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Thermal Characteristics and Composition of Fats from Theobroma Species!

ABSTRACT

Thermal  behaviors and compositions of fats from 7
angustifolia " bicvtor (from Costa Rica and Brazil), T gilerd
T grandiflora and T manunosa were evaluated in comparison
to cacoa butter. Thealroma tats except for that from Costa
Rican T hicolor. exhibited lower solid fat contents {S§FC)
than tsat of cocoa buiter at room temperatsre (20-25"C),
[his is the result of the high oleic and linoleic acid contents
which made up more than 50%. of their total fatty acid com-
position, Cocoa butter {77 cacas) and Costa Rican 7 bicolor
contained 37 8% and 47 7% of both oleic and linoleic acid,
respectively, The melting behavior of the Costa Rican !
bicolor Fat was similar to that of cocoa butter, but its high
SO0 (8 = stearic acid, O = oleic acid) content {229) would
be incompatible with cocoa butter. However, both Costa
Rican and Brazilian 7 hicolor fats contained high 505, An
SOS fraction could be used to improve the inferior quality
cocoa butter,
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COMPENDIO

Lu evaluscion del comportamiento térmico y la compasis
cton fueron wtilizados para comparar las grasas de 7, angusti-
folia. T kicolor (de Costa Rica v Brasil), 7 gilerf T grandi-
Hora and T nanimesa con la manteca de cacao (7 cacao), Al
ser comparadas a temperatura ambiente (20-257C), fas grasas
de [as especies Theobroma. con excepeion de 1o grasa de la os-
peeie 70 Mhicolor de Costa Rica, presentaron contenidas mas
baios de grasas solidas (SFC) que fa manteca de cacao. Esto
tue debido al alto contenido de dcidas oléico y linoltico, los
cuales representzron mas del 30% del total de deidos grasos.
£'f contenido de los deidos oléico y linoléico fue 37.8% cen ia
manteca de checan {7 cacao) y 47.7% en las grasas de la espe-
vie 1 hicolor de Costa Rica. La forma en que la grasa de la
especie costarricense T Theebronte se derrite, Fue, similar al
comportamiento térmico de ka mantecs de cacao, pero la aita
conceniracion (2277 de triglicéridos de la forma §8O (8 =
deido estearico, O = deido oféico) es diferente a la concentra
cibn ohservada en I manteca de cacao. Sin embargo. ambaus
especies de 7 Bicolor, costarricense y brasilefiz, tuvieron un
alto contenido de $08S. Una fraccion de 808 podria ser wtili-
zada para mejorar ka manteca de cacio de baja calidad,

INTRODUCTION

ocon bulter s a major gredieal in chocolate
and comprises 30-40%% of its weight. The melting
chavacteristics of cocoa butler gre unique, in
having a high solid fat content at room temperature
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and melting at & narrow lemperature range just below
body temperature The high price of cocoa butter
encourages the confectionery industry to search for
economical {ats that have similar thermal characteris-
tics Theoretically, alternative fats have to contain the
same types and proportions of triacylglycerols as
cocoa butter in order to be fully compalible with
cocoa butter. Over 70% of cocoa butter triacylglyce-
vols are POP, POS. and SO8 (P = palmitate, O =
oleate, and § = stearate) In othey words, vocea
butter alternatives should contain high concentrations
of C16-18 fatty acids and monounsaturated triacygly-
cerols that have oleic acid at the sn-2 position Up to
now, most ol the cocoa hulter alternatives are obtai-
ned from the modified vegetable oils, e.g palm oil,
soybean oil, cotton seed oil, and coconut oil (8) Mo-
dification of these oils. which usually nvolve hydro-
genation and frectionation. increases the price of
cocos hutter alteimatives. Some alternatives, such us
lauric cocoa butter substitutes (CBS), are inexpensive
but are not compatible with cocoa buiter Natural
fats, of similar composition from plants of the same
genus as the cacao tree, could be potential cocova
bulter alternatives

There are 22 other species ol the genus Theobroma
in Central and South America, but they are not
widely cultivated as cacao trees (10) In addition to
T cacau, the commonly used species in this genus die
T grandiflora and T bicvlor Fatty acid compositions
and thermal characteristics of fats fronm these last two
species have been studied (1, 2} Tats from T hicolor
and T grandiflora contain high oleic and stearic acid
7. hicolor fat contains 43 2% oleic acid and 40 3-
41.0% slearic acid, whereas T grandiflora fat con-
tains 41 4% and 3} 8.34 0% oleic und stewic acid,
respectively Both fats are softer than cocou butter,
but have similar melting points. T, grendiflore fat had
the same melting point as cocon butter, whereas 7
bicolor fat had a higher melting point, 32°C and
35°C, respectively (1) Fats from uther species ol
Theobroma, however, have not been extensively in-
vestipated

The objective of this study was to determine the
thermal behavior and composition and of fats from
five Theobroma specigs in comparison 10 cocod
butter

MATERIALS AND METHODS

Sample preparation Dry unfermented seeds of T
arigustifolia, T bicolor (from Brazit and Costa Rica),
I' cacao, T gileri, T grandiflora, and T manimosa
were obtained as{oliows: Mature pods were collected,
opened in the field laboratory and the seeds were

Fable 1. Tat content of Fheobroma seeds and  melting
points of their fats,

Fuat content Melting point

Sample (% dry basis} oy
1 cacan 520 299
I bicolor (Costa Rica) 270 297
1. hicolor (Braril) 34 ] 8.3
1. angusrijolio 586 2740
L grandiflors 367 282
I mammuosa 49 6 283
I owiteri 12 -
1 Based on onset temperature by DSC

L]

Ligauid atf room temperature

washed with sawdust and water Seeds were sun-dried
for 20 min and oven-dried at 60°C for 48 h with
mixing  Following collection, the seeds were stored
in & dry atmosphere until being shipped to the Penn-
silvania State University Laboratory. Upon receipt ol
the seeds. they were shelied by hand and ground with
dry ice to prevent the fatl from melting.

Fat content Fafs were solvent-extincted from 2 g
of the dry giound samples using a Tecator Soxtech
systern 1043 Stinples were boiled in petroleum ether
for 45 min and refluxed with the same solvent for
I h Solvent was removed by heating at 60°C Percen-
tages of fat conlent were caleulated on a dry weight
hasis {db)

Melting point and solid fat content Fat samples
were completely melted at 100°C Three microfiters
of the samples were translerred into differential scan-
ning calorimeter (DSC) aluminum pans. Samples were
tempered al 4°C for 24 Iy to initiate crystallization
and. subsequently, at 27°C for three weeks to pro-
duce 1he stable polymorph V urystals Tempered
samnples were analyzed for their melting points and
solid {at content {SFC) profiles by using a Perkin
Elmer DSC-4 Samples were heated from 0°C to 50°C
at the rate of 20°C/min Melting points were deler
mined by measuring the onset temperatures of the
endotherms (5). SPC proliles were obtained using &
partial area program on the same DSC thermograms

Fatty acid composition Fatly acid compusitions
of the tolal lipid fractions were determined as fatty
acid methyl esters using a MHewlett-Packard model
5730A gas chromatograph {GC) equipped with a
flame ionization detector Analyses were performed
isothermally at 180°C ona 182 m x 2 mm column
packed with GP 10% DEGS-PS on 80/100 Supelco-
port {Supelco, Inc) The carrier gas (helium) was at
the flow rate of 20 ml/min
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Triacyglycerol compositions Triacyglycerol com-
positions were evalusted {6) with a Perkin Elmer
HPLC pump and a water differential refractometer
detector model 401. Mobile phuse acetonitrilechlo-
roform 6:4(v/v) was pumped at 0 7 ml/min through
an adsorbosphere C-18 reverse phase column (Alltech
Assoc} Ten microliters of 10% (w/v) samples in
chloroform were injected

RESULIS

Seeds of Theobruma, except for those of T. gileri,
contained high fat ranging from 27% to 58 6% {db)
{Table 1) Triacylglycerol compositions of Theo-
broma tats were evaluated and the results are shown
in Fig 1 and Table 3 Peaks were identitied by com-
paring their retention times with those ol cocoa but-
ter triacylglycesols from previous work (9) and quan-
tification was based on peak area percentages Cocoa
butter contained mainly monounsaturated triacylply-
cerols; namely POP, POS, and SOS, which comprise
more than 80% of the total triacylglycerols. Other
species of Theobroma had high concentrations of
di- and triunsaturated triacylglycerols, namely 000,
AOQ and SO0 (A = arachidate) In addition, fats
from I angustifolio, I grandiflora, and T manunosa
had higher concentrations of high molecular weight
triacyiglycerols, namely SOA and OAA compared to
cocoa butter and T° bicolor fats

Fatty acid compositions of the fats support the
patterns of triacylplycerol content T angustifolia, T

Table 2. Triacylglycerol composition of Theobroma species (%0).

grandiflora, and T manunose fats contained high
arachidic acid; 127, 121, and 13 0%, respectively
{Table 3} These fats were also high in oleic and lino-
leic acid, which together composed more than 50% of
the total fatty acid conteat. Faity acid composition
of I' bicolor from both Costa Rica and Brazil were
most similar to cocoa butter, ie., high in stearic and
low in arachidic acid content. However, T bicolor
fats were approximately 20% lower in palmitic acid
and about {3% higher in oleic scid content than
cocoa butter. 7' gileri was remarkably different from
the other species studied 1t contained only 1% fat
and that fat was charactesized by being low in stearic
and high in linoleic acids. The triacylglycerol profile
was atypical (Fig. 1) The 7. gileri came from a very
restricted area in Ecuador The striking differences
from the other Thechroma spp. may be due to: 1)
it was separated genetically from the other species
for a long time and/or 2) it belongs to another genera
It is apparent from the data that further studies are
needed to clarily the nature of T gileri

The etiect of differences in composition among
fats from Theobroma spp. on physical behavior can
be observed through DSC thermograms After tem-
pering at 27°C for three weeks, cocoa butler was
solidified into the stable polymorph V. whereas T
gileri fat remained liguid at this temperature. Melting
points of sclid phases were similar among different
species, ranging from 27 0 to 29 9°C (Table 1)

Fig. 2 shows the meiting profiles of the fats as re-
presented by SFC at various temperatures Most of

Triseylglycerol T cacao T hicolor T. bicolor
{Costa Ricu} {Brazil)

T" angustifolia

T grandiflora T mmammosa

OLi0 - 06 13
PLIO 08 1.0 L4
rLiP 26 03 0.5
000 06 56 9.3
SO - 0.3 4.2
POC 4.5 135 58
PIiS 48 11 24
POP 185 1.7 2.2
500 60 220 28.0
SLiS - 46 3.2
POS 374 119 167
00A 0.7 23 35
503 320 386 24.0
PS8 0.6 0.7 0.7
50A 1.0 4.0 0.4
888 04 16 04
OAA - - -

AAA - 07 -

19 10 11
14 1.9 21
06 ] 0.5
75 60 6.0
4.4 312 5.7
12 62 31
- 29 19
i4 57 1.3
170 i4.9 228
47 8.3 53
158 180 14 6
16 1 14.0 14.4
55 3.9 4.2
038 1o 09
08 1.6 09
5.5 0.5 0.3
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Fig. 1. Triacylglycerol chromatograms of 7. cacao (A),
Costa Rican 7. bicolor (B), Brazilian T. bicolor (C),
T. angustifolia (D), T. grandifiora (E), T. mammosa
(F), and T. gileri (G). (P = palmitate, S = stearate,
O = oleate, Li = linoleate, A = arachidate).

Theobroma fats were softer than cocoa butter at
room temperature (20-25°C) which is indicated by
lower SFC values. T. bicolor from Costa Rica had
melting characteristics similar to cocoa butter at
room temperature but had higher SFC at temperatures
above 30°C.

DISCUSSION

Theobroma seeds, except for T. gileri, were high
in fat, which could have some commercial signifi-

Table 3. Fatty acid composition of Theobroma fats (%).

100.00

75.00F

so.00} s
s T.CACAO .
.. T ANGUSTIFOLIA Y
7. BICOLOR (BRAZIL)

25.00F  smmm— T, MAMMOSA
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= T. BICOLOR (COSTA RICA)
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L] 1 L S
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TEMPERATURE (C)

Fig. 2. Solid fat content profiles of fats from various Theo-
broma species.

cance. Among fats from Thevbroma seeds, the fat
from Costa Rican T. bicolor was most similar to
cocoa butter in both composition and thermal charac-
teristics. This fat exhibited a high SFC value at room
temperature and had a sharp melting range at temper-
atures above 30°C. One disadvantage is that this fat
had a high SFC value al temperatures over 35°C
(Fig. 2), which may cause an undesirable waxy
mouthfeel. This could be a result of a high SOS con-
tent. Although the Costa Rican T. bicolor fat has a
melting behavior similar to cocoa butter, the use of
this fat as a cocoa butter substitute could be compli-
cated. The difficulty is due to its 43.4% oleic acid
content, which is about 10% higher than contained in
cocoa butter. Oleic acid exists primarily in the SOO
forms in 7. bicolor and is known to promote softness.
The extra double bond in the sn-3 position of the
SOO glycerol backbone may disturb the molecular
packing of the major components, monounsaturated
triacylglycerols. in cocoa butter (3). However, T.
bicolor fat contained high SOS, a major triacylgly-
cerol in cocoa butter. Previous work indicates that,

Fatty acid
Sample 16:0* 16:1 18.0 18:1 18:2 18:3 20:0
T, cacao 28.9 0.2 32.0 34.0 3.8 0.2 1.0
T. bicolor (Costa Rica) 6.8 - 43.5 434 43 - 1.9
T. bicolor (Brazil) 7.8 - 34.0 51.8 5.0 - 1.9
T. angustifolia 4.8 - 25.9 48.8 7.5 - 12.7
T. grandiflora 10.0 0.2 21.7 47.4 8.6 - 12.1
T. mammosa 5.6 0.2 25.9 44 1 10.7 0.5 13.0
T. gileri 11.8 0.8 12.2 342 27.5 2.4 11.2

1 Carbon chain length: number of double bonds.
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in most cases, adding 3-5% of SOS tu vocon butter
can improve the crystallization behavior of an inferior
cocoa butter (7). [t may not be commercially {easible
to use the Costa Rican T bicolor directly as a cocos
butter alternative; however, fractionation of 503
couid be a viable atternative fur improving the quality
of an inferior cocoa butter, The Brazilian I bicolor
fat can be used in a similur way The difference
between the T bicolor fats from the two sources is
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