion aleo recorded similar trends,

Mini oaskel lined with polythene sheet

Under this method, the temperature in tue top 1/3 por-
tion rose from the initial 27.0°C-27.5°C to 33.5°C, 32.0°C aud
30.0°C oy tae second day (40 ars) in tne six-four-and iwo-kg
bean lots. On the fourth day (o8 hrs), the temperature rose
to 43.500, 43,0°C and 40,0%C. The teuperature dropped to
39,0°C, 37.0°C and 36.0°C oy the fifth day (112 hrs) aud
again rose to 47.5°¢, 44,0°C and 42.0%C by tne sixth day
(136 hre). From the sixth day onwards, siteady drop could be
ovserved, the temperature reaching BB.OOC, 35,5%C and 33.5°C.
respectively in ine three lots by the nineth day morning
(192 nrs).

The botiom 1/3 portion aleo showed the sanze trend in

the tempsrature development (Table 2 and Fig.2).

dini box

In mini box, tne temperatures attained were 36.0°C,
36.5°C and 35.5°C on the second duy (40 hrs) in the six-four~
and two-kg vean lote, respectively. On the fourth day (&3 hrs),
the tempersiure rose to 47.500, 45,0°C and 47.0°C, 1lne tempe-
rature dropped to 39.0°C, 33,0°C and 37.5°C on tne fifta day
(112 hrs). Temperature of the fermenting vesn mass which was
45.5°C, 44.5°C and 43,5°C on the sixtn day (136 hrs), dropped
to 37.5%°C, 36.0°C and 35.0°C by the nineth day (192 ars).
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Table 2.- Temperatur: development (°C) in the ovean mzse fermented
using the mini-oaskets lined with polyihene sheet

e G P A G . T R G P Piv GIn O W lok e G W S G A S G G e I S 0 A S 400 G DS R e TS S G G G G AU GO G T A W S Gy TP Y G S W W A S e D I A

A
Temperature Days after setting

recorded at

D A I R e A T S G S G G T T G G G GRS W S BT EES G G S DU A e D W SRR T U S SN I SED GBS G I AP AR MY GHD i TS GRS SR W SN Sme W A R P AN e SR G GBI e Ave M YIS A S A

Top 1/3 27.5* 32,0 36.0 43.0 39.0 46.5 46.0 43.0 38.0
28.0" 33.5 41.0 43.5 42.0 47.5 44.5 41.0

Botioa 1/3 27.5 31,0 34.0 41,0 33.0 44.0 45.0 41,0 36.0
20.0 31,5 39.C 42.5 40.5 48.0 43.0 4C.C
4 kg iols

Top 1/3 27.5 31.C 36.5 42.0 37.0 43.5 43.0 41,5 35,5
QUOO 3200 390’\‘ 4300 41 00 4400 42.5 3700

?U.O 31.0 3600 4‘100 4000 4‘300 4100 3700

2 Kg iole

Top. 1/3 27.0 23.C 33.0 35,5 36.0 41,0 42.5 37.5 33.5
27.5 30,0 35.0 40.0 37.5 42.0 45.0 326.C

Sotion 1/3 2700 25;6 3?00 3700 3500 40.0 4105 36.0 33.0
27.5 349.0 33,0 37.5 36.0 41.0 39.C 34.0

G W > e S o T W T o B W e G = A e B W S S e A D TGP G S A G G s W e e G W G B S YU TR AU G S I WA M W SN SO G B e I N B G S G e

i Beans were mixed at 9 zm oi: the tnird rud Iifth days

* Tempersature recorded at 9 au,.
** Temperature recordedé &t - pm.
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Tavle 3.- Temperature developmenti (°C) ix the bean mase

fermented using the mini-~boxes

M G e G W T TEN GE GLS G NS A AR G GID W NS S BT G G T S WY G e A e U G D G G o G Y G A e PN T S U WS A WS S G B W G i MY AR e G S S W B S T G W S G

Tempersature

recorded at

U e G S U O G G A U G A Y D D R Y G G e G Y T WS GU G GRS SEP W S S D G Y NS A (R S G A S WY G G S (IS WO G S W T G G AR G G W SNV A TR S G B S

23.0" 32.0
31,0 36.0

Top 1/3

26,0 31,0
30.0 35.0

4 Ky lotie
Top 1/3 26,0 33.0
30.5 36.5

Bottom 1/3 28.0 32.5
30.0 35.0

2 kg lote
Top 1/3 28,0 31,0
29.5 35.5

Bottom 1/3

Botton 1/3 23,0 30,0
29.0 34.0

38.0
39.0
37.0
3745

3660
40,0

37.0
39.0

4745
47.0

45.5
45.0

43.0
47.5

46.0
4640

40.0
39.0

39.0
34340

40.0
350
38.0
37«5

45.0
45.5

44.0
44.0

44,0
5}-405
43.0
42.5

44.0
43.5

43.0
42.0

44,0
41.5

42.0
39.0

40,.C
256D

39.0
3Te5

39.0
3560

375
37.0

IS B Gar P e B CAe BB G S T G W B NS G P O AT TSGR I DY DT S UV MRS SED TN SIS WS G S A SIS D G YD (RIS G e e gms G e G UG G e G VS S G GRS G e AN S W AR T W G W G G e o

< Beans were mixed at 9 am on tne
* Temperature recorded at 3 am,
*+ Temperature recorded av 5 pa.

third and fiftia daye
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The data revealed that the bottom 1/3 portion of the fer-
menting bean mass also showed the same trend in the tempe-

rature development (Table 3 and Fig.3).

Small heap with banans leaves

In this method, temperature in the top 1/3 portion of
the heap rose from the initial 27.0°C-28.0°C to 31.0%,
31,0%C and 30.0°C by the second day (40 hrs) in the six-four
and two-kg lots. On tne fourth day (88 hrs), temperature
rose to 41.0°C, 37.0°C aud 35.5°C. A drop to 37.0°C, 35.0°
and 34.0°C was observed on the fifth day (112 hrs). Tempe-
rature again rose to 38,0°C in the six~kg bean lot. In the
four-and two-~kg bean lois temperatures of 35.000 and 3%2.5°C
was recorded on the sixth day (136 hrs). From the sixth day
onwards, a steady drop was observed, the temperature ultima-
tely reaching 30.0°C, 28.5°C and 28.0°C on the nineth day
(192 nrs).

The bottom 1/3 portion also revealed similar trends
(Table 4 and Fig.4).

Small heap with polythexrie sheet

In small heap with polythene sheet, temperature rose
from the initial 27.0°C to 30.0°C, 30.5°C and 29.0°C by
the second day (40 hrs) with esix-four-and two-kg heaps. The
temperature rose to 40.0%C, 39.0°C and 36.5°C ou the fourth



Table 4.~ “emperature development (°C) in the bean mass fermeyted
in the small heape with bansna leaves

A G = R S T TR A Y T S G U S S W G D G A S T - U G W T S W > W G G G G Gy W G G T e SN GO e U Y S W 4B W

Temperature
recorded at

e s T G - S G Ga R T VO S e W G AT NS B T P S AP S S SO GO N TS e T U G e s W G W WP T W W G T e G W e W A G s G W R G TS A e Wne W W S N e

L&
29.0 31,0 35.C 41.C 37.0 36,5 35.0 32.5%

Bottom 1/3 27.0 29.0 31.0 37.0 3%6.0 36.5 35.0 33.0 29.%

4 ki lots
Top 1/3 27.0 3G.0 32,0 36.0 36,0 0 33,0 31.0 23.5
2.5 31,0 33,0 37.0 35.0 34.0 32.C 30,0

Bottom 1/3 27.0 28.5 30.0 35.5 35.0 33.5 32.5 30.5 28.0
26,0 29.C 32.0 35.0 34.0 32.5 31.5 29.0

2 kg lois
Top 1/3 27.0 26,0 31.0 35.0 3%.0 32.5 32.0 29.5 238.0
27.0 30.0 35.0 35.5 34.0 32.5 31.5 29.0

. G s S S e G WP T e e A W T S P G WS GDe WA W G . YA B GO SV S AR G SR T G S GO R NS G e G G W G S S WD 4 S GOY Qe e B W W G G I S B G S W e

« Beans were mixed at 9 am on tne third ard fifih days

* Temperature recorded at 35 am
** Temperature recorded ai 5 pm.
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Table 5.- Temperatiure development (°C) in the vean mass fermented
in the small heaps witn polytinene sheet

- G G D G G W W e T v S - - -~ o P Gs S G S U S GI> G WP T G G SRS WD SO SIS G D W WS SO

Temperature
recorded at ”
1 2 4 5 6 T 3 9
b kg lots
Top 1/3 27.0" 29.0 32.C 39.0 37.0 41.0 39.0 38.0 36.5

25,0 30.0 36.0 40.0 36.0 42.5 39.C 37.0

Bottom 1/3 27.0 2c.%5 31.0 37.0 36.0 39.5 33.0 37.0 35.C
28.0 28.0 34.C 33.0 35.0 40.C 37.% 36.5

4 kg lotis
Top 1/3 27.C 23.5 33,0 33.0 36.0 40.C 42.0 338.0 36.0
28.0 30.5 35.0 39.0 35.0 41,0 4C.0 37.0
Bottom 1/3 27.0 28,0 32,0 36.0 35.0 %3.5 40.0 37.0 34.%
27.5 28.5 33%.0 37.0 34.5 29.5 3393.0 3%5.0

2 kg lois
Top 1/3 27.0 23.0 30.0 35%.0 35.0 36.0 35.0 33.5 32.5
27.5 29.C 32.5 36.5 33.5 36.0 35%.C 33.0

O N . G S T G B AP M B DY T Y T T D T G U T S I D SN T S T IR I U S G U B SUD G I R G S G SR A A S S T G SV A A S W P A N S S G W SR G

¢ Beais were mixed at 9 am 01 tae tuird =z.d fifth days

* Temperasture recorded at 9 am.
** Temperature recorded at 5 pa.
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day (88 hrs) and dropped to 36.0°C, 35,0°C and 33.5°C by

the fifth day (112 hrs). On the sixth day (136 hrs), tempe-
rature again rose to a peak of 42.500, 41,0%, and 36.0°C.

On the seventh day morning (144 hrs) with the four-kg bean
lot, temperature rose to 42.0°C whereas with the six~- and
two-kg bean lots, temperature dropped to 39.0°C and 35.0°C.
From the seventh day onwards, temperature dropped, ultimately
reaching 36.5°C, 36.0°C and 32,5°C by the nineth day morning
(192 hrs), wiih the tinree bean lots.

The bottom 1/3 portion of the heap revealed same trend

in the temperature development (Table 5 and Fig.5).

Single tray

In the single tray method, temperature in the top 1/3
portion rose from tne initial 27.0%¢C to 36.0°C, 36.0°C and
37.0°C by the second day (40 hrs) with the six-, four- and
two~kg bean lots, respectively. The temperature rose to
43,5%C, 44.5°C and 45.0°C by tne fourtn day (88 hrs) and
dropped to 43.0°C, 42,0°C and 42.5%°C by the fifth day (112 hrs).
From the fifth day onwards, temperature dropped reachinug
35,0°C, 35.0%C and 32,5°C by the seventn day (144 nhrs). The
oottom 1/3 portion also showed the same trend in the tempe-

rature development (Table 6 and Fig.6).

Set of five small trsys

In this method, the temperature of the fermenting oean
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Table 6.- Temperature development (°C) in the bean muss
fermentec using the single irays

e S S I T G W S Y W A GES e S PR GV G TYR R S W GNS GUE SN D YD GO S O G B8 YIS G P G I SAS S Se e M G W S G N S T G AP P Tk WD B T SN S W GRS G WS A T S

Temperstiure
recorded st
1 2 3 4 5 6 T
6 kg lotis
Top 1/3 27.0" 32,5 37.0  43.0  43.0 41.0 35,0
31.5%% 36,0 42.0 43,5 43.0 33,0
Bottom 1/3 27.0 31.0 36.0 41,0 1.0 39.0 34,0
30.0 24,0 40,.C 42.0 40,0 2640
4 kg lots
Top 1/3 27.0 33.5 38.0 43,5 43.0 40.0 35.C
23.0 36,0 41,0 44.5 42.0 37.0
Bottom 1/3 27.0 32.0 36.0 43,0 42.0 33.0 33,0
?0.5 3400 3900 4305 4100 3600
2 kg lois
Top 1/3 27.0 34,0 39,0 44,5 44,0 40.0 32.5
29.0 37.0 42,0 45,0 42.5 375
Botton 1/3 270\ 320(-:‘ 3doo 4400 4200 3?05 3105
24,0 35.0 41,0 43,5 40,C 36.0

D G o Y > WP S W S e W A TS G T s G T D T O G T B G D T D QTS W GRS Y G B s W B ERS P SUE T G Ged T . SN S i G e RS G G NS G T A W TR A GRS G G i GBS - S

* Temperature recorded ai 9 am,
+%* Temperature recorded &t © pa.
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Tavle 7.- Temperature development (°C) in the ovean mass fermented
using tne set of five small trays

O S S W B T G S N B Py SO v A W B G W TS W Wis G AT U ek A GO T S e S (D - The S U G i G e, D S G D O G GRS W B TR W S W S G B AR WP SuS S D S B I S

Temperature
recorded at
1 2 3 4 5 6 7
10 kg lois

Top twraye 23.0% 36.0 42,0 47.5 41.5 41,0 33,0
33,0%* Jv.C 43,0 48.0 44.0 40,0

Middle tray 28,0 35.0 41.0 46.5 46,0 40.0 37,0
33.0 37.0 42.0 47.5 43.0 39,0

Bottom trey 28,0 32.0 38,0 44.0 44.0 38.0 35,0
29.0 35.0 39.0 45.0 40.0 37.0

D B e W G s S e S S Wi W U TS AT G . W o S W . G e W W Uy WS AR Wan, US40 W WP WL G G B s WY Ui e W Gl e P U P B QT S W T e W e S W G e G W o

i Temperature recorded at the middle portion

* Temperature recorded at 9 sam.
*»* Temperature recorded at 5 pm.
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mass rose from the initial 28.0°C to 38.0°C, 37.0°C and
35.0°C in the top, middle and bottom trays, respectively

by the second day (40 hrs). On the fourth day (88 hrs),
temperature rose to 48.0°C. 47.5°C and 45.0°C. On the fifth
day (112 hrs), a temperature drop to 46.5°C, 46.0°C and
44,0°C could be observed. The drop continued till the
seventh day (144 hrs) when temperatures of 38.0°C, 37.0°C and
35.0°C were recorded in the top, middle and bottom irays
(Table 7 and Fig.T).

Cut test

For assessing the effjicacy of the different methods,
the fermented beans were sampled and subjected to the standard
cut test. The data on the production of brown beans under
the six methods (with three quantities of beans each) were
analysed for the three durations of fermentation (Table 8).
The ANOVA taole (Appendix I) showed significant variation
among the methods, quantities, method x quantity interaction,
duration and method x duration interaction, in respect of

production of brown beans.

Among the different metnods, mini box (M3) and mini
basket lined with banena leaves (i,) were found to be on
par; but superior to tne others. The second best methods
were minji basket lined with polythene sheet (Mz) and single
tray (MG) which were also found to be on par,
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In respect of the three quantities of beans fermented
by the different methods, six kg (Q,) showed superiority
over four kg (Q,) aud Wo kg (QS)’

When fermented using mini basket lined with banana
leaves (i,), the quantities six kg (Q1) and four kg <Q2)
gave higher proportion of brown beans. The quantity six kg
(Q4) was found to be the oest for mini basket lined with
polythene sheet (Mz). The three quantities were equally
effective under mini box (M3). For single tray (MG)’ four kg
<Q2) and two kg (Q3) bean lotis gave the best results (Table 9).

Among the different durations of fermentation adopted,
six~day fermentation (D1) was found to give maximum brown
beans, followed by seven=-day (Dz) and ejight-day (D3) fermen-

tations.

The six-day fermentation was found to be ithe besi
(in respect of production of brown beans) when all the methods
were considered together., However, for mini basket lined with
poly thene sheet (Mz), the three durations were on par. In the
case of single tray method <M6)’ four- and five-day fermen-
tations were on par and superior to six-day fermentation

(Table 9).

Brown + pale purple beans

Brown and pale purple beans are acceptable 1o the cocoa

trade. The specifications state that a proportion of 30 to
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under six methodr of fermentaiion

o - g G T U e > I S S S B WD e S G B T T TS SO GeS W T G .-

He thod

b kg 4 kg 2 kg Mean b 7 13!
i, 30.57 ¢ 35.62  33.42  35.20 44,14 36.35  25.14
(35.50)° (33.90) (30.30) (33.20) (48.50) (35.70) (15.00)
iy 35.56 25.06 24.04 25,22 28.86 286.01 27.75
(35.50) (17.90) (16.60) (22.40) (23.30) (22.10) (21.70)
g 35.69  35.66 36,06 35,80 42,51 36,96 27.96
(34.00) (34.00) (34.70) (34.2C) (41.70) (36.20) (22.00)
‘4 26.14 22.45 17.74  22.11 24,3C 22,39 19.66
(19.40) (14.60)  (9.30) (14.20) (16.3C) (14.50) (11.30)
i 26.94  27.49 20,89 25,10 25.43 24,17 25.72
(20.50) (21.30) (12.70) (13.00) (18.40) (16.80) (13.30)
Msi’ 20.24 28,306 28.36 27.66 29,20 28.98 24.82
(19.50) (22.60) (22.60) (21.60) (23.80) (23.50) <{17.50)
sesn  31.19 29.11 26,75 32,40 29.47 25,17
(26.30) (23.70) (20.30) (26.70) (24.20) (18.10)

* Mean (%) of two replicatious.

@Values in parentneses indicatz angular trausformed ones.

,\@ Dialin, C"’”; f IR R OTPTI L J SR 12 L'};'U?@ .
"""""""""""""""" - X, - iini obasket lined with
Q?antity Duration (dayse) banasna leaves

kg) 6 7 3 H? - Mini basket lined witn

---------------------------------- poly thene sheet

6 34.96 31.24 27.%0 T _

(32.50) (26.90) (21.10) i, - Mini-box
13 - S 3 9 P
4 31,68 29.95 25,71 &‘ lﬁiééeheap withn oanana
2 30.58 27.24  22.53 A - igzéi heap with polythene
(25.90) (20.30) (14.70)
------------------------ #; - Blngle tray
CD

——————

Wethods

dethod x
quantity

Duration
HMethol x
duration

Quantiity x
duration

- 1.21 (0.01)
Juantities -0.85 (0.01)

-2,10 (0.01)

-0.36 (0.01)
- 2010 (0001)

- 1.48 (Not significant)
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40 per cent pale purple beans is acceptable (Anon., 1968).
As such, the efficacy of the different methods was also

assgsessed based on the quantity of brown + pale purple beans.

The ANOVA table (Appendix II) for brown + pale purple
veans showed highly significant variation among the methods,
quantities, method x quantity interaction, duration and
method x duration interaction. Quantity x duration inter-

action was not found to be significant.

Among the different methods, mini basket lined with
banana leaves (My) and mini box (M3)’ which were on par, were
found to be superior to the others in the production of
brown + pale purple beans. The next best methods were mini

basket lined with polythene sheet (M,) and single tray (M)

In respect of the three quantities of beans fermented,
six kg (Q1) snowed superiority over four kg (Qz) and two kg (Q3)
in the production of brown + pale purple beans. The quantity
six kg (M1) was found to give higher proportion of brown +
pale purple beans when the different methods were considered
together. However, for mini box (M3), the three quantities
were equally effective.

Among the different durations of fermentation adopted,
six~day fermentation (D1) was found to give maximum brown +
pale purple beans, followed by seven—-day (Dz) and eight-day

(D3) fermentations.
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Tavle 10.- Production of brown ¢+ pale purple beans under six

methods of fermentation

- o ae >

-~ - o=

Quantity (kg)
4 2 Mean 6

58,185, 55.74  55.33  56.42 65,10
(72.20%" (68.30) (67.60) (69.40) (82,30)
54,32  39.80  41.17  45.10 42,10
(66.00) (41.00) (43.30) (50.20) (45,00)
55.27  55.20  55.31 55,26 62,75
(67.50) (67.50) (67.60) (67.50) (79.00)
40,18  38.81 31,01 36,67 739.46
(41.60) (39.30) (26.50) (35.70) (40.40)
40,13  39.86  37.75  39.25 36.15
(41.50) (41.10) (37.50) (40.00) (34.80)
42,50 41,13 41,82 41,62 40,82
(45.70) (43.30) (44.50) (44.10) (42.70)
48043 45090 43073 - 47073
(56.00) (51.60) (47.80) (54.80)

O 0 S W e W M e G B S WD e G G S G A U AL S A T N G SV S A T U B SN S T G G G0 TR S S R G A A T T G WO AR e TS U GNP A B T D G S e 0 S U T

¢ Mean (%) of two replications

-— g -

- S B WS A G S S WP G W

Duration (days)

7 8
57.24 46.92
(70.70) (53%.40)
45,07 48.11
(50.10) (55.40)
56.50 46.53
36.69 33.85
(35.70) (31.00)
39.10 42,50
(39.80) (45.70)
45.57T 39.09
(51.00) (39.70)
46.70 42.83

(53.00) (46.20)

#* Values in parentheses indicate angular transformsd ones.

- o

—— - - -

Duration (days)

D

e LA S
49,80 46.78 46,62
(58.30) (53.10) (52.80)
49.48 46.15 44.46
(57.80) (52.00) (49.10)
46.01 42.84 4C.12
(51.80) (46.20) (41.50)

G - e B DY e G S L Y (S Gy G V. SR S B G G- W W W

Me thod

Quantity
Method x
quantity
Duration

Hethod x
duration

Quantity
duration

1.45 (0.01)
1.03 (0.01)

f

1.78 (0.01)
- 1,02 (0.01)
2.51 (0.01)

- 1078 Not Big’
nificant
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Within the six methods of fermentation, for mini oasket
lined with canana leaves (if,) and mini box (M3), six-day fer-
mentation (D1) was found to be the best with respect to the
production of brown + pale purple beans. FYor mini basket
lined with polythene sheet (Mz), the production of brown +
pale purple beans was found to increase as the duration
increased from six days (D,) to eight days (D3). For single
tray method (MG)' five-day fermentation was found to be tae

best,

Purple beans

Irrespective of the quantities and duration studied,
small heap with banana leaves (M4), small heap with polythene
sheet (M5) and single tray (MG) methods produced comperatively
higher proportion of purple beans (Table 8).

Slaty beans

Production of slaty beans could be observed in small
heap with banans leaves (M4) and small heap with polythene
sheet (MS)’ irrespective of the quantities and durations tried.
In single trays (M6), production of slaty beane was observed
only in the six kg lots (Table 8).

Overfermented beans

In all the methods and quantities, fermentation of

beans for more than six days caused the production of



overfermentied beans, the quantum of such beans increasing
with increase in the duration of fermentaiion (Table 8).

THE COMPARATIVE EFFICIENCY OF FERMENTATION METHODS
DURING THE DRY AND WET SEASONS

The efficiency of the three fermentation methods, iden-
tified as promising in the studies was compared during the
dry and wet seasons. The temperature development, pH of the
pulp and cotyledon during fermentation, pH of the dried beans,
results of the cut test, average bean weight, shell percen-
tage and the percentage recovery of cured beaus were the cri-
teria used for the comparison. The studies were limjited to

one quantity, based on the earlier results,

Temperature development

Mini basket lined with banana leaves

The temperature development in the top 1/3 portion and
bottom 1/3 portion were recorded at the time of initial
loading aud thereafter at 9 am and 5 pm, each day. The data
are presented in Table 11 and Fig.d3. During the dry season
(April and May) in the mini basket lined with banana leaves
(M1), the temperature in the top 1/3 portion rose from the
initial 28.0°C to 37.0°C by the second day (40 hours). Tempe-
rature reached a peak of 48.5°C by the fourth day (88 hrs).
On the fifth day (112 hrs), the temperature dropped to 39,0°¢C,
The temperature again rose to 45.5°C on the sixth day (136 hrs).
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Table 11.- Temperature development (°C) in the besn mass fermented
during the dry and wel seasons

Days after setiing
Tempereature

recorded at 1 o 3@ 4 5@ 6 7

Mini-basket lined with benans leaves (H1)

Dry season (31)

Top 1/3 28,0* 35,0 39.0 47.0 42.0 45.0 45.0
32.0** 37.0 42.0 45.5 39.0 45.5 -

Bottom 1/3 28.0 3305 37.0 4500 ‘Ooo 4400 43.0
31.0  35.5 40.0 46.0 3345 44.5 -

Wet season (52)

Top 1/3 26.0 31.0 34.0 41.0 37.0 42.0 39.0
28.0 32.0 39,0 43.0 35.0 40.0 -

Bottom 1/3 26.0 30,0 3245 39.0 36.0 40.5 38.0
26.5 3100 36.0 4105 3400 39.0 -

dini-box (Hz)
Dry season (81)

Top 1/3 27.0  33.0 39.0 47.5 46.0 45.5 45.5
31.0 3600 4300 4800 39.0 4600 -

Bottom 1/3 27.0 31,0 37.0 46.0 39.0 43.5 43.0
30.0 3400 4100 4605 3800 ‘500 -

Wet season (32)

Top 1/3 26.0 2900 3500 4200 3705 4200 3800
27.0 3200 3900 4300 37.0 42.5 -

Bottonm 1/3 26.0 27.5 3305 40.0 3700 4100 37.0
27.0 3100 3700 4100 37-0 40.0 -

Sev of five small traye (i)
Iry season (51)

Top tray 57,0 36.0  42.0  47.5  46.5 - -
(it1dd1e 32.0  38.0  44.0  47.0 - - -

portion)
Middle tray 27.0 35,0 41.5 47.0 46 0 _ )
(Middle . * * * e - -
portion) 31.0  37.0 43.5 46.5
Bottom tray 27.0 34,0 39.0 45.5 44.0

(Kiddle . L4 . P -.

portion) 29.0  35.0 40,0 45.0

D B o P ST G G W VIR QR Gr W W WY S W GT SO G O S W W O e G g . T A T SO G SO T T T i W A W

¢ Beans were turned on the third and fift.y days in th

basket and box. S

* Temperature recorded atv 9 am. % T%m eg:ture recorded




Table 11, - Continued
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Days after settiing

Temperature
recorded at 1 2 3 4 5 6 7
Wet season (82)

portion) 28.0 34.0 33,0 41.0 - - -
z?aiaigﬁa Y 26,0 30,0  36.5 41.0 40.0 - -
portion) 28.0  33.0 38.5 40.0 - - -
Boitom tray 6.0 26.0 35.0  38.5 37.0 _ )
(M1ddle 27.0 30.0  36.0 38.0 - - -

portion)

YT N g G = W W T CID g v D G G W W T i G SIS A QA G e e G GO A e IS B WP B e i A S U A SN SR M G G e A LR N S SR G S A O W T G B



Fig-8- SEASONAL VARIATIONS IN TEMPERATURE OF THE BEAMS
FERMENTED USING MINI-BASKET LINED WITH BANANA -
LEAVES (& Kq. BEAN LOT) -
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On the seventh day (144 hrs), the temperature of the fer-

menting bean nass was 45,0°C.

During the wet season (July and August), the tempera-
ture in the top 1/3 portion rose from the initial 26.0%C to
32,0°C by the second day (40 hrs). On the fourth day (88 hrs),
the temperature rose to 43,0°C. The temperature dropped to
35,0°C on the fifth day (112 hrs). On the sixth day (136 hrs),
the temperature again rose to 42,0°C. On the seventh day
(144 hrs), the temperature of the fermenting ovean mass was

39.0°C.

The bottom 1/3 portion of the fermenting bean mass also
recorded similar trends in temperature variation during the

dry and wet seasons.
wini box

In mini box fermentation (M2) during the dry season,
the temperature in the top 1/3 portion rose from the initial
27.0°C to %6.0°C by the second day (40 hrs). On the fourth
day (88 hrs), the temperature rose to 48.0°C. It dropped to
39.0°C on the fifth day (112 hrs). On the sixth day (136 hrs),
the temperature rose to 46.0°C. On the seventn day (144 hrs),

the temperature dropped to 45.5°C.

During the wet season, the temperature in the top 1/3
portion rose from the initial 26.0°C to 32.0°C by the second
day (40 hrs) and rose to a peak of 43.0°C by the fourth day
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(38 hrs). On the fifth day (112 hrs), the temperature dropped
to 37.0°C. On the sixth day (136 hrs), the temperature again
rose to 42.5°C. On the seventh day (144 hrs), the tempera-

ture of the fermenting bean mass was 38.0°C.

The data on temperature revealed that the bottom 1/3
portion also recorded similar trends during the dry and wet
seasons (Table 11 and Fig.9).

Set of five small trays

When fermenting with a set of five small trays (MB)’ by
the second day (40 hrs) during the dry season, a temperature
rise from 27.0°C to 38.0°C could be observed in the top tray
(middle portion), to 37.0°C in the middle iray (middle por-
tion) and %o 35.0°C in the bottom tray (middle portion). On
the third day (64 hrs), the temperature rose to 44.0°C, 43.5°C
and 40.0°C in the top, middle and bottom trays, respectively.
On the fourth day (72 hrs), the temperature rose ito peaks of
47.5°¢C, 47.0°C and 45.5°cC, respectively. The temperature
dropped to 46.5°%C, 46.0°C and 44.0°C in the three trays, on
the fifth day (112 hrs).

By the second day (40 hrs) of the wet season, the tem-
perature rose from the initial 26.0°C to 34.0°C in the top
tray, to 33.0°C in the middle tray and to 30.0°C in the bottom
tray. On the third dsy (64 hrs), the temperature rose to
39,0°¢C, 33.5°C and 36.0°C in the three trays. The peaks of
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42.0°C, 41.0%C and 38.5°C were obtained on the fourth day
(72 hrs). At the time of taking the beans for drying on
the fifth day (112 hrs), the temperature of the fermenting
bean mass was 40.5°C, 40,0%C and 37.0°C in the three trays
(Tanle 11 and Fig.10).

pH of the pulp

In the mini basket lined with banzna leaves (M1),
during the dry season (April and May), the pH of the pulp
rose steadily from the initial 3.80 to 4.50 by the sixth
day (144 hrs). On the seventh day (168 hrs), the pH dropped
to 4.20. During the wet season (July and August), the initial
pH, which was 3.50, rose steadily to 4.15 by the sixtn day
(144 hrs). The pH recorded a drop to 3.90 by the seventh
day (168 nrs).

In the mini box (Mz), during the dry season, the pH
of the pulp rose steadily from the initial 4.00 to 4.60 by
the sixth day (144 hre). The bH dropped to 4.30 by the seventh
day (168 hrs). During the wet season, the pH rose steadily
from the initial 3.40 to 4.10 by the sixth day (144 hrs).
The pH dropped to 4.00 by the seventih day (168 hrs).

In the set of five small itrays (M3), during the dry
season, the initial pH which was 3.90, rose steadily to 4.45
by the fifth day (120 nrs). During the wet season, the
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Table 12.-Seagonal varjation in pH ofwpulp during fermentation

W o e G . S G S TS I W T S ST W S RO W S T T e WP B T PGS S Qe N BT GRS G S BAD TR G TS Sy T TS WP W G e Y YO = YD e B A U D e W U Wy o o e Yoy " t———

Ireatments

S N 2 e R S S S ..
Mini-basket *

lined with 3.80 3.90 4.10 4,20 4.40 4.50 4.20

?anina leaves 3,50%" 3,65 3.88 4,00 4.10 4.15 3,90
M
1

Mini-box (Mz) 4,00 4.00 4,20 4,25 4.40 4.60 4.30
3.40 3.50 3.85 4.00 4,08 4,10 4.00

4,0

3.7

Set of five %.90 4,28 4.40 4.45 - -
small traye (M) 3,50 5  3.90 4.00  4.00 - -

s e - — T G - G W R Y Sin D D W G SO T DN S G AT SAR SN s S Gme (M G TN e e P See G e D G A W Man e WA A G e e A G e VAT P G Se0v Ge U M G SN e wme G e

@ The beans were turned on the third and fifth days in the basket
and box
* pH during the dry season
** pH during the wet season

Table 1%.- Seasonal variation in pH of the cotyledone during

fermentation
Days after setting
Treatments
] 5 ¢ 4 ¢ 6 7 Iried
Mini-basket 6.50 5.60 4.90 4.70 4,80 4.86 4.90 5.52
lined with 6.20%* 5,90 5,20  4.90  4.80 4.75 4.75 4.94
banana leaves

()
Mini-box (i) 6.60  5.50  5.00  4.70  4.75 4.82 4.90 5.42

6.20  5.80  5.20  4.80  4.70 4.70 4.72 4.90
Set Of five 6.40 5.40 4090 4’085 4085 - - 5058
small trays (85)6.00 5,70  5.10  4.75  4.72 = - 4.93

@ The beans were turned on the third and fifth days in the
basket and box.

* pH during the dry season
*%* pH during the wet season



initial pH was 3.50. The pH steadily rose to 4.00 by the
fifth day (120 hrs) (Table 12).

pH of the cotyledon

In the mini obaskets lined with basnana leaves (M1)
during the dry season, an initial pH of 6.50 was recorded by
the cotyledons. The pH decreased steadily to 4.70 by the
fourth dsy (96 hrs). An increase to 4.90 was observed by
the seventh day (168 hrs). In the dried beans, a pH of
5.92 was reoorded. During the wet season, the initial pH of
the cotyledons was 6.20. The pH dropped steadily to 4.75 by
the seventh day (168 hrs). In the dried beans the pH recorded
was 4.94.

In the mini box (Mg) during the dry season, pH of the
cotyledons dropped steadily from the initial 6.60 to 4.70 by
the fourth day (96 hrs). Thereafter, the pH rose steadily
to 4.90 by the seventh day (168 hrs). In the dried beans,
the pH was 5.42. During the wet season, the initial pH
recorded was 6,20, It dropped steadily to 4.70 by the sixth
day (144 hrs). The pH rose to 4.72 by the seventh day (168 hrs).
The pH was 4,90 in the dried beauns.

In the set of five small trays (M3) during the dry
season, the pH of the cotyledons dropped steadily from the
initial 6.40 to 4.85 by the fifth day (120 hrs). The dried

beans recorded a pH of 5.58. During the wet season, the



initial pH of 6.00 dropped to 4.72 by the fifth day (120 hrs).
In the dried beans the pH was 4.93 (Table 13).

Cut test

Data on the production of brown beans under the mini
basket lined with banana leaves (M1), mini box (MZ) and the
set of five emall irays (MB) during the dry (S1) and wet (82)
seasons were analysed. Highly significant variation in the
proportion of brown beans was obeerved between the seasons
(Table 14). Dry season (81), which was found to be superior,
gave 43,52 per cent brown beans as against 29.33 per cent
during the wet season (82). Regarding the methods, mini bas~
ket lined with banana leaves (M1), mini box (Mg) and the set

of five small trays (M3) were found to be on par.

Since tne brown and pale purple beans were acceptable
to the cocoa trade, the seasonal variation with respect to
the production of brown + pale purple beans was also assessed.
The dry season (81) was found 1o be superior (giving 61.56
per cent acceptable beans) to the wet season (giving only
48.70 per cent acceptable beamns). Among the methnods, mini
basket lined with banans leaves (M1) and mini box (M2), which
were on par, were superior to set of five small trays (M3)
(Table 15).

The data presented in Table 16 indicated that the wet

season (82) produced comparatively higher proportion of purple



Table 14.- Seasonel variastion in the production of brown beaus

in different methode

WD Gt o i WP D SO S SO M W B VIV G A G el SR

Methods
Seasons Mean
Mini-basket lined Hini-box ©Set of five
with banana (Eg) small irays
leaves (M,) (MS)
Dry (S,) 47.607, 46.60 46.40 43.52
(54.50) (52.80) (52.40) (52.70)
(27.80) (22,00) (22.30) (24.00)
ilean ‘ 39,70 37.30 37030 -
(40.80) (36.70) (36.70)
Seasons Methods
F - 217.17% F - 2,355
CD" 2041 GD - 2095

Season x Method

Ch - 4‘017

v wean (%) of five replioations
* Values in paerentheses indiocate angular

transformed oxnes
** Significant at 14 level
NS Not significant



Table 15.~ Seasoual variation in the production of brown +
paele purple beane in different methodse

e 4In W T I R . D G G T - S S

- v — o -

-~ us

liethods
Seasons Mean
Hini~basket Mini-box Set of five
lined with (ﬁz) emall trays
banena leaves (Ea)
(i)
Dry (5,) 64.97Y 63.89 56,54 61,56
(53.60) (57.90) (52.80) (56.40)
Heun 27 «47 56.71 52.73
(71.10) (69.90) (63.30)
Seasons Mdethods
F - 280,95%% F - 12,b4**
ch - 1.70 Cb - 2,09
Season x Method
F - 1,0988
CD - 2095

¢ Mean (%) of five replicatious

¥ Values iu perentheses indicate angular transformed ones.

*« gignificant at 14 level
NE Not significant



Tanvle 16.- Seasonal variation in the production of purple
beans in different methods

e o R G A S G A S EID i S S BUD Y S G A AN B G O e S W TR

iethode
Season  “yipi_pasket Mini-box Set of Mean  F D
lined wita (ﬁz) five small
banana leaves trays (ﬁB)
(31)

T o TTToTTTTTTTTTTTTTT T -
Dry (51) 25,03 26.42 30.05 27.16 200.25 3,62
(17.90)%** (19,80) (26.60) (21.43)

Wet (82) 40,04 38,70 41.89 40,21
(41.40) (39.70) (44.60) (41.90)
Mesn 320 54 320 55 35097
(29.65) (29.75) (35.60)
F - 7081*
CD - 2096
Method x Season
Fo- 1,28
b - 5,12

@ Mean (%) of five replications
¥#% Values in parentheses indicate angular transformed ones.

* Significant =2t 5% level
** Significant at 1% level

NS Not sigmificant



b2

beans (40.21 per cent) than the dry season (S1 - 27.16 per-
cent). Among the methods, set of five trays (M3) produced
higher percentage of purple beans than the mini basket lined
with banena leaves (M;) and mini box (M2).

Average bean weight

Results obtained during the dry and wet seasons adopt-
ing the mini basket lined with banana leaves (M,), the mini
box (M,) and tae set of five small trays (M3) indicated that
the dry season (S;) was significantly superior to the wet
season (82) in giving higher average bean weight (1.04 g
against 0.86 g). The ihree methods were found to be on par

in respect of the average bean weight (Table 17).

Shell percentage

Regarding the shell percentage, fermentation during
the dry season (S1) was found to be significantly superior
to that during the wet season in contributing the least shell
percentage (14.8% against 19.50).

The mini box (Mz) and the set of five small tirays (M3)
were on par; but significantly superior to the mini basket
lined with banana leaves (if;) in contributing the least shell

percentage (Table 18).

Percentage recovery of cured beans

The data on the perocentage recovery of cured beans to
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Table 17.~ Seasousl) variation on the everage bean weijght

in different methods

KHethods
Ceasons - hean
#4ini ovmsket Mini~-box Set of five
lined with (“2) snall trays
banene leaves (ﬂ3)
(i)
Dry (81) 1.11* 0.89 1.11 1.04
Wet (32) Je&T 0.85 0.85 C.86
Hesn 0.991 0.87T1 0.962
Seasons sdethods

F - 129.40%* F - 0,27°F
CD - 0.045 CD - 0.124
Season x Method
P o~ 1,228

CL =~ (,2%

* dean of five replicatiouns
*» gignificant at 1x level

NE Not significant
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Table 18.~ Seasonal variation on the shell percentage in

different methods

. A S GUP S W S W G e G AP G W W -

T O o S S Gon. S Mgt S e S G

S . B G G- R o Wi e I S TS

i Methodas
Seasons  yi;j basket  Wini-box Set of five Mean
lined with (i.,) small trays
banans leaves 2 (m})
(uy)
Iry (8, 15.40" 14,60 14.50 14,83
(23,15)* (22.42) (22,39) (22.65)
(26.80) (25.66) (26.13) (26.19)
Mean 17085 16070 16095
(24.97) (24.04) (24.23)
Seasone detnods
F - 129.40%* F - 3,.56%
Ch -~ 1.04 CD - 0.85
Seeson x HMetaod
F - 0,339
CI} - 1.66

Mean (£) of five replications

Significant at 5% level
Significant at 1% level
Kot significant

xx
NS

Values in parentheses indicate angular transformed ones



Table 19.- Seasonal variation on the percentage recovery
in different methods

O G T S s W B e G S W T . W ST apn. G TR W W G U T W S G S Gy T (Y 4 eSS G S W Qe W G A S YD Y W G SR O S S . ey S W e

Methods
Seasons  Ninj-pasket Mini-box Set of five Mean
lined with (M) small trays
banana leaves (M3)
(idy)
Dry (8,) 36.509 35,30 35.80 35.87
(37.15)% (36.45) (36.72) (34.30)
Wet (52) 28.50 28,70 29,00 28.73
(32.26) (32.36) (32.58) (23.10)
Mean 32.50 32,00 32.40
(%34.71) (34.41) (34.65)
Seasons Methods

F - 194.73%% B - 0,455
CD -~ 0.65 ¢ - 1,11
Method x Season
F - 2.19NS
¢Ch - 4.12

@ Mean (%) of five replicatione

¥ Values in parentheses indicate angular transformed ones.
xx Significant at 1% level

NS Not significant
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the wet weight of beans (Table 19) indicated that the dry
season gave significantly higher recovery (35.87) than the
wet season (28.73).

The three methods were found to be on par in respect
of the percentage recovery of cured beans.

SATURITY OF PODS AT HARVEST IN RELATION TO FERMENTATION
OF COCOA BEANS

Cocoa pods of different maturity (green pods, pods
showing yellowing only in the furr:.ows, yellow/ripe pods and
over-ripe pods) were harvested and the beans were fermented.
In order 1o study the influence of pod maturity on the fer-
mentation charactieristics, the temperature development, pH
of the pulp and ocotyledons during fermentatiion, pH of the
dried beans, resulis of the standard cut test, average bean
weight, shell percentage and the perceniage recovery of cured
beans were recorded. These parameters were siudied with
reference to one method (mini basket lined with banana leaves)
and one quantity (six kg) identified as promising in tne

earlier studies.

Temperature development

The temperature development in the top 1/3 portion
and bottom 1/3% poriion were recorded at the time of injtial
loading and thereafter at 9 am and 5 pm each day. The datz

are presented in Table 20 and Fig.11.
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Table 20.~ Temperature development (°C) in the bean mass fermented
using green pods, pods showing yellowing only in the
furrowe, yellow/ripe pods and over-ripe pods

W G G W T B B e G G ST B - T e GES S G Y YIS S B -—an e S Qi > GO GBS WD U G W B o e B, G W G -

Daye after setting

Tempera- ,
ture re- Treatments 1 o 3@ 4 5@ 6 T

corded at

- L W P Y G SO . A G Gy P B S YD W S Wb W S o L 4 WD 0 G TS GTP RIS G IS A BT S W G S SRR T G N

Top 1/3  Green pode 28.0° 40.0 38,0 37.5 36.0 36.0 34.0
34,0%* 4C.5 38.0 37.0 35.0 35.0 -

Bottom 1/3 26,0 37.0 37.0 36.0 35.0 35.0 32.0
33.0 37.5 37.5 35.5 34.0 34.0 -~

Pode show-

Top 1/3 ing yellow- 27,0 31.0 39.0 43.5 33.0 46.0 46,0
ing only in 29,0 34,0 42.0 44.0 43.5 47.0 -
the furrows

Botiom 1/3 27.0  29.0 37.5 42.0 37.5 44.0 44.0

28.0 3200 40.0 4200 4205 45.0 -

Top 1/3 Yellow/ripe 27.0 33.0 40,0 46.5 40.0 45,0 43.0
pode 30,0 36.0 42.5 48,0 39.0 44.0 -

Bottom 1/3 27.0 32,0 38.5 44.5 39.0 43.5 42.0

2905 3500 4105 4600 3900 4205 -

Top 1/3 Over~-ripe 27.0 39.0 46.0 49.0 41.0 41,0 38.0
pods 35.0 42.0 48.0 42.5 42.0 40.0 -

Bottom 1/3 2700 3705 4200 4600 4005 4000 35.0

32.5 4000 4505 40.0 4005 3800 -

@ Beans were turned on the third dnd fifth days

% Temperature recorded at 9 am
%% Temper=zture recorded at 5 pm.
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When beans from the green pods were fermented, the
temperature rose from 28.0°C to 40.5°C by the second day
(40 hrs). The temperature dropped steadily to 37.0°C oy
the fourth day (88 hrs) and then to 34.,0°C by the seventh
day (144 nre).

Beans from the pods with "yellowing only in the furrows"
showed a temperature rise in the top 1/3 portion from the
initial 27.0°C to 34.0°C by the second day (40 hrs). The
temperature rose to 44,0°C by the fourth day (83 hrs) and
to 38.,0°C by the fifth day (96 hrs). Temperature again rose
to a peak of 47.0°C by the sixth day (136 hrs) to record a
drop to 46.0°C by the seventn day (144 hre).

The bean mass from yellow/ripe pods showed a tempera-
ture rise in the top 1/3 portion from the initial 27.0%C to
36.0°C during the second day (40 hrs). The temperature rose
to a peak of 48.0°C oy the fourth day (&8 hrs). The tempera-
ture dropped to 39.0°C by the fifth day (112 hrs), recorded
a rise to 45.0°C by the sixth day (136 hrs) and then dropped
to 43.0°C by the seventh day (144 hrs).

The beans from over-ripe pods which reoorded an initial
temperature of 27.0°C, attained a temperature of 42,0%¢C by the
second day (40 hrs) and 49.0°C by the fourth day (72 hrs).

The temperature dropped to 42.0°C on the fifth day (112 ars).
No rise in temperature was observed on the sixth day (136 hrs).
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The temperature dropped steadily to 38.000 by the seventh day
(144 nrs).

Beans from the cocoa pods of different maturity groups
recorded temperature variations in the bottom 1/3 portions as

observed in the top 1/3 portions.

pd of the pulp

The data are furnished in Table 21.

The pH of, the pulp rose steadily from the initial
4.50 to 4.67 by the fifth day (120 hrs) when beans from the
green pods were fermented. The pH dropped to 4.66 by the
seventh day (168 hrs).

The beans from the pods with "Yellowing only in the
furrows" recorded a steady rise in pH from the initial 4.00
to 4.60 by the sixth day (144 hrs). The pH dropped to 4.40
by the seventh day (168 hrs).

When the beans from yellow/ripe pods were fermented
the pH of the pulp rose from initial 3.80 to 4.70 on tne
sixth day (144 hrs). The pH dropped to 4.30 by the seventh
day (168 hrs).

The beans from the over-ripe pods recorded a steady
rise in pH from the initial 4.00 to 4.65 by the sixth day
(144 hrs) and a drop to 4.25 by the seventh day (168 hrs).



Table 21,~ Veriation in pdH of the pulp during fermentatiion using
green pods, pods showing yellowing only in the furrows,
yellow/ripe pode snd over-ripe pods

P G B - Y dae G G S GRS YDS W G W S T G A D Wl e 4R SN Y YR S0 W BB S QS D G A e G G WA Y G G S o TP T S S A S G0 U N S B S A AR SN e . G S G O A T

Days after setiting

Treztmente

1 2 3¢ 4 5% 6 7
Green pods 4.50" 4.60 4.65 4,66 4.67 4.66 4.66
Pods showing

yellowing only 4.00 4.00  4.10  4.30 4.40 4.60  4.40
in the furrows

ggééow/ripe 3,30 3,90 4.00 4.35 4.50 4.70 4.30

Over-~ripe pods 4.00 4.20 4.40 4.50 4.55 4.65 4.25
¢ Beans were turned on the third and fifth days
* Mean vzlue of five replications

Table 22.~ Variation in oH of the cotyledons during feruenization
using green pods, pode showing yellowing only in the
furrowe, yellow/ripe pods and over-ripe pods

. B T G R Gl W S A S S G T N G W S G G Y B G G T SR N e v - P GO A SO G S AP B G SO A G Ge e S S T G T W GO S P e GuS W T SIS VIR . W

Daye after setiting

Treatmentis PP % Dried
1 2 3 4 5 6 7

Green pods 6.80* 6,40 6.25 6.00 5,96 5.92 5.92 5.35

Pods showing

yellowing 6.40 6.00 5.80 5.20 5.25 5,30 5.35 5.65

only in ihe

furrovs

g:;i°"/rip° 6.60 5.00 5.60 4,30  4.90 4.95  5.10 5,55

g:gz—ripe 6040 5000 4.80 4095 5000 5020 5'20 5058

@ Beane were turned on the tnird and fifth days
* Mean velue of five replications



71

pid of the cotyledons

The data are presented in Table 22.

The initial pH of the cotyledons was 6.80 when the
beans from green pods were fermented. It dropped steadily
to 5.92 by tne seventh day (168 hrs). In the dried beans,
the pH was 5.35.

On fermenting the veans from pods with "Yellowing only
in the furrows", & steady pH drop from 6.40 tc 5.20 by the
fourth day (96 hrs) was observed. The pd rose to 5.35 by
the seventh day (168 hrs). In the dried beans, the pH
was 5,65,

When the beans from yellow/ripe pods were fermented,
tne initial pH of the cotyledons was 6.60. The pH dropped
steadily to 4.80 by the fourth day (96 hrs). From the fifth
day onwards, the pH rose steadily, reaching 5.10 by the
seventh day (168 hrs). In the dried beans, the pH was 5.55.

When fermented, the beans from over-ripe pods recorded
a steady drop in pH from the initial 6.40 to 4.80 by the
third day (72 hrs). The pH then rose steadily to 4.95 by
the fourth day (96 hre) and 5.20 by the seventh day (168 hrs).

In the dried beans, tne pH was 5.58,

Cut test

Data on the cut test conducted are furnished in

Table 23.
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Table 23%,- bEffect of ripeness of pods in the production of
brown, brown + pale purple and purple beans

VIS S W P . Y D S IS B D B I e G G T B - G Y Gaie G VY O G G S S BT U G e N GNP G VIS GBS A G G I G RS Gy W W e S U S WS Y e SR GBS e S G

Treatments Brown: beans  Brown + pale Purple
purple beaus besns
Green pode 19,46 27.48 62.51
(11.10)** (21.30) (78.70)
Pods showing yellow~ 35,40 53,87 36,12
ing only in the * ¢ *
furrows (33.50) (65.20) (34.70)
Yellow/ripe pods 43.39 66.64 23.36
(47.20) (84.30) (15.70)
Over-ripe pode 52,00 72.41 17.59
(62.10) (90.90) (9.10)
F 125,03%% 371.45%% 1.7
¢ 3.71 3.10 3,11

G T e W e G S S S S G S S G AP A GUD T G GO . GO A S GV e G G G SN G S0 G 4B SR DS B TEe Y W A W A G P W S e D G B SN e T G A S W

* Mean (%) of five replications
** YValues in parentheses indicate angular iransformed ones

xx Significant at 1% level
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Immaturity of pods significantly lowered the production
of brown beans as well as brown + pale purple beans (19.46 per
cent and 27.48 per cent respectively) on fermentation. The
veans from yellow/ripe pods and pods with "yellowing only in
the furrows" gave intermediate levels of brown beans as well
as brown + pale purple beans (43%.39 per cent and 66.64 per ceni;
35,40 per cent and 53.37 per cent respectively). Production
of maximum quantity of brown beans as well as brown + pale
purple beans (52.00 per cent and 72.41 per cent respectively)

was observed when beans from over-ripe pods were fermented.

The over-ripe pods yielded the least quantity of purple
beans (17.59 per cent) whereas the green pods recorded the
highest (62.51 per cent). Ripe pods and pods with "yellowing
only in the furrows" yielded intermedjate levels (23.36 per-

cent and 36,12 per cent respectively).

Average bean weigzht

The beans from over-ripe and yellow/ripe pods, on fer-
mentation and curing, had significantly higher average bean
weight (1.15 g and 1.14 g respectively) as compared to those
from the pods with "yellowing only in the furrows” (1.00 g)
and the green pods (0.746 g) (Table 24).

Shell percentiage

After fermentation and curing, the beans of over-ripe

pods were found to be signifiecantly superior to those from



Tavle 24.- Effect of ripeness of pods on the average bean
weight, shell percentage and percentage recovery

e s G Gy W R S T - - - - - e - -

Average thell Percentage
Treatmentis bea? geight percentage  recovery
8
Green pode 0.746' 24.00*:*’ 24,87
(29.33) (17.70)
Pode showing yellowing 1 1
only in the furrovs - 00 (21:%2) (32:88)
Yellow/ripe pods 1.14 15.80 35.76
(23.45) (34.10)
Over-ripe pods 1.15 13.90 %6.04
(21.88) (34.60)
F 80.97** 26.08%* 82.94*%
CcD 0.062 1.39 0.792

T T e B W G e T U B G G G U AT G T W U B W GO S W . e U S G P U W T By D Bide NS e WA G Wt T W A D A S G B W R W T G Y S Gl B

* iMean of five replications
** Mean (%) of five replications

**#* Values in parentheses indicate angular trausformed ones
xx Significant at 1% level



the other three treatments in having produced the least shell
percentage (13.90). The beans from the green pode recorded
maximum shell percentage (24.00), the other two treatments
recording intermediate values (17.70 per cent for pods with
yellowing only in the furrows and 15.80 per cent for yellow/
ripe pods (Table 24).

Percentage recovery of cured beans

Maximum percentage recovery of cured beans was observed
in the treatment over-ripe pode (36.04) which was on par with
that observed in yellow/ripe podes (35.76). These were signi-
ficently superior to the recovery obtained in the other two
treatments, Minimum recovery was obtained in the treatment,
green pods (24.87) (Table 24).

EFFECT OF STORING HARVESTED PODS ON THE FERMENTATION
CHARACTERISTICS

Beans were extracted from the pods on the day of har-
vest as well as after storing the pods for periods of two
days, four days and eix days. In each case, six kg (Qy)
beans were fermented by the mini basket lined with banana
leaves (M1). The fermeniation characteristics were assessed
based on ihe temperature development, pH of the pulp and
cotyledons, pH of the dried bean, results of the standard
cut test, average bean weight, shell percentage and percentsge

recovery of cured beans.,
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Temperature development

The data are presentied in Table 25 and Fig.12. Beans
collected from the pods and loaded for fermentation on the
day of harvesti recorded a temperature rise (in the top 1/3
portion) from the initial 28.0%C to 33.0°C by the seoond day
(40 hrs). The temperature reached a peak of 45.0°C by the
fourth day (88 hrs). The temperature dropped to 38.5°C by
the fifth day (112 hrs), rose to 44.5°C by the sixth day
(136 hrs) and then dropped to 44.0°C by the sevenih day
(144 hrs) when the fermentation was completed. In the bottom
1/3 portion, the temperature rose from the initial 28.0%C to
31,0°C by the second day (40 hre). The temperature reached
a peak of 42.0°C by the fourth day (88 hre). The temperature
dropped to 38.0°C by the fifth day (112 hrs), rose to 43.5°C
by the sixth day (136 hrs) and dropped again to 42.5°C by the
seventh day (144 hrs) when the fermentation was completed.

It can be then seen that the bottom 1/3 portion also recorded

more or less similar variations in temperature development,

Beans extracted and fermented after iwo days of storage

of pods, recorded (in the top 1/3 portion of the fermenting
bean mass) a temperature rise from the initial 28.0°C to 36.0°C



Table 25.- Temperature developamernt (°C) in the bean mass fermenied
using pods on the day of harvest, pods stored for
two daye, pods stored for four days and pods stored
for six days

S o G W W T G A W SO SN S St G TE G D W A G - A G GOV 1 S WO A e e B . S G S

Temperature
recorded at 1 2 3@ 4 5@ 6 7

On the day of harvest

Top 1/3 28,00 31,0 34,0  43.0  39.0 44.0  44.0
30.0"* 33.0 35.0 45.0 38.5 44.5 -

Botiom 1/3 28.0 30.0 3205 41.0 3800 42.0 4205
29.0 31,0 33.0 42.0 38,0 43.5 -

Pods siored for two daye
Top 1/3 28.0 35.0 38.0 46.0 = 40.0 45.0 45.0
32.0 36.0 40,0 47.5 39.5 45.5 -

Bottonm 1/3 28,0 3300 3605 ‘400 3900 4300 42.0
3100 3405 3800 4505 3900 4305 -

Pods stored for four days
Top 1/3 27.0 37.0 42.0 47.5 38,0 42.0 40,0
3300 38.0 ‘300 ‘800 3705 ‘3-0 -
Bottom 1/3 27.0 36.0 40.0 46.0 3360 40.0 38,0
32.5 37.0 4100 4605 3700 4100 -
Pode stored for six days

Top 1/3 23,0  39.0 46.0 46.0 40.0 42.0 38.0
35.0 42.0 45.0 45.0 41,0  40.0 -

Bottom 1/3 23.0 37.5 44.0 44.0 39.0 40.5 37.5
34.0 40.0 46.5 44.0 40.0 38.0 -

© The veane were turned on the third and fifth days

* Temperature recorded at 9 am
*+ Temperature recorded at 5 pm.




_Fig.12 - TEMPERATURE DEVELOPMENT DURING FERMENTATION N THE
1 BEAN MASS FROM PODS STORED FOR DIFFERENT LENGTH OF
TIME USING MINI BASKET LINED WITH BANANA LEAVES (eﬁ.wn LotT)
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by the second day (40 hrs), The temperature rose to 47.5°¢C
by the fourth day (88 hrs), dropped to 39.5°C by the fifth
day (112 nrse) and again rose to 45.5°C by the sixth day
(136 hrs). On the seventh day (144 hrs), the fermenting
bean mase recorded a temperature of 45.0°0. The bottom 1/3

portion also recorded similar trends in temperature.

When the beane}collected from tihe pode stored for four
days were fermented, the top 1/3 portion of the mass attained
a temperature of 33.0°C by the second day (40 hrs). The tem-
perature rose to 43,0°% by the fourth day (38 hrs) and dropped
to 37.5°C by the fifth day (112 hrs). On the sixth (136 hrs)
and seventn (144 hrs) days, the temperatures noted were
43.0°C and 40.0%C respectively. The bottom 1/% portion slso

recorded similar trends in temperature,

Beane extracted from the pods stored for six daye after
the harvest, when fermented recorded a rise in ihe temperature
(in the top 1/3 portion), from tae initial 25.0°C to 42.0°
by the seoond day (40 hrs). The temperature rose to 49.0°C
by the third day (64 hre) and dropped to 40.0°C by the fiftn
day (96 hrs). On the sixth day (136 nre), the temperature
rose to 42.0°C. On the seventh day (156 hrs), the temperature
of the fermenting bean mass was 38,0°C. The bottom 1/3 por-
tion also recorded similar trends in temperature.

pi of the pulp

The data are presented in Table 2§,
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Table 26.- Variatious in pH of the pulp during fermentation by using
pods on the day of harvesti, pode stored for two days,
pods etored for four days and pods stored for six days

D W . Gy S S G W B A G U N G S D S T A G W - S W - - o G e G B W G DA W S B W GBS G W

Days after seiting

1 2 3 4 5 6 7

. A S e G G Gl S G e G G D B S S el G P G S e S A -~ . . g - G G

Pods on the 4,20 4.22  4.25 4.30 4.40  4.60 4.20
day of harveet

oo inyer®d TOT3.90 4,00 4,20 435 4,55  4.65  4.25

Pode stored .
for four days 3.80 4,00 4.20 4.40 4,50 4.68 4.25

Pods stored 8
for six daye 4,00 4.28 4.40 4,50 4.50 4.55 4,30

* jean of five replicatiions

Table 27.- Varietion in pH of tiue cotyledons during fermentation by
ueing pods on the day of hervest, pods stored for two
days, pods stored for four ddys and pods stored for
8ix days

D G A B G AR S TS A W SIS e G G T B -

L2 g - - > e G B

Jays after setting
Treatments Dried

- - B G T N S, G I W SR WD DR G S W N A YE U G G A Sy TR GO S S G S Qe G WY G e WA G S B WD W GRS WSS SN G RS WS SR S S . G W

Pode on the g 60" 5,30 5.70 5.30 5.10 5.20 5,35 5.68
day of harvest

Pods stored )
for two deys 050 560 4.90  4.70  4.80  4.30  5.05  5.55

Pods stored g g0 5.20 5.00 4.70 4.50  4.85 5.10 5.54
for four deys

Pods stored g 40 5,00 4.80 4.35 4.90 5,10 5.15 5.57
for six days

G ¢ B S S B YA Y TS T A S WA R R SN P G T S S T G D O S G G Y S N S W was NG S I R T S G TS G G e e - - - -

* Hean of five replicztions
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When the beans were extracted and fermented on the
day of pod harvest, the initial pH of the pulp was 4.20.
The pH rose steadily to 4.60 by the sixth day (144 hrs) and
dropped to 4.20 by the seventh day (168 hrs).

The initial pH of the mass was 3.90 when the beans from
pods stored for two days were extiracted and fermented. The
pH rose to 4.65 by the sixth day (144 hrs) and dropped to
4,25 by the seventh day (168 hrs).

Storing the pods for four deys before extraction of
beans lowered the initial pH to 3.80. The pH of the mass rose
to 4,68 by the sixth day (144 hrs) and dropped to 4.25 by the
seventh day (168 hrs).

When the beans were extracted after six days of storage
of the pods and utilized for fermentation, the initial pH was
found to be 4,00, The pH rose to 4.55 by the sixth day
(144 hrs) and dropped to 4.30 by the seventih day (168 hrs).

pH of the cotyledons

Initial pH of the cotyledons varied from 6.40 (when
the beans were extracted after six days of storage of pods)
to 6.60 (when the beans were extracted on the day of harvest
or after four days of storage). The pH dropped to & minimum
by the third to fifth day of fermentation (Table 27), after
which an increase in the pH was seen. At the completion of
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fermentation, the pH in the different treatments ranged
from 5.05 to 5.35. The pH of the dried bean varied between
5.54 and 5.68.

Cut test

The data on the cut teet presented in Table 28 indicate
the percentage recovery of brown, brown + pale purple and
purple beans, Statistiiocal analysis of the data revealed that
the maximum recovery of brown beans was obtained in the
Treatment 3 (pods stored for four days before extraction of
the beans). The Treaiment 3 and the Treatment 2 (pods stored
for two days before extraction of the beans) giving 42.47 and
41.78 per cent brown beans, respectively, were on par. Extrac-
ting and fermenting the beans on the day of harvest (Treat-
ment 1) yielded the least quantity (31.94 per cent) of brown

beans.

When the production of brown + pale purple beans was
considered, ihe treatment effects were highly significant.
Storing the harvested pods for four days and then fermenting
the beans (Ireatment 3) gave 63.96 per cent brown + pale
purple beans. The next best treatment was storing the pods
for two days before extracting the beans for fermentation
(giving 60.04 per cent brown + pale purple beans). Ferment-
ing the beans from the freshly harvestied pods (Treatment 1)
yielded the least quantity of brown + pale purple beans
(46.0% per cent).



Table 26.~ Effect of storing the harvested pods in the
production of brown, brown + pale purple and
purple beans

- Y e N S T e e Yen B S AR G T W G G N G - W o a - om e -

Brown Brown + pale Purple
Ireataments beans purple beans beans
Pode on the day 31.94 46.03 43.97
of harvest (28,00) (51.80) (48.20)
Pode stored for 41,78 60.04 29.96
two days (44.40) (75.00) (24.90)
Pode stored for 42.47 6%.96 26.04
four days (45.60) (80.70) (19.30)
Pods stored for 37.92 57 .42 32.58
eix daya (37080) (71000) (29000)
F 36,02%% 56 . 05%% 66.,03XX
cD 2.41 2.84 2.84

* Mean (%) of five replications
¥% YValues in parentheses indicate angular transformed oxes.
xx Significant at 1% level
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Table 29.- Effecti of storing the harvested pods on the average
bean weight, shell percentage and percentage

recovery
Average Shell Percentage
Treatments bean weight peroentage recovery
» ®*%

Podes on the day 1.04 16.40 34713
of harvest (23.89)""* (32.40)
Pods stored for 1.08 1%3.85 35.40
two days (21.81) (33.60)
Pods stored for 1.07 13.80 35.45
four days (21.83) (33.60)
Pods stored for 1.08 13.20 35.53
six days (21.30) (33.80)

F 1,479 5429%% 2.54%

CD 0.27 0.68 0.70

- S D e B G gy T WU S GRe GBA BN G S A GUS TR S W

* Mean value of five replicatione
#% Mean peroentage of five replications

##% Values in parentheses indicate angular transformed ones.
x Significant at % level

xx Significant at 1% level
NS Not signifiocant
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In respect of production of purple beans, the leasti
value (26.04 per cent) was recorded by Treatment %, (pods

stored for fouwdays).

Average bean weight

The treatment effects were found to be not significant
with respect to average bean weight (Table 29).

Shell percentage

Storing tne harvested pods for two, four and six days
and tnen fermenting the beans were found to be on par in the
production of the least shell percentage which were signifi-
cantly superior to that obtained under beans irom the pods

on the day of harvest (Table 29).

Fercentage recovery

Storing the pods for six days prior to fermentation
(Treatment 4) gave 35.53 per cent recovery of cured beans.
This treatment was on par with "storing the pods for four
days prior to fermentation” (Ireatment 3) whicn gave 35.45
per cent recovery of cured beans and "storing the pods for
two days prior to fermentation" (Treatment 2) which gave

35.40 per cent recovery (Table 29).

QUALITY ATTRIBUTES OF CURED BEANS IN RELATION TO
STORAGE

Thé data on the changes in the quality atiributes of



Table 30.~ Changes in the quality atiributes of cured beans

during storage

P U W . TP e < W S0 G G WD s T

lonths after
storage

e i S T e G G S W Y G

August ‘80
September '80
October '80
November 'S80
December '380
January '81
Pebruary '81
March ‘381
April *'81

- -

Brown Brown +
beans pale pur-
ple beans
4" 74 26
49 76 24
52 77 23
52 78 22
54 82 18
58 87 13
60 89 11
66 90 10
70 30 10
71 92 8

- e e S - -~ -

* Mean (%) of three replications
** Mean of three replications

- u-



Fig.13- CHANGES IN THE QUALITY ATTRIBUTKS OF CURED BEANS DURING STORAGE
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Fig. 14 - _CHANGES® IN pH OF THE COTYLEDONS OF THE
CURED BEANS DURING STORAGE.
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thie cured beans during ten months of astorage are presented

in Table 30, Fig.13 and Fig.14.

During the ten-month storage, the percentage of brown
beans increased from the initial 48 to 71. The percentage
of commercially acceptable beans (brown + pale purple) in-
creased from 74 during August 1980 to 92 during May 1981.
There was a decrease in the quantity of purple beans (from
26,0 per cent to 8.0 per cent). The pH of the cured beans
increased from 5.20 in August 1980 to 5.48 in February and
March 1981, During the last two months of storage, a slight

reduction in the pH was observed.
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DISCUBSION

The attractive price tnat prevailed during the early
1970'e and the massive development programmes implemented
by the State lepartament of Agriculture made cocoa a very
popular crop in Kerala. As a2 result, India became a cocoa
exporter by 1930 having exported 1000 tonnes of cocoa pro-
ducte valued at He.10 lzkhe (Anon., 1981). However, the
fall in the international price level and the hesitisucy of
the manufacturing companjies to buy cocoa ceused heavy losses
to tae cocoa growers during the late 1970's. The cocoa
growers of Kerals were not familiar with the post-harvest
fermentation and ocuring techniques. Further, the fact tnat
cocoa growers in Kerala were gmall holders accentuated the
problem. It was felt ihat standardisation of small scale
methods of fermentatiion and ocuring of cocoa will ensble the
emall soale cocoa growers to store the ocured produot itill

the market price level improved.

Resulte of the studies conducted at the College of
Horticulture during 1979-51 period are discussed in this
chapter. The studies aimed at identifying a method of fer-
mentation euitable for small quantities of cocoa beans and
at standardising the faotors influencing the quality of cured

beans.



ZFFICACY OF DIFFERENT MaTHOLES OF FuRMENTATION

Based on & oritical study of the extin:i iuformation,
seven methods were selected. These included the mini-basket
method, the tray method and the box method whica have oveen
indicated by earlier workers as methods suitavle for fermern-
tation of small quantities of cocoa (Rohan, 1953; Quesnel
and lLopez, 1975 and Kumaran et al., 1980), The efficacy of
these methods was assessed baged on the developmenf of tem-~
perature during fermentation and on the resulis of the stan-
dard cut test., Temperatiure development in the top snd boitom
portions of the bean mass was monitored during the period of
fermentation and the data (Tables 1 to 7) indicated that tue
tenperature rose from tane initial level to & peak by the
fourth day, dropped a litile on the fifth day and again rose
on the sixth day. From tne sixth day onwards, there wae u
steady drop in temperasture., Similar trenis nave veen observed
by Hardy (1960), Wood (1975) and Adomako et al. (1981)., Though
the trend was the same in the seven methods and with the three
quantities of beens, the actual level of temperature attained

varied with the method and with the quantity.

A critical analyeis of the results indicated that the
optimum temperature level was developed when the oeaus were
fermented in the mini-vaskets lined witih banana leaves or in
the mini~boxes. In tae mini-beskete lined witih polythene
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sheet and small hesp with polythene sheet, the development of
temperature wae found to be inadequate, This o&n be attri-
buted to the improper insulation and aeration. The use of
polythene sheet instead of banana leaves might have led to
unsatisfactiory seration and hence low temperature build up

during fermentation.

In the large scale methods of fermentation, the maximum
temperature normzally ranged between 438.0°C and 50.0°C. The
peak is reached by the third or fourth day after aetting(]MVEu)qafu!
In the mini-basket lined with banans leaves and mini-vox .
(identified as the best methods in the present study), the
peak temperatures attained were slightly lower (46.0°C to
48.500), as compared to those under large scale methods of
fermentation., The lower peak temperatures observed can bve
explained ac due to tne small quantities of beans aud the
consequent dissipation of the heat developed due to ineffi-
cient conservatiion concomitant with excess zeration in the
ferment. ¥ith regard to the inree quaniities studied, there
wae differential behsviour between the two methods ideniified
as the vest. In the mini-basketis lined with vanana leaves,
temperature development witn six kg beans was beiter than
with the other two quantities. In the mini-boxes, however,
the difference in temperature development between tne three

quantities was not significant, These observaiions and the

results obtuined by Kumarsn et al. (1980) suggeet thet wooden



containers retain the temperature better, even if the quanui-

ties fermented are small.

While the results ovtained with single trays accommo-
dating eix, four and two kg wet beans were not encouraging,
the siack of five small trzys (each wiih two ki bean lot
totalling to tem kg) gave as good temperature development as
the mini-baskets lined with vanana leaves and mini-boxes. 4is
compared to the mini-basket and mini-box methods, aeration
was satisfactory in the stack of trays and this helped in

maintaining the temperature.

The cut test has been accepted as one of tie most
reliable methnods for assessing the quality of the fermented
beans (Wood, 1975). As such, the stendard cut iest wae per-
formed in the beans fermented by tne different methods. The
reesults showed significant varistion among the nethods, quan-
tities, method x quantity interaction and metnod x duration
interaction in respect of production of brown beans (Table 9).
Among the different methods, mini~-basket iined with banana
leaves and mini-box were ifound to be on parj; buil superior to
the others. It may be recalled that development of optimum
temperature was observed in these two methods only. 4 tempe-
rature range of 40.0%C to 50.0°C is necessary for most of the
biochemical activities to proceed in the fermenting cocoa
beans (Herdy, 1960). In the avove two metnods, this temperature
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range was obtained, The three quantities of cocoa beans were
found to be equal with respect to tne production of brown
beans under the mini-box, whereas under the mini-obapket lined
with banena leaves, six kg @nd four kg gave higher proportiion
of brown beans than two kg. A perussl of tne data showed

that the temperature development was almost identical with
respect to tane taree quantities of veans fermented in mini-box,
whereas higher temperature was ooserved in the mini-basket
with the larger quantity. This may be the reason for eix,
four and two kg being equally effective when fermented by the
mini-box method, Among tne ithree durations of fermentation
tried, six days gave maximum proportion of Lrown beans, Fer-
menting for more ihan six daye lowered the percentage of brown
beans. This amay be due to the lowering of phenolics in tae
cotyledons by hydrolysis of the glycosides under prolonged

fermentation.

Brown and pale purple beans are acceptable in the cocoa
trade. The specificatione state that 8 proportion of 30 to
40 per cent pale purple oveens is acceptable (Anon., 1968), As
such, data on the production of brown + pale purple beans under
the different methods were analysed. The results indicated
trends similar to those observed when production of brown besns

alone wae analysed,

A1l the uethods, except ihe mini-vasket lined with

banane leaves and the mini-box produced comparatively higher



proportion of purple beans. The purple colour is due to

the preserce of unchanged anthocyanins in the dried beauns.
During proper fermentation, the anthocyanins are hydrolysed
1o colourless leuoco-anihocyanine (Wood, 1875). In the
methods bther than the mini-bagket and ihe mini~box, tempe-
rature development during fermentation was jinadequate. Ais
such, the biochemical reactions leading ito the hydrolyeis
of tne anthocyenins would not have taken plasce., This may be

the reason for the higher proportion of purple beaus,

Slaty vesns were observed in the small heaps (with
banana leaves 75 well as with polythene sheet) and single
tray methods. Slaty beane have been defined as those having
a slaty colour on half or more of the surface exposed by a
cut made lengthwise through the centre (Wood, 1975). According
to him drying the veans before completion of the changes asso-

cizted with fermentation causes the production of slaty beans.

In the methods mentioned above, temperature development was
not proper, probably due to the smallness of the bean mass,
This resulted in non-completion of the biochemical processes
connected with fermentation and in the production of slaty

beans.

Over-fermented beans will have a dull, dark appearance
when cut. Further, umpleasant odour develops in the fermenti-
ing bean mass (Wood, 1975). 1Iu the present studies, fermen-
tation beyond =ix days led to ine production of over-fermented

beans,
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TIE COMPAKATIVE EFFICIENCY OF THE FXRWENTATION 4ETHODS
DURING DHY AND WET SEASONS

The efficiency of the three fermentation metihods
(mini-basket lined with banana leaves, mini-box and set of
five small trays) identified as promising in the earlier
studies was compared during the dry (April and day) and wet
(July and August) seasons., The temperature development, pH
of the pulp and the cotiyledons during fermentation, pH of
the dried beans, results of the cut test, average bean weight,
shell percentage and the percentege recovery of cured besaus
were the criteris used for the comparison. 7lhe studies were

limited to one quantiiy, oased on the earlier results,

Temperature recorded in the top portion end bottom
portion of the feruenting beean mass iftdicated that though the
trend in temperature development was the same during the dry
and wet seasons, tne peak temperature attained was consi-
derably lower during the wet season (Table 11), Similar
observatione nave been recorded by Allison and Kenten (1363%)
who suggested that tne ratio of water to dry matter in the
rav unfermented beans would be higher during the wet season
and that tnis would account for the slower rate of heating
during the wet season. The production of heat during fermentation
results from the activities of the micro-organisms (Kenten
and Powel, 1960). The environmental conditions, particularly

the temperature, during the dry season will be more comnducive
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to the mioropial activities tihan those during the wet seasons.
This would have been the reason for the lower peak values

ootained during the weti season.

Data on the pi of the pulp (Table 12) indicated tnat
the pH of thne pulp was lower in the wet season than that
during the dry season. The oxidation of acetic acid is likely
to be less during the wet season which would have led to the
low pd values. In boih the seasons, a gradual increase in
the pdi of the pulp could be observed as fermentation pro-
gressed., The acids produced during fermentation infiltirate
into the cotyledons, thus leading to an increasse in pH of the
pulp as fermentailon progressed (Wood, 1975).

In the ocase of tne cotyledon 2lso, the pH was lower in
the wet season as compared to that during the dry season
(Table 12). Iuring the dry season degradaiion of the acetic
acid produced will be more which will result in an increase
in pi (Roelofsen, 1353). In the dried wvean, satisfactory
pi (5.42 to 5.58) was odbtained in the dry season. In the dry
season, the beans were sun-dried whereas in tne wet season,
they were dried artificially. Drying was completed within
43 hours at a tempersture of 41?51°C. Irying at lower tempe-
ratures with prolonged duration was not possible during the
wet season as the veans became mouldy. Under the forced arti-

ficial drying at 4%;51°C with short duration, low pH values
were ootained. According to Quesnel (1972), rapid high
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temperature during drying will not lend sufficient time for
the volatilisation of acetic acid, thue leading to higher
aoidity in uhe dried cotiyledons.

In both the seasons, the variation in the pH of the
pulp &nd cotyledons was smell and inconsisient, in the taree

metihods tried.

In tine three methods studied, tne cutl tesi showed highly
significant variation between geasons in ihe production of
brown and brown + pale purple beans (Taovles14 and 15). The
dry season gave significantly higher proportiion of brown and
brown + pale purple beans than tne wet season. Dlevelopament
of optimum temperature and the ococurrence of the biochemical
resctions in a more favourable manner would have led to higher
proportion of brown =znd brown + pale purple beans. During
the wet season, higher proportion of purple beasns were obiained
(Teble 16). Proper hydrolysis of the anthocyanine aight not
have taken place during the wet season. This would have led

to higher proportion of purple oveaus.

The dry season gsve higher average besn weight, lesser
shell perceniage and greater percentage recovery (Taoles 17,
15 and 19) than the wet geason. These observations are in
conformity with the results reported oy Hudson (1313},
de Verteuil (quoted oy Rohan, 1960), Allison and Kenten (1963),
Toxopeus and wWeseel (197C) and Egbe and Cwolaoi (1972). The



recovery during the wet season was observed to be 33.3 to
35.% per cent and upto 40.0 per cent in the dry season
(Hudeon, 1913). de Verteuil (quoted by Rohan, 1960) found
42,3 to 42.5 per cent recovery during the wet season and
45,0 per cent, during the dry season. According io Toxopeus
and Wessel (1970), beans harvested in tn: wet season (June-
July) start their development in the dry season. Therefore,
they will ve small and with a higier shell percentage.

HATURITY OF PODS AT HARVEST IN RELATION TO FiRJZNTATION
OF CCCOA BEANE

Fermentation characteristics of tne weaus from four
maturity groups of pods were assessed after fermenting six kg
vearne irn minji-baskete. Teamperature development was very poor
when veans from green pode were fermexuted (Jable 20)., seaus
from the pode showing yellowing only in tae furrows, yellow/
ripe pods and over-ripe pods reoorded higner maxianuu tempe-
ratures, iiowever, beans from the pods showing yellowing only
in the furrowe and yezllow/ripe pods iook one to three days
longer to reach tne peak temperature than the beans from

over-ripe pods.

When beans from green pods were fermented, variation in
the pil of the pulp and itae cotyledons was low and inconsistent
(Table 271 and 22). Knapp (1926) classified the green pods as
under-ripe pods and stated that tne pulp will be deficient in

sugers. As such, it is possible that proper fermentation



37

night not iake place when such beans are fermented., 4 rapid
drop in tne pH of the cotyledons was ovserved on the fourtih
dey when veauns from yellow/ripe pods and over-ripe pode were
fermented. %This may be due to the faci that the oceanes from
the yellow/ripe and over-ripe pods contained nigher fermen-
teole sugars in their pulp and larger quantities of acids
produced during fermentiation eniered the cotlyledons, causing

a rapid pH drop. From tne fifth day onwards, a steady rise

in pH could be ovserved which may be explained ae due to the
volatilisation of acetic acid from the well-serated fermenting

beaxn mass,

0n drying, satisfactory pH (5.55 to 5.85) was obtained
in the cuse of beaug from the pods sihowing yellowing only

in the furrows, yellow/ripe pods and over-ripe pods.

Results of tae cut test conduoted revealed that tie
over-ripe pods gave the hignest value for brown and brown +
pale purple veans (Table 22)., Beans from tie green pods gave
low proportion of browi and brown + pale purple beans on

fermentation.

Fhysical qualiiy ciaaracteristios of ithe cured beans
indicated that over-ripe pods and yellow/ripe pods were
superior to ihe others, as they gave higher average bean
weight, lesser shell percentage and greaier percentage reco-

very (Table 24).
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EFFECT OF STOLING HARVESTED PODS ON THE FERMENTATION
CHARACTRRISTICS

Storing thne harvested pods (before the extraction of
peans for fermentation) influenced the fermentation cnarac-
teristics of the beans. Beans from pods stored for two,
four and six days recorded increasing temperaiure during the
first three days, compared to the beans exiracted from pods
on the day of harvest. The peak was attained on the fourth
day in all the four categories of pods (Taole 2). daclean
and VWickens (1951) found that by storing ine pods for two or
more days, significaut temperature increase could be obtzined
during the first 48 hours of fermentation as compared io the

beans from pods stored for only one day.

The difference in the initial pd of wne pulp znd the
cotyledons was small among tiae four treatmente {Taole 26 aud
27). 4 pileady increase in tne pH of the pulp wie observed
as fermentation progressed, followed by a drop on the seventh
day. In the case of cotyledone, a steady cérop in the pH was
observed, followed by a gradusl rise, In the case of vesans
from the pods stored for two, four snd six days, pi variations
in the pulp and the cotyledons were more marked. The pre-
fermentation reactions within the stored pods might have

resulted in the repid fermeniation at the injitial siages.

The cut test (Table 2¥) showed significant variation

between the ireatments with respeot to the productiion of
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orown and brown + pale purple beans. Pods stored for two

and four days produced significantly higher proportions of
these typee of beans., Extracting the beans on the day of
harvest was found to yield low proportion of brown and orown +

pale purple beans.

The average bean weight wae not significantly influenced
by storage of the pods after harvest, DBeans from the pods
stored for two, four and six days gave significautly lower
shell percentage aud higher recovery of cured b;ans, while
the beans from freshly harvested pods produced the least

values (Table 29).

Quality attributes of beans in relation to storage

The cured beans were stored for a period of ten months
to monitor the changes in the quality characteristics during
storage. Ag the storage period increased, there was an in-
crease in the proportiion of brown und brown + pale purple
beans. The purple ovean percentage decreased as ihe storage
period increased. iaclean and Wickens (1951) studied the
rate of change of tie purple bean count during storage of
cured cocoa oeans and observed that purple vean percentage
fell from 40 to 20 during 36 weeks of storage. According to
Koelofeen (1958), the oxidation of flavoroid polyphenols
yield high molecular ovrown products. Unoxidised polyphenols

euch ar cysnins sre present in the purple cotyledons, He also
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suggested that the extent of browning is & function of uae
extent 1o whicn the dissolved oxygen diffuses into the testa
vpefore tne oxidase engyme is inactivated by drying. It iay
be assumed, therefore, that during storage, oxidation of
flavonoid polyphenols like cyanins might have occurred which
in turn coiverted the purple veans to pale purple veans and

pale purple beans to brown beans.

Bean pil was found to increase during storage.
Couprie (1970) reported tanat pH of the cured beans increased
during the first six months of storage. In the present
studies, aaximum pH{ value was obtained during the seventh
month of storage. After remaining steady for snother month,
the pid recorded a slight reduction in the nineth and ienth
month. During storage, volatilisetion of acetic acid present
in the cured veans might have titaken place leading to an

increase in pH.
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SUMMARY

Studies were conducted at the College of Hortiiculture,

Vellanikkara during 1979-1981 to identify a method of fer-

mentation suitable for small quantities of cocoa beans anc

to standardise tne factors that influence the quality of

cured beans., Hesulis of the investigations are suamarised

belows

1.

2,

Temperature development in the top and bottom portions
of the bean mass was monitored during the period of fer-
mentation in the seven methods compared in the studies.,
Temperature rose from the initial level to & peak on tae
fourth day, dropped a litile on the fifth day and again
rose on tne sixth day. From the sixth day onwards, there
wae a steady drop in the temperature. Peak temperatures
attained under minji-basket lined with banana leaves and
mini~-box were satisfactory (47.5°C to 48.5°C).

Polythene shest was found to de a poor insulaiing material
as compared to banana leaves, The use of polythene sheet
led to unsatisfactory aeration and low temperature build

up during feramentation.

With tne thiree quaniities studied, ithnere was differential
behaviour between the methods as far as the temperature
development was concerned. In the mini-vasket lined with

banana leaves, six kg bean lots gave proper temperature
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development whereas in the mini-box all the three quanti-

ties were on par in this respect.

4, Results of the cut test showed significant variation

5.

among the methods, quantities, method x quantity interac-
tion and method x duration interaction in respect of pro-
duction of brown and brown + pale purple beane. Among

the different methods, mini basket lined with banana leaves
and mini box were found to be on par. They exhibited
superiority over the others in the produciion of beans
acceptable to the cocoa trade (79 to 83 per cent against
30 1o 53 per oent in other methods). With respect to the
three quantities studied, six end four kg bean lots gave
better results when fermented under minji-basket lined with
banana leaves whereas the three quantities were on par
under mini box. These two methods produced least quanti-
ties of purple beans (18.10 to 19,50 per éent against
43.00 to 69.0C per cent in other methods).

Based on the temperature development in the ferment and
on the results of the out test, mini-basket lined with
banana leaves and mini-box were identified as suitable for

fermenting small quantities of besauns.

Fermentetion beyond six days led to the production of

over-fermented beans in all the methods.



7.

Se

Though the trend in temperature development was the same
during the dry and wet seasons, the peak temperature
attained was vetter during the dry season (47.5°C to 48.5°C
in the dry season against 41.0°C to 43.0°C in the wet
season). Furiher, pH of the dried beams (5.42 to 5.58 in
the dry season against 4,90 to 4.94 in the wet season),
proportion of commercially acceptable beans (538.84 per cent
in the dry season against 46.61 per cent in the wet season)
and physical quality characteristios of the beans such as
average bean weight (1.04 g in the dry season ageinst (.86 g
in the wet season), shell parcentage (14.83 in tne dry
season against 19.50 in the wet season), percentage recovery
(35.87 in the dry season against 23.73 in the wet season)
etc. were petter during the dry season than during the wet

s8€ea80li.

The studies indicated that it is desirable to exiract beans
from yellow/ripe pode and over-ripe pods for fermentatiorn.
Fermentation of such beans gave optimum temperature deve-
lopment (43.0°C to 49.000), desiravle pil in the dried

beans (5.55 to 5.58), higher proportion oif commercially
acceptable beans (72.41 per cent) and desirable physical
quality cnaracteristics sucih as average bean weight (1.14 g |
to 1.15 g), shell percentage (13,90 to 15.80) and percentage
recovery (35.76 to 36.04).
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9. The studies suggested that storing the harvested pods for

10.

two to six days before the extractiion of beans for fer-
mentation will result in optimum temperature development
(47.5°C to 48.0%C), pi of the dried beens (5.54 to 5.59),
production of acceptable besns (57.42 to 63.96 per cent),
Further, the peanus had good physical quality cnaracteris-
tics (1.07 g to 1.056 ¢ average bean weizhi, 13.20 to 13,85
shell percentage znd 35.40 to 35.53 percentage recovery)

also.

Storing the cured beans increased the brown as well as
arown + pale purple bean count (from 48 to 71 and 74 to 92,
respectively). An increase in the pH of the beans (fron

5.20 to 5.48) wae also obseerved during tne 2c-vesk storage.
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APPENDIX I
ANOVA Table

Production of orown beans under six methods of
fermentation

- . - - - - - - P Gy A G W D W W

Trunsformed data (angular transformation

Source asg MS
ilethods P 539.48%*
Quantity 2 177 .67%+
Method x wyuantity 10 55.64%*
Duraiion 2 476.04**%
Method x Duration 10 G4, 14%
wuantity x Duration 4 5.24
Method x Cuer.tity x Duration 20 2.42
Error 54 %.29

. A W B e e W G G S0n e GT See S W G SRS A TS G G YN E Seo e S G U S e e G G U S G L N B BB S I G W W G G G S S G S e

** Significant at 1% level



APPENDIX 11
ANOVA Table

Production of brown + pale purple beans under six methods
of fermentation

D o A A G W U 4 G T G e PRSI S A S D e B QD GO s st G G S s GNP A G, W S PP AR s G A GO AP B St D IS Qe T P W D G e A e T D W P

Source af S
dethod 5 1241,32%%
Quantity 2 210.43**
Hethod x Quantity 10 69,.,39**
Turation 2 241, 17*>
Method x Duration 10 177.90**
Quantity x Duration 4 6.40
Method x Juantity x luration 20 5.24
Error 54 4.72

e G . A IS e W WS e G S g . G GRS G W WO SN G WS VA G S RS e A W GO S A W S B S G G S S S TP W SR S A ST Gt A SR B Y GRS N W . A

** Significant at 1% level



APTENDIX 1III
ANOVA Table

Comparative efficiency of the fermentation methods
during the dry and wet seasons

o e W A S G G I G U s . G v S G S ST A U A R W G WS . G Ve U GV GE W U R TS S QAN S GNP BS S P DOV D BN e T W . T A S S W G G WPR S G G S Sue

Mean squares

Source ar
Brown  Pale purple Purple Average Shell Percen-
beas beuns beans oean percen- tage
weight tage recovery
sethod 2 24.08* 115.63* 120.10’ 0.001 ‘025 24 .82
Season 1 2213.8** 76.30%% 3080.53** 0.47** 163,80%*% 2018,30%«*
Method x y
Season 2 24.08 39.90 19,63 0.42 0.0004 24.39
Error 24 10.22 18,98 9.22 0.004 1.27 10.50

S g S o o S P S A P S WO oy G T s G P W WS AW W TR Smc G W SR W R T R S W Y T WEE WS A G T AED N G W WA Gae BEG G G S MR ve S S e (e M S T e G G

* Significant at 5% level
*+* Significant at 14 level



APPENDIX IV
ANOVA Table

Maturity of pods in relation to fermentation characterisiics

- G S P PP T G S T S G Y D G GO G T GRS . TS S G - - o= - — s Shie YEA W D SHG W e GE WEe Gon G G G GUR S G0

Mean sguares

Brown  Pale purple Purple Average

Shell Percen-

beans beans beans bean percen- tage re-
weight tage covery
CTTTTTTTTTTTTTTTTTTT - e T
Pods 3 1351.54 1995.12  1358,56  0.18%*  51.39%*  28,96**
Error 16 6.19 5037 6022 0.002 1097 0035

W G e v G WY T R e e WO e Gun A A G S B e G e Gee e SVe G S e A SR G M GDA G SN S SO e A WDG Gh OB G PR W07 U SN A BN Gee T G RS I G WS GRN G B Gee W Mae G 4G G GO G e

** Sionificant at 1% level

APUERDIX ¥
ANOVA Table

Effeot of storing the harvested pods on the fermentatiion

characterietios

Y G Gan S A G S SN T A SN S W A e T M G e ST GO WP W Sy Fun G GU G e GBI A G G0 S TEe SN T R O MO G WA S T A A S

#Hean squares

Source af

Brown Pale Purple Average
veans purple beans bean
Desl.8 weight
Pods % 315,26%* 296,78%* 322,72** 0,003

Error 16 5076 4.50 5.95 0.002

A R T G e D A - T - AN S T W e e W YR A G G e e dnn D G S G e I GG B T B D A W GUe A W T G S O S S

*-Significant at 5% level
##_Cignificant at 14 level

Shell Percentage
percen= recovery
tage

3.66%* 6.84%
0.69 0.27
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ABETRACT

Investigations conducted at the College of Horticulture,
Vellanikkara during 1979-31 indicated mini-basket lined with
banena leaves and mini-box as the methods suitable for fer-
menting small quantities of besns. These methods were chosen
from among the seven studied, based on the temperature deve-

lopment in the ferment and on the results of the cut test.

Polythene sheet was found to be a poor insulating
material as compared 1o banana leaves having led to unsatis-
factory aeration and low temperature build up during fermen-

tation.

Fermentation during the dry season was found to be
better with respect to the fermentation characteristics and

physiocal quality charscteristics of the beans.,

Fermentation of beans from yeliow/ripe pode and
over-ripe pods gave higher proportion of commercially accep-
table oeans. The ocured beans had desirable pd and good

physical quality characteristice.

Storing the harvested pods for two to six days before
the extraction of besns for fermentation led to the develop-
ment of optimum temperature in the ferment, desirable pH in
the dried vean and the production of a higaer proportion of

commercially acceptacle beans. -



Storing the cured beane increased the proporiion of
commercially acceptable beans., An increase in the pH of

the beane was also oovserved during the 28-week storage.



