The shape and size of cocoa beans®”
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Introduaction

HE itmportance of a thorough understanding of
the various physical properties of an agricultural
material (e g cocon beans) in developing both

primary (farm) and secondary (industrial) processing
cquipment is being recognized at an incieasing rate
during the past few years by rescarchers and processors
alike. This is evidenced by the number of research and
review papers on this subject that are being published
or presented at technical seminars and meetings (e g. the
recent National Science Foundation/Pennsylvania State
University Workshop on "Design Applications of Me-
chanical Properties of Tood Material™}, along with the
active participation of industry in such Proceedings (7)

In the case of cocoa beans, a comprehensive study
in this respect was initiated by the author in eatly 1971
at the start of his former assignment with the Agricul-
tural Engineering Division of the Cocoa Research Cen
ter at Itabuna, Brazil (3), although cocoa beans have
been grown and processed for the chocolate or other
secondary industries for over a 100 years. In this res-
pect, cocoa serves as a typical example of an agricultural
product where machinery and equipment has been devel-
oped in the past without due consideration of the im-
pottant bio-engineering interface. The eacliest recorded
investigation on the physical properties of this material
was made by Zehntner {9); a detziled review of later
investigations in this field, along with the general scope
of the present series of studies, has also been recently
published (4) In the same paper, resuits obtained for
angle of repose and bulk density of cocoa beans, as af-
fected by bean moisture content during drying, has been
discussed
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Another important aspect that has also besn con-
sidered in the above paper in detail is the wide range
within which the bean moistare content may vary (55-
39 per cent, wet basis) at the end of the fermentation
and at the start of the drying processes. Some physical
properties of agricultural material are dependent on its
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Fig 1 ——Cocou pods on the tree and u section throwgh o cocoa bean
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moisture content, and it is interesting to note the wide
range within which a cocoa bean can be found at the
wet stage

In the present paper, the results of a stady with the
shape and size of cocoa beans at the wet stage, along
with the correlation between length, breadth, depth and
areas of the flat and transverse surfaces have been dis-
cussed,

Cocoa pods and beans

The development of a cacoa pod and the beans that
are contained in it (Fig 1) is considered to be a highly
complex physiological process that continucs from the
inflorescence to the ripe pod stage on the tree (1}
A cocon pod, containing an average of 32 beans, is
considered to be ready for harvest between 150 to 190
days after polfination, depending mainly on the average
datly temperature and other factors during the growing
season. Harvesting may continue throughout the year,
except during the cold season, when the pods do not
mature. After harvest, the hard pod is split open by a
cutlass and the beans, encased in a thick layer of mu-
cilage, are extracted by the farm operator’s fingers for
the follow-up fermentation process which releases the
bean from the mucilage. The beans are generally con-
sidered to be elliptical in shape
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1L cu, m -
Fermenting
Box Random
AR ' S
( 450,000 Bulk Sample
Beans)
|
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Minimum and Random
. .
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Materials and methods

Fresh cocoa beans obtained from the pods are fer-
mented in wooden boxes of approximately 1 cubic meter
cach for an average period of 6-7 days, after which they
are dried; the output of each box may vary between
850 and 950 kg, with an average of approximately
450,000 beans (Fig 2) The shape and size of cocon
beans at the wet or fermented stage were studied in
terms of length, width, depth, and areas of the VHat”
side and the “transverse surface’” of the bean. A random
bulk sample of approximately 2 kg or 1000 beans was
drawn from the output of the fermenting box; at the
laboratory, this was reduced to a randomly picked 100-
bean sample for the experimental work. A total of 36
such samples, each containing 100 beans, were studied
over a period of 14 months. The samples were obtzained
from the 760 hectare farm of the Cocoa Research Cen-
ter, using the output of only those fermentation boxes
where the processing is carried out in the traditional
way and excluding hybrid and other experimental mate-
rial, which are processed separately from the normal
production

The length, width, and depth of each bean was
measured with a micrometer screw gauge. To calculate
the two areas, the bean was dipped in methylene blue
dye and the flat surface pressed against a graph paper
resting on a thin soft surface; it was then cross-sectioned
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at the center (determined by eye through practice) and
repressed against the graph paper to obtain an impres-
sion of the transverse surface By counting the number
of complete squares inside the outline so traced and
adding to them a half of the incomplete squares, the
areas for both the surfaces were determined. The method
used is simifar to that developed by the author in an
carlier investigation with coffee beans (2)

It is considered to be an effective and economic
method, albeit more time consuming, particulacly for
developing areas of the world where expensive and
sophisticated equipment is neither easily available nor
economically justifiable Mohsenin (6), on the other
hand, has described another technique of using 2 photo-
graphic enlarger for small objects like seeds, from which
tracings of maximum and minimum projected areas are
obtained and which are also used for measuring the
values of &, 3, and z axes

Results and discusiion

Correlation between length, width, and depth

Typicad mean values obtained from the 3600 indi
vidual observations, using 36 samples of 100 beans each,
are shown in Table 1, along with the maximum and
minimum values and the arithmetic means of all the
samples.

Using the mean values in Table I, the following
general equations can be written to express the relu-
tionship between tength (L), width (W), depth (D)),
and the areas of flat (Fa) and transverse (Ta) surfaces:

L = 1865 W = 2763 D (1]
W = 0536 1 = 1484 D r2}
D = 036l L = 0674 W [3]
Fa = 2994 Ta [43
Ta = 0334 Ta [5]

The coefficient of correlation for the ratios of mean
length/width, length/depth and width/depth is shown
in Table 2, indicating that they are significant at the
1 per cent Jevel

Freguency distribution

The frequency distribution curves for the mean
values of all the dimensions studied, shown in Fig. 3,
indicates a trend towards normal disttibution The dis-
tribution of W is over a very natrow base compared to
the other values, while that for Fa is over ¢ very wide
base, indicating that the area of the flat surface is much
more variable than the other values Also, the curves
for both ¥a and D have a tendency to be rather skewed,
while the other three are normal in shape

Table 1 -—Length, width, depth, and areas of flat and
transvetse surfaces of cocoa beans: 36 sam-
ples of 100 beans each

fength Width Dpth Atea of 'If:\'lrﬁg\'e(:'(sc
Sample e cm e Fl;\.t Surface Surface.
s cm s Cm
Typical
means 2583 1377 1033 3089 1.103
2361 1278 0825 2 786 0934
2379 1 200 G 769 2772 0834
dMaxtmum 3450 1 820 1950 5470 1830
Ainimum 1290 {0 800 000 1400 0200
Arthmetic
mean 24439 1308 { 881 2928 0.978

The standard deviation and variance iatios (Table
3} of all the dimensions studied indicate that the dif-
ference within the samples is significant at the 1 per
cent level  Also, as illustrated by Fig 3, the standard

Table 2 -—Cortelation for length/width, length/depth
and width/depth ratios.

Ratio Correlation r t - fesk
Length/width 05709 16 4376
Length/depth 0.5250 129353%
Width/depth 0 7606 46 6834%

# Significant st [ per cent level

Table 3 ~Standacd deviation and variance ratios for
length, width, depth and areas of flat and
transverse surfaces.

Measuremeat Beviaton | Ram
Length 02287 6 6889*
Width ¢ 0861 1.664:4%
Depth 01197 3 2690%
Arca of Flat Surface 0 2733 2 6001
Aren of Transverse Surface 01112 2 6645%

®  Significant at 1 per ceat level
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80 5 - axis As both the lines in Fig. 4 pass through the origin,
" rlar surface . Lew-300p L the equation for a straight line (y = mx + ¢) can be
Area (£a) A & 0.600 - 2.000 W rewritten as:
& 0.200-1.600 D
*x  2.G0¢ - 3.800 Ta
60 | . ® © 600~ 2.000 Fa Fa = m, L W _ o [6]
and
= Ta = m, W.D e . {71
;-‘ in P e
: B % . Width (W) where m, and m, are the slopes.
= Trandterse :e"m © By substituting the calculated values of m, and m,
0 L area (T) / xl e =Pk @ from Fig 4 in Equations {47 and [5], we have:
A a2’
/\\ \ Fa = 09125 L.W . [8]
/ H x‘\ N and
o L2 1 L1 % | RRegy X Ta — W D
I, Wor D em; Faer Ta, sq. cm a=20 8312 ' . T " . {9}

Fig. 3 —Freguency dintribation curves for mean raluet of coroa beans

deviation values obtained for W and Fa are the Jowest
and highest, respectively, in Table 3.

Avea ar a function of length, width, and depth

The areas of the flat surface and the cross-sectional
or the transverse surface of a cocoa bean are useful
values for designing processing equipment, eg for
prneumatic conveyance of the beans, While determina-
tion by a direct measurement is difficult, the most com-
monly used indirect method is the prediction of area
from the measurement of either length, width, or the
depth of the product. In the present application, the
measured values of Fa and Tz have been plotted as
a fuaction of the product of L and W and of W and
D, respectively (Fig 4), from which the relationship
is found to be linear and positive.
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Fig. A —~Calctlated s measared values of Fa and Ta.

The terms L, W, and D can, however, be also ex-
pressed as 2 function of the other two terms from equa-
tions [1] to [3], and equations {8} and [9] can
therefore be rewritten as:

Fa == 04891 1? =x 1.7018 W* = 3.7483 D* . . [10}

and

It

Fa o= 04891 L = 1.7018 W* = 37483 D* [10}

The main advaatage of these two equations is that
the flat or transverse area of a cocoa bean can be pre-
dicted with 2 reasonable accuracy from the measurement
of any one of the three principal dimensions of length,
width or depth.

By considering the cocoa bean as truly elliptical in
shape, the calculated areas Af (flat surface) and At
(transverse surface) can be obtained from the formula
for ellipse:

™

A = .DJd
4

[12]

where D and d are major and minor diameters.

A comparison of the calculated values with the
measured values (Table 4) indicate that the cocoa bean
is more truly ellipsoid along its flat surface than along
its transverse surface

Table 4 —Calculated and measured values of cocoa bean

area.
Area, sq. cm
Meassurement Ratio C/M
Calculated (C)\Mensu:cd (M)
Flat 3190 {(Af) | 2928 (Fa) 1.089
‘Transverse 1.152 (At) i 0978 (TIa) 1.177
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Effect of variety and searon
B

It is recognized that variety and growing season are
probably the two most impoctant factors which are
likely to affect the various numerical values obtzined in
this study to define the shape and size of cocoa beans.
While the effect of the various recognized varieties of
cocoa beans should be studied in detail, the present
values would serve to quantify the dimensions of a
cocoa bean; a similar study by Glosh and Gacanja (2)
with the two major varieties of coffee beans indicated
that there is a distince difference between them. The
effect of the growing season on the numerical values
for cocoa bean would be the subject of a separate report
by the autho:, while an investigation by Wessel and
Toxopeus {8) indicates that the environmental factors
and seasonal effects affect the bean value of the West
African Amelonado cocon beans  Another report by
Ghosh and Cunba (3) also indicates that the growing
season has a significant effect on the sun drying rate
of cocoa beans in Bahia, Brazil,

Suninary

A quantitative definition to the shape and size of
cocoa beans at the wet stage has been provided in terms
of their length, width, depth and the areas of flat and
transverse surfaces, the latter being obtained by a cross-
sectioning of the bean. Fmpirical equations for esti-
mating area from a measurement of any of the three
principal dimensions have been proposed.
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