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ABSTRACT

Ghana is the world’s second largest producer ofoeobeans. In addition to exporting raw cocoa bedns,country
also processes some of its beans into finishedsand-finished cocoa products for both the local antdrnational
markets. The levels of copper were determined im fatches of raw cocoa and semi-finished cocoadpets
sampled at various intermediate stages of the naatufing process. The copper contents of four begabf ten
different finished cocoa products in Ghanaian mankere also determined. Analyses of the copperettsitin
cocoa containing samples were affected by atomgoigdbion spectrometry An average recovery of 99.3% was
obtained for the metal when the samples were spikfdknown concentrations of copper. The variation the
copper contents of raw cocoa, semi-finished andhied products show that there were no effectivtarninations
of copper during the manufacturing process; the antof copper in the finished products corresponttedhe
fraction of cocoa mass present. The copper cordEtdcally manufactured cocoa products was lowemtiWHO
acceptable levels.
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INTRODUCTION

The welfare of millions of people continues to Hagoed by growing lack of vital nutrient in foodhi§ has
partially been met with the consumption of Cocoadpicts such as Milo, Chocolate, Cocoa powder, Airogast
to mention but a few.

Cocoa, which is used mainly in the production obailate, is an important agricultural export comitodo
Ghana. Currently, Ghana produces about 700,000aboscoa beans annually, and is ranked seconikinvorld,
after her neighbour &e d’lvoire. In terms of quality however, Ghanaésognized as the world leader in premium
quality Cocoa beans production [1].

Cocoa serves as the major source of revenue foprthngsion of socio-economic infrastructure in tauntry. In
terms of employment, the industry employs about @J%e national agricultural labour force in theuotry[1].
Cocoa contributes about 70 -100% of their annuakbbald incomes for these farmers [3].

It has therefore been the intention of governmerhtich is committed to reaping the maximum benefinf the
cocoa sector, to ensure that the country increiés&3ocoa production and also processes more obé¢a@s into
downstream products for both the local and expatkets[2]. In pursuance of this goal, Copper fungicides ar
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made available at very low price to help addresstivo major causes of decline in Cocoa productpests and
diseases in Ghana. Consequencely, farmers areeggigely integrating fertiliser use and sprayingctices into
their own cultivation of the Cocoa crop.

Firstly, the copper residue in cocoa is of higteiast due to the application of Copper fungicisiesh as Kocide
101 (cupric hydroxide 77%), Copper Nordox (cupramsde), Champion (Cupric Hydroxide 77%), Ridomil
(Copper Oxide 60%) and Caocobre Sandoz (50% Cdpgiele) to combat the attacks of various Cocoa pasdt
diseases. Hence determination of Copper fungictiesild be given high attention because any hazardesidues
left can cause lasting danger to quality of Coauaits products, the environment and consumerdtthea

Secondly, the increasing global consumption mateighly important to monitor the quality of cocdzor instance,
in 2010, Chris Uba projected that Cocoa consumptionld amount to 3.6 million tonnes, reflecting average
annual increase of 2.1% from 2.8 million tonnesimyrthe base period. He further indicated that aomgion
would concentrate in developed countries, whichhhigpnstitute 64% of world’s consumption. Consumiptin
these countries was projected to increase at amshnate of 2.2% from 1.8 million tonnes during these period to
2.3 million tonnes in 2010 [7].

The big consumers of chocolate and other Cocoauptsdare Europe and North America, accounting 8% 4nd
25% of global consumption respectively. Consumenaied in Europe and the United States show an isicrga
trend for specialty chocolate products such asethegh high Cocoa content [8]. Records show thatoge’'s
consumption was expected to grow by 1.7% per aremoithat of North America by 3.6% per annum in 2010

Other areas like former Soviet Union/CIS and Japasre to have an expected growth in Cocoa consomfitom
65 000 tonnes to 71 000 tonnes and 48 000 tonrtes 00 tonnes respectively during the base péni@®10.

Invariably, consumption in developing countriesaagroup was expected to amount to 1.3 million tsnne€010,
an annual growth rate of 1.8%. Africa, the largeshsuming region in this group, accounted for 35he
consumption of Cocoa while in the Far East, whenegapita consumption is small, the share in compsiom was
projected to increase from 31% during the sameoged 34% by 2010 [7].

The objective of this research was to determineléliel of Copper residue in the raw Cocoa, semsfiad and
finished Cocoa products since Copper accumulationlead to Wilson disease. Wilson disease a gedistizder
that prevents the body from getting rid of extrgp@er. In Wilson disease, Copper builds up in therlibrain, eyes,
and other organs. Over time, high Copper levels carse life-threatening organ damage [6]. ExcesSiopper
intake can cause nausea, vomiting, stomach paatdebe, dizziness, weakness, diarrhoea, and alimédate in
the mouth. Copper toxicity is rare but can causeti@oblems, jaundice, coma, and even death [9].

MATERIALSAND METHODS

Four batches of raw Cocoa and semi-finished prad(tS;) at various intermediate stages were obtained from
Tema Cocoa Processing Factory in Ghana between&gband March 2000 additionally, various finishaxtoa
products were obtained from the Ghanaian markebeftbre their use-by dates. The semi finished prtsdwere
gently melted over a steam bath to ensure homogesrsampling.

2.5 g of each were weighed in acid washed porcelainibles, heated gradually to and maintained58f@ for 2
hours, and there after heating continued at 450*C.& hours in an muffle furnace. The ashed praduetre then
wetted with deionized distilled water, treated wiign® concentrated HNg) evaporated to dryness on a steam bath,
and returned to the furnace at 450°C for one hbhe. resulting ash was then digested with 5ofrredistilled 6M
HCI and made up to 25¢mwith deionized distilled water. The resulting s@ns were analysed for Copper using
Atomic Absorption spectrometer (AAS) Shimadzu mog01F at wave lengths of 324.8nm. All the samplese
prepared in replicates of four. To determine thigability of the sample preparation and analysighrod, samples
were spiked with fig g™ sample of Copper. All the spiked samples were mmitated and subjected to the same
preparation and analysis procedures as the unspédagles.
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RESULTSAND DISCUSSION
Recovery and reproducibility studies
The percentage of Copper recovered in the reprbiigistudies was 99.3% + 0.24.The standard eigdess than
0.5, suggesting that the method employed to analysper is reproducible.

Tablel: Copper level in various Samples

SAMPLE | BATCH1 | BATCH2 | BATCH3 | BATCH4 | Average(mg ke

S 0.20+0.0: | 0.20+0.0: | 0.21+0.0: | 0.22+0.0: 0.21+0.01

S 0.50+0.02 0.60+0.02 0.51+0.02 0.61+0.02 0.56+0.06
S 0.18+0.01 0.17+0.01f 0.018+0.01 0.02+0.01 0.18+0.01
S 0.40+0.01 0.40+0.01 0.41+0.01 0.45+0.01 0.42+0.01
S 0.13+0.01 0.12+0.01 0.11+0.01 0.11+0.01 0.12+0.01
Se 0.29+0.0: | 0.28+0.0: | 0.26+0.0. | 0.26+0.0: 0.27+0.0;

S 0.21 £0.0: | 0.19+0.0: | 0.20+0.0: | 0.20+0.0: 0.20+0.0:

Py 0.16+0.01| 0.17+0.01 0.15+0.01 0.16+0/01 168.0.01

P, 0.07+0.01] 0.07+0.01 0.07+0.01 0.07+0/01 078.0.01

Ps 0.12+0.01] 0.11+0.01 0.12+0.01 0.13+0/01 126.0.01

Py 0.12+0.01] 0.12+0.01 0.12+0.01 0.12+0/01 128.0.01

Ps 0.08+0.01| 0.06+0.01 0.10+0.01 0.08+0/01 08f.0.01

Ps 0.15+0.01 | 0.1£+0.01 | 0.1€+0.01 | 0.14+0.01 0.15+ 0.01

P7 0.13+0.01] 0.15+0.01 0.15+0.01 0.13+0/01 48.0.01

Ps 0.12+0.01] 0.12+0.01 0.12+0.01 0.12+0/01 126.0.01

Py 0.13+0.20{ 0.11+0.2 0.15+0.20 0.14+0{20 134.0.01

Pio 0.20+£0.03| 0.20 +0.0 0.20+0.03 0.20+0J03 2084.0.01
S-S Semi finished products
Si- Cocoa Powder Alkalized,
S-Cocoa Cake Natural,
S;.Cocoa Powder Natural,
S-Cocoa Butter,
S-Cocoa Cake Alkalized,
S Cocoa Liquor,
S. Raw Beans
P;-Pyo Finished Products

Fig.1 The Graph of Copper Concentration against Cocoa Productsin Ghana.
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The concentration of Copper in the semi-finisheddpcts range from 0.12 to 0.56mgkwith S having the
highest concentration of 0.56mgkgnd the Shas the lowest concentration of 0.12mg kehile Copper levels in
the locally manufactured products range from 0@.20 mg kg and the raw bean has mean concentration of 0.14
mg kg". The concentration of Copper in decreasing ordeghé semi-finished products $S,> S, > &> $>S..
Though the source of the Cocoa beans cannot betaiacall the values observed in the raw Cocoa deaemi
finished and finish products in the Ghanaian mawkere higher than the value 0.02mg'kgbtained in cocoa beans
analysed from the farm in the Central Region wimer€opper fungicide was applied [4]. One could sasfhat the
beans were from farms where Copper fungicides apptied or Copper rich farm soils.

CONCLUSION

Due to benefits derived from copper fungicidesanteolling cocoa pests, fungicide threat to huniendeems to be
overlooked. As a result of increasing high coppergfcide poisoning effect, FAO strongly recommetids many
individual countries as possible should provideralevant fungicide data to help the joint FAO-WHiteting of

experts on fungicides residue to make recommendatibich would take account of the special requaetof

countries concerned and reflect the needs of perduand exporters. The values obtained for WorlaltHe
Organization (WHO) recommends a minimal acceptattizke of approximately 1.3mg Kg[5] when compared
with the values obtained in this research WHO matimalue recommended is 57% higher than the higBepper

concentration in the semi finished product and 8#éter than the highest Copper concentration oleseiw the

finished products. It is therefore clear that Copmntents of locally produced Cocoa products dtkimvacceptable
levels during the manufacturing process observediagre was no Copper contamination in finishedlpets in the
Ghanaian market at the time of this research.
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