Some factors affecting fat content in cacao beans (Theobro-
mca cacao L), with emphasis on the etfect of the pollinator

parent™
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RESUMO

Ar sementes obtidas em dois experimentos de polinizagio controlada foram
nuprzadar no erwde de variagdo da porcentagem de gowdwra nay sementes de gacan
A andlise dos sesultador ndo permitin detectar diferengas significativas entre as plantas
de nm mesmo clone. Uma correlagio positiva e significativa (v = 0,56 a 0,66) foi
encontrada entre o peso seco das sementes ¢ a porcentagem de pordura, calvwlado com
base nos totais das amostvar de cada nm dos clones. As determinacies enr sementes
individuals mostravans corvelagdes baixas e muitas vezes insigiificativas A variabili-
dade obserpada, com respeito a porcentagem de gordnra, nas sementes obtidas nos
diferenter cruzamentos e mesmo dentro de wm dnico finte, chegon a nwr mdximo de

8 por cento

Tamio o efeito do polem, come do clone materno, resuliaran em diferengar
significativas com relagio a porcemtagem de pordura Ay determinagaesr em sementes
individnais nmostravam diferengds considerdrveis entre o5 diverior crnzamentes ne qwe
respeita a wvavigio do cavdler, enguanto que os ieciprocor revelaram amplitude de
variacdo semelhante. Ertas observacdes indicam qae o genotipo do zigote poderd ser
o fator principal na determinagio da porcenmtagem de gordura nas sementes.

Introduction

LTHOUGH the cacao crop is not a typical oil

crop, its seeds contain about 50 per cent of a

valuable fat. The demand for cacao butter has
always been high, due to its various industrial applica-
tions e g. in farmaceutical and cosmetical products. Al-
ready various researchers have paid attention to this im-
portant character. Vello (7), when measuring the fat
content of hybrid progenies in Bahia, Brazil, discovered
differences up to three per cent, suggesting however
that many uncontrolled factors might have affected the
differences. Alvarado and Bullard (1) indicated inter-
mediate inheritance, when comparing three hybrid po-
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pulations to their parent clones Toxopeus and Wessel
(6) describe how the season con affect fat content and
showed furthermore a positive correlation between bean
weight and fat content within a West-African farmers
population  As first reported by Toxopeus and Jacob
(5), pollination studies indicate that both the female
and male parent might influence the fat content of the
beans

This study was aimed to further analyse the factors
affecting fat content and to determine the variation bet-
ween individual beans. Special attention was paid to the
effect of the pollinator parent.

Material and niethods

The beans analysed resulted from pollination expe-
riments carried out in the clonal garden of the Cacao
Research Center, CEPEC, in Itabuna, Bahiz, Brazil, Eight
different clones were crossed in a 4 by 4 reciprocal
cheme (Table 4) Because little was known about
the fat content of the clones, the choice of the parents
was mainly based on variability in pod characters and
bean weight. IMC 67, SCA 12, ICS1 and UFG77 are
important clones used for hybrid prodaction and have
a different parental background. The SIAL and SIC
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clones aze selections from the local Amelonade popu-
lation. The SIC clones belong to the local white beaned
cultivar ‘Catongo’, wich repertedly contains 2 per cent
more fat then the local purple population (personal
commugication, F. Velle). The success of the ceciprocal
purt of the poilination scheme has been small, due to
a heavy wilting of young fruits. This was notably more
severe on the SIAL and SIC clones, probably because
they had been heavily hand-pollinated for hybrid pro-
duction in the years before, so that their physiclogical
condition was poor

The pollinations were carried cut in a few weeks
of July 1970, so as to avoid seasonal influences. To
protect the flowers from insect visits, glass tubes were
placed on them before and after pollination Each cross
was made on one or more different mother irees The
fruits were all hasvested in the same phase of ripening,
7e. when the colour changed cleatly from green of
red to yellow. Very irregular or damaged Fruits were
excluded from the experiment. Immediately after has-
vest the beans were peeled off and dried for 48 hours
at 105°C, and then stored until fat analyses were done
in the summer of 1972

The possible effect of diffeernt female trees of one
clone on the fat content of its beans was studied sepa-
rately. Two or three different trees of SCA 12 were
pollinated with each of three male parents Pollinations
of this experiments were performed in December 1970
and the fraits harvested in June 1971

All fat analyses ceported here were done by the
low resolution nuciear magnetic resonance method
(NMR). The equipment used was the Newport Ins-
truments Quantity Analyser MK 1A of the Central Ins-
titute for Nuttition and Tood Research TN.O. in
Zeist, Holland. The NMR, appeared to be a quick
and accurate method for fat determinations in choco-
late and related products (8). The method has also
been used before for oil determinations of individual
seeds of many oi! crops (3) In our random samples
of beans from the same population the NMR detected
constantly about 1 per cent more fat than the tradi-
tional soxhiet method This difference is most probably
due to fat remaining in undestroyed cells, that is nat
extracted by the soxhlet metod (8). The NMR appara-
tus was equiped with two measure units: the 40 ml
unit was used for the detesminations on the random
samples from the ceosses, and the 2 m! uait was used
for the individual bean measurements

When sampling for fat analyses, the beans of each
cross were first divided in 5 weight classes, each re-
presenting 20 per cent of the total variation in bean
weight of the cross Afterwards, two subsamples were
chosen randomly within each weight class, Thus fat
content and bean weight could be refated as well as the
average fat content per cross determined. Each subs-
ample contained 7 to 16 whole peeled and dried beans,
weighing together 12 to 16 grams, which was about the
maximum te enter in the 40 ml measure unit Between
every 10 samples two controls containing pure cacao
butter were measured for calibration purposes and to
detesmine the accuracy of the method The average dif-

ference for the two control samples was 0.36 per cent
with 2 standard deviation of 0,33 per cent

Individual beans were sampled from 4 crosses and
their reciprocals For the fatr determinations they had
to be crumbied to enter in the 2 m! measure unit. Beans
with 2 bigger weight than 1| gram did not enter comple-
tely in the unit and in those cases a random sample
from the crumbs was taken The average difference
between: the two control tubes was for the individuai
bean measarements 050 with 2 standard deviation of
0 30.

Processing of the results was done by hand calcula-
tions and by computer, using programs for analyses of
regression, correlation and variance,

Results
The effect of the tree on far content

The possible difference between one tree and an-
other of the same clone was studied by crossing rand-
omly choosen SCA 12 trees with three different male
parents. From each tree two fo five fruits were harvested
and the beans mived together, from which two sub-
samples were taken for fat analyses (Table 1-a). The
statistical analysis, as shown in Table 1-b, indicates the
effect of the trees not to be significant. The P value for
trees within polinator parents exceeds by far the 10
per cent level of significance Noteble is, that the effect
of the pollinator is significant at the 5 per cent level

Conelation between bean weight and fat content

Based on the recotds of 10 samples per cross, the
correfation between dry peeled bean weight and fat
content was established The 10 samples were taken 2
by 2 from 5 bean weight classes, representing the whole
range of vaziation in bean weight of the particuiar
cross. Table 2 a shows a positive and significant corre-
lation for nearly all crosses, existing however important
differences between crosses. In order to caleulate the
overall correlation within crosses, the records of each
sample were expressed as percentages of the average
of each cross Based on these relative figures of all 160
samples, the corselation appeared to be significant with
r= 056and b = 006 (Table 2-b) This indicates that
within each cross an increase of 100 per cent in bean
weight was accompanied by an average increase of 6 per
cent in fat (absolute figures about 3 per cent fat con-
tent).

Table L-b: dwalysfs of varfance

FRree df " F P
Pallinaters 2 9 4oH IEE N 0627
Trees within poilimators £ 0933 163 Q2467
Errer 7 o 3v0
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Table 1-a —Fat analyses of some crosses, using 2 or 3 different trees for each combination

|
l

SCA 12 x UF 613 SCA 12 v SIAT 98

Crosg SCA 12 x IMC 67
Tree code i a b
Number of harvested beans 178 164
Fat content subsamples 510 504 | 52 541 56
Average per tree 542 541
Average per cross 506

d 2 £ l Jis
14 i7 140 E 179
S 532 537 513 547 519 326 ‘ 367 522
535 545 522 51 4
540 518

Table 2-b furthermore shows the coirelation cal-
culated for the average records of cach cross being in-
significant (correlation 1) However, when by sub-
traction the figures were made relative to the averages
of each clone, the correlation becomes significant again
(correlation 3). This difference disappears when ex-
cluding from the first calculation those clones with par-
ticular high bear weights, 1CS 1 and UF 677 (correla-
tionn 2} This indicates, that the observed relation bet-
ween bean weight and fat content may exist within
cettain populations, but net nccessarely between popu-
Iations

Table 2-a: Correlation and regression coefficients bet-
ween fat content (in 6¢) and peeled dry
bean weight (in grams), as measured by
10 samples per cross, divided over 5 classes
for bean weight. Model for lincar regres-
sion Is y=a-kbx, where y is fat content and
x is bean weigt The significance of the
correlationr (r) and regression {b) coeffi-
cients is indicated by 1 or 2 dots (5 and
167 level respectively). The figures under
“total” mdicate the values as calculated over
il subsamples per clone

i SIAT 105 [ SIAT 169] SIC 802 Tatal
I — ! _\ [ SIC 806
B 58 350 0.95 3.22 3 45
IMC 67 |y 1 0os | 085 | 057- | o83 - | 056
b {193 619 2 40 204 415
SCA R L 0% | ool | 066 | 067 | 056
b . . 248 | oo | 500
ICS 1 r * x a66-- | 001 057
b | 263 29§ P17 348
F -
UF 677 | 0 1 ogs 071s ] 081 | 066
! IM{ 67 f iCS ¢ ' UF 677 l Total
b i 331 10.88 —244 | 10.34
SIAL 105} | | 069 | 075 | —015 | 065

Fat analyses on individual beans.

From four crosses and their recipiocals, individaal
beans were sampled at random for fat determinations
The standard deviation for fat content within each cross
varied from 08 to 2 2, showing the absolute variation
for some crosses to be as high as 8 per cent (see Table
3} Even within single fruits, like in the cross SIC 806
X UL 677, we can obzerve this magnitode of vaiiation
The beans of this ¢ross varied from 493 to 569 in
fat coatent. In general afl crosses with UF 677 showed
telatively high variation.

The cosrelation coefficient between dry bean weight
and fat content appeared to be low and nearly always
non-significant,

Lffect of the pollinator on far comtent and bean weight

Table d4-a shows the results as averages of the 10
samples per cross The variation in fat content between
both male and female parents was relatively small, but
cqual in magnitude The maximum difference between
females was 1.86 per cent and between males 1.77 per
cent fat The statistical analysis (Table 4-b) shows the
effect of the females to be significant at the 5.5 per
cent level The cffect of the pollinator parent was sig-
nificant at the 103 per cent level.

Notwithstanding the positive correlation between
bean weight and fat content as observed for the average
figutes per cross (Table 2-b), the effect of the polli-
nator parent on bean weight did not show to be sig-
nificant.

Conclusions and disenssion

The absolute variation in fat content between the
crosses of our experiment was about 6 per cent, SIAL
105 % ICS 1 being lowest with 50 3 per cent and IMC
67 X SIAL 105 highest with 56.3 per cent. However
even greater variation can be expecetd within the cacao
crop. Alvarado and Bullard (1) showed differences
from 479 to 55.4 per cent. Toxopeus (4) demonstra-
ted a variation of 489 to 623 per cent in fat content
when analysing bean samples of 26 crosses, all harvested
within a few days time so as to avoid seasonal in-
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fluence This variation, telatively being about 25 per
cent, should be of interest to the cacao breeders since
chocolate manufacturers use to pay mote for a higher
fat content (1).

Tor the individual bean measurements the correfa-
tion coefficients between bean weight and fat content
appeared to be low and nearly always non-significant.
However when samples were analysed consisting of
several beans and chosen from different weight classes,
the correlation becomes in general positive and signifi-
cant (Table 2). Toxopeus and Wessel (6) showed a
similar correlation to exist within o West-African far-
mezs population. From our results it cannot be deducted
if this correlation is mainly based on physiological or
genetical factors. Table 4-b shows a positive and sig-
nificant correlation for the average records per cross,
when related to the average of each female clone. The
pollinators inducing high fat content generally caused
a higher bean weight too, indicating a genetical effect
on the correlation The differences in bean weight, ho-
wever, wese not such as to result in a significant effect
of the pollinator parent on bean weight.

Important differences in variation of fat content of
individual beanas were observed between crosses, the reci-
procals of wich showed similer magnitudes of variation
(Table 3). This indicates that differences in vasiation
of fat content may be determined genetically and that
selection for genotypes inducing high variation should
be possible. In our experiment Uk 677 showed, either
used as male or female parent, to induce the highest va
riability.

Qur results confirm the effect of the pollinator on
the fat content of the beans as first reported by Toxo-
peus and Jacob (5). Differences of 3-4 per cent in fat
content were observed between male parents The sta-
tistical analysis in one case detected significance at 2.7
per cent and in the other case at 10.3 per cent (Table
1-b and 4-b respectively) The SIC and SIAL clones,
used as male patents in Table 4-a, are all selections
from the local Amelonado population We consider
those clones to be alike in their inherent fat content in
such a degree as to diminish the apparent effect of the
pollinator parent

Table 2-b —Overall correlation and regression coeffi-
cients for dry bean weight versus fat con-
tent. For the coreelations from 1 to 4 the
absolute fat content and bean weight were
used, for the 5th corgelation, however, the
data were transferred into percentages of
the averages per cross.

r b

1 — for the averages of all crosses

(see table 4-a) 0.44 1.58
2w idem 1, excluding the crosses on ICS

1 and UF 677 08t 17.71
5 — for all crosses, but related to the average

per female clone by subtraction 076+ 1104
f — idem 3, excluding the crosses on ICS

1 and UF 677 076 1257
5 — for all 160 samples, but expressed as percen.

tages of the average records of each

cross (==100) 036+ 0.06

Observing the results some indications for practical
use might be considered. First, when screening trees ot
clones on fat content, the effect of the pollinator will
have to be taken in account and prefezably all material
should be crossed with the same male parent, Second,
we may conclude from the significant effect of the
pollinator, that the genotype of the bean might be the
main factor in determining its fat content, indicating
that differences between individual beans may also be
inheritable. For the maize [Zea mayr 1.} crop this has
been demonstrated, and Bauman (2) achieved impor-
tant progress by single kernel selection for higher oil
content. To investigate this possibility for cacae, a noa
destructive method for individual bean determinations
will have to be developed The NMR is a destructive
one, because the beans have to be dried under 5 per
cent humidity wich will kill the seed. Possibly indirect
measurerents using differences in specific gravity or

Table 3.—TIat analyses on individual beans of four crosses and their reciprocals.®

oo SIAL 105 et SIAL 105 i, ur 677 eci. ™ 67 reci.
INE 67 procal Us 677 procal SIC 806 pracal SIC 206 pracal

Number of fruits sampled i3 15 b & 7 1 13 1
Number of beans analysed 30 30 30 29 31 14 30 18

¥ 53 4 553 536 543 550 541 558 54.2

Sy 133 127 219 221 213 201 084 1.17

r 643 018 D05 039 - ¢ 29 —{.07 0.20 —0 2%
* y = gverage fat content of all beans measured

s e standard deviation of fab content and ¢ = the coreelation cocfficient hetween fat content and dry bean weight (significance at

¥
365 indicated with one dot}
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Table 4-a.—Results of the pollinations and fat determinations. Top figure: number of fruits harvested, middle
figure: fat content and lower figure: dry bean weight per cross The fat content and bean weight
were determined as averages of the records of 10 samples per cross, each of which contained 7 to

16 beans
average faf
SIAL 105 SIAL 169 SI1C 862 SIC B0G coatent and
bean weight
13 15 6 13
IMC 67 56 39 54 09 5607 5581 3559
Gl 082 0.98 077 087
13 15 14 13
SCA 12 5297 5292 5478 5428 53 73
076 079 087 081 081
0 G 9 14
ISt {54 32)* {53 52)*% 54 41 55 87 5453
(176)* (170)% 170 188 176
6 14 0 7
UF 677 5452 54448 (55 66)% 56 11 55.19
173 1.62 (1.76) % 178 1.72
Average [at content 5454 5376 55.2% 5552
Average bean weight 1.29 1.23 1.33 1.31
reciprocals IMC 67 IS 3 UTF 6717 uta‘:tr:l‘;!tc :Lf:ati
bran weipht
i3 11 9
SIAL 105 54.38 50 32 5239 52.33
087 068 077 077

F  Tigures caleslated by the missing plot technigue

the half bean technique will prove to be adequate. If
indeed single beans transmit their fat content to the
trees growing from them, this will be of substantial aid
in accelerating breeding progress in the perennial cacao
crop

Summary

The beans resulting from two pollination experi-
ments were used for the study of some sources of va
riation on the fat content of cacao beans No significant
differences between trees of the same clone were found.
A possitive and significant correlation (r=0.36to 0 66)
between bean weight and fat content existed within the
bean populations as a total for female clones. For in-
dividual bean measurements, however, this correlation
was low and often insignificant. Absolute differences in
fat content of individual beans within a cross or even
within one fruit could be high as 8 per cent,

Female and male parents both affected significantly
the fat content of the beans. Also the fat determinations

on individual beans showed considerable differences in
viriation of fat content between crosses, the reciprocals
of which always showed the same magnitude of varia-
tion. So it would seem, that the genotype of the zygote
may be a main factor in determining its fat content.

Table 4-b.——The analysis of variance for parental effects
on fat content (the reciprocals are exclu-

ded)
source df ms § i
Female parent 3 2495 4353 0055
Mazle parent 3 1.770 323 0103
Error G 0.5:48
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Resnmen

Las semillas obtenidas en dos experimentos de pali-
nizacién controlada fueron utilizadas en el estudio de la
variacién de porcentajes de grasa en las semillas de
cacao. El anilisis de los resultados no permitié detectar
diferencias significativas entre las plantas de un mismo
clon. Se encontrd una correlacion positiva y significativa
(r = 0,56 a 0,66} entre el peso seco de las semiHas y
los porcentajes de grasa, calculada basindose en los
totales de las muestras de cada uno de los clones Las
determinaciones en semillas individuales mostraban co-
rrelaciones bajas y muchas veces sin significacion. La
vasiabilidad observada, en lo que se refiere a poecenta-
jes de grasa en las semilias obtenidas en los diferentes
cruzamientos, y también dentro de un solo fruto, llegd
a un méaximum de 8 por ciento,

Tanto el efecto del polen, como el del clon materno,
resultaron en diferencias significativas con relacién a
porcentajes de grasa. Las determinaciones en semillas
individuales mostraron diferencias considerables entre
los diversos cruzamientos en lo que respecta a fa varia-
cion del carécter, mientras que los reciprocos revelaron

una amplitud semejante de variacién Estas observacio-
nes indican que el genotipo del zigote podré ser el factor
principal en la determinacién de fos porcentajes de grasa
de las semilfas.
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