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ABSTRACT

Research was conducted o study the effect of time of harvesting
on the development ol the h[m‘:IJ-'..pnd. :riisease of cocoa caused hy
Plhviophthora  palmivora, ability to process and ferment the pods
produced. Infected pods were harvested at one, two, three, four, five and
six week after inoculation to determine the effect of time harvesting on
the myeellial growth and sporafation of the fungus, the mineral contains
of the dried beans as well as the suitability and ability of the pods and
beans proaduced to undergo processing and fermentation,  The results
show that harvesting at two weeks atter maturity was the most promising
as it had the least myeeliial growth, the highest number and weight of
fresh pods and beans, dried pods and beans, fresh beans, dried pods and
beans, fresh beans, dried beans, highest ether extract, moistureé content,
nitrogen [ree extract, crude far and least crude fibre and ash contents
coupled with a high processing and fermenting rate than harvesting at

one, three, four, five and six weeks afler maturity.
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CHAPTER ONE

1O INTRODUCTION

Cocon (Theobroma cacae), o tree crop which is one ol the major
ceonoinic crops i the world s native w Brazil from where it was
transporied 1o other parts of the world including West Adrica.  Other
countries of the world where cocoa 15 cultivated  melude Ghana, lvony
Cousl. Nigeria Bemin Republie, Ecuador, Veneguala, India (Opeke 1972).

Cocoa, palm produce. rubber, cotton and ground nut were the mam
stay o the Nigerian economy in the fillies to the carly seventics before e
discovery of ol in large quantities and of the Western Region in particul o
with cocoa alone accounting, for over eighty percent ol the region s
carnings. The achievement of the then regional povernment ( free education
and health delivery system, industrial area  development. good  roods,
infrastructural development vic) were all hinged on farming and especially
on covod, Appendix [ {Anos 2002).

Cocou 15 used by many manulscturing industrics as raw materals o
produce beverages, dyes, drugs ete. The erop is highly valuable and this is
why it is in high demand i food and drog industries i the developed
world, (Akinwale - Ojo 1945), The demand Tor cocoa beans has not been
met as a resull of low productivity due to depletion in soil fentility, bod
weather, efTects of pests and diseases ete, Some ol the most important
fungal diseases ol cocoa in Nigeria include: the swolicn shoot disea-c
caused by cocoa swollen showt virus (C55V), Brown pod discase inducud
by  Borvediplodia  theobromae and  black pod  discase  induced 1y

Phutophthora palmivora (Adegbola 1972,



The Black pod discase constitules o major production constraint in
cacap ( Theobroma cacao L) plantations.  This disease oceurs in almost all
the countries where cogoa is grown (Filani 1973) sometimes inllicling
heavy losses.  Estimates of annual world cocoa production losses 1o black
podd discase total 10% and in West Alrica, 20-35%. The disease is caused
by the Tungus Phyvrophthera palmivera (Anon 19921 The lungus
Phvtopdthora palmivora belongs Lo the Division — Myveosa, sub-division
Eunnveorg, class = Phyvcomveetes, order — Peronosporales  and Family
Putltioceae. Its myceelia are hyaline and non-seplate, producing acexual
sporingia and sexual zoospores (Luz et af 1999), Primary inlections ol the
hosts result from  sporangiom  permination directly by germ  tube or
indircetly by producing motile zoospores. Infection of host tissuc occurs by
direet penctration ol the epidermis through the stomata, (Opeke 1972). The
lungus produces intercellular myeehum which tamify throughout the entire
pod and enter the Mower cushion through the peduncle causing local canker
and proximal infection of new pods (Purdy er af, 1998), Heavily infected
plants are characterized by pods having brown discoloration that eventually
spreads over the whole pod which blackens and shrivels up at a later stage
ol the disease. (Schmdl er @/, 1997). The attack ol P. palimivora on voung
podds cherelles are not usually assessed because of interfercoce with cherelle
wilt and other pathogens attacking young cocoa fruits that are normally less
than two months old and hud not attained the maximum length of about
Lem {or two=thirds ol the muture fruit size) hence the actual damage 1w the
cocoa industry seems 10 have been under-estimated (Schmdt ef al 1997,
Pucdy o el 1998).

Black pod disease can readily boe controlled by the application of

(]



lungicides such as Bordeaux, Ridomil plus, Perenox: or other Copper
compounds (Maddison, 1980),  However the use of chemical has been
regarded as unsale and unceonomical lor resource poor turmers in Adrica
who lack the knowledge aboul the use of chemicals and where land holding
are usuallys small (Urquamt 19611 Consequently, contrel based  on
phytosanitury  and  cultural  meosures  such as  regular removal  and
destruction of infected pods. removal ol superluous shade trees. regulur
weedmg and prompt harvesting ol ripe pods could be o viable control

cpticn For tie discase.
The present study examines the efTect of time ol harvesting ol cocoa

pods om the ineidence of black pod discase on cocoa and cocoa guality,

)



CHAPTER TWO

20  LITERATURE REVIEW
2.1 Diseases associated with Cocon

Black pod disease o6 cocoa coused by the fungus - Phvtephthora
Perdirivora s the most imporant Tungal disease of cocoa in West Alrica and
all over the world where covon 15 produced. 1t 15 so Important 1o have
warranted a research in Papua New Guinea in the early filties (Adegbaola,
1972) and by Thorold and (hwens in both Ghana and Nigera respectively at
the same tme (Darkwa 1975

Field and laboratory studics shows thal a lot ol lungal discase
pathogens are capable of causing rolting ol cocon pods however the
Iollowing Tungi are associated with rotting of crops gencrally and cocon in
particular, Phyvlophthora  popsiticas, P cititophithora  (AlTorest  1993),
Fusarivmn  solani (Mart) Sac: Fusariaom  decemcellure, Bommvodiplodia
theobrawa (Pat) (Rappaport 19930 Monilliv spp., Thicvelaviapsis spp.,
Colletorrichum spp (Maddi=on 1980, Morasinus equiperings,  Corticum
sahnenucola, Thread blight o the most devastating of these pathogens,
Phviophthora spp (Williams 1977) as well as seven other species of
Plhvtopithera have been identilied as the causal agents ol the black pod
discase in dilferent countries os follows:
P megakarva and P. infestoins are commonly found in Ghana, Nigeria and
Cameroun  while £ padmveca is prevalent in Ghana, Brazil. Ivory Coast

aned Nigeria, P copsed is conmon in Trinidad, Veoesoels and Malaysia, P



clitrophara, p. nicoting, and P onegasporma are equally devastating in
Bravzil, Vencrucka and Malas st

OF all these. three are the most devastrating and widely spread - P,
predfiivera, P,oeapsei and P infesistans (Anon 2000).

Moctophtiora padmi org 15 ofF great coneern Tor cocon production as
Farmer are very Familiar with the discase but control stull remains cvasive
and it is devastating in many ways, il is therelore of grest importance 1o
cocoa and 1o many countrics including Ivory Coast. Ghana, Nigerio, Braeil,
|:cpador, Cameroun and Malayvsia cte i which cocoa is the back bone of

therr ceonomy and forcign cxchange carnings {Engels eral. 20000)

2.1 Black Pod Disease v mptoms

The Tungus s a widely distributed  facultative parasite (Thorold
1977 A spore landing on o mois) surface ol cocoa pod sends out a slender
hvphal Tlament into the pod through the epidermis. The lungus consists of
an iotercel lular network (Mcefivir) of hyphae which goes through the pod
sending oul side branches into the cells (Darkwa 1973).

Fhe black pod disease exhibiis a dark brown soll lesion on covoa
pods. Lessioned area is ltirm to the touch except when rotting has
progresseds For a considerable length of tme. When secondary mvaders like
Betrvediplodia theobroma come in, white ercamy sporulation appear which
lurn straw coloured in facly dry conditions, Apart from cocon the discases

i5 also found on cofTee and rubber (Melaughling 1974). Adebayo {1977)
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abserved that the reaction of imfected pods 1o different wemperature and
humdity levels can also be o determining fuctor of identilving the discase,
lor example the colour ol 1 pafenvora lesions ranged from dark or brown
in pods kept al 35-26"C and about 100% relative humidity 1o very high
brown i those kept at hich lemperature and low hwmdiy,  Fusarfem
veadernyi can casily be conlused with those of P padnnivora. (AdTorest 19935).

The two main imporiant discases ol cocoa in Nigeria are the pod rot
caused by Bowrvediplodia theobroma and the black pod caused by P
peddiiivora. O these two. the black pod discase takes the lead (appendix
IV) causing heavy damage (o the cocoa plants and un-estimated hardship tw
the cocoa larmer who sulives serious and untold economic losses,  The
virulence and fecundity ol /. palmvora W survive is responsible for its
ability 1o infect cocoa plantation within a shont period of tme and with
devastating ellect (Anon 1997T)

Also the swaollen shool disease caused by the cocon swollen shoot
(CUSSV) should not be underestimated n the cocoa plantation as the duo of
black pod disease and the <wollen shoot disease are capuble ol attacking
various parls of the cocoa tree and ultimately reducing the vield in alfected
larm { Custracersa 1964 ), (Appendis 1 & FV),

Phvtophthora pelmivorg s endemic in Nigena, Cameroon, Ghana,
Brazil, Fevador and the bvory Coast, it is also very endemic in arcas with
profonged high relative hunudity periods during the cocon cropping season.

This lungus attacks several tropical crops apart [rom cocoa and such

5]




tropical crops are cashew. coconut, areca palim, oil palm. Betel paims.
rubber. citrus. collee, coconuts. cotton ete. bwt cocoa is 1s major host
(Turner 1972). However cuch ol the crops are attacked by difTerent strains
of the Tungus and more thas one strain ol the Tungus attacks cocoa {Anon
1994 ). P paimivera attacks all parts ol the cocoa plant provided there 15
adegquate soil moisture and lemperature, s infection could oceur ul any
time {Adebayo 1975), Primary pod inlection in cocoa may be as o result of
rn splash, zoospore migration, contuct with infected pods or through
msects, animals and human agents. Beproduction can also be sexual or
asexual; Fertilization in P, pedmivera is Ampivigvrous and Oosperes Tormed
develop pathogenically,  The Tungus s widely distributed  in the wiarmer
parts ol the world with the possible exception ol French Guvang  as over
cighty hosts are known. [ horold (1977) discussed the lactors altecting
incidence of the black pod disease of ¢ocon as high relative humdily
associated with a well distributed ramnfall and low lemperalure. In Nigetia
the peak scason of the black  pod discase infection was reported 1o be July
to September and minimally in October to November (Adegbola 1072), In
Gihana (Ahenkorah 1974) found out that o occureed in June woomid Ociober,
Asare-Nyvako in 1973 also reported that studies of the cropping and discase
patterns in Ghana revealed that eropping and disease incidence were carlier
in ecertiin parts of the country (Ghana) than in other purts and that the
amowt ol raanfall was not noecessarily correlated with the discuse incidence,

gy discase curves reached peak carbier than vield curves. Cropping in



Amcleonado which was Lier an m nop-Ameleonado e, Amgeon. mixed
Anncon Hybrids and the Tocal Triniario were less infected,  Cherelles
which were the most numcrous were 11 Yeast inleeted ol all the varetics.
Baoth Ameleonado and non-Ameleonado types which cropped carlier on the
trunk than in the canopy were on the average as per diseose incudenee as
meidence occurred earlier on the trunks while the canopy which cropped
later had a signilicanty lower discase incidence than the trunk (Akinwale -
Lo 1995),

As the favourable discase inlection periods are observed within
speciiie periods ol the year in the countries where the discase oceurs it is
reasonuble to expeet that covon that produce all or most ol their pods ai the
epidemic period (May 1o October) are likely o suller more from the discase
thim those bearing outside the epidemic period. Pod production and black
pod disease dre probably the most important murk determinants in cocoa,
[l two wvield factors has consciously Featured not only o the st and
second but also in the third Nigerian cocoa Breeding Mogrummes. The aim
ol the Programmes were o wentily from the cocoa population under study
primising genotypes particularly in respect of high yield and low black pod
discase meidence { Turner 1963, [1972).

Black pod disease attack which s higher on the matured pods than
on the cherelles has its source of inoculum in the soil (Okmsabor 1975)
Newhall (1971) observed that diseased pods, cushion and iniected leaves

are all important sources of pomary fnocafim Tor the P pedarecora mduced



black pod disease but Blencove (19613 and Darkwa (1973) noted that the
relative importance of cach in initisting black pod epipinioties wmay dilfer
lrom one geographical or geo-ceologieal area to another.  The epiplivronic
nduction of cocoa black pod discuse depends on the initial -supply of
moculum and  the innate  susceptibility of the cocoa plants and the
eiwvironmental condition wnder which the cocoa is growing which in tum
are regulated by the local elimate.

Black pod incidence s Known 1o be fivoured by low temperature of
22 -25°C high relative humidity of 80%, but adversely altfected by high
temperature and low relative humidity . It is known that climatic condition
under the cocoa canopy are slightly dilferent from those outside the cocoa
stand (Macdonald 1932) amd (Darkwa 1973) and as such the discase is
lavoured under the cocoa canopy,

Pinvtapithora palimivorg can be found in the soil. old black pods
langing on the tree, Mowers, pods and bud cushion and in pods lell on the
trees from the previous yvear's harvests. Pod infections are ollen associaled
with some predisposing  foctors.  (Diwrkwa 1973) and (Wharnon,  1974)
analysed the infections on a number of wials and Tound ow that 23% of the
inlections were due to contact with a diseased pod: A sumilar percentage
lollowed injury to the pod o 5 - 27% was duc W drip. resulting in great
vield losses.

Fhe first symptom ol the discase is o brown water soaked spot which

appears on il pods a few dovs alter imfection, Thas Spu citlaraes ruaidiy



amd darkens until the whole pod is invaded and blackens, The fungus then

forms its own [ruiting bodics {sporangia) on the surface ol such diseased
pods. These comains the spores by whach the fungus inlects pods (Newhall
9o and  Filani 1975) The infesiaton later results into broswn spot with
irrcgulor water sosked edges on the pods which later gets larger with
whitish mould where new spores may have [ormed. Formed spols then
colesce and turn dark brown 1w form larger spots which wm black
covering larger areas and i severe cases the entire pod.

Mydellia spores are spread w other pods both by invertebrates (ants,
termites, [lies ete) and also by veriebrites (man, apes. rodents, monkeys,
eie). Water splash and drips Trom inlecied pods above the lower [resh pods
is another source of spread of the discuse. Thorold (1975) also observed that
culturnl operations is also another meuns of spread, Among the numerous
elfccts ol the pod rot discase on cocoa are immature pod  production,
deformed cocoa beans, imnuiture ripening ol pods, premasture shedding of
the pods, reduced cocoa beans sizes, Beans from inlected pods have less
sugar and with higher Tree sy acids (FIPA) and excess butter Tats (Opeke
1972).  Sluty beans which would Tl o meet. Food and Agricultural
Organisation (FAQ) and World Health Organsation (WHO) ounimum
standard would be produced thereby causing reduction i the larmers
CArnings.

Chemicals that sre availuble in the market for the control ol the

discase are Percnox. Cupivale, Dordeaux mixture. Kocide, Breston,

[}



Kokobre Sandoz, Ridomil, Benlute cle (Adegbola 1975). The use of
resistant varetics which s o allermative comtrol  nwcasures  has been
reported (Adegbola 197210 ond this has been in the use of LAFL No. 7 in
Western Samoa which is o promanent cocoa producing arcas of the Workd
ind it was found to be resistunl to the discase (Soungo 20005, In Nigena.
the Cocoa Rescarch Institule of Nigerna and rescarches are stall on o prove
them o be so by the use ol their products
(cocoa beans) and rooted  cutlings (Wrigley. 1962; Adebayvo, 14973, The
resull ol this investigation would go o long way in helping the resournce poor
larmers i Nigeria and other part ol the world where cocoa s grown.

(ther varieties that ares resistmt o black pod discase bad  been
reported in Brazl and Comeroon, Such vaneties should be ol areat
ceonomic value to both the Lirmers and to the consumers who would Lave o

healthier product,

2.3 Control of Black Pod Discase of Cocoa

The first attempt at working on £°. pedmivora wis made by o Gernman
Scientist called Glenditech o 1933, Since then black pod has been
mvestizated by several workers during the late twenties, alter the lirst
researcher (Dade. 1928) and Adebayo (1975), reported that the reductions
i the number of insect pests and the anendant imoculation which led o the
reduction in the number of wounds through which the parasite can infect

podds may account For reduction in pod loss due o hlack pod disease. |



turther indicated that abilay 1o thrive under different conditions can be

used Lo advantage in the confral of the discase. Thus control measures used
i Thidan Ovo State could e dilterem Trom those used wt hom in Cross
River Stile,

In ur.dcr o control this discase. the Cocon Rescarch Institule of
Migeria (CRN) and the Cocoa Rescorch Institute of Ghana (CRG) were
saddied with the problem ol linding possible control measures even though
preference has been place on the non chemical control measures, the use of
chemical (lungicides) cannol be overlooked or ignored since it is still the
most ellective and fastest mcans ol controlling the black pod disease ol
cocoa (Mathews. 1978, Anon 1980).  [n the light of this, some fungicides
have been used over the years, bul with the evolution of hiotypes of the
fungus. resistance to the luncides by the lungus hus been developed:
Continuos rescarch s needed w cater for the variation in the concentration
und composition of the fungicide. Chemical control is thus burdensome and
expensive,

Newhall (1971), reconmmended spraying trees with welve or more
pods alter every 15-20mm ol rainlall in a vear in Costa Rica. Asare-Nyako
{1975) was able to control bluck pod disease and obtained ceonomie vield
m Ghana by spriuyving with Bordeaux al weekly imterval. | lowever, ¢lean
propugating materials, elfective cultivation practices. adequate pest and
disease management strategics continucd 1o make a good cultural control

mwasures lor the black pod disease (Anon CTAIY98). Wharten (1933)



Tound  that control with Bordeaux mixture and  Perenos. could  be
uneconomical in Ghana and both of them recommended good sanitation and
cultural practices, Anon (1997) indicated that ¢rop could yield well without
the use of chemicals such as Tungtedes, insecticides and herbieides and that
the yield may even be betler where little or no chemicals are used bt with
adeguate cublural methods and good Tarm management. (Anon 1998 and
Anon [QUK)

Chemicals used o control and prevent Tungal attack on erops are
classified according to their mode of action such as contacl. systemic or
hoth combined together. Some are known for the potency ol their aclive
wpredient  Perenox a cuprous oxide spraved at 4. 52/0ire and ot an
mierval ol 14-21 days. Kokobre Sandoz also a cuprous oxide spraved ol
I4.5g/itre and at an interval ol 14-21 days, Procida BBS % copper
sulphate sprayed at 10 + d42/itre and al an mterval of 4 dayvs, koeide
having copper hydroxide spraved ot 4.32/0tre and at an iterval of 14-21
days. Brestan 60% copper hyvdroside spraved at 1.5g/Mire al an interval ol
14=21 days. Bordeaux mixture with copper sulphate spraved [Og and lime
dgilitre and at an interval of 14-21 duvs, Ridomil plus 30wp with metalaxy]
+ocuprous oxide and applicd at 3.32/0te at an interval ol 28-30 davs, Al
the aforementioned chemicils have been used for the control of the black
pod discase and have aboul equal cilective properties but with Copper
sulphate plus lime (Bordeoux ) and Ridomil plus 30wp having the best

result because ol their preventive power while Ridomil and Bordeaux wath

frd



ils curative power on regular spraying in the Fernando Po Island, loss
hias been reduced 1o as low us 1% (Are, 1974) Cocoa dic back disca
caused by Quchobasiditen (common i the Pacilics) was controlled by
use ol Procida BBS % (Wharton, 1955). Ridomil plus 50wp is a svsten
lungivide penetrating effect and cun be used for the control of all  (un
especially the P. padmivora snd the downy mildew ol matse (Zurks, 1973

Other methods that can be adopted m the control of the black

discase ol cocon involves application of systemie fungicides and depen

on the scasonal variation in the popolation of sources of inoculum,. O
break ol P pafmivara vary with time and aceording o the regions amd ¢
[rom ome country to-another, Generally, 2 paimivora appears in M
October 1 Alrcan countries. The incidence imerease wo reach o peak ini
break in July- September with this tvpe of development there s need
commence control measures {spraving. sanitation ol plots ¢le) as carls
May with the on sel of the rans, (nd ¢f al, 20000),

Luz ef al (1999} also stated that constant and periodic rimoval
parasitic organisms such s mastletoes wes, regular weedmg and prun
are also some of the methods of control that could be practiced,

Apart from the direel ceonomic reasons why cocoa should
improved. the Tollowmg are the other reasons why cocoa production she
be improved through disease control especially, the pod rot discase.

- Retention of traditional Tavour and aroma

- Cluality of beans

14



Provessing abtlity ol the sceds

For food production and industrial materials (Anon 2002),
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CHAPTER THREE

30 MATERIALS AND METHODS
31 The Study Site

ldentical but independent trials, were conducted in J998/1999,
| 9499/ 2000 and 20002001 at the Thule Sced Garden, Tree Crop Unit ol the
Undo State Miistry of Agriculture and Rural Development.. Akure. The
study site was located in the ramlorest 2one of south Westerm Nigeria. The
physical and chemical propertics have been described by Smyth and
Maonigomery (1962) and thar the alfisels and mollisels with p“ ol 3.8-6.7,
chy content of 16-67%. CLC of 5,63-16.20 and iron oxides of (.23-8.72%
are more suilable than the ultisols and oxisols. Rainfall i the area averages
1300mm per annum in a bimodal pattern with & long season rom April 1o
August and ‘a short one lrom September o carly November. The two
seasons are separated by a shor dry spell. the August dry spell (Appendix

V)

3.2 EXPERIMENTAL DESIGN

The tmals cach consisted of  six treatment  comprising  live
randomized single tree replicates ol mine (9) vears old ¢20xc6d hybrid
cocoa trees planted in 1990 rom rooted cuttings,  Treatments were hand
pollinated cocoa Nowers which were harvested at one. two. three, Tour, live
and six weeks afier matury (12345and6 WAM)  [ollowing arilicial
inoculation with Phyvtephthora palmivora pathogen ot ol maturity e

twenty weeks afler pollination,
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33 Pollination

Prior  twooartificial pollination. {(Adebayo  1977) all the pods and
already  fertilized Nowers were removed with a sharp harvesting knife.
lesving only matured bul unopened lowers on each ree. To prevent
pollination by insects, the unopened tlowers were covered with hoods made
ol mosquito nets that were Nirmly secured with safety pins. Adter twenty
lour hours when the Rowers had opencd, pollen grams were collected from
the made trees (e6%) and translerred on o the stugmas ol the Temale  trees
{c20) wath the wid of forceps. The artilicially pollinated lowers were now
covered with the hoods lor seventy two hours o preclude any extrancous
pollmation by insects. Successlul pollination and was considered 10 have
taken place i after seventy-lwo hours  the Mowers would be in swollen
ovary state which is an mdication that lertilization has been elfected on the
oviles while dried and  shrunken (dead) Nowers were  indication  of

unsuceesslul pollination and thus no tertilization, such Mowers were proned

olt.

34 Inoculation

Al maturity e, twenty weeks after pollination, { Adenikingu 1989) al
the healthy pods were tagged and surliee disinfected with 20M%% solution ol
sodium  Mypechlorite. (NatC1)  in oeder  to prevenl  uny  surfic
comtaminations  that may nterlere with proper  wentification of  the
pathoeenic [ungus wsed Tor e inoculation exercise. A cul surlace of [om
i arca wars then made with o sharp  pocket kmile on the healthy pods witl
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simlar culs:-being made on the advanving edges ol pods naturally n:lecled
with the bluck pod diseased. e diseased part was then moculated onto the
healthy pods, The diseased pods which acted as sources ol inoculum
together with ant tents on trees and muwmmilied pods were all removed and
burnt or buried. Infection ol healthy pods by black pod diséase wis later
confirmed through iselution of Tungi from the inoculated spot und viewing

them under the microscope.

35  Data collection and analysis
Data collected include weekly measurements of radial growth ol the
fungus on the pods over a period ol six weeks after maturity. fresh weights

and dry weights of beans upon extraction,

351 Fresh weights

Five pods from each of the treatment were harvesied brolen by
knocking them on a log of wood, their beans extrocted separacly on
treatment basis and weighed with the aid ol o 30ke capacity pocket balanee

at the experimental site.

3.3.2 Dry weights
The extracted beans were dried at 135™ for 2 hours in a moisture
extraction oven. Dry weights of the beans were determined with scositive

clectronic weighing balance.

3.5.3 Proximate analysis of the  beans
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Analysis of the moisture content, crude far. crode Gy, et
extraclk, ash and nitrogen fue extract were carried out and 1esicd Tor by usan
Soxhel Method of extraction at the Coop Cocoa Factory at their lesha
Owo Express Road Akure. by a gualified biochemist according (o th
method described by Association of Analvtical Chemist (AOAC) 1990 ¢
Follows:

Five pods from each of the treatment (one, two, three. Tour, Dve an
sin weeks aftier maturity) were randomly selected. processed on deseribe
by Ademikinju 1989 and kept separately in a closed air tight container o

which samples were taken for anulysis.

A.5.3.1 Moisture content determination

I'he moisture content ol the beans were determined using the ove
methed which is based on weight loss o waler due 1o evaporation.

Clean and dried porcelain dishes were weighed using Mettler balan
and their respective weights were recorded (W) 5g of cach wel samipls
were weighed (W2) out from the prepared samples and later dricd at L 35"
lor 2 hours 1o a constant weight (W3 ) and allowed 1o cool inoa dissecto
belfore weighing. The loss in weighl during drying was expressed o

percentages in accordance with ACALC 1990

MO = Loss in weight X 100
Original weight of sample |
= W2 -W3 » - = 95 MO = A
W2 - Wi |
3532 Determination of  crude [at (butter fat)
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[0g: of cach sample were pul o extraction thimble. Waler wo
removed by the oven drving method at 13537'C for 2hours 16 pering
penctration of the samples by cther. The samples were extracied wal
Soxhlet extractor for 7 hours. The ether was then evaporated [rom th

samples and whal remuins were the crde fat which were weighed and the

percentage erude fal in each sample caleulinted in line with AOQALC 1949

thus:
wl ol crude ol X M) = %o crude fol 14
wit ol sample used I

3x3.3 Determination of erude fibre (dry matter)

Adler the removal of the erude Bl the remaining residue wias haile
i sulphuric acid (1.25%) {or 30minutes. Altered and allowed to cool I
Jominutes in 1.253% sodiom hydroxide: Tt was azome llwered o remon
proteins, sugars, minerals cie, present and the residues now which s de

matter (erude fibre) were dried and weighed, Percentage crude Tibre wi

then calculated in line with AOAC 1990 thus;

wiof crude fibre X e = Y%erude fthre = €
wt ol oviginal sample I

3534 Determination of protein content

Se of each sample were weighed o a mitrogen free lilter papar, The
sumples were then digested in concentrated sulphuric acid with <odi
sulphate-and a catalyst to convert or remove all ammonical mitrogen presen
Lixeess sodium hydroxide was added 1o make the solution strongly alkaling
Water and distilled ammoni were  added and the nitrogen in the samiple-

20



were determined by titration. The amount of protein in the samples was
then caleulated by multiplying the amount of nitrogen by 6.25 {as prolein is
said 1o contain 16% nitrogen), The percentage protein (ether extracl) wos

thus caleuluted aecording 1o AQAC 199

Amount of protein in sample x 1000 = Protein content of the sample
D

Wi ol sample l
33535 Determination of ash content

lUg of each sample was weighed into small crucible, it was then red-
i fhes g8 - i
heated in furnace at 600°C lor 7 hours. It was later weighed after i his

cooled down to room temperature  the ash content was then calculated

thus:

wil ol ash N\ My = % ash = &

wi ol original sample |

3.5.3.6 Determination of the sugar and starch content ol the

samples
The sugar and starch content ol the samples” value was determinad
by the difference, that is all analysed propertics were summed up and

subtracted [eom OO i line with AOAL [990.

100 - (% water+ crude fat + crude fibre + ash) = % sogars and
starch.
3507 Ability to process and ferment the cocoa beans

Five cocoa pods which were rndomly selected Trome each ol 1
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treamtments { L.2.5.4.5and 6 WAM) were harvested and provessed according

o AdeniKinju 1989 and phyvsical obscrvations  were carried out on them -

fisllows:

. the case with which the beans were extracted Irom the pods.

2 the number of pods that were cusily processed,

3, the state ol the beans ( wetness and dryness).

4 the position of the buins inside the pods (the adherencss o e pod .
lirmness and loosencss ).

% Fermentability of the beans produced.
The pods were dehyvdrated as a result ol heavy infection, the b
were loose dried up giving room for weevils o attack them and the:
cannot be fermented.

3328 Statistical Analysis

The data collected were subjected (o statistical analvsis of varian..
(ANOVA) And means were compared using Least Significant Dillerend,

(1.512) at 3% according 1o Lotle und Hills ( 1Y78),

3
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CHAPTER FOUR
44 RESULTS
Fhe mean of the resulis obtmned m 1998 1999 and 200002001 wone s
as there were no sipnificant dilferences between the results ol the 1wo seasons

trials.

4.1 Comparative effeet of time of harvesting on the mycelial growth ol
Pirytophihera palmivora when artificially ineculated on cocon podls

It was observed that pods a1 one: twoo three, and four weeks afle
maturity has the least myeediod growth in that order with 1,00, 130, 140
and 2.00em” area coverage.  The least of 1.00em’ was  recorded 1o on.
week wlter maturity and the hizhest of 3.20em” was recorded for sis week:
alter maturity and showed no .ﬁiy.niﬁcun[ difference from one another
Hlowever, myeelial growth on pods al hive and six oweeks aller maturil
differed significantly from one to lour weeks dilfercnl eroups werc

ohserved, Iig- l.

4.2 EfTect of time of harvesting on {resh pods with beans

The results showed that Tresh pods and beans harvested ol one. twa
and three weeks after maturits were significantly dilTerent from one aiothe
as they gave 8 10 and 92 respectively. However, they were egualls
signilicantly different from those of four. Tive and six weeks afler maturity
which yiclded 6. 3 and 2.32 respectively. The results also showued tha
harvesting al two weeks after maturity was more than at one week andd
thercalter the weights were decreasing with increase i age (e delay i the
time of harvesung). With pods harvested at one. two and theee weeks afia

maturity weighing 80 10 and 9g respectively and pods harvested ar Tow
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weeks aller maturity with to while pods harvested at 5 and & weess altor
malurity had 3 and 23g, which were significantly dillerent from o

another (g, 2).

4.3 Effect of time of harvesting on the fresh cocoa beans

The results obtained were similar o what was obtained when the
Iresh pods with beans weighed Logether. On comparison., il was observed
Lhast the weight of the fresh heans were decreasing with increase inoage. A
lwo weeks aller maturity the weight was the larger (10g) while it was
smaller (1.8g) at six weeks alter maturity, However. harvesting al one anl
three weeks afler maturity were not significantly dilferemt in weight [rom
one another with ¥ and 9z !'l.’b-pl.‘l.'[i‘t elv. bul were signilicantly diiTeren
from those of live and six woeks afier maturity which weighed 2.2 and .%o
respectively.  There was no significant dilference between them, s the
fresh beans weights were in lour signilicantly different groups as foll ws;
Giroup | with beans of pods harvested ul one and three weeks alter nuturin
Group 1 made up of harvestmg at live and sixowecks.
Crroup 1 consisting of Mwo weeks after maturity and
Group 1V comprising ol harvesting ot four weeks  afier ovaturit

Signilicant dilTerences oceur with the groups.
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4.4 Effect of time of haivesting on weight of dricd pods with beans

The result obtained showed similar trend with these obtaimed when
lresh pods with beans were weighed as they were decreasing in weighl
with increase or delay in time ol harvesting afier maturity.

Pods harvested at two. three and lour weeks after maturity were nol
signilicantly dillerent from one another with 5. 4.60 and 4.40g weight
respectively bul were signilicantly dilterent from those of 1.40 and .20y
wetghts recorded for weeks live and six alter maturity which were not
significantly different from one another but from those of 1 week alier
maturity with og.

The eftect of time of harvesting on the weight ol the dried pods with
beans where in three signilicantly difterent groups thus: Group 1. with
two, three and four weeks alter muturity with 5. 4.6 and 4.4g weight and
Group 1. Having five and six weeks aller maturity with 1.4 and 1.2g

weight and Group [ = one week atter maturily with 6g (Fig 4.

4.5  Effect of time of harvesting on weight of dried beans

The result were similar 1o these obtained lor those of [resh pods with
beans, as they equally showed decreasing weights with increase in age

However, beans harvested at two. thiee and  Tour weeks aller
maturity with 15, 14 and 13.84g weights were not signilicantly dilferent
Irom one another but when compared with those of five and six weeks aller
maturity which had 4 and g weights were sigmilicantly different from ong
unother. Those of weeks [ive and six aller maturity were not sizgolicantly
different {rom one another but  sigmbicantly ditTerent from those of
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one, two, three and four vweeks alter matunty, so-also harvesting at one
week s signilicantly differcnt Frony those ol two, three, Tour, Tive and siy

weeks alter maturity (Fig 5

4.6 Elfect ol time of harvesting on Proximate Analysis of

the dried beans

The following pararicters were determined for the various samples:
moisture content, cither exiragl (protein) crude . Nitrogen [ree extrucl.

Ash and Crude fibre, The difference oblamed were in two major groups

s

. Those minerals (nui renis) that were decreasing with increase in age
{time of harvesting)

. Those that were mercasing with inerease m bime ol harvesting

Ihe mineral or nutrient contents in the first group that are decreasing
with increase inoage are Liher Extracts (E/E) otherwise Known as Protein.
Moisture Content (M/C) or Water Content (W/C) Crude LTat (C7F) and
Mitrogen Free Extract (NI 1) Ash Content {A/C) the decrease was gradual
when analvsed i the six (r-atments that is one, two, three, Tour, five and <1
weeks afler maturity as shosn in Figures 6, 7, 8, 9 and 10,

The only mineral or nutrient that was progressively mcreasing with
mnerease i tme ol harvesinge as contiined or shown n Ggure 11 s the dry

matter or erude fibre conte 11 ol the dried beans.
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4.7  Effect of time of larvesting on ether extract (E/E) of the dried
beans

Fhe ether extract eontent of the six treatments decrease with increase

in age, the resull showed four significantly different groups with one and

twor weeks after maturity and having [00mg cach in group 1, weeks three

und Tour after maturity had 80mg and 60mg respectively while the fourth

group ol weeks five and six aller maturity had 20mg cach. Ether extract in

all the groups were not significantly  dillerent within the groups  but

signilicantly different from one another, Fig. 6,

4.8  Effect of time of harvesting on the (M/C) of dried beans
Harvesting at six weehs aller manurity has the least moisture content
of Bmg while harvesting at one, two and three weeks aller maturity las the
highest of 14.80mg each. llowever, the result obtained were in lour
significantly  dilferent groups whose members were not signilieamtly
different [rom one another but difTerent from those of other groups with
one, two and three weeks alter maturity having 14.80mg cach in the firs
group and four, five and six weeks after maturity and having 12, 10 and

smg m the other three groups respectively as shown inlig 7.

4.9 Effect of time of harvesting on the crude fut content (CFC) of the
dried beans
The result obtained i the crude [at content of the dricd beans was
shown in figure 8 which followed the same trend with moisture content for
the six treatments. 1t was observed  that weeks one and two aller maturity
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has 180 and 1.60g being the highest were significantly differcnce Irom
one another in group 1 and 11 respectively, while weeks three and Tour alter
maturity with 1,28 and 1.24g respectively. showed no signilicant dilTerent
froam one another and were i group D which were signilicantly different
from the members of group L Weeks live and six alter maturity showed
096 and 0.92mg respectively giving the least crude fut content and as
shown are in group IV whose members were not significantly dilferent

from one another but differcot from those of the other groups (Fig. 8).

410 Effect of time ol harvesting on the nitrogen free extract (NFE) of
the dried beans
The result also showed the same trend with what was obtaied for
the effect on moisture and crude fat contents as shown in D Y. 00 was
vbserved that high NEFE was observed Trom one o three wecks alter
maturity. which significantly decreased as the harvesting period mereased
up to 6 weeks after maturity as observed in this study, The NEL ranged

between 2.50 = 0.5mg [or 1-6 wecks aller maturity (fig. 9).
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4.11  Effect of time of harvesting on the Ash Content of the beans

The ash content when tested lor the dry beans was lound o be
decreasing with inerease in time of harvesting. It was Similar 1o what was
obtained when the meisture, crude i and nitropen free extracts were
determined on the beans and was found w be in sis sigmificantly dilTerent
groups whose members were nol signilicantly dilTerent Irom one another
(within} but were different from members ol the other groups as shown in
fig [0 as cach time of harvesting constitule a aroup of its own,

Weeks five and six alier maturity recorded the least ash content of
J40mg and 2.20mg respectively and were significantly diflerent rom one
another. However the highest ash content 9.90 and 8.90myge were oblained

in one and two weeks after maturity respectively.

4.12  Effect of time of harvesting on the Dry Matter Contents (Crude

Fibre) of the dried beans

In the dry matter contens of the dried beans, the result 6. 6.4, 7. 7.2,
7.6 and 8.8mg  obtained were found 10 be increasing with age (delay in
harvesting) and similar 1o those obtained for the mycelial prowth when
artificially inoculated as the crude fibre content is increasing with age.

Al one, two, three and four weeks after maturity dry matter recorded
were Gk 6., 70 and 7.20g respectively while the highest of 8.702 was

recorded for 6 weeks after maturity. (fig 11).



4.13  Effect of time of harvesting on (%) processability of pods and

fermentability of the beans produced

The eflect ol time of harvesting on the pods produced showed that
all the pods were processable e, the beans can be easily extracted lrom the
pods but all the beans can not be lermented because some of the beans were
already dried shrivelled and weevilled

Beans from one, tvo and three weeks after maturity were all
processable and fermentable while the beans produced lrom four. live and
six weeks after maturity were only processable (easily extracied) not
lermentable and weevilled Fig. 12, Chemical qualitics sturted declining
with increased pod infection as five and six weeks alter maturity were the
most alfected while those ol one. two and three weeks alter maturity has
more or large amount of nutiients in form of ether extract, moisture content,
nitrogen free extract, crude lal and lower or smaller crude fibre content,
those ol four, five and six veeks alter maturity has a relatively high crude
fibre and low or smaller ether extract, nitrogen free extract ash and crude
tat content due to heavy inlection by the black pod discase of cocoa and

dryness of the pods and beans,
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CHAPTER FIVE
5.0 DISCUSSION

OF the six harvesting perods considered, one and two weeks aller
inoculation showed constderable contral of the black pod discase ol cocou
caused by Plotophvitfiora wdluiivore. The degree ol control compares
favourably with results obtiined in Ghana (Anon, 1979) where Ridomil and
Perenox were used. This is alsooin consonance with the work of ( Adckagun,
997) where it was reported hal Bordeaux mixture al low concentrations
controlled cocoa black pod

Cocoa pods which muture in twenty weeks and sullTers no infection
up 1o that stage (Adebayo. 1975) agrees with this report since pods at
Lwenty weeks e point of maturity shows no visible sign of infection by
Phiviophithora palmivora (Adekinju, 1972 and Asare Nyuko, 1973) as the
beans were still succulent, processable and fermentable.

The variability in pod see, weight and circumference were also in
agreement with (Sorias 1971 The remarkable merement in both the
number of infected pods and anveelial growth of the fungus were also 1n
gareement with Blencove [971C Tumer 1965 Asare Nyako 19730 Anon
19950 and Anon 1995b tha! the longer the pods (matured) are lell on the
lield the more they are inlected and the beans one loose, weevilled and
dried in the pods,

Pods harvested six wocks alter maturity were nearly dried - up and
the beans were loose in the pods, this sgrees with (Adenikinju 1474 and
Adenikinju 1989).  The amount of mucilage around the beans penerally
increased with maturity and were  less Lghtly packed than what oblained
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w1 pods harvested at one woek aller matunty wihich agrees with Ui work ol
Lisan { 1944),

Lastly, at six weeks the beans become more easily processable as
they were already dried and loose in e pods as a result of heavy intection
by the fungus Phwophtlivieg padmivera Akinwale-Ojo. 1995, 1996;
Debenham, 1997, Bamighose. 1997 and luyide, 1997 reported similar
results  about  dryness and  dehyvdration and  that the beans wre not
lermentable.

The laboratory analysis (page 34-37, 40 and 41) showed that the
longer the harvesting intervals, the higher the crude fibre content und the
lower the crude Protein, Glucose, Sucrose. This harvesting interval also
confirmed the increasing rale ol the volatile acids while the non-volatile
acids decreases with age (Adenikinju., 1989; Dehenham 1997 and Esan
1989). {Appendix V).

It should be noted tha while the myeeliad growth and the Crude
Fibre content were increasing with delay in harvesting the Nitrogen Free
Lixtract (NFLE) crude protein and crude lat were decreasing which is in
agreement with (Akinwale-Ojo. 1996). The Havour and aroma of the beans
were nob tested for as the Tvour and aroma s a result of the two way
processes of fermenting on the farm and roasting in the factory (lward,
20000, Cocoa Navour will chinge within a lfew months of production.
(Anon, [999)

It should be noted tha the harvesting dates can be influenced on the
one hand by the choice of davs before harvesting and on the other hand by
the level of maturity and the period  Tor which the mature harvested pods
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are et on the field belore processimg as B oalse allects the fungd
development. The method o harvesting also plays an importan role in pods
milegtion. Advantages o hmely harvesting over chemical methods are
specihicity e, specific with iterval i divs or weeks and has no dirceet or
mdirect negative mmpagct o the environment, it is non loxie w both the
producer and consumer as well as o the cocoa tree itsell; it bas no chemacal
use, it is o financially and e attractive option as there is no additional
cosl thereby saving the timu Tor application ol chemicals, 1L is compatible
with other methods even chenneal oncs, wsers need not be hlerate as it
requires no technical know Lo, Disadvantages associated with cultural
method of control is that it becomes Tully apparent after o long period, il
requires the full cooperation and coordination of all the  Farmers ina given
farming arca as a single doation may result inoa wotal loss (CTA, [977;

Anon 200407,

5.1 CONCLUSION AND RECOMMENDATION

The use of any econvoneal method ol control ol the black pod
discase of cocoa that reguires low cush, management, inputs and time in
place of using pesticides, (as vang or implementing a full chemical control
programmie increase pod prodhiction cost by 30-50% therelore the use ol
harvesting intérvals, a cultural, low ¢osting and effective means) should be
scen @5 an alterpative black pod discase control method to the use of
chemicals.

Apart from being oo costly, the breaking down ol the resistance in
resistant  programmes mahkos he  vse of resistanee varielies o be an
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clfort in futility and this sull leaves harvesting imierval as the only
alternative option and 1o achieve this the lollowing must be adhered 1o
strictly:

Harvesting should commence two weeks alier maturity e lwenly-
bwo weeks alter pollination us cocoa pods mature in twenty weeks alter the
day ol pollination,

Free canopies should be well und thoroughly reduced by way of pruning,
removal of” chuppons and  overhead shades before flower cutling and
pollination commence.

Leltover ol last year harvest should be well and thoroughly harvested
o prevent disease inocoiom  [rom  spreading downwards  from  the
unharvested and infeeted pods hanging on the trees.

Husks of harvested mod processed pods should cither be burmt or
buricd away Iromm the plantation

Harvesting intervals oo day ol harvesting should be adhered Lo

strictly (specilicity ).
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APPENDICIES

APPENDIX T
ANOVA: MYCELIAL GROWTH

Source | DF SN MS FCal  TTab
Total |29 146.55 | :

Treatment | 5 1957 | 3.9 1564 | 271
Blk 4 ! 0,49 .96 281 |
SSE 120 5.04 0,25 -
LSD = 0.66

ANOVA: WEIGHT OF FRESH PODS AND BEANS

 Source DF 88 MS F Cal | 1 Tab
Total 29 28234 |
Treatment | 5 254.04 | 50.81 24200 | 2.7

Blk |4 24.13 6.03 28.71 287

SSE ) 417 0,21

LSD =  0.61

ANOVA: WEIGHT OF FRESH BEANS ALONE

Source | DF S8 MS F Cal T Tab
Total 29 363.67 ' I
Treatment |5 |304.57 | 6091  [41.72 a1 |
Bk 4 3.00 7.50 5.14 287

SSE 20 2900 | L4e | |

LSD =  1.59

53




ANOVA: WEIGHT OF DRY POD AND BEANS

_Eﬂurl:e DF et iMS FCHI-_TFT:ﬂ} |
Total 39 12304 | '
Treatment | 5 100,50 20,10 36.55 271

Bk 4 .s3 | 263|478 | 287 |
SSE | 20 1.0l | 0.55

LS = 098

ANOVA: WEIGHT OF DRY BEANS ALONE

Source | DF (88 MS FCal |TTab
Total 29 ErE 0 I —— o
Treatment | 5 69965 | 13993 [177.14 T
Blk 4 6Y9.57 17.39 2230|287

SSE 120 J'lﬁ-ﬁu 078

LSD = 117

ANOVA: EITHER EXTRACT (F/E) OF THE DRY BEANS
Source DF T MS 'FCal |T'Tuh
Total 29 345.17 5y = '
Treatment | 5 336,67 | 6733 22443 EET

Blk 4 259 065  [2166 | 2.87
'SSE 20 23] | ‘ == ’

IS = .72
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MOISTURD CONTENTE (MUC) OF THE DIKY

MS FCal |TTab |
12.56 1.58 271
17.13 |.44 387

CRUDE FAT CONTENT (CFC) OF THE DRY

MS FCal |TTab

().50 29.50 B
o7 [3.50 287

0.02

NITROGEN FREE EXTRACT (NFE) OF THE DRY

ANDVA:

BEANS
| Source DF 55
;-*l'ﬂlul 29 305,20
i_']'n:ﬁlmem 5 212,80
| Blk 4 % 33
SSE 20 2387
LSD = 1.44

ANOVA:

BEANS

Source | DF S8
Total 29 365
Treatment | 5 206
Blk 4 |04
SSE 20 lﬂ.3|_
LSD = 0,19

ANOVA;

BEANS

Source DF 88
Total 29 14.37
Treatment | 5 1377
Bik 4 0.09
i?ﬁE T2 ods
LSD =  0.19

MS F Cal T Tab |

|

1275 137.50 2,71 |
YR 1.00 787

[ (1LO2 R |

—d M —— _I__ — - J
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ANOVA: ASH CONTENT (A/C) OF THE DRY COCOA

BEANS
Source DF .S MS F Cal T Tab |
Total 29 266.84 - |
Treatment | 5 23774 4755 [190.20 271 ]
Blk 4 2013 6.03 2412|287 |
SSE 20 197 (.25

LSpi= 6b

ANOVA: DRY MATTER (CRUDE FIBRE) OF THE DRY

BEANS

Source | DF s [ MS F Cal T Tab
Total 29 37.21 | |
Treatment | 5 2487 497 12,43 2.7] '
Bk 4 438 1.10 275 87
SSE 20 | 796 0.40 BB

LSD = (.83
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ANOVA: PROCESSABILITY AND FERMENTABILITY OF

THE POD

‘Souree  |DF |88 Ims FCal |[TTab

Total 29 (458470 | - !_ A
Treatment |5 393150 |s8630 4381 1271
' Blk 4 1300.53 [328.13 [23.85 2.87
LES’E— 20 [352.67 | 13.63

LSD =  4.87

APPENDIX I
COCOA PRODUC I'ON (ONDO STATE) 1990-2000

YEARS  PRODUCTION (mt) ONDO NIGERIA (mt)

1990) 55.004.50 137.511.25

1991 68,129.50 1 70,000.00

| 992 41,973.00 130, 000,00

1993 65,292.00 130,000.00

1994 58,255.25 13R.000.00

1905 44,894.24 155,000.00

1996 44,770.00 158.000.00

1997 41, 181.00 152.000.00

1998 27.895.00 | 65 000 00

1999 31,154.50 170,000.00

2000 24,047.00 156,000.00

)




STATISTICS ON POD INFECTION BY DISEASES.

'PATHOGEN [1970] 1971 [1972 | 1973 [ 1974 | Tol Average

|- P. pulmivora | 71 75 |[s6 |63 |54 319 638

| B, theobioma |20 |18 |24 | 16 |23 |11 202
Fusarivmspp |6 |3 |12 | 12 [14 |47 |94
Others 3 4 . | 9 9 33 0.0
Total 100 [100 100 | 100 | 100|500 | 100

PERCENTAGE

APPENDIX IV
DAMAGE CAUSED BY PHYTOPHTHORA

Culled from 5" Int, Cocoa Res. Conl. H::purtTW?.

PALMVYORA AND COCOA SWOLLEN SHOOT VIRUS OF

COCOA,

1975
1965
1975
1985
1995

P. PALMVORA

31.30
53.20
71.40
73.70
83.40

aH

C.5.8.YV

19.00
33.50
37.70
34.20)
59.90)



APPENDIX Y

e T ——

MONTH | RAINFALL [ TEMPERATURE | RELATIVE HUMIDITY |
“April 150mm | 33°C o
May 1375mm [9°C 7%

June 1 750mm 18"C 88%

July | 6imm | 17" 83%

August | 550mm B D &1%

september | 1400mm | 30°C 2%

Ugtober 121 0mm | 34°C 63%

November [ 15thmm . =5 3 7T%0
TOTAL [1185mm | 219°C ij?:':'%" ]
AVERAGE | 1398.13mm ‘3'7.'3'?"'“:' KE

APPENDIX VI

ACCEPTABLE NUTRIENT LEVEL IN COCOA BEAN

CONTENTS

PERCENTAGL (%)

Moisture content
Ash Content
Crude Protein Content
l:ther Extract Content
Crude Fibre Content
| MFL Content
TOTAL

|
10,70
0853
19,28
(T8
06,28

4543

LHARLN

Called from 5th Int. © peoa Res. Conl. Report for 1977,

Y



