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1. Temperature development (°C ) in the bean, mass fermented 
using the mini baskets lined with banana leaves.

2 . Temperature development (°C ) in  the bean mass fermented 
using the mini baskets lined with polythene sheet.

3 . Temperature development (°C ) in the bean maee fermented 
using the mini-boxes.

4 . Temperature development (°C ) in the bean mass fermented 
in the small heaps with banana leaves.

5. Temperature development (°C ) in  toe bean mass fermented 
in toe small heaps with polythene sheet.

6 . Temperature development (°G) in toe bean masB fermented 
using the single trays.

7* Temperature development (°C ) in  toe bean mass fermented 
using the set o f five  small trays.

3 . Categories of beans under eix methods of fermentation

9 . Production of brown beans under eix methods of fermentation.

10. Production of brown ♦ pale purple beans under six methods 
of fermentation.

11. Temperature development (°C ) in  toe bean mass fermented 
during toe dry and wet seasons.

12. Seasonal variation in pH of the pulp during fermentation.

13. Seasonal variation in pH of toe cotyledons during 
fermentation.

14. Seasonal variation in the production of brown beans in 
d ifferen t methods.

15. Seasonal variation in toe production of brown + pale 
purple beane in d ifferent methods

16. Seasonal variation in toe production of purple beans in  
d ifferen t methods.

17. Seasonal variation on toe average bean weight in different  
methods.



16. Seasonal variation on the sh e ll percentage in d ifferen t  
methods.

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

20. Temperature development (°C ) in the bean mass fermented
using green pods, pods showing yellowing only in the
furrows, yellow /ripe pods and over-ripe pods.

21. Variation in pH of the pulp during fermentation using 
green pods, pods showing yellowing only in  the furrows, 
yellow /ripe pods and over-ripe pods.

22. Variation in pH of tne cotyledons during fermentation
using green pods, pods showing yellowing only in the
furrows, yellow /ripe pods and over-ripe pods.

23. E ffect o f ripeness o f pods in the production of brown, 
brown + pale purple and purple beans.

24. E ffect of ripeness of pods on the average bean weight, 
sh ell percentage and percentage recovery.

25. Temperature development ( °C) in the bean mass fermented 
using pods on the day of harvest, pods stored for two days, 
pods stored for four days and pods stored for six days.

26. Variation in pH of the pulp during fermentation by using 
pods on the day of harvest, pods stored for two dsys, 
pods stored for four days and pods stored for six days.

27. Variation in pH of the cotyledons during fermentation by 
using pods on the day of harvest, pods stored for two days, 
pods stored for four daye and pods stored for six  days.

26. E ffect of storing the harvested pods in the production of 
brown, brown + pale purple and purple beans.

29. E ffect of storing the harvested pods on the average bean 
weight, sh ell percentage and percentage recovery.

30. Changes in the quality attributes of cured beans during 
storage.



1. Temperature development (°C ) in  the bean maes fermented 
using the mini-baskets lined with banana leaves.

2 . Temperature development (°C ) in the bean mass fermented 
using the mini-baskets lined with polythene sheet.

3 . Temperature development (°C ) in the bean mass fermented 
using the mini-boxes.

4 . Temperature development (°C) in the bean mass fermented 
in the small heaps with banana leaves.

5. Temperature development (°C ) in  the bean mass fermented 
in the small heaps with polythene sheet.

6 . Temperature development (°C ) in  the oean mass fermented 
using the single trays.

7 . Temperature development (°C ) in the bean mass fermented 
using the set of five  small trays.

6 . Temperature development C°C) in the oean mass fermented 
during the dry and wet seasons using the mini-basket lined 
with banana leaves.

9 . Temperature development ( °0 )  in  the oean mass fermented 
during the dry and wet seasons using the mini-box.

10. Temperature development (°C) in  the bean mass fermented 
during the dry and wet seasons using the set of five  
small treys.

11. Temperature development (°C) in  the oean mass fermented 
using green pods, pods showing yellowing only in the 
furrows, yellow /ripe pods and over-ripe pods.

12. Temperature development (°C ) in the bean mass fermented 
using pods on the day of harvest, pode stored for two days, 
pods stored for four days and pods stored for six  days.

13. Changes in the orown, brown + pale purple beans and purple 
beans during storage.

14. Changes in the bean pH during storage.
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INTRODUCTION

Cocoa ranks third among the beverage crops in the 

World, a fter tea and ooffee . As a re su lt o f the launching 

of many development schemes, th is crop gained ground in  

Kerala during the past decade. I t  is  estimated that out of 

the to ta l cocoa area o f 20,000 ha in  India, Kerala accounts 

for about 13,000 ha (73 par cen t), followed by Karnataka and 

Tamil Nadu which account for 4 ,400 ha (22 per cent) and
(rWm •-

600 ha (3 per cent), respectively* The production of coooa 

beans in  India during 1981-82 was about 3080 tonnes, of whioh 

Kerala contributed 2300 tonnes (Anon., 1981). India 's  

requirement of coooa has been estimated to be around 3000 

tonnes by 2000 AD (Ananthakrishnan et a l . ,  1979)* During 

1960's India imported 1133 tonnes o f cocoa beans and cocoa 

products involving a foreign exchange drain of R e.241 lakhs. 

The la tte r  h a lf o f 1970's saw a massive expansion of cocoa 

cultivation  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 o f coooa are not ra ised . I ts  cu ltivation  is  

limited to small holdings, especially as an intercrop in the 

cooonut and arsoanut plantations where ideal situations e x is t .

The cocoa o f oommerce is  the fermented and dried (or 

cured) bean. While d ifferen t 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 lik e  the Kerala 

State Co-operative Marketing Federation, the Cadbury Fry 

(India) Limited and the Central Areoanut Marketing and Pro

cessing Co-operative c o lle c t  the pods from the cu ltivators, 

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. I f  the technical know-how 

to cure small quantities of beans could be standardised and 

passed on to the cu ltivators, they would be in  a position to 

dispose o f f  their produce in cured form, thereby rea lisin g  

better price. This can help in transforming oocoa into a 

small growers' crop, ultimately paving the way for increased 

production.

In cognisance o f the above, studies were taken up at 

the College of Horticulture, Kerala Agricultural University, 

Vellanikkara on curing small quantities of coooa beans. The 

studies aimed at elucidating the following information:

1. The efficacy of d ifferen t methods o f fermentation of 

small quantities o f cocoa beans.

2 . The comparative efficien cy o f the fermentation methods 

during dry and wet seasons.



3 . The maturity o f pods at harvest in relation  to fermen

tation of cocoa beans.

4 . The e ffe c t  of storing harvested pods on fermentation 

ch aracteristics.

5. Quality attributes o f beans in relation  to storage.



Review JLttetcLtute.



SUStliSM OF lITfitiATUWi

Cocaaoeaxi. i s  the oaee material for the manufacture of 

cocoa butter, chocolate, chocolate drinks, e tc . The charac

te r is tic  flavour and aroma of cocoa develop only oxi proper 

fermeiita tioxi/curing of cocoa ceane. Fermexitation of cocoa 

beans involves keeping the mass of coooa beans with the muci

lage w ell insulated so as to retain the heat, at the same 

time allowing air  to rase through the beans for a stipulated  

period of time (normally lasting upto seven days) and then 

drying. brief review of literature available on various 

aspects o f fermentation and curing o f cocoa is  presented 

hereunder:

FfiafcrSTATION ilnTHOBB

The methods of fermeiitation vary from country to couxitry, 

grower to grower and variety to variety . B asically , there are 

four methods of fermentation.

Box method

Por fermenting cocoa oeaiis, various types of ooxee are 

seen advocated. Men (1961) devised a fermeiitation box 

measuring, 1 . 5 a x 1 . 2 m x  0 .90  m. He cited the height of the 

box as an important criterion  and pointed out that height 

above 90 cm had an adverse e ffe c t  ott the quality of tae beane. 

Maravalhas (1966) working in Bahia developed a special type of



sweat box o f  s iz e  1 .2  ia x 1 .0  m x 1 .0  m. The box had fou r 

compartments d iv id ed  by rem ovable v e r t i c a l  p a r t i t io n s .  In 

th is  oox, two la t e r a l  w a lls  were prov ided  w ith  rows o f  h o le s  

a t  s  spacing  o f  3 .0  cm. A p er fo ra ted  la th  e l id in g  over the 

h o le s  helped in  re g u la t in g  the passage o f  a i r .  For unloading 

purpose, one o f  the w a lls  fa c in g  the p a r t it io n  was made r e 

m ovable. I t  was claim ed that because o f  the r e g u la t io n  o f  

a e ra tio n  a t  a l l  sta ges  o f  ferm en ta tion , turning o f  the oeane 

cou ld  oe avoided and the p rocess  o f  ferm en tation  g o t  completed 

in  three to  fou r  and a h a l f  days. This method gave ,on  an 

average, 50 per ce n t  fu l ly  ferm ented and 43 per ce n t  p a r t ia l ly  

fermented aeans. Queenel arid Lopez (1 97 5 ) invented a sweat 

oox su ited  fo r  ferm enting sm all q u a n t it ie s  (10  to 20 K g )  o f  

beans. The sweat oox was made out o f  s ty r o te x , a p o lysteren e  

foam p la s t i c  which was found to  be e f f i c i e n t  in  p rov id in g  

s u f f i c i e n t  in s u la t io n  thus avoid in g  the need f o r  supplementa

t io n  o f  heat from e x te rn a l so u rce s . A box o f  s iz e  3 3 .5  cm x 

24 .0  cm x 29 .5  cm cou ld  hold  a maximum qu an tity  o f  16 Kg o f  

wet beans. When the box was h a l f  f u l l ,  the cocoa  oeans were 

covered w ith  oanana leaves and the l i d  was c lo s e d . No fu rth er  

cov erin g  o f  tae oox was re q u ire d . A tem perature o f  4 5 °cto  

46°C was a tta in ed  In s id e  the box in  about three days and i t  

was m aintained t i l l  the com pletion  o f  fe rm en ta tion . The 

chem ical a n a ly s is  o i  the ferm ented cocoa  in d ica te d  that the 

Changes o ccu rr in g  in s id e  the box were s im ila r  to  those in



normal fermentation! but the beans were s lig h tly  more aerated. 

By this method, quantities o f eix to seven kg o f beans oould 

also be fermented properly. The process involved turning of 

beans on alternate days. The quality o f the product was 

good. For finding out the efficacy o f sac covers and number 

of openings in  the wooden mini boxes, Manurung et a l .  (1976) 

used wooden mini-boxes with one, three and five  holes and 

covering with one or two layers of sacking. Comparing the 

resu lts with those obtained in ordinary sweat box fermenta

tion, they claimed that mini-boxes having three or five  holes 

and two eao covers yielded better resu lts  in terms of weight 

lose and peroentage of fermented beans. Kumaran e t a l .  0 9 8 0 )  

conducted tr ia ls  during rainy season with mini-box to e lu c i

date the e ffe c ts  of degree o f insulation , frequency of turning, 

number of sluic es in  the box and quantity o f beans on the 

fermentation characteristics and fin a l quality of the cured 

beans. Among the four insulations provided, "straw (three cm) 

in two layer gunny” was found superior. With this insulation, 

a r :  tie  factory temperature build-up in  the ferment was observed 

during the rainy seasons as compared to the control with two 

layers o f gunny. Among the four types o f  insulators, poly

thene sheet was found to be the least e ffe c tiv e . E ffect of  

season on fermentation was marked as i t  delayed ourlng oy two 

to three days during rainy season. Turning the beans onoe 

dally and providing slu ices 10 cm x 10 cm apart resulted in



proper fo m e n ta t io n , Quantity o f  toe  beans d id  n o t  markedly 

in flu e n ce  the ex ten t o f  ferm en tation .

Heap method

Among the d i f f e r e n t  methods o f  cocoa  ferm en ta tion , heap 

method i s  commonly adopted in  the sm all h o ld in g s  in  Ghana and 

oth er West A fr ica n  co u n tr ie s . Hohan (1958) found ta a t qu an ti

t ie s  o f  70 kg wet beans cou ld  be p rop erly  ferm ented using 

heap method. Wood (1975 ) d escr ib ed  the m ethodology o f  heap 

ferm en tation . In t ills  method, the wet beans heaped on banana 

lea v es  are covered  w ith the lea v es  them selves. The lea v es  

are h e ld  in  p la ce  using sm all lo g s .  The ferm en tation  p rocess  

la s t s  f o r  s ix  days during which tim e, the beans are turned 

tw ice a t  in te r v a ls  o f  two and fou r  days a f t e r  the i n i t i a l  

s e t t in g . Adomako e t  a l .  (1981) conducted t r i a l s  on heap f e r 

m entation using samples o f  50 kg , 150 kg and 450 kg beans to 

study the e f f e c t  o f  heap s iz e  on tem perature, pH and q u a lity  

a t t r ib u te s  o f  beans. I t  was found that the temperature 

f lu c tu a t io n s  were the same in  a l l  the heap s iz e s ,  ex cep t in  the 

50 kg heap in  which the bottom temperature was c o n s is te n t ly  

lower throughout the period  ox ferm en ta tion . The heap s iz e  

did  n o t  in flu e n ce  e itn e r  the f in a l  pH va lu es  or  the grade 

o f  the d r ied  beans. However in  the la r g e s t  heap, the decrease 

in  pH o f  the co ty led on  was ra th er  slow .



Hammond (1953 ) and Wood (1975 ) rep orted  tuat oaeket 

method o f  ferm en tation  i s  g en era lly  p ra c t is e d  in  H igeria  

fo r  ferm enting em ail q u a n tit ie s  o f  beans* Kumaran e t  a l .  (1980) 

found th at oy using m in i-ca sk e ts , bean l o t s  ranging from two 

to s ix  kg cou ld  be s u c c e s s fu lly  fermented* Baskets made o f  

c lo s e ly  woven bamboo matting w ith  a diam eter o f  20 cm arid 

h e ig h t o f  15 om cou ld  h old  two kg beans* For la rg e r  l o t s ,  

they recommended deeper ca sk ets . The baskets were lin ed  w ith 

one or  two la y e rs  o f  banana lea v es  which b e s id e s  p rov id in g  

in s u la t io n  cou ld  a ls o  f a c i l i t a t e  drainage o f  the sw eatin gs.

Vet beans were f i l l e d ,  compacted and covered  over w ith banana 

le a v e s . To a llow  the flow  o f  sw eatings, toe  caskets were 

p laced  on ra is e d  p la tfo rm s . Twentyfour hours a f t e r  the s e t t 

in g , the cask ets were covered  w ith gunny eaok in g . A fte r  

fo u r ty e ig h t  and n in e ty s ix  h ou rs, toe  oeans were taken ou t, 

mixed end re lo a d e d . By th is  method, ferm en tation  was com ple

ted in  s ix  days and toe beans were ready f o r  d ry in g  on xne 

seventh day.

Tray method

Tray metood o f  ferm en tation  was evo lved  by Rohan (1958) 

who recommended the same f o r  sm all q u a n tit ie s  o f  beans o f  

F orastero  v a r ie t y .  In th is  method, wooden tra y s  o f  10 cm 

depth with s la t t e d  s p l i t  cane bottoms were used. The trays



were d iv id ed  in to  secx ion s  usin g  wooden p a r t it io n s  f i t t i n g  

ap p rop ria te  grooves provided  a t  req u ired  d is ta n c e s . The 

ca p a city  o f  trie tray  cou ld  be ad ju sted  by a d ju s t in g  the d i s 

tance between the p a r t it io n  p lan ks. A tray m easuring 60 cm 

length  and 25 cm w idth cou ld  hold  10 kg o f  beans. For su ccess 

f u l  ferm en ta tion , a t le a s t  fo u r  or  f iv e  tra ys  were used. The 

trays were stacked one aoove the o ta e r  in  such a manner that 

the c o c o a - f i l l e d  p ortion s  were in  a s in g le  row . The topmost 

tray was covered  w ith banana le a v e s . A fte r  tw entyfour hours 

o f  i n i t i a l  s e t t in g ,  a c lo s e  f i t t i n g  sack cov er  was provided  

to m aintain tne tem perature. This method did  n o t  in vo lve  

any m ixing or  tu rn in g . Ferm entation was com pleted w ith in  fou r 

to f iv e  days.

Laboratory methods (sm a ll s c a le )

Various methods have been tr ie d  f o r  ferm enting coooa 

beans fo r  la b ora tory  s tu d ie s . Maclean and Wickens (1951) 

evolved  a metood s u ita o ie  f o r  ferm enting 40 to  80 beans.

T heir s e t  up had a buehner fun nel w ith  a e ra tio n  mechanism 

and temperature c o n t r o l .  Two grammes o f  d ex trose  was added 

to the oean mass. The assembly was s e t  up in  an oven main

tained a t  3 7 -3 8 °C and toe  treatm ent was continued f o r  s ix  days 

A fte r  ferm en tation , toe  oeans were sun d r ie d . Queenel (1957) 

d escrib ed  a chem ical method o f  ferm en ta tion . In t h is  method, 

225 g o f  p u lp -fr e e  oeans were weighed in to  a k i ln e r  da r to



which an aqueous s o lu t io n  o f  h o t  a c e t ic  a c id  and eth en o l 

(225 ml con ta in in g  1# volume o f  each c o n s t itu e n t )  was poured. 

The ja r  was sea led  and incubated  a t  50°c f o r  48 h ou rs . The 

beans were then r in sed  and d r ie d . C h a llo t  ( 1977) reported  

another ferm en tation  method u sin g  d e s ic c a to r s  f o r  ferm enting 

sm all samples o f  co co a . The loaded d e s ic c a to r s  were main

tained a t  3 7 °c f o r  48 hours and then s h if te d  to  50°C fo r  fou r  

days. The oeans were s t ir r e d  tw ice a day. A fte r  s ix  days 

o f  treatm ent, good q u a lity  product cou ld  be ob ta in ed .

Solar fermenting frame

S ola r energy has a ls o  Been used f o r  ferm enting cocoa  

beans. McDonald (1936) ferm ented em ail q u a n t it ie s  o f  cocoa  

beans using a so la r  ferm enting frame c o n s is t in g  o f  a th ick  

w alled  box w ith  a g la s s  l i d  which helped to  trap  and r e ta in  

the s o la r  energy . Sweat boxes h o ld in g  about 25 kg o f  wet cocoa  

were p laced  in  tne so la r  ferm entary and k ep t in  the sun. Thus, 

a b lanket o f  warm a ir  a t  100°F-150°F (3 7 .7 8 °C -6 5 .5 6 °C ) cou ld  

be m aintained around the sweat boxes f o r  a p er iod  o f  e ig h t  

hours a day. The oth er advantage o f  th is  method was that 

ex cess  eva p ora tion  was p reven ted . The apparatus was sim ple 

and cheep . The fermented cocoa  so obta ined  was o f  e x c e lle n t  

q u a lity  p ossess in g  even appearance and q u a l it y .  The oeans 

were alm ost f r e e  from blue mould. Due to  the maintenance 

o f  even tem perature throughout the mass, turn ing o f  cocoa



n

during ferm en tation  was unnecessary . Hayes (1 9 6 4 ) working 

in  Venezuela used a basket h o ld in g  32 kg o f  wet cocoa  and 

fermented the same using s o la r  en ergy . B efore  p la c in g  the 

basket in  the sun, i t  was covered  w ith a polythene sh eet.

The oeans were turned every 24 h ou rs , a charge o f  cocoa  

reached a tem perature o f  50°C in  the upper la y e r  on the 

cecond day and in  the bottom la y er  on the f i f t h  day. Fer

m entation was com pleted w ith in  f iv e  days. I t  was found that 

b6 per cen t o f  the beans was w e ll  ferm ented.

EFFICACY OF D IF F iM J T  METHODS OF FERMENTATION

Many s c ie n t i s t s  have compared the e f f i c a c y  o f  d i f f e r e n t  

methods o f  ferm en tation  and th e ir  v a r ia t io n s .  Knapp (1934) 

compared s ix  methods o f  ferm en tation  o f  cocoa  beans (heap, 

p i t ,  wooden ia in i -b o x ,  basket, p la n ta in  stem frame and bamboo 

fram e) under Ghana c o n d it io n s . He concluded that the best 

type o f  con ta in er  was the wooden box, in e p ite  o f  the f a c t  that 

i t  lacked s u f f i c ie n t  p r o te c t io n  a g a in s t  c o o l in g .  By thorough 

and qu ick  m ixing o f  the oeans every two days, con s id era b le  

improvement in  the q u a lity  o f  ferm ented oeans cou ld  be D e 

tained ir r e s p e c t iv e  o f  the method em ployed, la y cock  (1936) 

rep orted  th at the heap method o f  ferm en ta tion  was su p erior  

to the p i t  method. I t  y ie ld e d  a h igh er percentage o f  ch oco 

la te  co lou red  beans a g a in st purple beans. For the p rodu ction  

o f  su p erior  f i r s t  grade co co a , two turn ings in  the heap were



adequate. Bohan (1958) t r ie d  heap, sweat box and tray 

m etoods. From the ob serv a tion s  made on the p h ys ico -ch em ica l 

changes a t  d i f f e r e n t  sta ges  in  the cocoa  mass, he rep orted  

that when heap ferm en tation  was used, toe  tem perature on tne 

su rfa ce  fo u r -in ch  la y er  ro se  more r a p id ly  than in  toe  ce n tre , 

causing rap id  k i l l i n g  o f  the beans, Xhe cn o co la te  f la v o u r  

developed q u ick ly  and i t  was p o s s ib le  to  o b ta in  an a ccep ta b le  

produ ct a t  toe su rfa ce  o f  toe heap a f t e r  30 hours o f  fermen

ta t io n . In toe cen tre  o f  the heap, changes occu rred  s lo w ly ; 

out once the beans d ie d , developm ent o f  ch o co la te  f la v o u r  

was ra p id . Ih ere  was n e c e s s ity  to mix the beans a f t e r  toe 

f i r s t  24 h ou rs . In  sweat boxes upto one tonne c a p a c ity , 

changes were slow er than in  the heap method owing to toe la ck  

o f  a e r a t io n . But oy frequ en t m ixing , th is  d i f f i c u l t y  cou ld  

be overcom e. Plummer (1968) conducted sm a ll-s ca le  t r ia l s  

using  boxes and tra y s . He found th a t a produ ct o f  good 

f la v o u r  and b e tte r  u n iform ity  cou ld  be obta ined  w ith  toe  tra y s , 

compared to  the box method. Among the d i f f e r e n t  sta ck s o f  

trays  used, toe r e s u lt s  obtained using three to  e ig h t  trays 

w ere s im ila r  to the stack s having tw elve tra y s . On the second 

day, uniform  temperature o f  47°C was record ed  in  a l l  the tra ys . 

A fou r-d a y  ferm eiitation  gave the o ee t  r e s u l t s .  Kumaran e t  a l .  

(1980 ) fermented cocoa  oeane using wooden m in i-b ox , bamboo 

m in i-ca sk et and wooden m in i-tra y  charged w ith  two q u a n tit ie s  

o f  oeans (1 .5  kg and 3 .0  kg e a ch ). In the case  o f  m in i-tra y



method, the beaus were fermented f o r  fo u r  days and in  the 

o th er met nod e , s ix  days. They found th a t f o r  the proper f e r 

m entation o f  sm all q u a n t it ie s , turn ing the beans once in  a l t e r 

nate days was n ecessa ry . The v a r ia t io n  in  tem perature fo llow ed  

the same trend in  a l l  the methods, as in  the con v en tion a l 

methods using la rg e  quan tity  o f  beans. However, among the 

v a r iou s  con ta in ers  t r ie d ,  wooden co n ta in e r  was found to  be 

b e tte r  In an the bask et, because o f  b e tte r  temperature r e te n 

t io n  and a e r a t io n . The q u a lity  o f  the beans, as judged by 

the cu t  t e s t  and pH o f  cured beans was s a t is fa c t o r y  in  tae 

wooden m in i-box  and bamboo m in i-b a sk et m ethods.

CHANGES DUHING FERMENTATION 

Temperature

The temperature v a r ia t io n s  o ccu rr in g  during ferm enta

t io n  have been stud ied  by many w orkers. P h i l l i s  (1946) 

rep orted  th at the i n i t i a l  temperature during ferm en tation  

ro se  to  37°C-33°C and remained a t  that le v e l  f o r  fou r  to f iv e  

days. P h i l l i s  regarded th is  as the a n aerob ic  s ta g e . During 

the second s ta g e , which was con sid ered  as the a e ro b ic  s ta g e , 

the temperature ro se  to 52°C-54°C. I t  was con sid ered  that 

a t  th is  s ta g e , changes a ss o c ia te d  w ith  ferm en tation  o ccu rre d . 

But when ferm eiitation  was done a f t e r  stora g e  o f  trie pods fo r  

two weeks, the f i r s t  stage was n o t p e r c e p t ib le  and the tempe

ra tu re  ro se  ra p id ly  to  30°C, fo llow e d  by correspon d in g  p h y s ica l



changes. Hardy (1960 ) and Wood (1975) rep orted  that in  

la rge  s c a le  ferm en tation  o f  oeans, tem perature ro se  s te a d ily  

to 40°C-44°C during the f i r s t  two days. A fte r  the f i r s t  

m ixing, tem perature ro se  r a p id ly  to 48°C -50°C . T h erea fter , 

tem perature f e l l  s low ly  and r o s e  again  a f t e r  each turn ing 

o f  the oeans. A fte r  s ix  days o f  fe rm en ta tion , temperature 

o f  the mass was 45°C-48°C , They a ls o  found th a t o v e r - f e r 

ments t io n  in creased  the temperature to 50°C-52°C . With sm all 

q u a n tit ie s  o f  cocoa  Deans, com paratively  low er peak tempera

ture was observed than w ith  la rg e r  q u a n t it ie s .  Quesnel and 

Lopes (1 9 7 5 ), w h ile  ferm enting sm all q u a n t it ie s  o f  cocoa  

Deane (1 0 -1 8  kg ) in  " e ty r o te x  sweat b o x e s " , observed s l ig h t ly  

low er peak tem perature in  the mass compared to the mass f e r 

mented in  the common sweat b oxes . The maximum temperature 

was recorded  oy them on the s ix th  day and the temperature 

dropped a l i t t l e  on the seventh day. Adomako ej; a l .  (1981 ) 

stud ied  the trend o f  v a r ia t io n  in  tem perature o f  oeans in  the 

heap and tray methods o f  ferm en tation  under Ghana c o n d it io n s . 

They found h igher peak tem perature in  the heaps compared to 

the tra y s . They a ls o  observed reg u la r  temperature f lu c tu a 

t io n s  in  the heaps compared to  the tray method.

Powel (196 0 ) and Queenel (1 96 8 ) rep orted  that the 

gen era tion  o f  h ea t was due to  ferm en tation  and o x id a tio n  

p rocesses  in  the p u lp . Only n e g l ig ib le  c o n tr ib u t io n  to  the 

temperature v a r ia t io n  was im parted by the bean enzyme.



Working fu r ta e r  on the s u b je c t , Queenel (1972) contended 

that ferm en tation  and o x id a tio n  p ro ce sse s  in  the pulp caused 

p rod u ction  o f  a c e t ic  a c id  which was r e s p o n s ib le  f o r  the 

liD e ra tio n  o f  h ea t n ecessary  to b r in g  the Deans to the o p t i 

mum temperature f o r  e f fe e t i r e  ferm en ta tion .

E ffect o f temperature on colour development

Jaequemin (1957) found th a t  in  sm all sca le -fe rm en ta 

t io n  o f  co co a , s la ty  and purple beans developed when tempe

ra tu re  developm ent in  the mass was p o o r . This was n o t  

connected  w ith the stage o f  m aturity  o f  the p od s. S la ty  and 

purple beans were s t i l l  p resen t a f t e r  s ix  days, when the 

tem perature developed was below 45°C. Between 45°C and 50°C, 

purple beans decreased  w ith  the e lim in a t io n  o f  s la ty  beans. 

Maintenance o f  tem perature between 5 0 °C and 4 0 °C during the 

f i r s t  three days and a t  50°C during the rem aining f iv e  days 

o f  ferm en tation  helped the p rod u ction  o f  h igh q u a lity  co co a .

pH and acidity fluctuations during fermentation

W eisberger e t  a l .  (1 97 1 ) and Lopez and Queenel (1973) 

observed the presence o f  a range o f  both v o l a t i l e  and non

v o la t i l e  o rg a n ic  a c id s  during ferm en ta tion . These were found 

to co n tr ib u te  to the c h a r a c t e r is t ic  f la v o u r  to  the end produ ct. 

Any imbalance in  the co n ce n tra tio n  o f  the v a r io u s  a c id s  

re su lte d  in  a c id i c ,  in s ip id  and f r u i t y  ta s te s  o f  the beans.



The predominant a c id  formed was a c e t i c  a c id ,  which g o t  v o la 

t i l i s e d  and l o s t  in  su b s ta n t ia l degree® through evaporation  

during d ry in g . A ccord ing  to Couprie (1970 ) and W itt (1 9 7 3 ), 

sm all amounts o f  a c e t ic  a c id  were l o s t  during s to ra g e , lea d 

in g  to a re d u c t io n  in  the pH. Wood (1975 ) rep orted  tae pH 

o f  fre sh  pulp as 3*5 and th at o f  tue co ty le d o n  as 6 .6 .  He 

a ls o  observed p rod u ction  o f  a c e t ic  a c id  during ferm en tation .

He p ostu la ted  that because o f  the p erm ea b ility  o f  the te s ta , 

a c e t ic  a c id  passed in to  the co ty le d o n s , k i l l e d  the oean and 

lowered the pH to 4 .6 ,  by the th ird  day. He cou ld  f in d  a 

gradual pH in crea se  during tae rem aining p eriod  o f  ferm enta

t io n  and d ry in g . In the d r ied  beans, a pH o f  5 .5  cou ld  be 

observed .

Bald and Idrus (1976) rep orted  that the e x is te n c e  o f  

more o f  copper and polyph enols in  the co ty led on s  in creased  

the r e s id u a l a c id it y  in  the beans. They opined th at H alaysian 

cocoa  beans are a c id ic  due to  the presence o f  more oopper and 

p o lyp h en o ls . A ccord ing  to Li®u (1 9 7 9 ), M alaysian wet oeans 

possessed  more pulp and sugar and these were assumed to be 

the m ajor reasons f o r  the a c id it y  o f  M alaysian beans. G reater 

a e ra tio n  a t  the end o f  ferm en tation  reduced tae  a o id ity  con

s id e ra b ly . Turning the beans three tim es a day during the 

la s t  three days o f  ferm en tation  promoted a e ra tio n  lea d in g  

to a re d u ctio n  o f  a o id ity  c o n s id e ra b ly .



M en (1953 ) gave testim ony to  the view s that under 

a r t i f i c i a l  dry in g  the heat damage caused to toe te s ta  ren 

dered than impermeable to  a c id  thereby r e s u lt in g  in  high 

a c id it y  o f  toe co ty le d o n s . Howat e t  a l .  (1957) in v e s t ig a 

ted toe e f f e c t  o f  d ry in g  p rocess  on toe  a c id it y  o f  toe  

co ty le d o n s . A fte r  a sequence o f  t e s t s  on a throu gh -flow  

tray or ca b in e t  d r ie r  a t  80°C, they showed toa t  toe  average 

p os t-fe r ia e iito t io n  pH o f  4*3 d id  n o t  change during a r t i f i c i a l  

dry ing  as a g a in s t  sun drying when the samples snowed a h igh er 

pH o f  5 .2 .  However, no in v e s t ig a t io n  on toe  nature o f  toe 

a c id s  re s p o n s ib le  f o r  th is  in crea se  was done. I t  was presumed 

that the pH v a r ia t io n  have been due to  toe  presence o f  v o la t i l e  

a c id s ; but toe  c h a r a c t e r is t ic  f r u i t y  o f f - f l a v o u r s  due to toe 

presence o f  v o la t i l e  a c id s  were d e te cted  on ly  in  toe ch o co la te  

made out o f  a r t i f i c i a l l y  d r ied  oeans. Muesnel (1972 ) rep orted  

that h igh  a cid  le v e ls  p e rs is te d  in  a r t i f i c i a l l y  d ried  co co a .

He h ypoth esised  to a t  toe ra p id  h igh  temperature during the 

drying d id  n ot lend s u f f i c ie n t  time fo r  toe  v o la t i l i s a t i o n  

o f  toe  a c e t ic  a c id ,  thus lea d in g  to h igh er a c id i t y .

FACTOR? INFLUENCING FERMENTATION 

Seasonal fa c to r s

Seasons have been found to e x e r c is e  a g rea t in flu e n ce  

on the time taken fo r  ferm en ta tion . Under Trinidad co n d it io n s  

ferm en tation  took s ix  days during the wet season and e ig h t



days during the dry season (Anon., 1957). A llison  and 

Ken ten (1965) found that the temperature rose slowly during 

June and July, the months o f heaviest r a in fa ll , thereby 

taking longer time for fermentation in  the rainy months 

compared to that in the dry season. They reported that the 

ratio  of cured coooa to vet weight and the fermentation 

temperatures were sign ifican tly  lower in  the mid-crop 

(June-July) than in the main crop ( Oc to ber-November) .  Sg be 

and Ovolabi (1972.) found lowest bean weight, lowest butter 

fa t and highest sh ell percentage for the lig h t crop (February-  

May) and highest bean weight, highest butter fa t  and lowest 

sh ell percentage for the main crop (October-January).

Maturity o f pods

Knapp (1926) found that beans o f green pods with firm 

pulp did not ferment, the temperature having remained at 35°C 

after an in it ia l  r ise  to 40°C. Further, the loss during fer

mentation and drying was much higher than when ripe pods were 

cured. With the green pods, y ie ld  o f cured beans was not 

mors than 21 per osnt of the wet weight. Further, the bean 

else was 1.05 g as against 1.34 g obtained when ripe pods vers 

used. MacLean and Wickens (1951) categorised cocoa pods into 

over-ripe, ripe and under-ripe pods aocording to the colour 

of the pods before breaking. Beane extracted from pods of  

d ifferen t maturity were fermented in  baskets for six  days



with fo r ty  e ig h t-h ou r  turn in g . Their o b serv a tion s  on toe 

temperature changes In d ica ted  th at oeans from toe  r ip e  and 

u n d er-rip e  pods a tta in ed  h igh er maximum tem perature, although 

toey took, two days lon ger to reach  toe  maximum than toe  beans 

from ov err ip e  pods. The r a t io  o f  dry to wet w eight was lower 

and the p ro p o rt io n  o f  pu rp le  oeans w^e h igh er than norm al, in  

the case  o f  unripe pods.

EuJLnard (1961 ) rep orted  that ferm en tation  o f  beans from 

unripe pods r e s u lte d  in  cured beans o f  le s s e r  w eight and 

g rea te r  s h e l l  p ercen ta ge . The beans were found to be d is fig u re d

w iia  pulp r e s id u e s . F u rth er, lon ger ferm en tation  time was 

n ecessary  than when beans from r ip e  pods were used.

P re -ferm en ta tion  stora g e  o f  pods

MecLean and Wickens (1951) stored  the cocoa  pods har

vested  during fou r  con secu tiv e  days u n t i l  toe  f i f t h  day and 

fermented the oeans in  toe  baskets f o r  s ix  days w ith  f o r t y -  

e ig h t-h ou r  tu rn in g . Their data in d ica te d  that by s to r in g  the 

harvested  pods fo r  two days o r  m ore, s ig n i f i c a n t  temperature 

in crea se  ( o f  2°C) cou ld  oe obta ined  during the f i r s t  48 hours 

o f  ferm en tation . Compared to  the beans from pods stored  fo r  

only one day, toe beans from pods stored  f o r  fo u r  days showed 

a s ig n i f ic a n t ly  lower tem perature, a f t e r  96 hours o f  fermen

ta t io n . Increased  len gth  o f  stora g e  o f  unbroken pods n ot 

only  d id  n o t  a f f e c t  the percentage recov ery  o r  toe  oean s iz e ,



but a ls o  caused a s ig n i f ic a n t  re d u ctio n  in  the percentage 

o f  both purple and w rinkled beans.

IKYING

A ccording to  Knapp (1 9 3 7 ), complex b ioch em ioa l changes 

occu r during dry ing  o f  the beans, which d ecid e  the q u a lity  

o f  the end p rod u ct. The fa ctor©  con sid ered  in d ic a t iv e  o f  

good dry in g  were ( i )  good stora g e  p r o p e r t ie s , ( i i )  c r is p  

and plump bean w ith s h e l l  n e ith e r  oroken nor f r a g i l e ,

( i i i )  w e ll  o x id ise d  in t e r io r  w ith  adequate brown co lo u r  and 

low b it te r n e s s , and ( i v )  good fla v o u r  w ith ou t e x ce ss iv e  

a c id ity  or  smojcy f la v o u r . He a ls o  found tn et d ry in g  the 

oeans to a m oisture le v e l  o f  le s s  than e ig n t  per cen t was 

necessary  to prevent m ouldiness o f  the oeans during s to ra g e .

Sun drying

Sun dry in g  i s  p op u la rly  adopted by the cocoa  grow ers. 

Knapp (1937) and Palma (1951) have rep orted  th at con cre te  

p latform s were used f o r  drying cocoa  oeans in  n orth ern  

South Am erica, p arts  o f  the Par hast and N ig e r ia . Hohan (1963) 

rep orted  on the use o f  p latform s made ou t o f  bamboo mats fo r  

dry in g  cocoa  in  West A fr ic a .

The common problem con fron ted  w ith  the above methods 

was the d i f f i c u l t y  in  p rov id in g  p r o te c t io n  to tae beans during 

ra in y  p e r io d s . Van H all (1 93 2 ) used the method o f  heaping



the beans during ra in s  and cov er in g  them w ith canvas*

Bohan (1963) found i t  advantageous to cover the cocoa beans 

on oaaboo mats using palm fronds during lig h t showers and 

to r o l l  up of the drying mats and storing them indoors during 

heavier ra in s. Wood (1975) preferred placing o f corrugated 

iron sheets or PVC sheets over the beans during rain s.

Thickness o f  the cocoa  bean la y e r  has been known to 

in flu e n ce  the d u ra tion  o f  dry in g  as w e ll  as the q u a lity  o f  

the end p rod u ct, Hudson (1913) advocated spreading o f  cocoa 

beans to  a th ick n ess  o f  n ot more than 3 .0  cm fo r  d ry in g .

Wood (1975 ) and S orba l (1981) s t ip u la te d  that a qu an tity  o f  

13 kg o f  d ried  beans per square m etre area o f  d ry in g  yard 

f a c i l i t a t e d  com pletion  o f  dry in g  p rocess  w ith in  seven days.

A ccording to  Ghosh and Cunha (1 97 5 ) dry in g  under ra in y  

oo n d it io n s  took about 2.2 days.

A r t if ic ia l  drying

A r t i f i c i a l  d ry in g , though in v o lv e s  h igh er expen d itu re , 

may become n ecessary  during the ra in y  season when sun drying 

i s  d i f f i c u l t .  The econom ics and e f f i c i e n c y  o f  a r t i f i c i a l  

d ry in g  depend on the depth o f  the beans, the ra te  o f  a i r  flow  

and the a ir  tem perature. Through a s e r ie s  o f  sm all s ca le  

experim ents, S helton  (1967) in d ica te d  th at a 25 cm la y er  

a llow in g  an a ir  flow  o f  three m etres per minute a t  a moderate 

temperature o f  65°C was itoe most econom ic c o n d it io n s  fo r  d ry in g .



Salz (1972) observed that h igh  a i r  flow s o f  50-60 ft/m in u te  

(1 .5  m -1.6 m/minute) a t  a low temperature during the p re -  

dry ing  stage and low a ir  flow s o f  30-35 ft /m in u te  (0 .9  m -1.05 m) 

a t  high tem perature during the f in a l  sta ges  o f  cu rin g  gave the 

b est r e s u l t s .  A "Samoan d r ie r "  developed by Cadbury B rothers 

(A n on ., 1963) was found to be a low investm ent in s t a l la t io n  

u se fu l f o r  the sm aller farm er. Hair (19313) developed an 

e l e c t r i c  cocoa  d r ie r .  I t  vae a wooden box^ size  90 x 60 x 60 cm 

w ith three tra ys  p laced  one over the o th e r . A temperature 

range o f  47°C-51°C cou ld  be m aintained usin g  fo u r  bulbs o f  

100 Watt each . Drying cou ld  be com pleted w ith in  24-72 hou rs.

The ca p a city  o f  the d r ie r  was approxim ately 10-25 kg wet oeans.

EFFECT OF STORAGE OF COKED BEAKS 0if BEAK pH AMD PERCENTAGE 
OF BROWN, PALE PURPLE, PURPLE AND SLATY BEANS

Couprie (1970 ) conducted t r ia l s  to  f in d  out the e f f e c t  

o f  stora ge  o f  cured beans on th e ir  a c id it y  and oth er ch arac

t e r i s t i c s .  tie rep orted  th a t aroma o f  the cured beans deve

loped during the f i r s t  three months o f  s tora g e  and a c id it y  

during the fo llo w in g  three months.

MacLean and Wiokene (1 95 1 ) stud ied  the r a te  o f  change 

o f  the purple bean count during storage  o f  M elon sd o  and a 

50*50 m ixture o f  Aaelonado and Upper Amazon co co a . They 

observed th at purple oean percen tage f e l l  from 60 to 20 

during a period  o f  36 weeks o f  s to ra g e .
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MATERIALS AND METHODS

The investigations reported in th is thesis were carried 

out during 1979-*81 in the Department o f Plantation Crops 

and Spices, College of Horticulture, Vellanikkara. The 

following aspects were studied!

The efficacy o f d ifferen t methods o f fermentation 

of small quantities of cocoa beans,

The comparative efficien cy o f the fermentation methods 

during dry and wet seasons,

The maturity o f pods in re la tion  to fermentation of 

cocoa beans,

The e ffe c t  o f storing harvested pods on fermentation 

characteristics, and

Quality attributes o f beans in  re lation  to storage.

THE EFFICACY OF DIFFERENT METHODS OF FERMENTATION OF SMALL 
QUANTITIES OF COCOA BEANS

Mini basket lined with banana leaves

Small bamboo baskets of sise  20 cm diameter and 15 cm, 

30 cm and 45 cm height to contain two kg, four kg and six  kg 

wet beans, respectively were made. The bamboo baskets were 

oloeely woven ones with su ffic ien t strength. Lining with two 

layers o f banana leaves was given. In a l l  the three sets



ooooa pods of uniform maturity were used, three days after  

harvest. The pods were broken and the wet weight o f beans 

with the mucilage was recorded. After f i l l in g  the beans 

into the baskets, the surface o f the beans was levelled  with 

palm and covered with a layer o f banana leaves. *  small 

brick was placed on the top o f i t  and the mass was set for 

fermentation for s ix , seven and eight days. The baskets 

were placed on the ground over bricks for 24 hours to permit 

drainage of the sweatings. On the second day, the baskets 

were covered with a single layer o f gunny which was weighted 

down by placing bricks. Mixing and resettin g were done after  

43 and 96 hours o f  in it ia l  loading. The end point o f fermen

tation wae judged by cutting the beans crosswise through the 

middle portion and observing the reddish brown coloured 

exudate, pale-centered cotyledon with a brownish ring around 

the outside, plumpy nature o f the beans and loosened testa  

over the ootyledons. The beans were fin a lly  taken out for  

drying on the seventh, eighth and nineth days. In the dry 

season, the beans were dried in the sun by spreading them 

over bamboo mate at a thickness o f five  cm and stirrin g  fre 

quently to ensure uniformity in drying. At n ight, the beans 

were kept in  the mat i t s e l f  in folded condition to protect 

them from dew, dust and other foreign p a rtic le s . Trying was 

done for five  to six  days. Completion of drying was judged 

by the characteristic crackling noise o f the dried bean when



pressed in  the palm* In the vet season, the cored beans 

were dried in a ooooa drier developed by the Kerala Agricul

tural University* I t  was o f sise  90 ca x 60 cm x 60 ea with 

three trays placed one over the other. A temperature range 

of 47°G to 51°C could be maintained using four 100 W bulbs. 

Drying was completed in two days. After cleaning o f f  the 

s p lit  and f la t  beans, the good ones were f i l le d  in double
v y'» C''

polythene bags, labelled and the tags 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 backets were lined with 

one layer of 190 gauge polythene sheet. Charging o f the wet 

beans, methodology of fermentation, judgement of the end 

point o f fermentation, drying and storage were done as men

tioned in the previous method.

Mini box

Wooden boxes of s ise  25 x 15 x 12 ca, 32 x 20 x 12 ea 

and 41 x 25 x 12 cm were used to hold two kg, four kg and 

six  kg wet beans, resp ectively . The boxes were made with 

hard wood planks of 1 .5  oa thickness. Holes o f about five  mm 

were provided at a l l  the sides o f the box to fa c ilita te  aeration  

and drainage. The top of the boxes were kept open. Charging



of the wet beans, methodology o f fermentation, judgement of 

the endpoint of fermentation, drying and storage were done 

as mentioned in the above methods.

Small heap using banana leaves

A layer of bamboo s p lits  were placed on the ground in  

a radial manner. On the bamboo layer, two layers of banana 

leaves were spread. Samples of two kg, four kg and six  kg 

wet beans were heaped on the banana leaves. The heaps were 

covered with projected portions o f the banana leaves and a 

small brick piece was placed on the top o f the banana leaves 

to keep them in position . Methodology of fermentation, judge

ment of the endpoint o f fermentation, drying and storage were 

done as mentioned in the previous methods.

Small heap with polythene sheet

A layer o f bamboo sp lin ts were placed on the ground in  

a radial manner. On th is , one layer o f 150 gauge polythene 

sheet having 5 mm holes at a spacing o f 10 cm were spread 

and the wet ooooa beans cured as in the case o f small heap 

with banana leaves.

Tray (Single trays and stacks o f trays)

Wooden trays o f sise 25 x 15 x 12 am; 32 x 20 x 12 cm 

and 41 x 25 x 12 om were made to hold two kg, four kg and 

six  kg wet beans, resp ectively . Wooden reapers o f 1 .5  on



width were fixed to the bottom o f the trays a t a spacing of 

0 .5  cm. The beams were set for fermentation for four, five  

and s ix  days. The trays were assessed singly and after  

stacking five  traya one over the other. The beans were not 

mixed after the in it ia l  charging. The beans were taken out 

for drying on the f i f t h ,  sixth and seventh day of in it ia l  

loading. Prying and storage were done as in  other methods.
" J i t - -  r r t ” I ' P t ' c l s  enic’us. t?uc?zl tu -iu .  -

Out of the seven methods o f fermentation, mini basket 

lined with banana leaves and mini box (with six  kg beans, 

six  days fermentation) were selected for further studies based 

on the temperature development and on the resu lts  o f  the cut 

te s t . In the case o f tray method, the stack of fiv e  trays 

(each tray holding two kg beans, four days fermentation) was 

selected for furtaer studies.

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

Three methods, namely, mini basket lined with banana 

leaves, mini box and set o f five  email trays were tried  

during the dry and wet seasons using s ix  kg o f beans. The 

beans were subjected to turning on alternate days. Observa

tions on temperature development, pH changes of the pulp and 

the cotyledons, pH of tue dried bean, cut te s t , average bean 

weight, sh ell percentage and percentage recovery of the cured 

and dried beans were recorded for the d ifferen t treatments.



aiATUiilTY OF PODS XI RELATION TO FERMENTATION OF COCOA BEANE

Pods were harvested at d ifferen t stages o f maturity 

and c la ssifie d  as green (unripe with firm pulp), furrow 

yellow (with furrows turned yellow and the re st  of the pode 

green), yellow /ripe ( completely yellow pode) and over-ripe  

(completely yellow with disintegrated pulp)*

Six kg samples of wet oeane from pods o f d ifferen t  

maturity were fermented in caskets lined with two layers of 

oanana leaves for a period o f six  days, subjecting the oeane 

to turning on alternate days* The experiment was repeated 

five times and ooservations on tae temperature development, 

pd changes o f the pulp and cotyledons, pa o f the dried deans, 

cut te s t , average dean weight, sh e ll percentage and percentage 

recovery of the cured oeans were recorded.

EFFECT OF STOiUKC HARVESTED PODS ON FERMENTATION
CHARACTERISTICS

Uniformly yellow pods were harveeted on a single day and 

stored in  gunny bags for a period of seven days* Out o f the 

lo t ,  pods were taken for fermentation at d ifferen t stages, 

namely, on the day of harvest, two days a fter  harvest, four days 

after harvest and six days after harvest. The beans were fer

mented In mini basket lined with banana leaves, the duration of

fermentation being six  days. The oeans were turned on a lte r 

nate days* Observations on tae temperature development, piit



changes o f the palp and cotyledons, out te s t , average bean 

weight, sh ell percentage and percentage recovery were recorded 

in  th is experiment also for the d ifferen t treatments*

QUALITY ATTRIBUTES OF BEANS FERMENTED BT THE DIFFERENT 
METHODS IN RELATION TO STORAGE

In order to gather information on the changes in the 

quality attributes o f cured beans during storage, six  to ten 

Eg beans were sealed in double polythene bags and stored for 

a period o f ten months. Bean samples were drawn every month 

for observations on the percentage o f brown, brown+pale purple 

and purple beans as w ell as on the pH of tue cotyledons.

OBSERVATIONS RECORDED 

Temperature

The temperatures were recorded at two le v e ls , namely, 

top and bottom, twice daily at 9 am and pm for the d ifferen t  

methods o f fermentation tried . In the case of tray method, 

temperatures were recorded at the middle portion of the top, 

middle and bottom trays.

£ii

The pH of the pulp and the cotyledons were recorded 

adopting the method recommended by the Coooa Research In sti

tute , Ghana (Anon., 1978).



For determination o f the pH of the pulp and the ooty- 

ledons, bean samples were drawn everyday from the middle por

tion of the basket and the box* In the ease of tray method, 

samples were taken from the centre o f the top and middle 

trays. Samples were le f t  out from the bottom trays since 

the temperature development w ill  be low in the bottom trays 

and satisfactory fermentation w ill  not take place in them 

(Hohan, 1950).

A sample o f 10 beans was made and the pulp portion 

removed by a scalp el. The pulp was then transferred into a 

100 ml beaker and 90 ml of boiling water poured into i t  with 

stirr in g . The mass was then cooled to 20.0°C to 25.0°C and 

the pH was determined with the help o f a pH meter.

For estimating the pH o f the cotyledons, the cotyledons 

from 10 oeans were taken and fin ely  ground using mortar and 

p estle . From the ground mass, 10 g samples were taken for 

determining the pH, as described for the pulp.

Cut test

Properly dried beans were subjeoted to tae cut test for 

determining the efficien cy of fermentation.

Samples of oeans were taken, thoroughly mixed and quar

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

beans were -then taken at random for the cut te s t . Each bean



was out lengthwise through the aiddie with & sharp scalpel 

and one h a lf o f the cotyledon was examined for ite  colour 

in  good da/ lig h t , ’̂ he beans were c la ssifie d  into brown, 

pale purple, purple, slaty and over-feraented beans, ihe 

percentage of the beans in  each category was then worked out.

Average bean weight

Weight of 100 beans was recorded ana averaged.

Shell percentage

Fro* a sample, 100 beans were counted, irrespective of 

their size and shape. After recording the weignt, the oeans 

were shelled and the weight o f the sh ell recorded. From 

these data, the sh ell percentage was calculated.

Percentage recover/ of cured beans

Based on the weight of beans before fermentation and 

the weight o f cured (fermented and dried) beans, the percen

tage recover/ was worked out.

S ta tis tic a l analysis

A ll the data collected were analysed s ta t is t ic a lly  as per 

the methods suggested by Panse and Sukhetiae (1978).
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RESULTS

EFFICACY OF DIFFERENT METHODS OF FERMENTATION

The e f f i c a c y  o f  seven methods o f  ferm en tation  was 

assessed  based on the developm ent o f  tem perature during 

ferm en tation  and on the cu t t e s t .  The r e s u lt s  are presen 

ted belowt

Temperature developm ent

Mini basket lin e d  w ith  banana lea v es

Temperature developm ent in  the top 1 /3  p o r t io n  and 

bottom 1 /3  p o r t io n  have been recorded  a t  the time o f  i n i t i a l  

loa d in g  and th e re a fte r  a t  9 am and 5 pm each day. The data 

are presented  in  Table 1 and F ig .1 . By the second day 

(40  h r s ) ,  the temperature in  the top 1 /3  p o r t io n  ro se  from 

the i n i t i a l  27 .0 °C -27 .5 °C  to 37 .0 °C , 34 .0°C  and 32.5°C  in  

the s ix -fo u r -a n d  two-Eg bean lo  t s ,  r e s p e c t iv e ly . On the 

fou rth  day (88  h r s ) ,  peak tem peratures o f  48 .5°C  and 45.0°C  

were a tta in e d , which dropped to  39 .0°C , 37 .5°C  and 37.0°C  by 

the f i f t h  day (112 h r s ) .  Temperature again  ro s e  on the s ix th  

day (136 h r s )  to 45 .5°C , 44.5°C  and 4 4 .0 °C . From the s ix th  

day onwards, there was a steady drop , the tem perature u l t i 

m ately reach in g  37 .0 °C , 35.5°C  and 33 .0°C , r e s p e c t iv e ly  on 

the n ineth  day (192 h r s )  in  the three l o t s .



Table 1 . -  Temperature developm ent ( ° c )  in  the bean mass fermented 
using the m in i-bask ets  lin ed  w ith  banana le a v e s .

Temperature Days a f t e r setting**
recorded  a t 1 2 3 4 5 6 7 8 9

6 ktf l o t s
Top 1/3 27-S . 3 5 .0 3 9 .0 4 7 .0 41.0 4 5 .0 44 .0 40 .0 37 .0

3 1 .0 37.0 42. i 48 .5 39 .0 45 .5 41 .0 3 9 .0

Bottom 1/3 27.5 3 3 .0 36 .5 45 .5 39 .0 4 3 .5 43 .0 3 8 .0 35.0
29 .0 35 .0 40 .0 46 .0 3 o .0 45 .0 3 8 .5 3 7 .0

4 l o t s
Top 1 /3 27 .0 3 2 .0 3 6 .0 4 7 .0 3 9 .0 4 3 .0 43 .0 3 8 .0 35 .5

29 .0 3 4 .0 3 8 .0 4 7 .5 3 7 .5 4 4 .5 40 .0 3 7 .5 -

Bottom 1/3 2 7 .0 31.0 34 .0 45 .0 3 9 .0 42 .0 41 .0 37 .0 34 .0
28 .0 3 3 .0 3 6 .0 4 5 .0 3 7 .0 4 3 .0 3 9 .0 36.5 -

2 k*i lo t s

Top 1/3 27.0 3 1 .0 3 5 .0 43 .5 40 .0 4 3 .0 4 2 .5 3 7 .0 3 3 .0
28.5 32 .5 36 .5 45 .0 37 .0 4 4 .0 3 9 .0 35 .0 -

Bottom 1/3 27.0 29 .5 33 .0 42 .0 38 .0 42 .0 4 1 .0 3 6 .0 3 2 .5
28.0 3 2 .0 34 .0 43 .0 3 6 .0 42 .5 3 8 .0 3-1.0 -

#  The beans were mixed a t  9 am in  the th ird  and f i f t h  days
* Temperature record ed  a t  .9 am.

** Temperature record ed  a t 5 pm.
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The bottom 1/3 portion a le o  recorded sim ilar trends.

M ini basket lin ed  w ith  polythene sh eet

Under th is  method, the tem perature in  the top 1/3  por

t io n  ro se  from the i n i t i a l  27.G °C -27.5°C  to 33*5°C , 32 .0°C  and 

30.0°C  oy the second day (40  n re ) in  tae s ix - io u r -a n d  two-kg 

bean l o t s .  On the fou rth  day (od  h r s ) ,  the tem perature ro se  

to  4 3 .5 °C , 43.0°C  and 40 .0 °C . The tem perature dropped to 

39 .0°C , 37.0°C  and 3&.0°C by the f i f t h  day  (112 h r s )  and 

again  ro s e  to  47 .5 °C , 44.0°C  and 42.0°C  by tne s ix th  day 

(136 h r s ) .  Prom the s ix th  day onwards, steady drop cou ld  be 

oDserved, the tem perature rea ch in g  3d .0 °C , 3 5 .3 °  C and 3 3 .5 °0 , 

r e s p e c t iv e ly  in  tne three l o t s  by the n in eth  day morning 

(192 h r s ) .

The bottom 1/3 portion also showed the same trend in  

the temperature development (Table 2 and f i g .2 ) .

Mini box

In m ini box, tne tem peratures a tta in ed  were 36 .0 °C ,

3 6 .5 °C and 3 5 .5 °C on the second day (4 0  h r s )  in  the s ix - f o u r -  

and two-leg oean l o t s ,  r e s p e c t iv e ly .  On the fou rth  day (86  h r s ) ,  

the temperature ro se  to 4 7 .5 °C , 4B.0°C and 4 7 .0 °C . ihe tempe

ratu re  dropped to 39 .0 °C , 3S.0°C  and 37*5°C on tne f i f t h  day 

(112 h r s ) .  Temperature o f  the ferm enting bean mass which was 

45 .5°C , 4 4 .5 °C and 4 3 .5 °C on the s ix th  day (136 h r s ) ,  dropped 

to 37 .5 °C , 36»0°C and 35.0°G  by the n in eth  day (192 h r s ) .



Table 2 . -  Temperature developm ent (°C ) in  the oean mass fermented 
using tae m in i-bask ets  lin e d  w ith  polythene sh eet

Temperature Days a f t e r  iBe ttlng*jr

recorded  a t
1 2 3 4 5 6 7 6 9

6 leg lo t s

Top 1/3 27 .5  3 2 .0 36 .0 43 .0 3 9 .0 46 .5 46 .0 43 .0 36 .0
2 6 .0  3 3 .5 41. 0 43.5 42.0 47 .5 44 .5 4 1 .0

Bottom 1/3 2 7 .5  31 .0 34 .0 41 .0 36 .0 4 4 .0 45 .0 41 .0 36 .0
2 o .0 31.5 39 .0 42 .5 40.5 4 6 .0 4 3 .0 4C.0

4 leg lo t s
Top 1/3 27 .5  31 . 0 3 6 .5 42 .0 37 .0 43 .5 43 .0 41 .5 3 5 .5

2 b .0 32 .0 3 9 .0 43.0 41 .0 44 .0 42 .5 3 7 .0

Bottom 1/3 27 .5  30 .5  
?o.O  3 1 .0

2 Kg lo t s

3 3 .3
36 .0

40 .0
4 1 .0

36 .0
40 .0 •£» 

-t*
 

KM 
!\>

 
. 

.
o 

o 4 2 .0
4 1 .0

3 9 .0
3 7 .0

33 .0

Top, 1 /3 27 .0  29 .0 33 .0 3 0 .5 36 .0 4 1 .0 42 .5 37 .5 33 .5
27 .5  30 .0 35 .0 4 0 .0 37.5 4 2 .0 40 .0 3 6 .C

Bottom 1/3 2 7 .0  26 .0 32 .0 3 7 .0 35 .0 4 0 .0 41 .5 3 6 .0 33 .0
27 .5  39 .0 33 .0 3 7 .5 36 .0 4 1 .0 3 9 .0 3 4 .0



T
E

M
P

E
R

A
T

U
R

E
 

(°
c)

40

35

30-

6 top.
6 VOg. bottom.

*------------- m 4 Kq . top •
*.  « 4 Kg. bottom.
»------------ a 2  k g .  to p -
w______ p 2 k<̂ bottem •

/



Table 3 . ”  Temperature development (°C ) in  the bean mass 
fermented using the m in i-boxes

Temperature Bsyre a f t e r  settin g^
recorded  a t

1 2 3 4 5 6 7 8 9

6 Ack io ta

Top 1/3 2d.0* 3 2 .0  
31 »0* 36 .0

3 6 .0
3 9 .0

4 7 .5
47 .0

40 .0
3 9 .0

4 5 .0
4 5 .5

44 .0
43 .5

40 .0
3 6 .5

37 .5

Bottom 1/3 2 6 .0  31 . 0 37 .0 4 5 .5 3 9 .0 4 4 .0 43 .0 3 9 .0 36 .0
3 0 .0  33 .0 37 .5 4 5 .0 36 .0 4 4 .0 42 .0 37 .5

4 iO'C lo t s

Top 1/3 26 .0  33 .0 36 .0 4 3 .0 40 .0 44 .0 4 4 .0 3 9 .0 36 .0

3 0 .5  36 .5 40 .0 4 7 .5 36 .0 4 4 .5 41 .5 3 >.0

Bottom 1/3 2 6 .0  3 2 .5 3 7 .0 46 .0 36 .0 4 3 .0 42 .0 37 .5 35 .0
3 0 .0  3 5 .0 3 9 .0 4 6 .0 3 7 .5 42 .5 3 9 .0 37 .0

2 Jck lo ta

Top 1/3 26 .0  31 . 0 3 7 .0 47 .0 3 9 .0 43 .0 42 .5 3 9 .0 35 .0
29 .5  33 .5 36 .5 45 .5 3 7 .5 43 .5 42.5 3 7 .0

Bottom 1/3 26 .0  3 0 .0 3 6 .0 45 .0 3 3 .0 42 .5 41 .5 3 o . 0 34 .0
29 .0  3 4 .0 3 7 .5 4 4 .5 3 9 .0 42 .0 41 .0 3 6 .0
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The data rev ea led  that the bottom 1/3  p o r t io n  o f  the f e r 

menting bean mass a ls o  showed the same trend in  the tempe

ra tu re  developm ent (T able  3 and F ig .3 ) .

Small heap w ith  oanana lea v es

In th is  method, tem perature in  the top 1/3  p o r t io n  o f  

Hie heap ro se  from the i n i t i a l  27 .0 °C -28 .0 °C  to  31 .0°C , 

31 .0°C  and 30.0°C  by the second day (40  h r s )  in  the s ix - fo u r  

and two-kg l o t s .  On tne fou rth  day (88  h r s ) ,  temperature 

ro se  to  41 .0°C , 37.0°C  and 3 5 .5 °C . A drop to  3 7 .0 °C , 35.0°C  

and 34.0°C  was observed on the f i f t h  day (112 h r s ) .  Tempe

ra tu re  again ro s e  to 38.0°C  in  the s ix -k g  bean l o t .  In the 

fou r-an d  two-kg bean l o t s  tem peratures o f  35 .0°C  and 3 2 .5 ° C 

was recorded  on the s ix th  day (136 h r s ) .  Prom the s ix th  day 

onwards, a steady drop was observed , the tem perature u ltim a

t e ly  reach in g  3 0 .0 °C , 28.5°C  and 28.0°C  on the n in eth  day 

(192 h r s ) .

The bottom 1/3  p o r t io n  a ls o  re v e a le d  s im ila r  trends 

(T able 4 and F ig .4 ) .

Small heap w ith  polythene sheet

In sm all heap w ith polythene sh ee t, tem perature ro se  

from the i n i t i a l  27.0°C to 3 0 .0 °C , 30 .5°C  and 29.0°C  by 

the second day (40  h r s )  w ith  s ix -fo u r -a n d  two-kg heaps. The 

temperature ro s e  to 40 .0°C , 39*0°C and 36 .5°C  on the fou rth



Table 4 . -  Temperature developm ent (°C ) in  the bean mass fermented 
in  the em ail heaps w ith  banana lea v es

Temperature 
recorded  a t

Bays a f t e r  se ttin g ^

1 2 3 4 5 6 7 8 9

6 kg lo t s

Top 1/3 27 ,0 3 0 .0 3 1 .5 3 9 .0 3 8 .0 3 o .0 3 6 .0 3 3 .5 30 .0♦ * 
29 .0 3 1 .0 35 .0 41 .0 3 7 .0 3 6 .5 3 5 .0 3 2 .5

Bottom 1/3 2 7 .0 29 .0 31 . 0 3 7 .0 3 6 .0 3 6 .5 3 5 .0 33 .0 29.5
28, 0 30 .0 3 3 .0 3 9 .0 35 .0 3 6 .0 34 .0 3 2 .0

4 k,A lo t s

Top 1/3 27 .0 30 .0 32 .0 3 6 .0 36 .0 35 .0 3 3 .0 31 . 0 28.5
26.5 3 1 .0 3 3 .0 3 7 .0 35 .0 3 4 .0 3 2 .C 3 0 .0

Bottom 1/3 2 7 .0 28 .5 3 0 .0 3 5 .5 3 5 .0 33 .5 3 2 .5 30 .5 28.0
26.0 29 .0 32 .0 35 .0 3 4 .0 3 2 .5 3 1 .5 2 9 .0

2 kg lo t s
Top 1/3 27 .0 28 .0 3 1 .0 3 5 .0 3 5 .0 3 2 .5 3 2 .0 29 .5 28.0

27 .0 3 0 .0 35 .0 3 5 .5 3 4 .0 3 2 .5 31 .5 29 .0

^ Beans were mixed a t  9 am on trie th ird  and f i f t h  d a /s  
* Temperature recorded  a t  9 am 

** Temperature recorded  a t  5 pm.
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Table 5 . -  Temperature developm ent (°C ) in  the bean maes fermented 
in  the em ail heape v i t a  polythene sh eet

Temperature Days a f t e r  setting® '
recorded  a t

1 2 3 4 5 6 7 a 9

6 kk l o t s
Top 1/3 2 7 .0  29 .0 32 .0 39 .0 3 7 .0 4 1 .0 39 .0 3 8 .0 36.5

26 .0  30 .0 36 .0 40 .0 36 .0 4 2 .5 39 .0 3 7 .0

Bottom 1/3 27 .0  2 a .5 3 1 .0 3 7 .0 3 6 .0 3 9 .5 3 6 .0 3 7 .0 3 5 .0
2B.0 28 .0 34 .0 38 .0 35 .0 4 0 .0 37 .5 3 6 .5

4 k« lo t s

Top 1/3 27 .0  28 .5 3 3 .0 3 6 .0 36 .0 4 0 .0 42 .0 3 8 .0 3 6 .0
2 8 .0  30 .5 3 5 .0 39 .0 33 .0 4 1 .0 40 .0 3 7 .0

Bottom 1/3 27 .0  28 .0 3 2 .0 3 6 .0 3 5 .0 3 6 .5 4 0 .0 3 7 .0 34 .5
2 7 .5  28.5 33 .0 3 7 .0 34 .5 29 .5 3 9 .0 3 5 .0

2 k& lo t s
Top 1/3 27 .0  28 .0 30 .0 35 .0 35 .0 3 6 .0 3 5 .0 33 .5 32 .5

27 .5  29 .0 32 .5 3 6 .5 33 .5 3 6 .0 3 5 .0 33 .0
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day (88  h r s )  and dropped to 36 .0 °C , 35.0°C  and 33.5°C  by 

the f i f t h  day (112 h r e ) .  On the s ix th  day (136 h r s ) ,  tempe

ra tu re  again  ro se  to a peak o f  4 2 .5°C, 41 .0°C , and 36 .0 °C .

On the seventh day morning (144 h r s )  w ith  the fo u r -k g  bean 

l o t ,  tem perature ro se  to  42.0°C  whereas w ith  the s i x -  and 

two-kg bean l o t s ,  temperature dropped to  39 .0°C  and 35 .0°C .

Prom the seventh day onwards, tem perature dropped, u ltim a te ly  

rea ch in g  36 .5°C , 36.0°C  and 32.5°C  by the n ineth  day morning 

(192 h r e ) ,  w ith the three bean l o t s .

The bottom 1/3  p o r t io n  o f  the heap rev ea led  same trend 

in  the tem perature developm ent (T ab le  5 and P i g .5 ) .

S in g le  tray

In the s in g le  tray method, temperature in  the top 1/3 

p o r t io n  ro se  from tne i n i t i a l  27.0°C  to 36 .0 °C , 36.0°C  and 

37.0°C  by the second day (40  h r s )  w ith  the s i x - ,  f o u r -  and 

two-kg bean l o t s ,  r e s p e c t iv e ly .  The tem perature ro s e  to 

43 .5°C , 4 4 .5°C and 45.0°C  by the fou rth  day (88  h r s )  and 

dropped to 43 .0 °C , 42,0°C  and 42.5°C  by the f i f t h  day (112 h r s ) .  

Prom the f i f t h  day onwards, tem perature dropped reach in g  

35 .0°C , 35.0°C  and 3 2 .5 °C by the seventh day (144 h r s ) .  The 

bottom 1/3  p o r t io n  a ls o  showed the same trend in  the tempe

ra tu re  developm ent (T able  6 and P ig .6 ) .

Set o f  f iv e  sm all trays

In th is  method, the temperature o f  the ferm enting bean



Table 6 . -  Temperature developm ent ( °C )  in  the bean mass 
fermented using the s in g le  trays

Temperature
Bays a f t e r  s e t t in g

recorded  a t
1 2 3 4 5 6 7

Top 1/3 27 .0 3 2 .3 37 .0 4 3 .0 4 3 .0 41 .0 3 5 .0
31.5** 3 6 .0 4 2 .0 4 3 .5 43 .0 3 8 .0

Bottom 1/3 27 .0 31 .0 3 6 .0 41 .0 4 1 .0 3 9 .0 3 4 .0
30 .0 3 4 .0 40 .0 42 .0 40 .0 3 6 .0

4 lo t s

Top 1/3 27 .0 3 3 .5 3 8 .0 43 .5 4 3 .0 40 .0 35 .0
29 .0 3 6 .0 41 .0 4 4 .5 4 2 .0 3 7 .0

Bottom 1/3 27 .0 3 2 .0 36 .0 4 3 .0 4 2 .0 3 8 .0 33 .0
2ts.5 3 4 .0 >9.0 43 .5 4 1 .0 36 .0

2 kg l o t s

Top 1/3 27 .0 34 .0 3 9 .0 4 4 .5 4 4 .0 40 .0 32 .5
29.0 37 .0 4 2 .0 45 .0 42 .5 >7.5

Bottom 1/3 27 .0 32 .0 38 .0 4 4 .0 4 2 .0 3 2 .5 31 .5
2d.O 3 5 .0 41 .0 43 .5

«
o•o

3 6 .0

* Temperature recorded  a t  9 am.
** Temperature recorded  a t  5 pm.
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Teapersture 
recorded  a t

Days a f t e r s e t t in g

1 2 3 4 5 6 7

10 kg lo t s
Top tray* 2a. o* 3 6 .0 42 .0 4 7 .5 4 1 .5 4 1 .0 3 8 .0

33 .0** 3 8 .0 4 3 .0 4 8 .0 4 4 .0 4 0 .0

Middle tray 28 .0 3 5 .0 41 .0 4 6 .5 4 6 .0 4 0 .0 37 .0
3 3 .0 3 7 .0 4 2 .0 47 .5 43 .0 3 9 .0

Bottom tray 28.0 3 2 .0 3 8 .0 4 4 .0 44 .0 3 8 .0 3 5 .0
2 9 .0 3 5 .0 3 9 .0 45 .0 4 0 .0 37 .0

@ Temperature recorded  a t  the m iddle p o r t io n
* Temperature recorded  a t  9 am.

** Temperature recorded  a t  5 pm.
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mass ro s e  from the i n i t i a l  2a,0°C  to 38 .0 °C , 37 .0°C  and 

35.0°C  in  the top , m iddle and bottom tra y s , r e s p e c t iv e ly  

by the second day (40  h r s ) .  On the fo u rth  day (88  h r s ) ,  

tem perature ro s e  to  48 .0°C , 47.5°C  and 4 5 .0 °C . On the f i f t h  

day (112 h r s ) ,  a temperature drop to 46 .5 °C , 46.0°C  and 

44.0°C  cou ld  be observed . The drop continued t i l l  the 

seventh day (144 h r s )  when tem peratures o f  3 8 .0 °C , 37 .0°C  and 

35 .0°C  were record ed  in  the to p , m iddle and bottom tra ys  

(T able 7 and F ig .7 ) .

Cut t e s t

For a ssess in g  the e f f i c a c y  o f  the d i f f e r e n t  m ethods, 

the fermented beans were sampled and su b jected  to  the standard 

cu t t e s t .  The data on the p rod u ction  o f  brown beans under 

the s ix  methods (w ith  three q u a n tit ie s  o f  beane each ) were 

analysed f o r  the three d u ration s o f  ferm en tation  (T able  8 ) .

The ANOVA ta b le  (Appendix I )  showed s ig n i f i c a n t  v a r ia t io n  

among the m ethods, q u a n t it ie s , method x qu a n tity  in te r a c t io n , 

du ration  and method x d u ra tion  in te r a c t io n , in  r e s p e c t  o f  

p rodu ction  o f  brown beans.

Among the d i f f e r e n t  m ethods, m ini box (M^) and m ini 

basket lin ed  w ith  banana lea v es  (M1) were found to  be on 

par; but su p erior  to the o th e rs . The second best methods 

were m ini basket lin ed  w ith  polythene sh eet (Mg) and s in g le  

tray  (Mg) whioh were a ls o  found to be on par.



In r e s p e c t  o f  the three q u a n tit ie s  o f  beans fermented 

by the d i f f e r e n t  methods, s ix  kg (Q^) showed su p eriority - 

over fou r  kg (Qg) and two kg (Q ^ ).

When ferm ented using  m ini basket lin ed  w ith  banana 

lea v es  (M^), the q u a n tit ie s  s ix  kg (Q^) and fo u r  kg (Qg) 

gave h igh er p ro p o rt io n  o f  brown beans. The qu an tity  s ix  kg 

(Q.j) was found to  be the best f o r  m ini basket lin e d  with 

polythene sh eet (M g). The three q u a n tit ie s  were eq u a lly  

e f f e c t iv e  under m ini box (M^) .  For s in g le  tray  (M g), fou r  kg 

(Qg) and two kg (Q^> bean l o t s  gave the b est  r e s u lt s  (T able  9 ) .

Among the d i f f e r e n t  du ration s o f  ferm en tation  adopted, 

s ix -d a y  ferm en tation  (D^) was found to  g iv e  maximum brown 

beans, fo llow ed  by seven-day (Dg) an(i e ig h t-d a y  (D^) fermen

ta t io n s .

The s ix -d a y  ferm en tation  was found to  be the best 

( in  r e s p e c t  o f  p rod u ction  o f  brown beans) when a l l  the methods 

were con sid ered  to g e th e r . However, f o r  m ini basket lin ed  with 

polythene sh eet (M g), the three d u ration s were on par. In the 

case o f  s in g le  tray method (M g), fo u r -  and f iv e -d a y  fermen

ta t io n s  were on par and su p erior  to s ix -d a y  ferm en tation  

(T able 9 ) .

Brown + pale purple beans

Brown and pa le  purple beans are a ccep ta b le  to the cocoa 

tra d e . The s p e c i f i c a t io n s  s ta te  that a p ro p o rt io n  o f  50 to



Table 9 . -  P rodu ction  o f  brown oeans under s ix  methods o f  ferm entation

Quantity (k g ) D uration  (d a ys)

6 kg 4 kg 2 kg Mean 6 7 6

“ 1 3^.57 #  
(35 .50 )®

35.62 33.42 35 .20 44,14 36 .35 2 5 .H
(3 3 .9 0 ) (3 0 .3 0 ) (3 3 .2 0 ) (4 6 .5 0 ) (3 5 .1 0 ) (1 6 .0 0 )

M- 35.56 25.06 24.04 26.22 26.66 26.01 27.76c (3 3 .6 0 ) (1 7 .9 0 ) (1 6 .6 0 ) (2 2 .4 0 ) (2 3 .3 0 ) (2 2 .1 0 ) (2 1 .7 0 )

% 35.69 35.66 36.06 35 .60 42,51 36.96 27.96
(3 4 .0 0 ) (3 4 .0 0 ) (3 4 .7 0 ) (3 4 .2 0 ) (4 5 .7 0 ) (3 6 .2 0 ) (2 2 .0 0 )

26.14 22.45 17.74 22.11 24.30 22.39 19.664 (1 9 .4 0 ) (1 4 ,6 0 ) (9 .3 0 ) (1 4 .2 0 ) ( 1 6 .9C) (1 4 .5 0 ) (1 1 .3 0 )
Mr 26.94 27.49 20.69 25.10 25.43 24.17 25.722 (2 0 .5 0 ) (2 1 .3 0 ) (1 2 .7 0 ) (1 6 .0 0 ) (1 6 .4 0 ) (1 6 .6 0 ) (1 6 .6 0 )

25.24 26,36 26.36 27.66 29.20 28.98 24.620 (1 9 .5 0 ) (2 2 .6 0 ) (2 2 .6 0 ) (2 1 .6 0 ) (2 3 .6 0 ) (2 3 .5 0 ) (1 7 .6 0 )
Mean 31.19

(2 6 .6 0 )
29.11

(2 3 .7 0 )
25.75

(2 0 .3 0 )
3 2 .4 0

(2 6 .7 0 )
29.47

(2 4 .2 0 )
25.17

(1 8 .1 0 )

* Mean ($ )  o f  two r e p l ic a t io n s ,
^Values in  parentheses in d ic a te  angular transform ed ones.

.4,, f,, jkxI Ce vtt/j

Q^an^ity D uration (d a y s )
6 7 a

6 , 34 .96  
(3 2 .6 0 )

31.24
(2 6 .9 0 )

27 #36 
(2 1 .1 0 )

4 31 .68  
(2 $ .6 0 )

29.95
(2 4 .9 0 )

25.71
(1 5 .8 0 )

2 30 .56
(2 5 .9 0 )

27.24
(2 0 .9 0 )

22.53
(1 4 .7 0 )

M1 -  Mini basket lin ed  with 
banana lea ves

M« ~ Mini basket lin ed  with 
polythene sh eet

-  M ini-box
M. -  Small heap w ith oanana 

lea v es
Mt; -  Small heap w ith  polythene 

sh eet
Ag -  S in g le  tray

CD
Methods -  1.21 (0 .0 1 )  
Q u an tities  -0 .6 5  (0 .0 1 )
Method x 
quan tity
D uration
Method x 
du ration

* -  1 . «  «•<>* significan t)

- 2.10 (0.01)

-0.66 ( 0.01) 
-  2.10 ( 0. 01)



40 per cen t p a le  purple beane i e  a ccep ta b le  (A non ., 1968).

As such, the e f f i c a c y  o f  the d i f f e r e n t  methods was a ls o  

assessed  based on the quan tity  o f  brown + pa le  pu rp le  beans.

The ANOVA ta b le  (Appendix I I )  f o r  brown + pa le  purple 

beans showed h igh ly  s ig n i f ic a n t  v a r ia t io n  among the m ethods, 

q u a n t it ie s , method x qu an tity  in te r a c t io n , d u ra tion  and 

method x du ration  in te r a c t io n . Quantity x d u ra tion  in t e r 

a c t io n  was n o t  found to be s ig n i f i c a n t .

Among the d i f f e r e n t  m ethods, m ini basket lin e d  w ith 

banana leaves  (M<j) and m ini box (M^), w hieh-w ere^on p a r , were 

found to be su p erio r  to the o th ers  in  the p rod u ction  o f  

brown + p a le  purple beans. The n ext b e s t  methods were m ini 

basket lin e d  w ith  polythene sh eet (Mg) a»d s in g le  tray (M g).

In r e s p e c t  o f  the three q u a n tit ie s  o f  beans ferm ented, 

s ix  kg (Q^) showed su p e r io r ity  over fo u r  kg (Qg) and two kg (Q^) 

in  the p rod u ction  o f  brown + p a le  pu rp le  beans. The quantity  

s ix  kg (M^) was found to  g iv e  h igh er p rop ortion  o f  brown + 

p a le  purple beans when the d i f f e r e n t  methods were con sid ered  

to g e th e r . However, f o r  m ini box (M^), the three q u a n tit ie s  

were eq u a lly  e f f e c t i v e .

Among the d i f f e r e n t  d u ra tion s o f  ferm en tation  adopted, 

s ix -d a y  ferm en tation  (D^) was found to  g iv e  maximum brown + 

pa le  purple beans, fo llow ed  by seven-day (E g) and e ig h t-d a y  

(1 ^ ) ferm en ta tion s.



Table 1 0 .-  P rod u ction  o f  brown + p a le  purple beane under s ix  
methods o f  ferm en tation

Method
Quantity (k g )

Mean

D uration  (d a y s )

6 4 2 6 7 8

U 58.18?* 55.74 55.33 56.42 65 .10 57.24 46.921 (7 2 .2 0 ) (6 8 .3 0 ) (6 7 .6 0 ) (6 9 .4 0 ) (8 2 .3 0 ) (7 0 .7 0 ) (5 3 .4 0 )
u 9 54.32 3 9 .80 41.17 45 .10 42 .10 45.07 48.11d (6 6 .0 0 ) (4 1 .0 0 ) (4 3 .3 0 ) (5 0 .2 0 ) (4 5 .0 0 ) (5 0 .1 0 ) (5 5 .4 0 )
M~ 55.27 55.20 55.31 55.26 62 .75 56.50 46.53y (6 7 .5 0 ) (6 7 .5 0 ) (6 7 .6 0 ) (6 7 .5 0 ) (7 9 .0 0 ) (6 9 .5 0 ) (5 2 .8 0 )
M. 40.18 38.81 31.0 1 36.67 39 .46 36.69 33 .854 (4 1 .6 0 ) (3 9 .3 0 ) (2 6 .5 0 ) (3 5 .7 0 ) (4 0 .4 0 ) (3 5 .7 0 ) ( 3 1 . 00)

40.13 39 .86 37.75 39 .25 36 .15 39 .10 42.505 (4 1 .5 0 ) (4 1 .1 0 ) (3 7 .5 0 ) (4 0 .0 0 ) (3 4 .8 0 ) (3 9 .8 0 ) (4 5 .7 0 )
MA 42.50 41.13 41.82 41.62 40.82 45.57 39.09o (4 5 .7 0 ) (4 3 .3 0 ) (4 4 .5 0 ) (4 4 .1 0 ) (4 2 .7 0 ) (5 1 .0 0 ) (3 9 .7 0 )
Mean 48.43 45.90 43.73 - 47.73 46.70 42.83

(5 6 .0 0 ) (5 1 .6 0 ) (4 7 .8 0 ) (5 4 .8 0 ) (5 3 .0 0 ) (4 6 .2 0 )

© Mean {%) o f  two r e p l ic a t io n s
** Values in  parentheses in d ic a te  angular transform ed ones.

D uration (d a y s )
(k g ) 6 7 8

6 49.80
(5 8 .3 0 )

46 .78
(5 3 .1 0 )

46.62
(5 2 .8 0 )

4 49 .48
(5 7 .3 0 )

46 .15
(5 2 .0 0 )

44.46
(4 9 .1 0 )

2 46.01
(5 1 .8 0 )

42 .84
(4 6 .2 0 )

40.12
(4 1 .5 0 )

CD
Method
Quantity
Method x 
qu a n tity
D uration
Method x 
d u ra tion
Quantity x 
d u ra tion

-  1 .45  (0 .0 1 )
-  1 .03 (0 .0 1 )

-  1 .78  (0 .0 1 )

-  1.02 ( 0. 01)

-  2.51 (0 .0 1 )

-  1 .78  Not s ig 
n i f i c a n t



W ithin the s ix  methods o f  ferm en ta tion , f o r  m ini basket 

lin e d  w ith  banana lea ves  (M^) and m ini box (M ^), s ix -d a y  f e r 

m entation (D^) was found to be the b est w ith  r e s p e c t  to the 

p rod u ction  o f  brown + pa le  purple beans. For m ini basket 

lin e d  w ith  polythene sh eet (M g), the p rod u ction  o f  brown + 

p a le  pu rp le  beans was found to in crea se  as the d u ra tion  

in creased  from s ix  days (D^) to  e ig h t  days (D ^ ). For s in g le  

tray method (M^) ,  f iv e -d a y  ferm en tation  was found to be the 

b e s t .

Purple beane

Ir r e s p e c t iv e  o f  the q u a n tit le s  and du ration  s tu d ied , 

sm all heap w ith banana lea v es  (M^), sm all heap w ith  polythene 

sh eet (Mg) and s in g le  tray  (Mg) methods produced com paratively  

h igh er p ro p ortion  o f  purple beans (T a b le  8 ) .

S la ty  beans

P rod u ction  o f  s la ty  beans cou ld  be observed in  sm all 

heap w ith banana lea v es  (M^) and sm all heap w ith  polythene 

sheet (M g), ir r e s p e c t iv e  o f  the q u a n tit ie s  and d u ration s t r ie d . 

In  s in g le  trays (M g), p rod u ction  o f  s la ty  beane was observed 

only  in  the s ix  kg l o t s  (T ab le  8 ) .

Overfermented beans

In a l l  the methods and q u a n t it ie s , ferm en tation  o f  

beans fo r  more than s ix  days caused the p rod u ction  o f



over fermented beane, the quantum o f  such beane in crea s in g  

w ith  in crea se  in  the du ra tion  o f  ferm en tation  (T ab le  8 ) .

THE COMP AH ATIVE EFFICIENCY OF FERMENTATION METHODS 
DURING THE DRY AND WET SEASONS

The e f f i c ie n c y  o f  the three ferm en tation  m ethods, id en 

t i f i e d  as prom ising in  the s tu d ie s  was compared during the 

dry and wet season s. The tem perature developm ent, pH o f  the 

pulp and co ty le d on  during ferm en tation , pH o f  the d r ied  beans, 

r e s u lt s  o f  the cu t t e s t ,  average bean w eigh t, s h e l l  percen 

tage and the percentage recov ery  o f  cured beans were the c r i 

t e r ia  used f o r  the com parison. The s tu d ie s  were lim ited  to 

one q u a n tity , based on the e a r l ie r  r e s u l t s .

Temperature development

Mini oasket lin e d  w ith  banana lea v es

The temperature developm ent in  the top 1 /3  p o r t io n  and 

bottom 1 /3  p o r t io n  were recorded  a t  the time o f  i n i t i a l  

loa d in g  and th e re a fte r  a t  9 am and 5 pm, each day. The data 

are presented  in  Table 11 and F ig .8 . During the dry season 

(A p r il  and May) in  the m ini basket lin ed  w ith  banana leaves 

(M-j), the temperature in  the top 1 /3  p o r t io n  ro s e  from the 

i n i t i a l  28.0°C  to 37.0°C  by the second day (4 0  h o u r s ) . Tempe

ra tu re  reached a peak o f  4 8 .5 ° C by the fou rth  day (88  h r s ) .

On the f i f t h  day (112 h r s ) ,  the tem perature dropped to 39 .0°C . 

The temperature again  ro se  to  4 5 .5 ° C on the s ix th  day (136 h r s ) .



Table 1 1 .-  Temperature developm ent (°C ) in  the bean mass fermented 
during the dry and wet seasons

Day8 a f t e r  s e t t in g
Tempera ture
record ed  a t   ̂ 2 3®

M in i-bask et lin e d  w ith  banana lea v es  (M^) 
Dry season (S ^ )

Top 1/3 28 .0* 3 5 .0 3 9 .0 4 7 .0 42.0 4 5 .0 45 .0
32 . 0** 37 .0 4 2 .0 4 8 .5 3 9 .0 4 5 .5 -

Bottom 1/3  2 3 .0 33 .5 3 7 .0 4 5 .0 40 .0 4 4 .0 43 .0
31.0 3 5 .5 40 .0 46.0 3 8 .5 44 .5 -

Wet season (S „ )
Top 1/3 26 .0 31.0 3 4 .0 41 .0 37 .0 42 .0 39 .0

28 .0 32.0 3 9 .0 4 3 .0 3 5 .0 40 .0 -
Bottom 1/3  26 .0 30.0 3 2 .5 3 9 .0 36.0 40 .5 3 8 .0

26 .5 3 1 .0 3 6 .0 4 1 .5 34 .0 3 9 .0 -
M ini-box ( m2 )
Dry season (S^)

Top 1/3 27 .0 3 3 .0 3 9 .0 47 .5 4 0 .0 45 .5 45 .5
3 1.0 36.0 43 .0 48.0 3 9 .0 4 6 .0 -

Bottom 1/3 27 .0 3 1 .0 3 7 .0 46 .0 3 9 .0 4 3 .5 43 .0
30.0 3 4 .0 41.0 4 6 .5 38.0 4 5 .0 —

Wet season (S^)
Top 1/3 26 .0 29.0 3 5 .0 4 2 .0 3 7 .5 4 2 .0 38.0

27 .0 32.0 39 .0 43 .0 3 7 .0 4 2 .5 —

Bo ttom 1/3  26 .0 27 .5 33 .5 40.0 3 7 .0 4 1 .0 3 7 .0
27.0 31 .0 3 7 .0 4 1 .0 3 7 .0 40 .0 -

Set o f  f i v e  sm all trays (H j) 
Dry season (S ^ )

Top tray
(M iddle
p o r t io n )
Middle tray
(M iddle
p o r t io n )
Bottom tray
(M iddle
p o r t io n )

Beans 1 
basket

* Temperature record ed  a t  9 am. ** Temperature recorded

27 .0 36 .0 4 2 .0 4 7 .5 4 6 .5 -
3 2 .0 38.0 44 .0 4 7 .0 —  —

2 7 .0 3 5 .0 41 .5 4 7 .0 4 6 .0 — —

3 1.0 37 .0 4 3 .5 46 .5

27 .0 3 4 .0 3 9 .0 4 5 .5 4 4 .0
29 .0 3 5 .0 40.0 45 .0 •

I *'
re turned on the th ird  and f i f t y  days in  the V
ad box . eon td •; v



Table 11. -  Continued

Temperature 
recorded  a t

Days a f t e r  s e t t in g

1 2 3 4 5 6 7

Wet eeaeon (S „ )

Top tray
(M iddle
p o r t io n )

2 6 .0
28 .0

3 1 .0
3 4 .0

3 7 .0
3 9 .0

4 2 .0
4 1 .0

40 .5
- mm

Middle tray
(M iddle
p o r t io n )

2 6 .0
28 .0

3 0 .0
33 .0

3 6 .5
3 8 .5

41 .0
40 .0

4 0 .0
mm

-

Bottom tray
(M iddle
p o r t io n )

2 6 .0
27 .0

28 .0
3 0 .0

3 5 .0
36 .0

3 8 .5  
3 8 .0

3 7 .0 -
-
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On the seventh day (144 h r s ) ,  the tem perature o f  the f e r 

menting bean mass was 45*0°C.

During the wet season (J u ly  and A ugust), the tempera

ture in  the top 1 /3  p o r t io n  ro se  from the i n i t i a l  26.0°C  to 

32 .0°C  by the second day (40  h r s ) .  On the fou rth  day (86  h r s ) ,  

the tem perature ro se  to 43 .0°C . The temperature dropped to 

35.0°C  on the f i f t h  day (112 h r s ) .  On the s ix th  day (136 h r s ) ,  

the tem perature aga in  ro se  to  42 ,0 °C . On the seventh day 

(144 h r s ) ,  the temperature o f  the ferm enting bean mass was 

39 .0°C .

The bottom 1 /3  p o r t io n  o f  the ferm enting bean mass a lso  

record ed  s im ila r  trends in  tem perature v a r ia t io n  during the 

dry and wet seasons.

Mini box

In  m ini box ferm en tation  (1 2 ) during the dry season, 

the temperature in  the top 1/3  p o r t io n  ro s e  from the i n i t i a l  

27.0°C  to 36.0°C  by the second day (40  h r s ) .  On the fou rth  

day (88 h r s ) ,  the temperature ro s e  to  48 .0 °C . I t  dropped to 

3 9 .0°C on the f i f t h  day (112 h r s ) .  On the s ix th  day (136 h r s ) ,  

the temperature r o s e  to  46 .0 °C . On the seventh day (144 h r s ) ,  

the temperature dropped to  45 .5 °C .

During the wet season , the tem perature in  the top 1/3  

p o r t io n  ro se  from the i n i t i a l  26.0°C  to 32 .0°C  by the second 

day (40  h r s )  and ro s e  to  a peak o f  43 .0°C  by the fou rth  day
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(88  h r e ) .  On the f i f t h  day (112 h r e ) ,  the tem perature dropped 

to 37 .0 °C . On the s ix th  day (136 h r e ) ,  the tem perature again 

ro se  to 42 .5 °C . On the seventh day (144 h r s ) ,  the tempera

ture o f  the ferm enting bean mass was 38 .0 °C .

The data on temperature rev ea led  th at the bottom 1/3 

p o r t io n  a ls o  recorded  s im ila r  trends during the dry and wet 

seasons (T able  11 and F ig .9 ) .

S et o f  f iv e  sm all trays

When ferm enting w ith a s e t  o f  f i v e  sm all tra ys  (M^), by 

the seoond day (40  h r s )  during the dry season , a temperature 

r i s e  from 27.0°C  to 38.0°C  cou ld  be observed in  the top tray 

(m iddle p o r t io n ) ,  to  37.0°C  in  the m iddle tray  (m iddle p or

t io n )  and to 35.0°C  in  the bottom tray  (m iddle  p o r t io n ) .  On 

the th ird  day (64 h r s ) ,  the temperature r o s e  to 44 .0°C , 4 3 .5°C 

and 40.0°C  in  the top , m iddle and bottom tra y s , r e s p e c t iv e ly .  

On the fou rth  day (72 h r s ) ,  the tem perature ro s e  to peaks o f  

47 .5 °C , 47.0°G  and 45 .5°C , r e s p e c t iv e ly .  The temperature 

dropped to  46 .5°C , 46.0°C  and 44.0°C  in  the three tra y s , on 

the f i f t h  day (112 h r s ) .

By the second day (40 h re ) o f  the wet season , the tem

perature ro se  from the i n i t i a l  26.0°C  to  34.0°C  in  the top 

tra y , to  33.0°C  in  the m iddle tray  and to  30*0°C in  the bottom 

tra y . On the th ird  day (64 h r s ) ,  the tem perature ro se  to 

39 .0°C , 3 8 .5 °C and 36.0°C  in  the three tra y s . The peaks o f
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42 .0°C , 41.0°C  and 3 8 .5°C were obta ined  on the fou rth  day 

(72 h r s ) .  At the time o f  tak ing  the beane f o r  dry in g  on 

the f i f t h  day (112 h r s ) ,  the temperature o f  the ferm enting 

bean mass was 40 .5 °C , 40.0°C  and 37.0°C  in  the three trays 

(T a o le  11 and F i g .1 0 ).

pH o f  the pulp

In the m ini basket lin e d  w ith  banana lea v es  (M^), 

during the dry season (A p r il  and May), the pH o f  the pulp 

ro se  s te a d ily  from the i n i t i a l  3 .80  to 4 .5 0  by the s ix th  

day (144 h r s ) .  On the seventh day (168 h r s ) ,  the pH dropped 

to 4 .2 0 . During the wet season (J u ly  and A u gu st), the i n i t i a l  

pH, which was 3 .5 0 , ro s e  s te a d ily  to  4 .1 5  by the s ix th  day 

(144 h r s ) .  The pH record ed  a drop to  3 .9 0  by the seventh 

day (168 h r s ) .

In the m ini box (M^), during the dry season , the pH 

o f  the pulp ro s e  s te a d ily  from the i n i t i a l  4 .0 0  to 4 .8 0  by 

the s ix th  day (144 h r s ) .  The pH dropped to 4 .3 0  by the seventh 

day (168 h r s ) .  During the wet season , the pH ro se  s te a d ily  

from the i n i t i a l  3 .4 0  to 4 .1 0  by the s ix th  day (144 h r s ) .

The pH dropped to 4 .00  by the seventh day (168 h r s ) .

In the s e t  o f  f iv e  sm all tra y s  (M^), during the dry 

season , the i n i t i a l  pH which was 3 .9 0 , ro s e  s te a d ily  to 4 .45  

by the f i f t h  day (120 h r s ) .  During the wet season , the



Table 1 2 .-S ea son a l v a r ia t io n  in  pH oftkpulp during ferm en tation

Treatments Days a f t e r  s e t t in g

1 2 2© 4 5® 6 7

M ini-basket 
lin ed  w ith 
banana lea v es  
(M1 >

3 .80*
3 .50**

3 .90
3 .65

4 .10
3 .8 8

4 .2 0
4 .0 0

4 .4 0
4 .10

4 .50
4 .15

4.20
3 .90

M ini-box  (M2 ) 4 .00
3 .40

4 .0 0
3 .5 0

4 .20
3 .85

4 .25
4 .0 0

4 .4 0
4 .08

4 .60
4 .1 0

4 .30
4 .00

Set o f  f iv e  3 .9 0  
sm all tra y s  (M^) 3.50

4 .0 0
3 .75

4 .28
3 .90

4 .4 0
4 .00

4 .45
4 .0 0 -

—

@ The beans were turned on 
and box 

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

the th ird and f i f t h  days in  the basket

Table 1 3 .“  Seasonal v a r ia t io n  in  pH o f  
ferm en tation

the co ty led on s  during

Treatments
Days a f t e r  s e t t in g

1 2 3® 4 6 7 Dried

M in i-basket 
lin ed  w ith 
banana leaves 
(M^)

6.30*
6 .20**

5.60
5.90

4 .90
5.20

4 .70
4 .90

4 .8 0
4 .8 0

4 .86  4 .90  
4 .75  4 .75

5.52
4 .94

M in i-box  (Mg) 6 .60
6 .20

5.50
5.80

5.00
5.20

4 .70
4 .8 0

4 .7 5
4 .7 0

4 .8 2  4 .90  
4 .7 0  4 .72

5.42
4 .90

Set o f  f iv e  6 .40  
sm all trays (M ^ fc.oo

5.40
5.70

4 .90
5.10

4 .85
4 .75

4 .8 5
4 .72 : :

5.58
4.93

@ The beans were turned on the th ird  and f i f t h  days in  the 
basket and box .

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



i n i t i a l  pH was 3 .5 0 . The pH s te a d ily  ro se  to 4 .0 0  by the 

f i f t h  day (120 h r s )  (T able 1 2 ).

pH o f  the co ty led on

In  the m ini baskets lin e d  w ith  banana lea v es  (M^) 

during the dry season , an i n i t i a l  pH o f  6 .5 0  was reoorded  by 

the c o ty le d o n s . The pH decreased  s te a d ily  to 4 .7 0  by the 

fou rth  day (96 h r s ) .  An in crea se  to  4 .9 0  was observed by 

the seventh day (168 h r s ) .  In  the d r ied  beans, a pH o f

5 .52 was reoord ed . During the wet season , the i n i t i a l  pH o f

the co ty led on s  was 6 .2 0 . The pH dropped s te a d ily  to 4 .75  by 

the seventh day (168 h r s ) .  In  the d r ied  beans the pH recorded  

was 4 .9 4 .

In the m ini box (Mg) during the dry season , pH o f  the 

co ty led on s  dropped s te a d ily  from the i n i t i a l  6 .6 0  to  4 .7 0  by 

the fou rth  day (96  h r s ) .  T h erea fter , the pH ro se  s te a d ily  

to  4 .90  by the seventh day (168 h r s ) .  In  the d ried  beans, 

the pH was 5 .4 2 . During the wet season , the i n i t i a l  pH 

recorded  was 6 .2 0 . I t  dropped s te a d ily  to  4 .7 0  by the s ix th

day (144 h r s ) .  The pH ro s e  to  4 .72  by the seventh day (168 h r s ) .

The pH was 4 .90  in  the d r ied  beans.

In the s e t  o f  f iv e  sm all trays (M^) during the dry 

season , the pH o f  the co ty led on s  dropped s te a d ily  from the 

i n i t i a l  6 .4 0  to  4 .8 5  by the f i f t h  day (120 h r s ) .  The d ried  

beans recorded  a pH o f  5 .5 8 . During the wet season , the



i n i t i a l  pH o f  6 .0 0  dropped to  4 .7 2  by the f i f t h  day (120 h r s ) .  

In  the d ried  beans the pH was 4 .93  (T able 1 3 ).

Cut t e s t

Data on the p rod u ction  o f  brown beans under the mini 

basket lin e d  w ith  banana leaves  (M^) ,  m ini box (M^) and the 

s e t  o f  f i v e  sm all tra ys  (M^) during the dry (S ^ ) and wet (S^) 

seasons were an a lysed . H ighly s ig n i f i c a n t  v a r ia t io n  in  the 

p ro p o rt io n  o f  brown beans was observed between the seasons 

(T ab le  1 4 ). Dry season (S ^ ), which was found to be su p e r io r , 

gave 43.52 per cen t brown beans as a g a in s t  29.33 per cen t 

during the wet season ( § 2 )» Regarding the methods, m ini bas

ket lin e d  with banana leaves  (M^) ,  m ini box (M2 > and the se t  

o f  f iv e  sm all tra ys  (M^) were found to  be on par.

S ince the brown and p a le  purple  beans were a ccep ta b le  

to the cocoa  tra d e , the season a l v a r ia t io n  w ith  r e s p e c t  to 

the p rod u ction  o f  brown + p a le  purple beans was a lso  assessed . 

The dry season (S -j) was found to be su p er io r  (g iv in g  61.56 

per cen t a ccep ta b le  beans) to the wet season (g iv in g  only 

48 .70  per cen t a ccep ta b le  bea n s). Among the methods, m ini 

basket lin e d  w ith banana lea v es  (M^) and m ini box (M^), which 

were on par, were su p erior  to  s e t  o f  f i v e  sm all tra y s  (M^) 

(T ab le  1 5 ).

The data presented in  Table 16 in d ica te d  th at the wet 

season (S g ) produced com paratively  h igh er p ro p ortion  o f  purple



Seasons
Methods

Mean
M in i-bask et lin e d  
w ith  banana 
lea v e s  (M^)

M ini-box
(M2 )

S et o f  f iv e  
sm all trays 

(M^)

Dry ( s j ) 4 7 .6 ( f # 46 .60 46 .40 43.52
(5 4 .5 0 ) (5 2 .8 0 ) (5 2 .4 0 ) (5 2 .7 0 )

Wet ( S . ) 31 .80 28.00 28 .20 29.33C. (2 7 .8 0 ) (2 2 .0 0 ) (2 2 .3 0 ) (2 4 .0 0 )

Mean 39.70
(4 0 .8 0 )

37 .30
(3 6 .7 0 )

3 7 .30
(3 6 .7 0 )

-

Seasons Methods
F -  217.17** F -  2 .3 5 NS
CD- 2.41 CD -  2 .95

Season x Method

F -  0 .3 8 l,w 
CD -  4 .17

& Mean (is>) o f  f i v e  r e p l io a t io n e
* Values in  parentheses in d ic a te  angular 

transform ed ones 
** S ig n if ic a n t  a t  1$ le v e l  
NS Hot s ig n i f i c a n t



Seasons
Methods

Mean
M ini-basket 
lin ed  w ith 
banana lea v es

(M1 )

M ini-box
(Mg)

Set o f  f iv e  
sm all tra ys

( V

Dry ( Sn) 64.97**
(a 2 .1 0 )*

65.09
(0 0 .6 0 )

58.64
(7 3 .2 0 )

61.56
(7 7 .3 0 )

Wet (S 2 ) 49.96 
C58 .60 )

49 .55
(5 7 .9 0 )

46.61
(5 2 .8 0 )

46 .70
(5 6 .4 0 )

Mean 57.47
(7 1 .1 0 )

56.71
(6 9 .9 0 )

52.73
(6 3 .3 0 )

Seasons Methods
F -  280,95** F -  12.64**

CD -  1 .70  CD -  2 .09

Season x Method 

F -  1.09*^
CD -  2 .95

& Mean (%) o f  f iv e  r e p l ic a t io n s
* Values in  parentheses in d ic a te  angular transform ed ones. 

** S ig n i f ic a n t  a t  1# le v e l  
NS Not s ig n i f i c a n t



Season
Methode

Mean F CDM in i-bask et 
lin e d  w ith 
banana leaves  

(M1 )

M ini-box
( V

S et o f  
f i v e  sm all 
tra ys  (M^)

Dry ( S ^ 25.03s®
(1 7 .9 0 )***

26.42
(1 9 .8 0 )

30 .05
(2 6 .6 0 )

*•*
27.16 200.25 

(2 1 .4 3 )
3 .62

Wet (S 2 ) 40 .04
(4 1 .4 0 )

38 .70
(3 9 .7 0 )

41.89
(4 4 .6 0 )

40.21
(4 1 .9 0 )

Mean 32.54
(2 9 .6 5 )

32 .55
(2 9 .7 5 )

35.97
(3 5 .6 0 )

F -  7 .61* 
CD -  2 .96

Method x Season
F -  1 .28KS 

CD -  5.12

® Mean (^ )  o f  f iv e  r e p l ic a t io n s
*** Values in  parentheses in d ic a te  angular transform ed on es.

* S ig n if ic a n t  a t  %  l e v e l  
** S ig n if ic a n t  a t %  le v e l
HS Hot s ig n i f i c a n t



beans (40 .21  per ce n t )  than the dry season (S^ -  27.16 p er

c e n t ) .  Among the m ethods, s e t  o f  f iv e  tra y s  (M^) produced 

h igh er percentage o f  purple beans than the m ini basket lin ed  

w ith  banana lea v es  (M^> and m ini box (M g).

Average bean w eight

R esu lts  obtained  during the dry and wet seasons adopt

in g  the m ini basket lin e d  w ith  banana lea v es  (M ^), the m ini 

box (Mg) and the s e t  o f  f iv e  sm all trays (M^) in d ica te d  that 

the dry season (S^) was s ig n i f i c a n t ly  su p erio r  to  the wet 

season (S g ) in  g iv in g  h igh er average bean w eight (1 .0 4  g 

a ga in st 0 .86  g ) .  The three methods were found to  be on par 

in  r e s p e c t  o f  the average bean w eight (T ab le  1 7 ).

S h e ll percentage

Regarding the s h e l l  percen tage , ferm en tation  during 

the dry season (S^) was found to be s ig n i f i c a n t ly  su p erior  

to  that during the wet season in  c o n tr ib u t in g  the le a s t  s h e l l  

percentage (1 4 .8 5  a g a in st 1 9 «5 0 ).

The m ini box (Mg) and the s e t  o f  f i v e  sm all trays (M^) 

were on par; but s ig n i f i c a n t ly  su p erior  to  the m ini basket 

lin ed  w ith  banana leaves  (M^) in  co n tr ib u t in g  the le a s t  s h e l l  

percentage (T able  1 8 ).

Percentage recov ery  o f  cured beans

The data on the percentage recov ery  o f  cured beans to



Table 1 7 .~ Seasonal v a r ia t io n  on the 
in  d i f f e r e n t  methods

average bean w eight

Season®
Method®

Mean
Mini basket 
lin e d  w ith  
banana lea v es

(M1)

M in i-box
(Mg )

S et o f  f iv e  
e a a l l  tray®

(M3 )

Dry (S t 5 1 . 1 1 * 0 .89 1 . 1 1 1.04

wet (S ? ) 0 .67 0 .85 0 .8 5 0.86

Mean 0.991 0.871 0.962

Seasons Methods
F -  129.40** F -  0 .2 7 NE 

CD -  0 .045  CD -  0 ,124

Season x Method

F -  1.22^S
CD -  0 .23

* Mean o f  f i v e  r e p lica t io n ®
** S ig n i f ic a n t  a t  1j4 le v e l  
HE Hot s ig n i f i c a n t



Methods

Seasons Mini basket 
lin e d  w ith 
banana lea v es  

(M1)

M in i-box
(Mg )

Set o f  f i v e  
sm all trey s

(M j)

Mean

Dry ( S ^ 15.40^
(2 3 .1 5 )*

14.60
(2 2 .4 2 )

14.50
(2 2 .3 9 )

14.83
(2 2 .6 5 )

Wet (S 2 ) 20 .30
(2 6 .8 0 )

18.80
(2 5 .6 8 )

19.40
(2 6 .1 3 )

19.50
(2 6 .1 9 )

Mean 17.85
(2 4 .9 7 )

16.70
(2 4 .0 4 )

16.95
(2 4 .2 3 )

Seasons Methods
F -  129.40xx F -  3 .5 6 *  

CD -  1 .04 CD -  0 .65

Season x  Method
j  -  0 .35 HB 

CD -  1.66

© Mean ($ )  o f  f iv e  r e p l ic a t io n s
* Values in  parentheses in d ic a te  angular transform ed ones 
x S ig n i f ic a n t  a t  %  l e v e l  

xx  S ig n if ic a n t  a t  1# le v e l  
NS Hot s ig n i f ic a n t



Table 1 9 .-  Seasonal v a r ia t io n  on the percentage recov ery  
in  d i f f e r e n t  methods

Methods
Seasons M in i-bask et 

lin e d  w ith 
banana lea v es  

(M-,)

M ini-box
( m2 )

Set o f  f i v e  
sm all tra y 8 

(M^)

Mean

Dry (S .,) 36.50®
(3 7 .1 5 )*

35 .30
(3 6 .4 5 )

35 .80
(3 6 .7 2 )

35.87
(3 4 .3 0 )

Wet (S 2 ) 28.50
(3 2 .2 6 )

28 .70
(3 2 .3 6 )

29 .00
(3 2 .5 8 )

28.73
(2 3 .1 0 )

Mean 32 .50
(3 4 .7 1 )

32 .00
(3 4 .4 1 )

32 .40
(3 4 .6 5 )

Seasons Methods
P -  194.73XX P -  0 .45 NS 

CD -  0 .6 5  CD - 1 . 1 1

Method x Season
P -  2 .19NS 

CD -  4 .12

@ Mean ($ )  o f  f i v e  r e p l ic a t io n s
* Values in  parentheses in d ica te  angular transform ed on es, 

xx S ig n if ic a n t  a t  1$ le v e l
NS Not s ig n i f ic a n t



the wet w eight o f  beans (T able  19) in d ica ted  that the dry 

season gave s ig n i f i c a n t ly  h igh er recov ery  (3 5 .6 7 )  than the 

wet season (2 8 .7 3 ) .

The three methods were found to be on par in  r e s p e c t  

o f  the percentage re cov ery  o f  cured beans.

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

Cocoa pods o f  d i f f e r e n t  m aturity (g reen  pods, pods 

showing y e llo w in g  only in  the furr>ow s, y e l lo w /r ip e  pods and 

o v e r -r ip e  pods) were harvested  and the beans were ferm ented.

In  order to study the in flu e n ce  o f  pod m aturity  on the f e r 

m entation c h a r a c t e r is t ic s ,  the tem perature developm ent, pH 

o f  the pulp and ooty led on s during ferm en ta tion , pH o f  the 

d ried  beans, r e s u lt s  o f  the standard cu t t e s t ,  average bean 

w eight, s h e l l  percentage and the percentage recov ery  o f  cured 

beans were re co rd e d . These param eters were stu d ied  w ith 

re fe re n ce  to  one method (m in i basket lin e d  w ith  banana le a v e s ) 

and one quan tity  ( s i x  kg) id e n t i f ie d  as prom ising in  tne 

e a r l ie r  s tu d ie s .

Temperature development

The tem perature developm ent in  the top 1 /3  p o r t io n  

and bottom 1/3 p o r t io n  were record ed  a t  the time o f  i n i t i a l  

loa d in g  and th e re a fte r  a t  9 am and 5 pm each day. The data 

are presented in  Table 20 and F ig .1 1 .



Table 2 0 .-  Temperature developm ent ( C) in  the bean mase fermented 
using green  pods, pode shoving y e llo w in g  on ly  in  the 
fu r ro v e , y e l lo w /r ip e  pods and o v e r -r ip e  pods

Tempera
ture r e 
corded a t

Days a f t e r  s e t t in g
Treatments 1 2 3® 4 5fe 6 7

Top 1 /3 Green pode 28.0*
34 .0 **

4 0 .0
40 .5

3 8 .0
3 8 .0

3 7 .5
3 7 .0

36 .0
3 5 .0

3 6 .0
3 5 .0

3 4 .0

Bottom 1/3 2 8 .0
3 3 .0

3 7 .0
3 7 .5

3 7 .0
3 7 .5

3 6 .0
3 5 .5

3 5 .0
3 4 .0

35 .0
3 4 .0

3 2 .0

Top 1 /3
Pode shov
in g  y e llo w 
in g  only  in  
the furrow s

27 .0
29 .0

3 1 .0
3 4 .0

3 9 .0
4 2 .0

4 3 .5
4 4 .0

3 8 .0
4 3 .5

4 6 .0
47 .0

46 ,0

Bottom 1/3 27 .0
28 .0

2 9 .0
3 2 .0

3 7 .5
4 0 .0

4 2 .0
4 2 .0

37 .5
42 .5

44 .0
4 5 .0

4 4 .0

Top 1/3 Y e llo w /r ip e
pods

27 .0
30.0

33 .0
3 6 .0

4 0 .0
42 .5

4 6 .5
4 6 .0

4 0 .0
3 9 .0

4 5 .0
4 4 .0

43 .0

Bottom 1/3 2 7 .0
29 .5

32.0
3 5 .0

3 8 .5
4 1 .5

4 4 .5
4 6 .0

3 9 .0
3 9 .0

43 .5
4 2 .5

4 2 .0

Top 1 /3 O ver-r ip e
pods

27 .0
3 5 .0

3 9 .0
4 2 .0

4 6 .0
4 8 .0

4 9 .0
4 2 .5

4 1 .0
4 2 .0

4 1 .0
40 .0

3 8 .0

Bottom 1/3 27 .0
32 .5

3 7 .5
4 0 .0

42 .0
4 5 .5

4 6 .0
4 0 .0

4 0 .5
40 .5

4 0 .0
3 8 .0

3 6 .0

9  Beane were turned on the th ird  dnd f i f t h  days
* Temperature record ed  a t  9 am 

** Temperature recorded  a t  5 pm.
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When beans from the green pods were ferm ented, the 

temperature r o s e  from 28.0°C  to 40,5°C  by the second day 

(40  h r s ) .  The temperature dropped s te a d ily  to  37 .0°C  by 

the fou rth  day (88  h r s )  and then to 34*0°C by the seventh 

day (144 h r s ) .

Beans from the pods w ith  "y e llo w in g  on ly  in  the furrow s" 

showed a temperature r i s e  in  the top  1 /3  p o r t io n  from the 

i n i t i a l  27.0°C  to 34 .0°C  by the second day (40  h r s ) .  The 

temperature ro se  to 44.0°C  by the fo u rth  day (88  h r s )  and 

to 38.0°C  by the f i f t h  day (96 h r s ) .  Temperature aga in  rose

to a peak o f  47.0°C  by the s ix th  day (136 h rs )  to re co rd  a

drop to 46.0°C  by the seventh day (144 h r e ) .

The bean mass from y e llo w /r ip e  pods showed a tempera

ture r i s e  in  the top 1 /3  p o r t io n  from the i n i t i a l  27.0°C  to 

36.0°C  during the second day (40  h r s ) .  The temperature ro se  

to  a peak o f  48.0°C  oy the fou rth  day (8 8  h r s ) .  The tempera

ture dropped to  39.0°C  by the f i f t h  day (112 h r s ) ,  recorded  

a r i s e  to 45.0°C  by the s ix th  day (136 h re ) and then dropped

to 43.0°C  by the seventh day (144 h r s ) .

The beans from o v e r -r ip e  pods which reoord ed  an i n i t i a l  

temperature o f  27*0°C, a tta in ed  a tem perature o f  42.0°C  by the 

second day (40  h r s )  and 49.0°C  by the fou rth  day (72 h r s ) .

The tem perature dropped to 42 .0°C  on the f i f t h  day (112 h r s ) .

No r i s e  in  tem perature was observed on the s ix th  day (136 h r s ) .



The temperature dropped s te a d ily  to 38 .0°C  by the seventh day 

(144 h r s ) .

Beans from the cocoa  pods o f  d i f f e r e n t  m aturity  groups 

recorded  temperature v a r ia t io n s  in  the bottom 1/3  p o r t io n s  as 

observed in  the top 1 /3  p o r t io n s .

pH o f  the pulp

The data are fu rn ish ed  in  Table 21.

The pH o f ,t h e  pulp ro se  s te a d ily  from the i n i t i a l  

4 .5 0  to 4 .67  by the f i f t h  day (120 h r s )  when beans from the 

green pods were ferm ented. The pH dropped to 4 .66  by the 

seventh day (168 h r s ) .

The beans from the pods w ith  "Y e llow in g  only in  the 

furrow s" record ed  a steady r i s e  in  pH from the i n i t i a l  4 .00  

to 4 .60  by the s ix th  day (144 h r s ) .  The pH dropped to 4 .40

by the seventh day (168 h r s ) .

When the beans from y e l lo w /r ip e  pods were fermented 

the pH o f  the pulp ro se  from i n i t i a l  3 .3 0  to  4 .70  on tne 

s ix th  day (144 h r s ) .  The pH dropped to 4 .30  by the seventh 

day (168 h r s ) .

The beans from the o v e r -r ip e  pods record ed  a steady 

r i s e  in  pH from the i n i t i a l  4 .0 0  to  4 .6 5  by the s ix th  day

(144 h r s )  and a drop to 4 .25  by the seventh day (168 h r s ) .



Table 2 1 .-  V a r ia t io n  in  pH o f  the pulp during ferm en tation  using  
green pods, pode shoving y e llo w in g  on ly  in  the furrow s, 
y e l lo w /r ip e  pode and o v e r -r ip e  pode

Treatments —~
Days a f t e r s e t t in g

1 2 4 6 7

Green pods 4 .50* 4 .60 4 .6 5 4 .66 4 .67 4.66 4 .66
Pods showing 
y e llo w in g  only  
in  the furrow s

4 .00 4 .00 4 .1 0 4 .3 0 4 .4 0 4 .60 4 .4 0

T e lio w /r ip e
pods 3 .60 3 .9 0 4 .0 0 4 .35 4 .5 0 4 .7 0 4 .30

O ver-ripe  pods 4 .0 0 4 .2 0 4 .4 0 4 .5 0 4 .5 5 4 .6 5 4 .25

® Beans were turned on the th ird  and f i f t h  days
* Mean value o f  f iv e  r e p l ic a t io n s

Table 2 2 .-  V a r ia tio n  in  pH o f  the co ty led on s  during ferm en tation  
using  green  pods, pode shoving y e llo w in g  on ly  in  the 
furrow s, y e l lo w /r ip e  pods and o v e r -r ip e  pods

Days a f t e r  s e t t in g

1 2 3<y> 4 5# 6 7
JJA JLCU

Green pods 6 .80* 6 .40 6 .25 6 .0 0 5.96 5.92 5.92 5.85
Pods showing 
y e llo w in g  
on ly  in  the 
furrows

6 .40 6 .0 0 5.80 5.20 5.25 5 .30 5.35 5.65

Y e llo w /r ip e
pods 6 .6 0 5.80 5.60 4 .8 0 4 .9 0 4 .9 5 5.10 5.55

O ver-ripe
pods

6 .4 0 5.00 4 .80 4 .95 5.00 5.20 5.20 5.58

@ Beane were turned on the tn ird  and f i f t h  days 
* Mean value o f  f iv e  r e p l ic a t io n s



pH o f  the co ty led on s

The data are presented  In  Table 22.

The i n i t i a l  pH o f  the co ty led o n s  was 6 .8 0  when the 

beans from green pods were ferm ented. I t  dropped s te a d ily  

to 5.92 by the seventh day (168 h r s ) .  In the d ried  beans, 

the pH was 5 .8 5 .

On ferm enting the beans from pods w ith  "Y ellow in g  only 

in  the fu rrow s", a steady pH drop from 6 .4 0  to  5 .20  by the 

fou rth  day (96 h r s )  was ob served . The pH ro s e  to  5 .55  by 

the seventh day (168 h r s ) .  In  the d r ied  beans, the pH 

was 5 .6 5 .

When the beans from y e l lo w /r ip e  pods were ferm ented, 

tne i n i t i a l  pH o f  the co ty led on s  was 6 .6 0 . The pH dropped 

s te a d ily  to  4 .80  by the fo u rth  day (96 h r s ) .  Prom the f i f t h  

day onwards, the pH ro se  s t e a d ily ,  rea ch in g  5 .10  by the 

seventh day (168 h r s ) .  In  the d r ied  beans, the pH was 5 .5 5 .

When ferm ented, the beans from o v e r -r ip e  pods recorded  

a steady drop in  pH from the i n i t i a l  6 .4 0  to 4 .8 0  by the 

th ird  day (72 h r s ) .  The pH then ro se  s te a d ily  to 4 .95  by 

the fou rth  day (96 h r s )  and 5 .20  by the seventh day (168 h r s ) .  

In  the d ried  beans, the pH was 5 .5 8 .

Cut t e s t

Data on the cu t t e s t  conducted are fu rn ish ed  in  

Table 25.



Table 2 3 .-  E f fe c t  o f  r ip e n e ss  o f  pods in  the p rod u ction  o f  
brown, brown + p a le  purple and purple beans

Treatments Brown beans Brown * p a le  
purple beans

Purple
beans

Green pods 19.46*
(1 1 .1 0 )* *

27 .48
(2 1 .3 0 )

62.51
(7 8 .7 0 )

Pods showing y e llow  
ing only in  the 
furrows

" 35 .40  
(3 3 .5 0 )

53.87
(6 5 .2 0 )

36.12
(3 4 .7 0 )

Y e llo w /r ip e  pods 43.39
(4 7 .2 0 )

66.64
(8 4 .3 0 )

23.36
(1 5 .7 0 )

O ver-ripe  pode 52.00
(6 2 .1 0 )

72.41
(9 0 .9 0 )

17.59
(9 .1 0 )

f 125.03** 371 .45** 371.77X*

CP 3.71 3 .1 0 3.11

* Mean (# )  o f  f i v e  r e p l ic a t io n s
** Values in  parentheses in d ic a te  angular transform ed ones 
xjc S ig n i f ic a n t  a t  1$ le v e l



Immaturity o f  pods s ig n i f i c a n t ly  lowered the p rodu ction  

o f  brown beans as w e ll  as brown ♦ p a le  purple beans (1 9 .4 6  per 

cen t and 27.48 per cen t r e s p e c t iv e ly )  on ferm en ta tion . The 

beans from y e l lo w /r ip e  pods and pods w ith  "y e llo w in g  on ly  in  

the furrow s" gave in term ediate le v e ls  o f  brown beans as w e ll 

as brown + pa le  purple beans (4 5 .3 9  per cen t and 66 .64  per cent 

35 .40  per cen t and 53.87 per cen t r e s p e c t iv e ly ) .  P rod u ction  

o f  maximum quantity  o f  brown beans as w e ll  as brown + pa le  

pu rp le  beans (5 2 .0 0  per cen t and 72,41 per cen t r e s p e c t iv e ly )  

was observed when beans from o v e r -r ip e  pods were ferm ented.

The o v e r -r ip e  pods y ie ld e d  the le a s t  qu an tity  o f  purple 

beans (1 7 .5 9  per ce n t)  whereas the green pods record ed  the 

h ig h est (62 .51  per c e n t ) .  S ipe  pods and pods w ith "y e llow in g  

only in  the furrow s" y ie ld e d  in term ed iate  le v e ls  (2 3 .3 6  p e r 

cen t and 36 .12  per cen t r e s p e c t iv e ly ) .

Average bean w eight

The beans from o v e r -r ip e  and y e l lo w /r ip e  pods, on f e r 

m entation and cu r in g , had s ig n i f i c a n t ly  h igh er average bean 

w eight (1 .1 5  g and 1 .14 g r e s p e c t iv e ly )  as compared to those 

from the pods w ith  "y e llow in g  on ly  in  the furrow s" (1 .0 0  g ) 

and the green pods (0 .7 4 6  g )  (T ab le  2 4 ).

S h e ll percentage

A fte r  ferm en tation  and cu r in g , the beans o f  o v e r -r ip e  

pods were found to  be s ig n i f i c a n t ly  su p er ior  to those from



Taole 2 4 .“  E f fe c t  o f  r ip e n e ss  o f  pods on the average bean
w eigh t, s h e l l  percentage and percen tage recov ery

Treatments Average
bean w eight 

Cg)

S h e ll
percentage

Percentage
recov ery

Green pode 0.746*
#*

24 .00  ^  
(2 9 .3 3 )  *

24.87
(1 7 .7 0 )

Pode showing y e llo w in g  . 
only in  the furrow s * 17.70

(2 4 .8 6 )
35.01

(3 2 .9 0 )

T e llo w /r ip e  pods 1.14 15.80
(2 3 .4 5 )

35 .76
(3 4 .1 0 )

O ver-rip e  pods 1.15 13.90
(2 1 .8 8 )

36.04
(3 4 .6 0 )

F 8 0 .9 7 xx 26.0<3xx 8 2 .9 4 xx

CD 0.062 1.39 0.792

* Mean o f  f iv e  r e p l ic a t io n s
** Mean ($ )  o f  f i v e  r e p l ic a t io n s

*** Values in  parentheses in d ic a te  angular transform ed ones 
xx S ig n if ic a n t  a t  1% le v e l



the o th er three treatm ents in  having produced the le a s t  s h e l l  

percentage (1 3 .9 0 ) .  The beans from the green  pods recorded  

maximum s h e l l  percentage (2 4 .0 0 ) ,  the o th er  two treatm ents 

re co rd in g  in term ediate  va lu es  (1 7 .7 0  per cen t f o r  pods w ith  

y e llo w in g  only  in  the furrow s and 15.80 per cen t f o r  y e l lo w / 

r ip e  pods (T able  2 4 ).

P ercentage recov ery  o f  cured beans

Maximum percentage recov ery  o f  cured beans was observed 

in  the treatm ent o v e r -r ip e  pods (3 6 .0 4 )  which was on par w ith  

that observed in  y e l lo w /r ip e  pods (3 5 .7 6 ) .  These were s ig n i 

f ic a n t ly  su p erio r  to the re cov ery  obta ined  in  the oth er two 

treatm ents. Minimum recov ery  was obta ined  in  the treatm ent, 

green pods (2 4 .8 7 )  (T able 2 4 ).

EFFECT OF STORING HARVESTED PODS ON THE FERMENTATION 
CHARACTERISTICS

Beans were ex tra cted  from the pods on the day o f  har

v e s t  as w e ll  as a f t e r  s to r in g  the pods f o r  p er iod s  o f  two 

days, fou r  days and s ix  days. In  each ca se , s ix  kg (Q^) 

beans were ferm ented by the m ini basket lin e d  w ith  banana 

lea v es  (M^). The ferm en tation  c h a r a c t e r is t ic s  were assessed  

based on the temperature developm ent, pH o f  the pulp and 

co ty le d o n s , pH o f  the d ried  bean, r e s u lt s  o f  the standard 

cu t  t e s t ,  average bean w eigh t, s h e l l  percen tage and percentage 

recov ery  o f  cured beans.



Temperature development

The data are presented  in  Table 25 and F i g .12. Beans 

c o l le c t e d  from the pods and loaded f o r  ferm en tation  on the 

day o f  h arvest record ed  a tem perature r i s e  ( i n  the top 1/3 

p o r t io n )  from the i n i t i a l  28.0°C  to  33.0°C  by the seoond day 

(40  h r s ) .  The temperature reached a peak o f  45.0°C  by the 

fou rth  day (88  h r s ) .  The tem perature dropped to  38.5°C  by 

the f i f t h  day (112 h r s ) ,  ro se  to  4 4 .5°C by the s ix th  day 

(136 h r s )  and then dropped to  44 .0°C  by the seventh day 

(144 h r s )  when the ferm en tation  was com pleted . In  the bottom 

1 /3  p o r t io n , the temperature r o s e  from  the i n i t i a l  28.0°C  to 

31.0°C  by the seoond day (4 0  h r s ) .  The tem perature reached 

a peak o f  4 2 .0 °0  by the fou rth  day (88  h r s ) .  The temperature 

dropped to 38.0°C  by the f i f t h  day (112 h r s ) ,  ro se  to  43.5°C 

by the s ix th  day (136 h r s )  and dropped again  to  4 2 .5°C by the 

seventh day (144 h r s )  when the ferm en tation  was com pleted.

I t  can be then seen th at the bottom  1 /3  p o r t io n  a ls o  recorded  

more or le s s  s im ila r  v a r ia t io n s  in  tem perature developm ent.

Beans ex tra cted  and ferm ented a f t e r  two days o f  storage 

o f  pods, record ed  ( i n  the top 1 /3  p o r t io n  o f  the ferm enting 

bean mass) a tem perature r i s e  from the i n i t i a l  28.0°C  to 36.0°C



Table 2 5 . -  Temperature developm ent ( ° c )  in  the bean aaee fermented 
using pods on the d a / o f  h a rv e s t , pode s to red  fo r  
W o daye, pods stored  f o r  fo u r  d a /e  and pode stored  
f o r  s ix  days

Temperature
la y s  a f t e r  s e t t in g

recorded  a t 1 2 3 4 6 7

On the day o f  h arvest
Top 1/3 2 8 .0  3 1.0  

30 .0**  33 .0
3 4 .0
3 5 .0

4 3 .0
4 5 .0

3 9 .0
3 8 .5

4 4 .0
44 .5

44 .0

Bottom 1/3 2 8 .0
2 9 .0

3 0 .0
3 1 .0

32 .5
3 3 .0

4 1 .0
4 2 .0

3 8 .0
5 8 .0

4 2 .0
4 3 .5

42 .5

Pode stored  f o r  two daye

Top 1 /3 2 8 .0
3 2 .0

35 .0
3 6 .0

3 8 .0
4 0 .0

4 6 .0
4 7 .5

4 0 .0
3 9 .5

4 5 .0
45 .5

45 .0
m»

Bottom 1/3 2 8 .0
5 1.0

3 3 .0
3 4 .5

3 6 .5
3 8 .0

44 .0
45 .5

3 9 .0
3 9 .0

43 .0
4 3 .5

42 .0

Pods stored  f o r  fou r  daye

Top 1 /3 27 .0
3 3 .0

3 7 .0
3 8 .0

42 .0
43 .0

4 7 .5
4 8 .0

3 8 .0
3 7 .5

4 2 .0
4 3 .0

40.0

Bottom 1/5 27 .0
32 .5

3 6 .0
3 7 .0

4 0 .0
41 .0

4 6 .0
4 6 .5

3 8 .0
3 7 .0

4 0 .0
4 1 .0

36 .0

Pode stored  f o r  s ix  daye

Top 1/3 2 8 .0
3 5 .0

3 9 .0
4 2 .0

4 6 .0
4 9 .0

4 6 .0
4 5 .0

4 0 .0
4 1 .0

4 2 .0
4 0 .0

3 6 .0

Bottom 1/3 2 8 .0
3 4 .0

37 .5
4 0 .0

4 4 .0
46 .5

4 4 .0
4 4 .0

3 9 .0
4 0 .0

4 0 .5
3 6 .0

3 7 .5

#  The beans were turned on the th ird  and f i f t h  d a /e
* Temperature record ed  a t  9 am 

**  Temperature record ed  a t  5 pm.
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by the second day (4 0  h re )*  The tem perature roBe to  4 7 .5 °C

by the fou rth  day (88  h r e ) ,  dropped to 3 9 .5 °C by the f i f t h

day (112 h rs )  and again  ro se  to  4 5 .5 °C by the s ix th  day 

(136 h r s ) .  On the seventh day (144 h r e ) ,  the ferm enting 

bean mass record ed  a temperature o f  4 5 .0 °C . The bottom 1/3  

p o r t io n  a ls o  recorded  s im ila r  trends in  tem perature.

When the beans c o l le c t e d  from the pods s to red  f o r  fou r 

days were ferm ented, the top 1 /3  p o r t io n  o f  the mass a tta in ed  

a tem perature o f  3 8 .0 °C by the second day (4 0  h r s ) .  The tem

perature ro se  to 48.0°C  by the fo u rth  day (88  h r s )  and dropped

to  37.5°C  by the f i f t h  day (112 h r s ) .  On the s ix th  (136 h rs )

and seventh (144 h r s )  days, the tem peratures noted were

43.0°C  and 40.0°C  r e s p e c t iv e ly . The bottom 1 /3  p o r t io n  a lso  

recorded  s im ila r  trends in  tem perature.

Beane ex tra cte d  from the pods s to red  f o r  s ix  days a f t e r  

the h a rv e st , when fermented recorded  a r i s e  in  the temperature 

( i n  the top 1 /3  p o r t io n ) ,  from the i n i t i a l  28.0°C  to 42.0°C

by the seoond day (40  h r s ) .  The tem perature ro s e  to 49.0°C

by the th ird  day (64 h re ) and dropped to  40 .0°C  by the f i f t h  

day (96 h r s ) .  On the s ix th  day (136 h r s ) ,  the tem perature 

ro se  to 4 2 .0 °C . On the seventh day (156 h r s ) ,  the temperature 

o f  the ferm enting bean mass was 3 8 .0 °0 . The bottom 1/3 p or

t io n  a ls o  recorded  s im ila r  trends in  tem perature.

pH o f  the pulp

The data are presented  in  Table 26 .



Table 2 6 . -  V a r ia tion s  in  pH o f  the pulp during, ferm en tation  by using 
pods on the day o f  h a rv est, pods stored  fo r  two days, 
pods stored  f o r  fou r  days and pods stored  f o r  s ix  days

Days a f t e r  s e t t in g
Treatments

Pods on the 
day o f  h a rvest

Pods stored  for, 
two days

Pode stored  
fo r  fou r days
Pods stored  
fo r  s ix  days

1 2 3 4 5 6 7

4 .20* 4 .22 4 .25 4 .3 0 4 .4 0 4 .6 0 4 .20

3 .9 0 4 .0 0 4 .2 0 4 .3 5 4 .55 4 .65 4 .2 5

3 . BO 4 .00 4 .2 0 4 .4 0 4 .5 0 4 .68 4 .25

4 .0 0 4 .28 4 .40 4 .5 0 4 .5 0 4 .55 4.30

* Mean o f  f i v e  r e p l ic a t io n s

Table 2 7 .-  V a r ia t io n  in  pH o f  the co ty led on s  during ferm en tation  by 
usin g  pods on the day o f  h a rv est , pods stored  fo r  two 
days, pods stored  fo r  fo u r  days and pods stored  fo r  
s ix  days

la y s  a f t e r  s e t t in g  
Treatments ---------------------------------------------------------    P ried

Pods on the 6 .60* 
day o f  h arvest 5 .80 5 .70 5.30 5.10 5.20 5.35 5.68

Pode stored  g cq 
f o r  two days 5.60 4 .90 4 .70 4 .8 0 4 .8 0 5.05 5.55

Pods stored  6 .60  
f o r  fou r  days 5 .20 5.00 4 .70 4 .8 0 4 .6 5 5.10 5.54

Pods stored  6 .4 0  
f o r  s ix  days

5.00 4 .8 0 4 .85 4 .9 0 5.10 5 .15 5.57

* Mean o f  f iv e  r e p l ic a t io n s



When the beans were ex tra cted  and ferm ented on the 

day o f  pod h a rv e st , the i n i t i a l  pH o f  the pulp was 4 .2 0 .

The pH ro s e  s te a d ily  to  4 .6 0  by the s ix th  day (144 h r s )  and 

dropped to 4 .2 0  by the seventh day (168 h r s ) .

The i n i t i a l  pH o f  the mass was 3 .9 0  when the beans from 

pods s to red  f o r  two days were e x tra cte d  and ferm ented. The 

pH ro s e  to  4 .6 5  by the s ix th  day (144 h r s )  and dropped to 

4 .2 5  by the seventh day (168 h r s ) .

S to r in g  the pods f o r  fo u r  days b e fo re  e x tr a c t io n  o f  

beans lowered the i n i t i a l  pH to  3 .8 0 . The pH o f  the mass rose  

to  4 .6 8  by the s ix th  day (144 h r s )  and dropped to  4 .25  by the 

seventh day (168 h r s ) .

When the beans were e x tra cte d  a f t e r  s ix  days o f  storage 

o f  the pods and u t i l i z e d  f o r  ferm en ta tion , the i n i t i a l  pH was 

found to  be 4 .0 0 . The pH ro s e  to  4 .5 5  by the s ix th  day 

(144 h r s )  and dropped to  4.30 by the seventh day (163  h r s ) .

pH o f  the co ty led on s

I n i t i a l  pH o f  the co ty led on s  v a r ied  from 6 .4 0  (when 

the beans were e x tra cte d  a f t e r  s ix  days o f  storage  o f  pods) 

to  6 .6 0  (when the beans were e x tra c te d  on the day o f  h arvest 

or a f t e r  fou r  days o f  s t o r a g e ) .  The pH dropped to  a minimum 

by the th ird  to  f i f t h  day o f  ferm en ta tion  (T able  2 7 ) , a fte r  

which an in crea se  in  the pH was seen . At the com pletion  o f



ferm en ta tion , the pH in  the d i f f e r e n t  treatm ents ranged 

from 5 .05  to 5 .3 5 . The pH o f  the d r ied  bean v a r ie d  between 

5 .54 and 5 .6 3 .

Cat t e e t

The data on the ou t t e e t  presented  in  Table 28 in d ica te  

the percen tage r e c o v e r /  o f  brown, brown + p a le  purple and 

pu rp le  beane. S t a t i s t i c a l  a n a ly s is  o f  the data rev ea led  that 

the maximum recov ery  o f  brown beane was obta ined  in  t ie  

Treatment 3 (pods stored  f o r  fou r  days b e fo re  e x tr a c t io n  o f  

the b ea n s ). The Treatment 3 and the Treatment 2 (pods stored  

f o r  two days b e fo re  e x tr a c t io n  o f  the beans) g iv in g  42.47 and 

41.78  per cen t brown beans, r e s p e c t iv e ly ,  were on par. E xtrac

t in g  and ferm enting the beans on the day o f  h a rv est (T re a t

ment 1) y ie ld e d  the le a s t  qu a n tity  ( 31.94  per ce n t)  o f  brown 

beans.

When the p rod u ction  o f  brown + p a le  purple beans was 

con s id ered , the treatm ent e f f e c t s  were h ig h ly  s ig n i f i c a n t .  

S tor in g  the harvested  pods f o r  fo u r  days and then ferm enting 

the beans (Treatm ent 3 ) gave 63*96 per cen t brown + pa le  

purple beans. The next b e s t  treatm ent was s to r in g  the pods 

f o r  two days b e fo re  e x tra c t in g  the beans f o r  ferm en tation  

(g iv in g  60 .04  per cen t brown + p a le  pu rp le  b ea n s ). Ferment

in g  the beans from the fr e s h ly  harvested  pods (Treatm ent 1) 

y ie ld e d  the le a s t  quan tity  o f  brown + pa le  purple beans 

(4 6 .0 3  per c e n t ) .



Table 2 8 .-  E f fe c t  o f  s to r in g  the harvested  pods in  the 
p rod u ction  o f  brown, brown + p a le  pu rp le  and 
purple beans

Treatments Brown
beans

Brown ♦ p a le  
purple beans

Purple
beans

Pods on the d a / 
o f  h arvest

31.94*
(2 6 .0 0 )  *

46.03
(5 1 .8 0 )

43.97
(4 8 .2 0 )

Pods stored  f o r  
two d a /s

41 .78
(4 4 .4 0 )

60.04
(7 5 .0 0 )

29.96
(2 4 .9 0 )

Pods s tored  fo r  
fou r  d a /s

42.47
(4 5 .6 0 )

63.96
(8 0 .7 0 )

26.04
(1 9 .3 0 )

Pods stored  fo r  
e ix  days

37.92
(3 7 .8 0 )

57.42
(7 1 .0 0 )

32 .58
(2 9 .0 0 )

P 36 .02** 56 .05** 66 .03**

CD 2.41 2 .8 4 2 .84

* Mean ($ )  o f  f iv e  r e p l ic a t io n s
** Values in  parentheses in d ic a te  angular transform ed on es, 
xx S ig n i f ic a n t  a t  le v e l



Table 2 9 . -  E f fe c t  o f  s to r in g  the harvested  pode on the average 
bean w eigh t, s h e l l  percen tage and percentage 
recov ery

Treatments Average 
bean w eight

S h e ll
percentage

P ercentage
recov ery

Pode on the 
o f  h a rv est

day 1.04*
#*

16.40
(2 3 .8 9 )* * *

34.73
(3 2 .4 0 )

Pods stored  
two days

fo r 1,00 13.85
(2 1 .8 1 )

35 .40
(3 3 .6 0 )

Pods stored  
fou r  days

fo r 1.07 13.80
(2 1 .8 3 )

35 .45
(3 3 .6 0 )

Pods s tored  
s ix  day8

fo r 1 .08 13.20
(2 1 .3 0 )

35 .53
(3 3 .8 0 )

¥ 1.17KS 5.29“ 2 .5 4 x

CD 0 .27 0 .6 8 0 .70

* Mean va lu e  o f  f iv e  r e p l io a t io n e
** Mean percentage o f  f i v e  r e p l io a t io n e

*** Values in  parentheses in d ic a te  angular transform ed on es , 
x S ig n i f ic a n t  a t  5$ le v e l  

xx S ig n i f ic a n t  a t  1# l e v e l  
NS Not s ig n i f i c a n t



In  r e s p e c t  o f  p rod u ction  o f  purple beans, the le a s t  

value (2 6 .0 4  per ce n t )  was record ed  by Treatment 3,;Xpods 

stored  f o r  -fvn^daye).

Average bean w eight

The treatm ent e f f e c t s  were found to be n o t  s ig n i f ic a n t  

w ith  r e s p e c t  to  average bean w eight (T ab le  2 9 ).

S h e ll percentage

S torin g  tne harvested  pods fo r  two, fou r  and s ix  days 

and tnen ferm enting the beans were found to be on par in  the 

p rodu ction  o f  the le a s t  s h e l l  percentage which were s i g n i f i 

ca n tly  su p erior  to that obtained under beans from the pods 

on the day o f  h a rvest (T able  2 9 ).

Percentage reoovery

S torin g  the pods fo r  s ix  days p r io r  to  ferm en tation  

(Treatm ent 4 ) gave 35.53 per cen t re cov ery  o f  cured beans. 

This treatm ent was on par w ith  " s to r in g  the pods fo r  fou r 

days p r io r  to ferm en tation " (Treatment 3 )  whicn gave 35 .45  

per cen t recov ery  o f  cured beans and " s t o r in g  the pods fo r  

two days p r io r  to  ferm en tation " (Treatment 2 ) which gave 

35 .40  per cen t recov ery  (T ab le  2 9 ).

QUALITY ATTRIBUTES OF CURED BEANS IN RELATION TO 
STORAGE

The data on the oiianges in  the q u a lity  a t t r ib u te s  o f



Table 3 0 . -  Changes in  the q u a lity  a t t r ib u te s  o f  cured beans 
du rin g  stora ge

Months a f t e r  
storage

Brown
beans

Brown ♦ 
p a le  pur
p le  beans

Purple
beane

Bean pH

August *60
*

48 74 26
##

5.20

September *60 49 76 24 5.22

October *80 52 77 23 5.25

November *80 52 78 22 5 .28

December *80 54 82 18 5.35

January *81 58 87 13 5 .46

February '81 60 89 11 5.48

March *81 66 90 10 5.48

A p r il  '81 70 90 10 5.45

May *81 71 92 8 5.46

* Mean (# )  o f  three r e p l ic a t io n s
** Mean o f  th ree  r e p l ic a t io n s
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Fig. 14  -  CHANGES >KI pH OF TMI COTYLEDONS OF THE 
CURES BEANS DURING STORAGE.



the cured beans during ten months o f  storage  are presented 

in  Table 30, F i g .13 and F ig .14.

During the ten-month s to ra g e , the percentage o f  brown 

beans in creased  from the i n i t i a l  48 to 71 . The percentage 

o f  com m ercially a ccep ta b le  beans (brown + p a le  p u rp le ) in 

creased from 74 during August 1960 to 92 during May 1981. 

There was a decrease in  the qu an tity  o f  pu rp le  beans (from

26 .0  per cen t to  3 .0  per c e n t ) .  The pH o f  the cured beans 

in creased  from 5.20 in  August 1980 to 5 .43  in  February and 

March 1981. During the la s t  two months o f  s to ra g e , a s l ig h t  

re d u ctio n  in  the pH was observed .
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DISCUSSIOH

The a t t r a c t iv e  p r ic e  th a t p rev a iled  during the ea r ly  

1970 ' b and the m assive developm ent programmes implemented 

by the S ta te  Department o f  A g r icu ltu re  made cocoa  a very  

popu lar crop  in  K era la . As a r e s u l t ,  Ind ia  became a cocoa  

ex p orter  by 1930 having exported  1000 tonnes o f  cocoa  pro

du cts valued a t  M s.10 lakhs (A n on ., 1931)* However, the 

f a l l  in  the in te r n a t io n a l p r ic e  le v e l  and the h es ita n cy  o f  

the m anufacturing companies to  buy cocoa  caused heavy lo s s e s  

to  'toe cocoa  growers during the la t e  1970*s .  The cocoa  

growers o f  Kerala were n o t  fa m ilia r  w ith  the p o s t-h a rv e s t  

ferm en tation  and cu rin g  tech n iq u es . F u rth er, the fa c t  that 

cocoa  growers in  K erala were sm all h o ld ers  accen tu ated  toe 

problem . I t  was f e l t  th at s ta n d a rd isa tio n  o f  sm all s c a le  

methods o f  ferm en tation  and cu rin g  o f  co coa  w i l l  enable the 

sm all so a le  cocoa  growers to s to r e  toe cured produot t i l l  

toe  market p r ic e  le v e l  im proved.

R esu lts  o f  the s tu d ies  conducted a t  toe  C o lleg e  o f  

H o rticu ltu re  during 1979-31 p eriod  are d iscu ssed  in  th is  

ch a p ter . The s tu d ie s  aimed a t  id e n t i fy in g  a method o f  f e r 

m entation s u ita b le  f o r  sm all q u a n t it ie s  o f  cocoa  beans and 

a t  stan d ard is in g  the fa o to r s  in flu e n c in g  the q u a lity  o f  cured 

beans.



EFFICACY OF DIFFERENT METHODS OF FERMENTATION

Based on a c r i t i c a l  study o f  the ex ta n t in form a tion , 

seven methods were se le c te d *  These in clu ded  the a in i-c a s k e t  

method, the tray method and the box method which have been 

in d ica ted  by e a r l i e r  w orkers as methods s u ita b le  f o r  fermen

ta t io n  o f  sm all q u a n tit ie s  o f  cocoa  (Rohan, 19 56 j Quesnel 

and Lopez, 1975 and Kumar an e t  a i . , 1960)* The e f f i c a c y  o f  

these methods was assessed  based on the developm ent o f  tem

perature during ferm en tation  and on the r e s u lt s  o f  the stan 

dard out te s t*  Temperature developm ent in  the top and bottom

p o rt io n s  o f  the bean mass was m onitored during the period  o f

ferm en tation  and the data (T a b les  1 to  7 ) in d ica te d  th at trie 

temperature r o s e  from tne i n i t i a l  l e v e l  to  a peak by the 

fou rth  day, dropped a l i t t l e  on the f i f t h  day and again  ro se  

on the s ix th  day. From the s ix th  day onwards, there was a 

steady drop in  tem perature. S im ilar tren ds nave been observed 

by Hardy (1 9 6 0 ), Wood (1975 ) and Adomako e t  a i . (1 9 8 1 ). Though 

the trend was the same in  the seven methods and w ith  the three 

q u a n t it ie s  o f  beans, the a c tu a l le v e l  o f  tem perature a tta in ed  

v ar ied  w ith  the method and w ith tne q u a n tity .

A c r i t i c a l  a n a ly s is  o f  the r e s u lt s  in d ica ted  th at the 

optimum temperature le v e l  was developed when the beans were 

ferm ented in  the m in i-b a sk ets  lin e d  w ith  banana le a v es  or  in  

the m in i-b ox es . In tne m in i-b a sk ets  lin e d  w ith polythene



sh eet and sm all heap w ith  polythene sh e e t , the developm ent o f  

tem perature was found to  he inadequate, t h is  can be a t t r i 

buted to  the im proper in s u la t io n  and a e r a t io n . The use o f  

polythene sh eet in stead  o f  banana lea v es  m ight have led  to 

u n s a t is fa c to ry  a e ra tio n  and hence low tem perature b u ild  up 

during ferm en tation .

In the la rg e  s ca le  methods o f  fe rm en ta tion , the maximum 

tem perature norm ally ranged between 48 .0°C  and 50.0°C . The 

peak i s  reached by the th ird  o r  fou rth  day a f t e r  s e t t in g ^ i -^ u -n t -  1 ■
V*r rrtv

In the m in i-b a sk et lin e d  w ith banana lea v es  and m in i-oox  

( id e n t i f i e d  as the best methods in  the p resen t s tu d y ), the 

peak tem peratures a tta in ed  were s l ig h t ly  low er (4 6 .0 °C  to 

4B .5°C ), as compared to those under la rg e  s ca le  methods o f  

ferm en tation . The low er peak tem peratures observed can be 

expla ined  as due to  the sm all q u a n tit ie s  o f  beans and the 

consequent d is s ip a t io n  o f  the heat developed due to  i n e f f i 

c ie n t  con serv a tion  concom itant w ith ex cess  a e ra tio n  in  the 

ferm ent. With regard  to the three q u a n tit ie s  s tu d ie d , there 

was d i f f e r e n t ia l  behaviour between the two methods id e n t i f ie d  

as the o e e t . In the m in i-b a sk ets  lin e d  w ith  canana le a v e s , 

tem perature developm ent w ith  s ix  kg beans was b e tte r  than 

w ith  the other two q u a n t it ie s .  In the m in i-b ox es , however, 

the d i f fe r e n c e  in  tem perature developm ent between the three 

q u a n t it ie s  was n o t  s ig n i f i c a n t .  These ob serv a tion s  and the 

r e s u lt s  obtained by Kumaran e t  a l .  (1960) su ggeet that wooden



con ta in  ere  r e ta in  tne temperature b e t t e r ,  even i f  the qu an ti

t ie s  fermented are sm a ll.

While the r e s u lt s  ob ta in ed  w ith  s in g le  tra ys  accommo

d a tin g  s ix ,  fo u r  and two kg wet beans were n o t  encouraging, 

the stack  o f  f iv e  sm all tra y s  (each  w ith  two kg bean l o t  

t o t a l l in g  to  ten  kg) gave as good temperature developm ent as 

the m in i-ba sk ets  lin ed  w ith  banana lea v es  and m in i-b ox es . As 

compared to the m in i-ba sk et and m in i-box  m ethods, a e ra tion  

was s a t is fa c t o r y  in  the sta ck  o f  trays and th is  helped in  

m aintain ing the tem perature.

The out t e e t  has been accepted  as one o f  the most 

r e l ia b le  methods f o r  a sse ss in g  the q u a lity  o f  the fermented 

beans (Wood, 1975). As such, the standard cu t  t e s t  was p er

formed in  the oeans fermented by the d i f f e r e n t  m ethods. The 

r e s u lt s  showed s ig n i f i c a n t  v a r ia t io n  among the m ethods, quan

t i t i e s ,  method x quan tity  in te r a c t io n  and method x du ra tion  

in te r a c t io n  in  r e s p e c t  o f  p rod u ction  o f  brown beane (T ab le  9 ) .  

Among the d i f f e r e n t  m ethods, m in i-b a sk et lin e d  w ith  banana 

lea v es  and m in i-box  were found to be on par} but su p er ior  to  

the o th e r s . I t  may be r e c a l le d  th at developm ent o f  optimum 

tem perature was observed in  these two methods o n ly . A tempe

ra tu re  range o f  40.0°G  to  50.0°C  i s  n ecessary  f o r  most o f  the 

b ioch em ica l a c t i v i t i e s  to  proceed  in  the ferm enting cocoa  

beans (Hardy, 1960 ). In  the aoove two methods, th is  temperature



range was o o ta in e a . The three q u a n t it ie s  o f  cocoa  beans were 

found to be equal w ith  r e s p e c t  to  the p rod u ction  o f  brown 

oeane under the m in i-b ox , whereas under the m in i-b a sk et lin ed  

w ith banana le a v e s , s ix  kg and fo u r  kg gave h igh er p rop ortion  

o f  brown beans than two k g . A peru sa l o f  the data showed 

that the tem perature developm ent was alm ost id e n t ic a l  w ith 

r e s p e c t  to  tne to ree  q u a n t it ie s  o f  beans ferm ented in  m in i-b ox , 

whereas h igh er tem perature was ooserved  in  the m in i-ba sk et 

w ith  the la rg e r  q u a n tity . This may be the rea son  fo r  s ix ,  

fou r  and two kg bein g  eq u a lly  e f f e c t i v e  when ferm ented by the 

m in i-box  method. Among the three d u ra tion s o f  ferm en tation  

t r ie d ,  s ix  days gave maximum p ro p o rt io n  o f  brown beans. Fer

menting fo r  more than s ix  days low ered the percen tage o f  brown 

beans. This msy be due to toe low erin g  o f  p h e n o lics  in  toe 

co ty led on s  by h y d ro ly s is  o f  toe  g ly c o s id e s  under prolonged 

ferm en tation .

Brown and pale purple beans are a ccep ta b le  in  the cocoa 

tra d e . The s p e c i f i c a t io n s  Btate that a p ro p o rt io n  o f  30 to 

40 per cen t pa le  purple oeens i s  a ccep ta b le  (A n on ., 1968 ). As 

such, data on the p rod u ction  o f  brown ♦ pa le  purple beans under 

the d i f f e r e n t  methods were an a lysed . The r e s u lt s  In d ica ted  

trends s im ila r  to those observed when p rod u ction  o f  brown beans 

a lone was analysed .

A l l  the methods, excep t toe  m in i-ca sk e t  lin e d  with 

banana lea v es  and toe  m in i-b ox  produced com paratively  h igh er



p ro p o rt io n  o f  purple beane. The purple c o lo u r  i s  due to 

the presence o f  unchanged anthoeyanins in  the d ried  beans. 

During proper ferm en tation , the anthocyaains are hydrolysed  

to c o lo u r le s s  leu oo-an th oeyan in e (Wood, 1975). In the 

methods o th er than the m in i-b a sk et and the m in i-b o x , tempe

ra tu re  developm ent during ferm en tation  was in adequate. As 

such, the b ioch em ica l r e a c t io n s  lea d in g  to  the h y d ro ly s is  

o f  the anthocyaains would n o t  have taken p la c e .  This may be 

the reason  fo r  the h igh er p ro p o r t io n  o f  pu rp le  beans.

S la ty  beans were observed in  the sm all heaps (w ith  

banana lea v es  nr; w e ll  as w ith polythene sh e e t) and s in g le  

tray m ethods. S la ty  beans have been d e fin e d  as those having 

a s la ty  c o lo u r  on h a l f  o r  more o f  the su rfa oe  exposed by a 

ou t made lengthw ise through the cen tre  (Wood, 1975). A ccording 

to  him dry in g  the beans b e fo re  com p letion  o f  the changes a sso 

c ia te d  w ith  ferm en tation  causes the p rod u ction  o f  s la ty  beans.

In the methods mentioned above, tem perature developm ent was 

n o t  p rop er , probably  due to  the sm allness o f  the bean mass.

This r e s u lte d  In n on -com p letion  o f  the b ioch em ica l p rocesses  

connected w ith  ferm en tation  and in  the p rod u ction  o f  s la ty  

beans.

Over-ferm ented beans w i l l  have a d u l l ,  dark appearance 

when cu t . F urther, unpleasant odour d eve lop s  in  the ferm ent

in g  bean mass (Wood, 1975). In the p resen t s tu d ie s , fermen

ta t io n  beyond s ix  days led  to toe  p rod u ction  o f  over-ferm ented 

beans.



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

The e f f i c i e n c y  o f  the three ferm en tation  methods 

(m in i-b a sk et lin e d  w ith  banana le a v e s , m in i-box  and s e t  o f  

f iv e  sm all tra y s ) I d e n t i f ie d  as prom ising in  the e a r l ie r  

s tu d ie s  was compared during the dry (A p r i l  and May) and wet 

(J u ly  and August) season s. The tem perature developm ent, pH 

o f  the pulp and the co ty led on s  during ferm en ta tion , pH o f  

the d r ied  beans, r e s u lt s  o f  the cu t  t e s t ,  average bean w eight, 

s h e l l  percentage and the percentage re cov e ry  o f  cured beans 

were the c r i t e r ia  used fo r  the com parison . The s tu d ie s  were 

lim ite d  to  one q u a n tity » based on the e a r l i e r  r e s u l t s .

Temperature recorded  in  the top p o r t io n  and bottom 

p o r t io n  o f  the ferm enting bean mass in d ica te d  that though the 

trend in  temperature developm ent was the same during the dry 

and wet season s, the peak temperature a tta in ed  was c o n s i

derably  lower during the wet season (T ab le  1 1 ). S im ilar 

o b serv a tion s  have been record ed  by A l l is o n  and Kenten (1963) 

who suggested that the r a t io  o f  water to  dry m atter in  the 

raw unfermented beans would be h igh er du rin g  the wet season 

and that tn ia  would accou nt f o r  the slow er ra te  o f  h eatin g  

during the wet season . The p rod u ction  o f  h ea t during ferm entation  

r e s u lt s  from the a c t i v i t i e s  o f  the m icro-organ ism s (Kenten 

and Pow el, 1960). The environm ental c o n d it io n s , p a r t ic u la r ly  

the tem perature, during the dry season w i l l  be more conducive



to the m io ro b ia l a c t i v i t i e s  than those during the v e t  season s. 

This would have been, the reason  f o r  the low er peak va lu es 

obtained  during the wet season .

Data on the pH o f  the pulp (T ab le  12) in d ica te d  that 

the pH o f  tne pulp was low er in  the wet season  than that 

during the dry season . The o x id a tio n  o f  a c e t ic  a c id  i s  l ik e ly  

to be le s s  during the wet season which would have led  to the 

low pH v a lu e s . In both the season s, a gradual in crea se  in  

the pH o f  the pulp cou ld  be observed as ferm en tation  p ro 

g ressed . The a c id s  produced during ferm exitation in f i l t r a t e  

in to  the co ty le d o n s , thus lea d in g  to  an in crea se  in  pH o f  the 

pulp as ferm en tation  progressed  (Wood, 1975)*

In the oase o f  the co ty le d o n  a ls o ,  the pH was low er in  

the wet season as compared to th at during the dry season 

(T ab le  1 2 ). During the dry season degradation  o f  the a c e t ic  

a c id  produced w i l l  be more which w i l l  r e s u l t  In  an in crea se  

in  pH ( i lo e lo fs e n , 1958). In the d r ied  bean, s a t is fa c t o r y  

pH (5 .4 2  to 5*58) was obtained in  the dry season . In the dry 

season , the beans were su n -dried  whereas in  the wet season, 

they were d ried  a r t i f i c i a l l y . Drying was com pleted w ith in  

43 hours a t  a tem perature o f  4‘fc-51°C. Drying a t  low er tempe

ra tu res  w ith  prolonged  d u ra tion  was n o t  p o s s ib le  during the 

wet season as the oeans oecame m ouldy. Under the fo rce d  a r t i 

f i c i a l  d ry in g  a t  41-51°0  w ith  sh ort  d u ra tion , low pH va lu es 

were ob ta in ed . A ccord ing  to  Quesnel (1 9 7 2 ) , ra p id  h igh



as

temperature during dry in g  w i l l  n o t lend s u f f i c i e n t  time fo r  

the v o la t i l i s a t i o n  o f  a c e t ic  a c id , thus lea d in g  to  h igh er 

a o id ity  in  Uie d ried  c o ty le d o n s .

In  both the season s, the v a r ia t io n  in  the pH o f  the 

pulp and co ty le d on s  was s n a il  and in c o n s is te n t , in  the three 

methods t r ie d .

In the three methods s tu d ie d , the cu t  t e s t  showed h igh ly  

s ig n i f i c a n t  v a r ia t io n  between seasons in  the p rod u ction  o f  

brown and brown ♦ pa le  purple beans (T ab les 14 and 1 5 ). The 

dry season gave s ig n i f i c a n t ly  h igh er p ro p o rt io n  o f  brown and 

brown + p a le  purple beane than the wet season . Development 

o f  optimum temperature arid the occu rren ce  o f  the b ioch em ica l 

r e a c t io n s  in  a more favou rab le  manner would have led  to h igher 

p ro p o rt io n  o f  brown and brown + pa le  purple beans. During 

the wet season , h igh er p ro p o rt io n  o f  purple beans were obtained  

(T able  1 6 ). Proper h y d ro ly s is  o f  the anthoeyanins m ight n ot 

have taken p la ce  during the wet season . This would have led  

to h igh er p rop ortion  o f  purple  beans.

The dry season gave h igh er average bean w eigh t, le s s e r  

s h e l l  percentage and g rea ter  percen tage recov ery  (T a o le s  17,

13 and 19) than the v e t  season . These ob serv a tion s  are in  

con form ity  w ith  the r e s u lt s  rep orted  by Hudson (1 9 1 3 ), 

de V e r te u il  (quoted  qy Hohan, 1960), A l l is o n  and Kenten (1 9 6 3 ), 

Toxopeus and Weasel (1970) and Sgbe and Owolaoi (1 9 7 2 ). The



recov ery  during the wet seaeon was observed to be 33*3 to

35 .3  per cen t and upto 4 0 .0  per cen t in  the dry season 

(Hudson, 1913). de V e r te u il  (quoted  by Bohan, 1960) found

42.3  to  4 2 .5  per cen t recov ery  during the wet season and

4 5 .0  per ce n t , during the dry season . A ccord ing  to  Toxopeue 

and Weasel (1 9 7 0 ), beans harvested  in  ths wet season ( June- 

J u ly ) s t a r t  th e ir  developm ent in  the dry season . T h ere fore , 

they w i l l  oe sm all and w ith a h igh er s h e l l  p ercen ta ge .

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

Ferm entation c h a r a c te r is t ic s  o f  tae beans from fou r 

m aturity groups o f  pods were assessed  a f t e r  ferm enting s ix  kg 

beans in  m in i-b a sk ete . Temperature developm ent was very  poor 

when beans from green pods were ferm ented (T ab le  2 0 ) . beans 

from the pods showing y e llo w in g  on ly  in  the fu rrow s, y e l lo w / 

r ip e  pods and o v e r -r ip e  pods record ed  h ig a er  maximum tempe

r a tu re s . how ever, beans from the pods showing y e llo w in g  only 

in  the furrow s and y e l lo w /r ip e  pods took one to  three days 

lon ger to reach  tae peak temperature than the beans from 

o v e r -r ip e  pods.

When beaus from green pods were ferm ented, v a r ia t io n  in  

the pH o f  the pulp and tae co ty led on s  was low and in co n s is te n t  

(T a b le  21 and 2 2 ) .  Knapp (1926) c l a s s i f i e d  the green pods as 

u n d er-rip e  pods and sta ted  th at tae pulp w i l l  be d e f ic ie n t  in  

su gars. As such, i t  i s  p o s s ib le  th at proper ferm en tation



might n o t  take p la ce  when such beans are ferm ented. A rap id  

drop in  the pH o f  the co ty led on s  was observed on the fou rth  

day when beans from y e l lo w /r ip e  pods and o v e r -r ip e  pode were 

ferm ented. This may be due to the fa o t  th at the oeane from 

the y e l lo w /r ip e  and o v e r -r ip e  pods con ta in ed  h igh er fermen

tab le  sugars in  th e ir  pulp and la rg e r  q u a n t it ie s  o f  a c id s  

produced during ferm en tation  entered  the co ty le d o n s , causing 

a ra p id  pH drop . *rom tne f i f t h  day onwards, a steady r i s e  

in  pH cou ld  be observed which may be exp la in ed  as due to the 

v o la t i l i s a t i o n  o f  a c e t ic  a c id  from the w e ll-a e ra te d  ferm enting 

bean mass.

On d ry in g , s a t is fa c t o r y  pH (5 .5 5  to  5 .9 5 ) was obtained 

in  the case  o f  beans from the pods showing y e llo w in g  on ly  

in  the fu rrow s, y e l lo w /r ip e  pods and o v e r -r ip e  pods.

R esu lts  o f  the cu t t e s t  oonduoted rev ea led  that toe  

o v e r -r ip e  pods gave the h ig h e st  va lu e  f o r  brown and brown + 

pale purple beans (T ab le  2 g ) .  Beans from toe green  pode gave 

low p rop ortion  o f  brown and brown + p a le  purple beans on 

ferm en tation .

P h y s ica l q u a lity  c h a r a c t e r is t ic s  c f  the cured beans 

in d ica te d  that o v e r -r ip e  pods and y e l lo w /r ip e  pods were 

su p erior  to the o th e rs , as they gave h igh er average bean 

w eigh t, le s s e r  s h e l l  percentage and g re a te r  percentage r e c o 

very  (T ab le  2 $ ).



EFFECT OF STORING HARVESTED PODS OK THE FERMENTATION 
CHARACTERISTICS

S torin g  the harvested pode (b e fo r e  the e x tr a c t io n  o f  

beane fo r  ferm en tation ) in flu en ced  the ferm en ta tion  charac

t e r i s t i c s  o f  the beans. Beans from pods stored  f o r  two, 

fou r  and s ix  days recorded  in cre a s in g  tem perature during the 

f i r s t  three  days, compared to the beans ex tra cted  from pods 

on the day o f  h a rv e st . The peak was a tta in ed  on the fou rth  

day in  a l l  the fou r c a te g o r ie s  o f  pods (T a o le  2fc). MacLean 

and Wiekens ( 19 51) found that by s to r in g  the pods f o r  two or 

more days, s ig n i f i c a n t  tem perature in cre a se  cou ld  be obtained  

during the f i r s t  4Q hours o f  ferm en tation  as compared to the 

beans from pods stored  fo r  on ly  one day.

The d i f fe r e n c e  in  the i n i t i a l  pH o f  the pulp and the 

co ty led on s  was sm all among the fo u r  treatm ents (T a o le  26  and 

2 7 ). A steady in crea se  in  the pH o f  the pulp was observed 

as ferm en tation  p rog ressed , fo llo w e d  by a drop on the seventh 

day. In the case o f  co ty le d o n s , a steady drop in  the pH was 

observed , fo llow e d  by a gradual r i s e .  In the case  o f  oeans 

from the pods s tored  fo r  two, fo u r  and s ix  days, pH v a r ia t io n s  

in  the pulp and the co ty led on s  were more marked. The p re 

ferm en tation  r e a c t io n s  w ith in  the stored  pods m ight have 

r e s u lte d  in  the ra p id  ferm entation  a t  the i n i t i a l  s ta g e s .

The cu t t e s t  (T ab le  2^) showed s ig n i f i c a n t  v a r ia t io n  

between the treatm ents w ith r e s p e o t  to the p rod u ction  o f



orown and brown + p a le  purple beans. Pode s to red  fo r  two 

and fou r  days produced s ig n i f i c a n t ly  h igh er p ro p ortion s  o f  

these types o f  beans. E xtra ctin g  the beans on the day o f  

h a rvest was found to y ie ld  low p ro p o rt io n  o f  brown and brown ♦ 

pa le  purple beans.

The average bean w eight was n o t  s ig n i f i c a n t ly  in flu en ced  

by stora g e  o f  the pods a f t e r  h a rv e s t . Beans from the pods 

stored  fo r  two, fo u r  and s ix  days gave s ig n i f io a n t ly  lower
t

s h e l l  percentage and h igh er re cov ery  o f  cured beans, w hile 

the beans from fr e s h ly  harvested pods produoed the le a s t  

va lu es  (T able  2 9 ) .

Q uality  a t t r ib u te s  o f  beans in  r e la t io n  to  stora ge

The cured beane were stored  f o r  a period  o f  ten  months 

to m onitor the changes in  the q u a lity  c h a r a c t e r is t ic s  during 

s to ra g e . As the storage  p eriod  in cre a sed , there was an in 

crease  in  the p rop ortion  o f  brown and brown + pa le  purple 

beans. The purple bean percentage decreased  as the storage  

period  in cre a se d . MacLean and Wickens (1 95 1 ) stu d ied  the 

ra te  o f  change o f  toe  pu rp le  bean count during stora g e  o f  

cured cocoa  oeane and observed that purple oean percentage 

f e l l  from 80 to 20 during 36 weeks o f  s to ra g e . A ccording to 

R oe lo feen  (1 9 5 8 ), the o x id a tio n  o f  f la v o n o id  polyph enols 

y ie ld  h igh  m olecu lar crown p rod u cts . U noxidised polyphenols 

such as cyanine are presen t In  the purple co ty le d o n s . He a ls o



suggested that the ex ten t o f  browning i s  a fu n c t io n  o f  tae 

ex ten t to  which the d is so lv e d  oxygen d i f fu s e s  in to  the testa  

oe fo re  tae ox idase  enzyme i s  in a c t iv a te d  by d ry in g . I t  iaay 

be assumed, th e r e fo r e , th at during s to ra g e , o x id a t io n  o f  

fla v o n o id  polyph enols l ik e  cyanins might have occu rred  which 

in  turn converted  the pu rp le  beans to p a le  purple beans and 

pa le  purple beans to brown beans.

Bean pH was found to in cre a se  during s to ra g e .

Couprie (1970) rep orted  ta a t pH o f  the cured beans in creased  

during the f i r s t  s ix  months o f  s to ra g e . In  the presen t 

s tu d ie s , maximum pH value was obta ined  during the seventh 

month o f  s to ra g e . A fte r  rem aining steady f o r  another month, 

the pH recorded  a s l ig h t  re d u ctio n  in  the n in eth  and tenth 

month. Puring s to ra g e , v o la t i l i s a t i o n  o f  a c e t ic  a c id  presen t 

in  the cured ceans might have taken p la ce  lea d in g  to an 

in crea se  in  pH.
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SUMMARY

S tu d ies were conducted a t  the C olleg e  o f  H o r t icu ltu re , 

V ellan ikkara  during 1979-1981 to id e n t i fy  a method o f  f e r 

m entation s u ita b le  f o r  em ail q u a n tit ie s  o f  cocoa  beans and 

to stan dard ise  the fa c to r s  th a t in flu e n ce  the q u a lity  o f  

cured beane. R esu lts  o f  the in v e s t ig a t io n s  are summarised 

be low i

1. Temperature developm ent in  the top  and bottom  p o rt io n s  

o f  the bean mass was m onitored during the p eriod  o f  f e r 

m entation in  the seven methods compared in  the s tu d ie s . 

Temperature ro s e  from the i n i t i a l  l e v e l  to  a peak on the 

fou rth  day, dropped a l i t t l e  on the f i f t h  day and again  

ro se  on the s ix th  day. From the s ix th  day onwards, there 

was a steady drop in  the tem perature. Peak tem peratures 

a tta in ed  under m in i-b a sk et lin e d  w ith  banana lea v es  and 

m in i-box  were s a t is fa c t o r y  (47*5°C  to  4 8 .5 °C ).

2 . Polythene sh eet was found to  be a poor in s u la t in g  m ateria l 

as compared to banana le a v e s . The use o f  polythen e sheet 

led  to u n sa t is fa c to ry  a e ra tio n  and low tem perature bu ild  

up during ferm en tation .

3 . With tne three q u a n tit ie s  s tu d ied , there was d i f f e r e n t ia l  

behaviour between the methods as fa r  as the temperature 

developm ent was con cerned . In the m in i-b a sk et lin e d  with 

banana le a v e s , s ix  kg bean l o t s  gave proper temperature



developm ent whereas in  the m in i-box  a l l  the three qu an ti

t ie s  were on par in  th is  r e s p e c t .

4 . H esu lte o f  the cu t t e s t  shoved s ig n i f i c a n t  v a r ia t io n  

among the m ethods, q u a n t it ie s ,  method x qu an tity  in te r a c 

t io n  and method x du ra tion  in te r a c t io n  in  r e s p e c t  o f  p ro 

d u ction  o f  brown and brown + p a le  purple beane. Among

the d i f f e r e n t  m ethods, m ini basket lin e d  w ith  banana leaves 

and m ini box were found to  be on p a r . The/ e x h ib ite d  

s u p e r io r ity  over the o th ers  in  the p rod u ction  o f  beans 

a ccep ta b le  to the cocoa  trade (79  to  83 per cen t a ga in st 

30 to  50 per oent in  o th er m eth ods). With r e s p e c t  to  the 

th ree  q u a n t it ie s  s tu d ie d , s ix  and fo u r  kg bean lo t s  gave 

b e tte r  r e s u lt s  when ferm ented under m in i-b a sk et lin e d  with 

banana lea v es  whereas the three q u a n t it ie s  were on par 

under m ini box . These two methods produced le a s t  qu an ti

t i e s  o f  purple beans (1 8 .1 0  to  19.50 per cen t  a ga in st

48 .00  to 69 .00  per cen t in  o th er m ethods).

5. Based on the temperature developm ent in  the ferm ent and 

on the r e s u lt s  o f  the ou t t e s t ,  m in i-b a sk et lin e d  w ith 

banana lea v es  and m in i-box  were id e n t i f ie d  as su ita b le  f o r  

ferm enting sm all q u a n tit ie s  o f  beans.

6 . Ferm entation beyond s ix  days le d  to  the p rod u ction  o f  

over-ferm ented  beans in  a l l  the m ethods.



7 . Though the trend in  tem perature developm ent was the same 

during the dry and wet season s, the peak temperature 

a tta in ed  was o e tte r  during the dry season (4 7 .5 °C  to 48.5°C  

in  the dry season a ga in st 41.0°C  to 43 .0°C  in  the wet 

se a so n ). F u rth er, pH o f  the d ried  beans (5 .4 2  to 5 .58  in  

the dry season a g a in st 4 .9 0  to  4 .9 4  in  the wet sea son ), 

p rop ortion  o f  com m ercially  a ccep ta b le  beans (5 8 .8 4  per cen t 

in  the dry season a ga in st 46.61 per cen t in  the wet season) 

and p h y s ica l q u a lity  c h a r a c t e r is t ic s  o f  the beans such as 

average bean w eight (1 .0 4  g in  the dry season a g a in st 0 .86  g 

in  the wet sea son ), s h e l l  percen tage (1 4 .8 3  in  the dry 

season a g a in st 19 .50 in  the wet se a so n ), percentage recov ery  

(3 5 .8 7  in  the dry season a g a in st 28.73 in  the wet season) 

e t c .  were b e tte r  during the dry season than during the wet 

season .

o .  The s tu d ie s  in d ica ted  th at i t  i s  d e s ir a b le  to  e x tr a c t  beans 

from y e l lo w /r ip e  pode and o v e r -r ip e  pods f o r  ferm en tation . 

Ferm entation o f  such beans gave optimum tem perature deve

lopment (4 8 .0 °C  to 4 9 .0 °C ), d e s ira b le  pil in  the d ried  

beans (5 .5 5  to 5 .5 8 ) , h igh er p ro p o rt io n  o i  com m ercially 

a ccep ta b le  beans (72 .41  per c e n t )  arid d e s ir a b le  p h y s ica l 

q u a lity  c h a r a c t e r is t ic s  such as average bean w eight (1 .1 4  g 

to 1 .15 g ) ,  s h e l l  percentage (1 3 .9 0  to 1 5 .8 0 ) and percentage 

recov ery  (3 5 .7 6  to  3 6 .0 4 ) .



9 . The s tu d ie s  suggested that s to r in g  the h arvested  pods fo r  

two to s ix  days b e fo re  the e x tr a c t io n  o f  beans f o r  f e r 

m entation w i l l  r e s u lt  in  optimum tem perature development 

(47 .5 °C  to 4 6 .0 °C ), pH o f  the d ried  beans (5 .5 4  to 5 .5 9 ) , 

p rodu ction  o f  a ccep ta b le  beans (5 7 .4 2  to 65.96 per c e n t ) .  

Fur trier, the oeane had good p h y s ica l q u a lity  c n a r a c te r is -  

t i c s  (1 .0 7  g to  1 .06  g average bean w eigh t, 13.20 to  13.65 

s h e l l  percentage and 35 .40  to 35.53 percentage re co v e ry ) 

a ls o .

10. S to r in g  the cured beans in creased  the brown as w e ll  as

crown + pa le  purple bean count (from  43 to 71 and 74 to 92, 

r e s p e c t iv e ly ) .  An in crea se  JLn the pH o f  the beans (from  

5.20 to 5. 46) was a ls o  observed du rin g  the 2d-v/eeic s to ra g e .
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Transformed data (an gu lar tran sform ation  

Source d f  MS

Methods 5 539.46**

Quantity 2 177.67**

Method x Quantity 10 55.64**

D uration 2 476.04**

Method x D uration 10 94.14**

Quantity x D uration 4 5.24

Method x Quantity x D uration 20 2 .42

Error 54 3.29



P roduction  o f  brown + pa le  purple  beane under s ix  methods
o f  ferm en tation

Transformed data (Angular tra n sform a tion ) 

Source d f  MS

Method 5 1241.32**

Quantity 2 210.48**

Method x Quantity 10 69.99**

Dura t io n 2 241.17**

Method x D uration 10 177.90**

Quantity x Duration 4 6 .4 0

Method x Quantity x  D uration 20 5.24

Error 54 4 .72



Comparative e f f i c i e n c y  o f  the ferm en tation  methods 
during the dry and wet seasons

Source d f
Mean squares

Brown
beans

Pale purple Purple Average 
beans beans bean

w eight

S h e ll
percen 
tage

Percen
tage
recov ery

Method 2 2 4 .OS* 115.63* 120.10* 0.001 4 .2 5 24.82

Season 1 2216 .Q** 76.60** 3080.53** 0 .47** 163.60** 2018.60*

Method x 
Season 2 24.08 39 .90  19.63 0 .42 0.0004 24.39

Error 24 10.22 16.98 9 .2 2  0 .004 1.27 10.50

* S ig n i f ic a n t  a t  %  l e v e l
** S ig n i f ic a n t  a t  1$ le v e l



M aturity o f  pods in  r e la t io n  to ferm en tation  c h a r a c t e r is t ic s

Source
Mean squaree

dr ■■ " 
Brown
beans

Pale purple 
beane

Purple Average 
beans bean 

w eight

S h e ll
percen 
tage

P ercen 
tage r e 
covery

Pods 3 1351.54* 1995.12*
##

1358.56 0 .18 ** 51.39** 28.96**

Error 16 6 .19 5.37 6 .22  0 .002 1.97 0 .35

** S ig n if ic a n t a t  %  l e v e l

E f fe c t o f  s to r in g  the

APPENDIX V 
AHOVA Table

harvested  pods on the ferm en tation  
c h a r a c te r is t ic s

Mean squares

Source d f Brown
oeane

Pale Purple Average 
pu rp le  beans bean 

beane w eight

S h e ll Percentage 
p ercen - recov ery  
tags

Pods 3 318.26** 296.78** 322.72** 0 .003 3 .66** 6 .84*

E rror 16 5.76 4 .5 0  5 .95 0.002 0 .69  0 .27

* -S ig n i f ic a n t  a t  %  le v e l  
* * -S ig n i f ic a n t  a t  1$ le v e l
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In v e s t ig a t io n s  conducted a t  the C o lleg e  o f  H o r t icu ltu re , 

V ellan ikkara  during 1979-31 in d ica ted  m in i-b a sk et lin ed  with 

banana lea v es  and m in i-box  as the methods s u ita b le  f o r  f e r 

menting sm all q u a n tit ie s  o f  beans. These methods were chosen 

from among the seven stu d ied , based on the temperature deve

lopment in  the ferm ent and on the r e s u lt s  o f  the cu t t e s t .

Polythene sh eet was found to be a poor in su la t in g  

m a ter ia l as compared to  banana lea v es  having led  to  u n sa t is 

fa c to r y  a e ra tio n  and low temperature b u ild  up during fermen

ta t io n .

Ferm entation during the dry season was found to be 

b e tte r  w ith  r e s p e c t  to  the ferm en tation  c h a r a c t e r is t ic s  and 

pi^ysical q u a lity  c h a r a c te r is t ic s  o f  the beans.

Ferm entation o f  beans from y e l lo w /r ip e  pods and 

o v e r -r ip e  pode gave h igh er p ro p o rt io n  o f  com m ercially  a ccep 

ta b le  oeane. The cured beans had d e s ir a b le  pH and good 

p h y s ica l q u a lity  c h a r a c t e r is t ic s .

S tor in g  the harvested  pods fo r  two to s ix  days be fore  

the e x tr a c t io n  o f  beans fo r  ferm en tation  led  to  the d evelop 

ment o f  optimum temperature in  the ferm ent, d e s ira b le  pH in  

the d ried  bean and the p rod u ction  o f  a h ign er p rop ortion  o f  

com m ercially  a cce p ta o le  beans.



S tor in g  the cured beane in creased  the p ro p o rt io n  o f  

com m ercially a ccep ta b le  beane* An in crea se  in  the pH o f  

the beane wae a ls o  ooeerved during the 26-week s to ra g e .


