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INTRODUCHON :
Cocoa (of Theobroma cacao L); the tree is called

a0 while the bean is called cocoa (Folayan,
1993). Theobroma cacao belongs to the family
serculiaceae, the same family as the kola tree
(Cuatrecassa, 1964; Oyenuga, 1967). Cocoa, a low
dtinde crop was introduced into Nigeria in
about 1894 by Squiss Ibaningo though
ommercial planting did not start until around
1914 (Folayan, 1993; Opeke, 1992). With particular
rderence to Nigeria, cocoa is the most valuable
igricultural export produce obtained in
aportable quantities-in Ondo, Ekiti, Osun, Oyo,
11:‘:9“3'991?3, (;ross River and Imo States (Folayan,
ﬂbou)t. If;gem's current annual production was
B | ,009 t_om_,les in 2007 and increase to
e acg“nes in 2008/2009. Ondo and Ekiti

" de)l'mt for over 60 % (that is, 102,000
) N 'gerian cocoa (Olagbaju, 1993). Itwas
(g €S in mid-March 2010 in the Ivory
‘\melonaztype of cocoa grown in Nigeria is the
| F"TaStem(‘:, (melon shaped), a variety of

ood, 1975).
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The cocoa is obtained from pods which grow on
cacao trees. The pods are egg-shaped, about eight
inches long and contain twenty-to thirty beans
embedded in a soft white starchy pulp. The pods
are split open and the beans, with adhering pulp,
are scrapped out and allowed to ferment in a
closed container for several days. A yeast fungus
grows on the pulp and it liquefies owing to
fermentation to alcohol. The liquid formed is
allowed to drain away from the beans.During the
process, change in colour occurs from the original
light violet to dark brown. After drying inthesun,
the beans are ready for shipment to the cocoa
products manufacturers (Fox and Cameron,

1982).

The cocoa bean contains about 50 % fat that has
served as a valuable source of vegetable}fat—the
cocoa butter. The residual cocoa powderisusedin
producing cakes, ' biscuits, beverages and in
pharmaceuticals (Falade, 1993; Olagbaju, 1993;
Osunkoya, 1970; Awolumate, 1986; Olaofe et al.,

1987).
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. 1087)- BircelCOs=a procucts are used as fooq
di” " the proximate composition jg also
our® :nt to consumers. At present there jg little
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coc02:
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t Conteny
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SANDMETHODS

Gamples Collection and Pl:eparation
Thecocoa peans were obtained from ten different
stores randomly selected in Idanre Local
Government Area of Ondo State, Nigeria. (This
jocal government is the second largest producer
of cocoa in the state.) 500 g each of (germinated
and ungerminated samples) were collected from
achstore and properly mixed together. The bulk
portion of each type was then reduced to a more
convenient size (20 %) by repeated quartering
(Crosby, 1977). Fifty-two seeds of each type of
woeoa were weighed individually as whole beans,
shell removed and weighed and finally the nibs
were removed mechanically. The shell and nibs
Were separately blended using a Kenwood food

mixer. All the samples used were as collected
fomthecocoa stores;

me‘imafe Analysis
0,
Slure content, total ash and ether extract were

gitflem ed by the methods of the Association of
(g, r, Malytical Chemists (AOAC, 2005)
Pea:s()netr‘; Was determined by the method of
Y25 oy % (1981) while the nitrogen free extract

dehmﬁ;:’;‘lned by deference. Nitrogen was
bioibeq . O the micro-Kjeldahl method

- :;Y Pearson (1976) and the percentage
3 converted to crude protein by
' AN

mullip]ying Witha factor of .25
Mlnerals Analysgig

€ mineralg
obtaine by
and disaolving the tot
hydrochlorie acid
lanthanum chloride 3
Wwater (Varian Techtro
Ca, Na and K were
atomic absorption
Unicam Sp 9 Cambrig

Were analysed from

first dry-ash solutions

ing the samples at 550°C
al ash in flagks using 10 %
solution, 2cm® of 5 %
nd distilled and de-ionised
n,1975). Mg, Zn, Fe, Cu, Cr,
determined by means of an
sptitj:tropho;ometer (Pye
e, U.K) (Ajayi, i
Ph.O_Sphorus was detefmmed)c(ol:)riyrlnﬁgﬁg‘g;
using aSpectronic20 UV/ VIS Spectrophotometer
using: the phosphovanado molybdate method
(AOAC, 2005). Before the analysis the
Spectrophotometer was calibrated by using the
metal standard solutions. All chemicals used

Wwere of analytical grade obtained from the British
DrugHouses (B.D.H.).

The data generated were analysed statistically
(Chase, 1976). Using mean, standard deviation,
coefficient of variation (%), correlation coefficient
(C.C.), coefficient. of alienation (C.A.), index of

forecasting efficiency percent (LF.E), regression
coefficient (R.C.) at=0.05.

RESULTS AND DISCUSSION

The average sizes of fifty-two dry cocoa beans of
the two types analysed are shown in Table 1. The
range for whole beans was 0.89-1.30 g with amean
of 1.09+£0.13 g for ungerminated. beans while the
corresponding values in the germinated beans
were 0.38-1.40 g and 0.8510.27 g respectively. This
means that the germinated cocoa bean was 0.24 g
(22.02 %) less than the ungerminated beans in
weight. The nibs weight in the' ungerminated
beans ranged between 0.78-1.17 g with a mean
value of 0.96+0.12 g while the corresponding
values in the germinated beans were 0.28-1.13 g
and 0.73+0.25 g respectively. This means that the
nibs in the germinated beans was 0.23 g (23.96 %)
Jess than the nibs of the ungerminated cocoa. The
shell weight in ungerminated cocoa beans ranged
between 0.10-1.17 g with a mean of 0.13+0.02 g
while the shell value in germinated cocoa beans
ranged between 0.06-0.24 g with a mean of 0.12
+0.04 g. This shows that the shell weighed 11.93 %
in ungerminated cocoa but weighed 14.12 % in

Scanned with CamScanner



ate and Mineral Compositions

im :
pro¥ Ungerminated and Germing,

Proccssed ted Cocon Beaps
“inated cocoa. IOn comparison, the weipht
Factions of ungerminated and germinateq Beon
peans showed: high and significant correlation
coefficient (0.95) at p=0.05. Also, the coefficient of
lienation (o_?l) was low with a corresponding
high value of index of forecasting efficiency (68.78

of Nibs apd Shells of

%) shoWing that error of prediction of
relationship between ungerminated and

germinated beans could be reduced by as high as
68.78 %. The

regression coefficient also showed that for‘ev erﬁ
one unit increase in weight in the ungerminate

;"
)

Table 1: Dry cocoa bean weight fraction (8"

" Parameter

e Ungerminated cocoa Germinated cocoa
Whole bean 0.89-1.30 (1.09:!:0.13) > 0.38-1.40 (0.8510.27)
Nib 0.78-1.17 (0.96:0.12) 0.28-1.13 (0.73£0.25)
Shell 0.10-0.17 (0.1310.02) 0.06-0.24 (0.12+0.04)
Overall mean 0.73 0.57
Overall S.D.° 0.43 0.32
cC 0.95¢ |
C.A. 031
L.E.E. 68.78 %

R C. 1.86

P = 0.05; C. C. = Correlation coefficient; C. A, =
Coefficient of alienation; LEF.E. Index of
forecasting efficiency (%); R. C. = Regression
coefficient; * = significant; "Mean of fifty-two
beans; ‘Figures in brackets are mean with
standard deviations; ‘Standard deviation.

The recommended average level of shell in cocoa
bean is about 12.0 % of the whole bean (Ajayi,
1986). This means the ungerminated cocoa beans
was 0.07 (0.85 %) less in shell requirement while
the germinated cocoa was 2.12 (17.67 %) greater in
the expected level of shell. Bean size is of
importance to the manufacturer because it affects
shell percentages, fat content and the initial
Toasting process (Wood, 1975). Manufacturers
want to buy beans with the lowest shell
Percentage consistent with adequate protection of
the nib from mould and insects and with highest

fat content. These two factors do not vary with
bean size provided the beans do not weigh below
1.0 g (0.04 Oz) (Wood, 1975). Nigeria sells two
grades of cocoa beans according to the bean size,
purchases with more than 300 beans, to 11 0z
being graded as “light crop', as distinct from
“Main crop' for other purchases (Wood, 1975). The
shell percentage of cocoa beans from Ghana and
Nigeria is 11-12 % and this is generally accepted as
the standard; beans from Trinidad and New
Guinea have 15-16 % shell (Wood, 1975). This
means manufacturers will prefer West African
cocoa based on the above criterion, this is more so
since the germinated cocoa bean is usually of less
than 3 % production and usually not combined
with the ungerminated beans.
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Table 2: Proximate composition (g/100 8) of ungerminated and germinated cocoa beans (dry

Hngerminated cocon beans Germinated cocoa beans
Constituent Nib Shell Nib Shell -
Coswrecontent 438004 7272001 1814001 2262002
Dry matter 95.6240.01 9271 +0.03 98.19£0.10  97.74£0.20
Total ash 330001  7.4710.01 3.15 £0.20 8.69 £0.00
Crude protein 18.25+0.02  14.94 10,03 18.0340.03  16.89 0.01
Fther extracts 21.6630.04  10.95 +0.04 8151002  12.890.02
Crude fibre 46.8210.03  18.33 +0,01 34000.03  26.010.03
Nitrogen free extracis 5,59 30.04  41.02:10.03 3486001  3812510.02
Energy (Cals/100 g)" 290.30 £0.02 322.39 +0.01 284911002  334.2510.04
Overall mean 60.74 64.39 60.39 67.11
Overall SD- 97.80 108.13 95.93 112.07
cc 0.98* 0.99* ;
CA 0.20 0.14 I
LEE. _ 80.00 % 86.00 % .
RC , 1.09 1.17
Determinations were in triplicate;
*Calories/100 g.

The proximate composition of the ungerminated
cocoa beans is shown in Table 2. Both the
proximate values in the nibs and shell are shown.
The average value for the moisture content was
4.3810.04g/100 g in the nibs and 7.27 +0.01 g/ 100
g in the shell. The moisture content was lower
than the critical moisture content (8.0 g/100 g)
(Olaofe et al., 1987; Scott, 1928) for mould growth
incocoa, This means that the shelf life of the cocoa
beans will be reasonably long. The moisture
contents of cocoa beans previously reported were:
Rawnsley (1959), 6.0-7.0 g/100 g; Lee (1972), 68
8/100 g; Oyenuga (1968), 4.3 g/100 g; Ockerman
(1978), 4.39 g/100 g and Olaofe et al. (1987), 2.0-3.2
fe/ suio 8 The differences between the present
e“ s and those in the literature could be due to
- e;dahve quilibrium moisture contents in
inem SMvironments and lengths of time of sun
mOistE; The dry matter was high because
NG €content was low.
0.0 gt/a] daos h content with mean values of 3.30
78 (nibs) and 7.47 +0.01 g/100 g (shell)

is an indication of the total quantity of inorganic
material in the samples. The pattern of ash
distribution between the nibs and the shell is
consistent with the report of Oyenuga (1968) who
reported higher ash content for shell than the nibs.
The total ash reported for the current work is
more than what Opeke (1992) reported (2.74 %)
for nibs but the current work fell within the range
reported by Olaofe et al. (1987). The variation
between the current report and literature values
could be as a result of factors such as soil pH, soil
nutrients and / orlevel of fertilizer applied (Olaofe
etal., 1987).

The protein content of the ungerminated cocoa
beans was 18.25 £0.02 g/100 g (nibs) and 14.94
$0.03 g/100 g (shell). Both values were greater
than the values reported by Opeke (1992) which
was 13.50 % (nibs) while nibs and shell values
were 14.28 % and 14.50 % respectively as reported
by Oyenuga (1968). The reasons for the variation

inthe protein values in literature and the current

44

'J

Scanned with CamScan‘ner



" imate and Mineral Compositions
T

Proﬂ‘wsed ted Cocoq B

ans
e consistent with thoge

epo™t 2. Tihe ash fr i
qariation n om different sample

10cauon5- Co<.:Oa bea‘n Protein is of fairly good
ity since it contains most of the amino acidg
qsential for growth. It is high in lysine, it is
o fore a useful source of protein for
B ementing foods with low lysine byt high

1
su:ﬂrii onine content (Oyenuga, 1968),
m

given for the

The etheT extract was 21.66 .:t0.04 8/100 g in the
s and 10.95 +0.04 g/100 g in the shell. The ether
n ot of the nibs was lower than the value
reported by Opeke (1992), 54.68 %; Oyenuga
(1968), 4284 % and.OsuI,\koya (19?0), 49.0 % but
he ether extract of the shell was higher than the
310 g/100 g reported by Oyenuga (1968). Bean
e, shell and fat Rerc_enta}ge are all said to be
inﬂuenced by the distribution of rainfall during
he period of development of the crop (Toxopeus
and Wessel, 1970). A close correlation between
rainfall and bean weight has been established bya
Jetailed study carried out in Nigeria (Toxopeus
and Wessel, 1970). Beans harvested in June
normally start their development in the dry
season and -are smaller, have a higher shell
percentage and a lower butter fat than the main
crop beans harvested from September onwards,
which develop during the rainy season (Wood,
1975). The collection of our samples was around
May; hence, the development of our samples
must have been during.the dry season with
consequentlowering of the fat content.

The crude fibre was high in the nibs (46.82 +0.03
g/100 g) but low in the shell (18.33 +0.01 g/100 g).
The value of crude fibre in the shell as reported by
Oyenuga (1968) is close (18.30 %) with the current
value of 18,33 % whereas our value fibre in the
nibs is higher than the value of 8.96 % reported by
Oyenuga (1968). Environmental conditions could
'ave been responsible for the variation in the

terature and the current report. The nitrogen free
ot was low (5.59:10.04 g/100 g) in the nibs but
trg‘:d(‘ll.oz $0.03 g/100 g) in the shell, a similar

Wasreported by Oyenuga (1968).

e

the C:coa beanshell is an important byproductin
hygrgy 2c°lat'e industry. The shell can be
Pmmoy *dunder pressure with sulphuricacid to

t
® fermentable sugars (Opeke, 1992). As a

45
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Ungerminated and Germing S Nibs and Shellg of

result of its low fibre content, freedom from

alkaloids and good ash component (Opeke, 1992)

the shell is a suitable ruminant food. The she‘ll 15

said to contain a substantial amount of vitamin B,
(about 300 I. U. per gram) (Knapp and SRS
1939). The shell has been successfully used as
cattle food in compound rations in which form the
theobromine (1-15 %) content is known to have 2
stimulating effect upon milk production (Knapp
and Coward, 1939). Cocoa shell, when fed todairy

cows, increase the butter fat and vitamin B content -

of the milk (Knapp and Coward, 193_9)5

The energy values were calculated using the

" Atwater factors (Oke and Ojofeitimi, 1984). The

values were reported in kilocalorie‘s;(cals/ 100‘-5)'
The calculated values were high because _Of high
fat content for which it is valuable in cold
countries and/or high carbohydrate content.

| 3

The proximate values of the germinated' (rsz']ectS)
cocoa are shown also in Table 2. The valuesin the
various parameters determined mostly followed
the trend as observed for the ungerminated cocoa
beans. The moisture content was'very low and
this may lead to the beans being very brittle
(Wood, 1975). Here, the shell contained more
ether extract than the nibs; this is in reverse of our
observation in the ungerminated beans. The
nitrogen free extract content of the nibs in the
germinated beans was higher than in the
ungerminated beans.

Germinated cocoa beans are considered a defect
because the hole in the shell by the emerging
radicle offers an opening for moth and insects to
invade the beans. Opeke (1992) gave some causes
of germination of cocoa beans like: leaving pods
on trees unharvested for several weeks,
fermenting in hole in the ground and not turning
the beans during fermentation. The effects of
germinated beans include lowering of cocoa
quality and reduced price. Cocoa is unsalable if
too much is found (Opeke, 1992). Awolumate
also attributed the following to germinated cocoa
bean: has lower weight (see Table 1), wear down
the processing machine, reduces the cocoa butter
yield but has no effect on the taste of its products
(private communication, 1986).
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e 2 shows that significant difference
Tabuned (p=0.05) .bet'“’een the nibS and l'he Shelsl
in both the gerrr-u.xmted and the ungerminated
beans. The coefﬁment of alienation was low in
poth samples with values of 0.20 in ungerminated
cocoabeans (U.CB) and.0.14 in germinated cocoa
peans (G.C.B.), but with corresponding high

values of index of forecasting efficiency of 80 %
and 86 %, respé;ctively. Regression coefficient
values 1.09 (U.C.B.) and 1.17 (G,C.B.)»showing
that the shell would have contributed more into
the proximate composition values in both the
germinated and the ungemlinated‘COcoa beans.

Table 3: Proximate composition of nib and shell of ungerminated and germinated cocoa beans

compared |

[
Constituent Nib (UCB)' Nib(G.CB)"* Shell (U.CB)" Shell (G.CB)"
Toistue content  4.38.£0.04 1184001  727+001 2261002
Dry matter 95.6240.01 98191010  92.71+0.03 97.74 +0.20
Total ash 3.30 £0.01 3.15 +0.20 7.47 £0.01 8.69 +0.00
Crude protein 18.25+0.02  18.03+0.03  14.94:0.03 16.89 +0.01°
Ether extracts 2166004  815%002  10.95+0.04 12.89 +0.42
Crude Fibre 46821003 34001003  18.330.01 26.01 +0.03
Nitrogen free extracts 5.59 +0.04 3486001  41.02+0.03 - 38.12£0.02
Energy (Cals/100g) 290304002 284911002 32239 0.01 334.25 +0.04
Overall mean 60.74 6031 64.39 67.11
Overall S.D. 97.80 9599  108.13 112.07
ce 0.99* 0.99*
C.A 0.14 0.14 .
IFE 86.00 % 86.00 %
RC. 1.17

117 ' 0

‘UCB. = Ungerminated cocoa beans;
b
G-C.B. = Germinated cocoa beans.

A pair wise comparison for both the nibs and the
shell in the ungerminated and germinated cocoa
bf!an_s are shown in Table 3. The Table shows that
: difference occurred in the values of moisture
§2h a percent coefficient of variation (C.V.) of
nigg %, ether extract of C.V. of 64.09 % and
whmgen ffee extract of C.V. of 102.53 %. On the
COeiﬁe'- high positive significant corre]_ahon
both C:ent occurred (p=0.05) between the nibs of
Showe:m Ples while the regression coefficient
P'Oﬁmatthat for every unit increase in the
® composition in the ungerminated

1
cocoa beans, there isanincrease of 1.17 unitsin the
proximate composition of germinated cocoa
beans. The proximate values of shell as depicted
in the Table show that the moisture content has a
wide variation among the two different samples
with C.V. of 74.48 %. Other parameters
determined show the C.V. values of less than 50.0
%. The correlation coefficient was high (0.99) and
significant (p=0.05), the coefficient of alienation
was low (0.14 or 14.0 %), the index of forecasting
efficiency was high (86.0 %) and the regression

coefficient was also high (1.17). The mean values
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Mineral Compositions of Nibs and Shejjs of ! ‘ |
eand 1 d Germinat |
Pﬂ'ri:::d HﬂSeﬂﬂmated ana Germinated Cocoa Begnsg , |
o '

- , total ash and crude i - |
e rm015ht;1r: values repoited be %Otelz“ (}992) but our values for ether extract and crude I
bt eI'Y cJose to Y Opeke  fibre were higher than those reported by Opeke [‘

geV (1992), f
I
Table " Mineral composition (mg/kg) of ungerminated and germinated cocoa beans (dry ! {
eight)’ . . ] |
W2—"""  Ungerminated cocoa beans Germinated cocoa beans |
st Nib Shell Nib | Shell
gpesium 215020 21510.15 2164010  2.18+0.20
i 2.65+0.12 2.6810.03 2721015  2.620.01
. 3.91 +0.04 3.26 +0.02 1204005 565 +0.03
Copper 0.16 £0.04 0.10 +0.05 0.10 $0.01 0.05 +0.01
(romium 0.28 +0.01 0.09 +0.02 0.66 m.o"z 0.57 +0.03
Calcium 4.35 10.02 2.39 £0.01 1.09 :I:O.l‘O 1.52 +0.12
Sodium 330.00 £0.01 495.00 £0.01 340.00 £0.02  320.00 £0.03 l
Potassium 145.00 +£0.01 110.00 +£0.01 35.00+0.02 70.00 +£0.03 |
Phosphorus 149.83 + 0.01 50.25 +0.02 666.68 £0.23 126.00 £0.20 ‘
Overall mean 70.93 73.99 116.62 | 58.73 |
Overall . D. 115.73 162.18 23423 107.34
cC 0.93* 0.66* . ,‘
CA 0.37 0.75
LE.E. 63.00 % 25.00 % |
RC. 1.30 0.30 |
Determinations were in triplicate. ) S ‘H
| : _ |
The m_ineral values of the ungerminated cocoa showingthat Nawas more highly concentrated in f
b in both the nibs and the shell are shown in thenibsthankK. ‘
iﬂﬁze 4. The values of Na, K and P were 330.0 ' J
g /kms/k& 145.0+0.02 mg/kg and 149.83+0.01 The mineral elements in the germinated cocoa I
fg In the nibs respectively. These results beansarealsoshowninTable4. Theresults follow !t
appm?bfuggESt that cocoa beans can provide the trend of the result in ungerminated samples. ‘
baseq € amounts of these minerals in cocoa- However, Fe and P have very high C.V. (%) with |
COnga: pmd“CtS_’ (Fleck, 1976). The shell also values of 91.87 and 136.17 respectively. Other I
o0y, C:I;E;emable levels of Na, Kand P.Mg, Zn metals have variations less than_S0.0 %. _The high |
plemens 2 /eT low; they canhoweverstill  value of P (666.6840.23 mg/kg) in the nibs of the
Ourgeg The minerals from other food germinated cocoa beans deserves special

b 1 g S ibUtiON of the minerals between
:here COeffioq 1S quite varied for Cr and P
N *nt of variation percent (C. V. %)

"iagiy, - 2nd 703 . )
G, "nin the djg 9 respectively. There is no
Sn_oca' Naang distribution of Mg while Zn, Fe,
" The gye "2V€ C.V. (%) values less than
©0fNa: K in the nibs was 2.3: 1.0

attention. The germinated cocoa beans when
fermented leads to the death of the beans, the
death results in a breakdown of the internal 'cell
structure (normally enhanced by germination)
which allows various enzyme reactions ttf) t:l::

lace thereby converting some O :
golyphenolic c};mpou.nds (Woorl:l,' 1975). This
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sion might lead to the release of
Posphorts from chelate complexes resulting in
I:he higher values of the mineral. The statistical
lyses results showed a high positive (0.93)
nd significant correlation coefficient (C.C)
(P=0.05), low (0.37) coe.fficient of alienation
(C.A-)r high (63.0 %) 1'ndex of forecasting
Sfhciency (LE.E) 'and high (1.30) regression
© efficient (RC) in .the ungerminated beans.
However, in ﬂ-}e germinated beans, C.C. was high
056) and significant (p=0.05), C.A. was high (0.75
or75.0 %), I.F.E. was 25.0 % making prediction of
relaﬁOHShiP between the nibs and the shell in the
:nated cocoa beans difficult, the R.C. was
030 ‘which means that in the overall mineral
composition (as determined here) for every unit
increase in the mineral composition in the nibs
thereisjusta corresponding increase of 0.30 in the
sheumerals.

The values of our results for Mg, Zn, Cu, Caand K
are lower than those reported by Olaofe et al.
(1987) while our result for Fe falls within their
own range but our result for Na is higher than
their values; they did not determine Pand Cr. The
major differences in the mineral values in
literature and the current report might be due to
the level of metals in the soils in the different
locations (Sutcliffe and Baker, 1974) and/or
application of fertilizers. The possibility of gross
variation in the mineral content of cocoa-based
products can be minimized by thorough blending
of raw material batches before processing (Olaofe
etal, 1987). The various physiological importance
of the minerals determined have been
eNumerated (Crosby, 1977; Rawnsley; 1959). The
Mineral values in this report are slightly higher
the results obtained in Cola acuminata

A0

(Adeyeye and Ayejuyo, 1994) which is also used
as a constituent of beverages like the cocoa beans;
they also belong to the same family of
sterculiaceae.

Table 5 showed the pair wise comparison

between the mineral elements determined in the

nibs and shell of both germinated and

ungerminated cocoa beans. Minerals that showed

high variation in ‘the nibs were Fe (59.38 %), Cr

(57.45 %), Ca (84.92 %) and P (135.20 %) while the
variations in the remaining minerals were less
than 50.0 %. Although a significant difference
occurred (p=0.05) between the mineral contents
in the nibs, the reduction in the error of prediction
(index of forecasting efficiency) was low with a
value of 25.0 % making the prediction difficult.
Also the regression coefficient showed that where
the nib of ungerminated cocoa bean will
contribute one unit to the overall composition; the
germinated nib will contribute an overall 1.33. In
the mineral variation in the shell values were high
in Cr (102.78 %) and P (100.64 %). However, the
reduction in the error of prediction of relationship
in the shell of germinated and ungerminated
cocoa beans was high (72.0 %) with higher
significant correlation coefficient (0.96) and a
higher value of regression coefficient (0.63). The
results in Tables 4 and 5 shows that the mineral
qualities of germinated and ungerminated cocoa
beans may not|warrant the total rejection of
germinated cocoa beans by cocoa beans

-processors. The subject of byproducts and

alternative uses for cocoa beans was reviewed by
Greenwood-Barton (1965) and their use in the
feeding of livestock has been described by
Owusu-Damfeh (1972).
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Potassium 145.00 £0.02 35 +0.02 110.00 +0.01  70.00 +0.02

Phosphorus 14983 £0.01 666 63 023 50.55 1‘0.62 12;5.00 :t-0.20

Ovesllieait, - W53 116.62 7399 | 5873

Overall S. D. 115.73 23423 16218 | 107.34

C.C 0.66* 0.96*

C. A _ 0.75 028

LFE. 25.00 % 72.00 %

R.C. 133 0.63

CONCLUSION . Food S¢i. Nutr.45:223-230.

The findings of this study suggest that both

germinated and ungerminated cocoa beans have Ajayi, 5.0.1986. Use of flame and non-flame atomic
comparable nutritionally valuable minerals with absorption spectrophotometry for trace and
the exception of K and P. The proteins, crude fibre heavy metal analysis of foods. Paper
and energy were high; the high crude fibre presented at the 1" National workshop on
concentration could be advantageous, if it food composition, held at the University
Possesses hypocholesterolemic properties of Ibadan, Nigeria. :

(Selvendran et al., 1979); the low moisture assists a

long shelf-life. The results here will further A.O.A.C. International, 2005.0ffi

enhance information on cocoa beans in the food
composition tables.

l

, cial Methods of
Analysis. 18" edition, AOAC International,
Maryland, USA.
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