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Abstract: A series of Ethyl formate (EF) concentration from 76 to 380 gL  were applied onto 2 metric tons of1

dry cocoa beans. The fumigations were carried out on a semi commercial storage condition in a field warehouse.
Dry cocoa beans treated with EF were analyzed for pH, titrable acidity and microscopic scanning with
environmental scanning electronic microscopic (ESEM). The cocoa liquor produced from beans treated with
EF was tested for viscosity and sensory tests. Whilst the cocoa butter extracted from fumigated beans was
analyzed for melting properties and triacylglycerol (TAG) composition. The finding indicated that the pH and
titrable acidity were significantly different (p<0.05) at EF concentration of 380gL  compared to other samples1

and slightly higher than control. The microscopic view for both fumigated and non fumigated samples did not
show any different. The viscosity of samples was increased with increasing EF concentration; however the
sensory evaluation did not indicate significant difference (p>0.05) for all attributes tested. The melting
characteristic did not show any changes among samples compared to control, except for melting enthalpy which
increased slightly in all samples. This minor increment did not influence the melting behavior of cocoa butter.
There was no change in TAG composition detected in fumigated cocoa butter, therefore EF was not absorbed
into fat in cocoa beans. With these evidences, it can be concluded that EF did not affects the quality of cocoa
beans, cocoa liquor and cocoa butter. 
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INTRODUCTION Ethyl formate (EF) has been used as fumigant since

In developing countries where modern storage for dried fruit [3-5]. EF has been re considered as
technologies have not been practices insect damage in alternative to methyl bromide [6]. However EF was found
stored grains, pulses and dried products may caused 10 naturally present in Australian wheat, barley, oats and
to 40% loses. Fumigant is employed to minimize this loses canola during first 10 months. The amount differ with
and to overcome insect  infestation.  Presently,  fumigants commodity, storage temperature, storage duration and
which are widely used for control of storage pests are moisture content [7]. EF has been used routinely as a
phosphine and methyl bromide. Fumigants are gaseous fumigant for dried fruit in Australia and elsewhere, has
pesticides that are commonly used in considerable been found to be generally effective against stored pests
amounts for control of primarily of insects, mites, [8, 9]. However, EF exists naturally in a range of products,
nematodes, wireworms, rodents and at lesser extent including vegetables products, animals’ products and
bacteria, yeast and molds in stored foodstuffs. High also products from stored grain [10]. 
exposure to fumigant such as ethylene bromide could be Most of the fumigant used in food commodities
health hazard for human. Fumigation of  food  products could absorb into the product and could also change the
could also cause fumigant to be taken up by the products physical and chemical properties of the product. Cocoa
as residual. beans are a hygroscopic and easily absorb foreign matters

many years ago for stored products in general [1, 2] and
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from the surrounding [11]. The maximum residue limit 0.1N NaOH to a pH of 8.0. Titrable acidity was calculated
allowed in food commodities have been set by individual
country and control by Food Agriculture Organization
(FAO) and World Health Organization (WHO). Therefore,
this study focuses on evaluating the physical properties
of cocoa beans, cocoa liquor and cocoa butter derived
from fumigated dry cocoa beans.

MATERIALS AND METHODS

Fumigation Treatment: Two metric tons (32 bags) of dry
cocoa beans (62.5kg of dry cocoa beans packed in jute
bag each) were used in the trial. The beans were uniform
in size with bean count of 103 beans per 100 g, well
fermented with fermentation index of 97.4% and moisture
content of 6.5 ±0.3 %. A total of 32 bags were placed
under tarpaulin made of canvas. Polyvinylchloride (PVC)
piping was used as the frame of the fumigation space.
Tarpaulin was layered on to the piping frame and on the
pallets at the bottom of the gunny sacks. These two
layers of tarpaulin were sealed to avoid leaking and gases
lose during fumigation. Liquid EF was introduced in four
containers and placed at four different positions (at each
edge on the floor) under the tarpaulin to produce EF
vapor. To complete the trial, six different volumes of EF
(660, 726, 1045, 1320, 165 and 3300mL) were introduced
inside fumigation space of 7.74 m  without forced air3

circulation to give EF concentration of 76.10, 83.71, 102.49,
152.19, 190.24 and 380.48gL  respectively. For each trial,1

32 new test bags of cocoa beans were used. 
All chemicals and standard used were of analytical

grade. The purity of EF used was 97% and a specific
gravity of 920gL . The concentration of EF for each trial1

was calculated based on fumigation space, volume of EF
used, EF purity and specific gravity.

Physico-Chemical Analysis on Cocoa Beans, Cocoa
Liquor and Cocoa Butter: About 500 g of cocoa beans
was drawn from each fumigation trial and prepared for
physical test. Each trial was done in duplicates. All
physical tests were carried out in triplicates. 

pH and Titrable Acidity: Titrable acidity (TA) and pH
were obtained from the method used by Duncan et al.
([12]. A pH meter was calibrated with buffer pH 4 and pH
7. About 5 g of ground cocoa beans was weighed and 45
ml boiling water was added. The mixture was homogenized
and filtered through Whatman No.4 filter paper. The pH of
25ml of cooled filtrate was measured and then titrated with

as mEq NaOH/g as follows:

TA (mEq/g) = (Vx0.1N)/ (W)

Environmental Electron Microscopy Scanning: The
fumigated beans were analyzed under environmental
electron microscopic model Phillip XL 30 ESEM. The
cocoa beans were cut into small pieces of 1 cm  and then3

mounted on stub specimen holder by sticking it on using
conductive carbon point colloidal graphite in 20% solid
isopropanol (conductivity paint electrodag 915 RFU, made
in Acheson Colloids Company, Prince Rock, Plymouth,
England). Then the beans were coated with gold dust by
sputtering for 180s using sputter coater model Baltec SCD
005 and then viewed under SEM electron microscope. 

Viscosity Analyses: The rheological property of cocoa
liquor was determined using a digital viscometer (Model
HADV-11+PRO, Brookfield UK) with spindle no. SC4-25.
Cocoa liquor was prepared and was filled into a sample
cup and then placed in the instrument which was set at
40°C. The measurement was set at 6 speeds per ramp with
starting speed of 50rpm to end speed of 100rpm and each
speed was held for 10 second. Model NCA/CMA Casson
was used for measurement of plastic viscosity and yield
stress of liquor.

Sensory Evaluation of Cocoa Liquor: Cocoa nib samples
were roasted in oven (Memmert, U.K) at 135°C for 35
minutes. The nibs were grinded into smooth cocoa
paste/liquor in Mortar and pestle mill (Pascal, U.K) for 3
hours and kept warm in oven at 45°C. Approximately 5ml
of cocoa liquor was placed in a glass and distributed to
sensory panels.

Sensory evaluation of cocoa liquor was carried out
using descriptive analysis with scale of “0” to “10” where
“0” indicates the absence or minimum intensity and “10”
indicates the maximum intensity. Sample was labeled with
randomly selected 3-digits numerical code. Ghana cocoa
liquor was used as reference sample. About 10-expert
panelists from Malaysian Cocoa Board participated in the
evaluation and the flavor characteristics evaluated were
cocoa, bitter, astringent, acid, fruity, mouldy, raw, smoky
and thickness/viscous. Control sample was prepared from
not fumigated cocoa beans. Method of sensory
evaluation was adopted from Aminah [13]. Statistical
analysis was carried out for one-way ANOVA and
Tukey’s multiple comparison tests using Minitab-14
software.
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Melting Properties of Cocoa Butter: The melting profile
of cocoa butter samples was measured using a scanning
calorimeter DSC-7 (Perkin Elmer, Norwalk, Connecticut,
USA) based on method by Md. Ali and Dimick [14]. The
sample was melted in the oven at 50°C. A sample
weighing 3-5mg was hermetically sealed in a DSC
aluminum pan. The sample was heated to 60°C for 30 min
and then cooled at 0°C for 90 min. It was then transferred
into an incubator and maintained at 26°C for 40 hours for
stabilization. The sample was cooled again at 0°C and held
for 90 min before being transferred to a DSC chamber and
held at -25°C for 5 min on the DSC head. The melting
profile of sample was measured at a heating rate of
20°C/min to a maximum of 50°C. Measurement was made
in triplicate and the mean value was used.

Determination of Acylglycerol Composition:
Triacylglycerol (TAG), diacylglycerol (DAG),
Monoacylglycerol (MAG) and all lipids composition in
samples was analyzed according to Kimmey and Perkins
[15]. The  samples  were  prepared  at  the  concentration
of  1.5%  (w/v)  in  chloroform.  The  portion  of  samples
were filtered with 0.45 µm nylon membrane filters
(WHATMAN, England) using a syringe and transferred
into 1 mL vial. The samples were analyzed for TAG, DAG
and MAG by High Performance Liquid Chromatography
(HPLC) using Symmetry Shield TM RP C18 5 µm (4.6x250
mm Column; Waters, Massachusetts, Ireland) equipped
with an evaporative light scattering detector (ELSD). The
mobile phase used was acetonitrile: acetone (40:60 v/v) at
a flow rate of 1.0 mL/min. The tested sample (10 µL) was
injected and the column was thermo stated at 30°C. The
lipid standard was used to obtain the respective retention
times which later used to identify the glyceride species
present in the samples. The content of TAG, DAG, MAG
and other lipids was reported as the percentage of peak
areas.

RESULT AND DISCUSSION

Table 1 indicates the pH and titrable acidity of
fumigated cocoa beans. The pH recorded for fumigated
beans were 4.61 to 4.93 compared to control 4.68. For both
pH and titrable acidity sample 1 to sample 5 were not
significantly different (p>0.05) between samples and
control except for sample 6. This slight increment did not
affect the quality of the cocoa beans as reported in
sensory evaluation (Fig. 2). However, the viscosity of the
cocoa  liquor  was  significantly  increased  (p<0.05)  in  all

Table 1: pH and titrable acidity of fumigated cocoa beans

Sample pH ± SD Titrable acidity (mEq/NaOH/g) ± SD

1 4.61 ± 0.13 0.13 ± 0.01 a a

2 4.65 ± 0.07 0.14 ± 0.93 a a

3 4.70 ± 0.10 0.14 ± 0.02 a a

4 4.66 ± 0.01 0.13 ± 0.01 a a

5 4.59 ± 0.13 0.14 ± 0.02 a a

6 4.93± 0.04 0.24 ± 0.12 b b

Control 4.68 ± 0.03 0.12 ± 0.01 a a

Value along the same column with the same superscript are not significantly

different at p>0.05.

Cocoa beans fumigated with EF volumes of 660 mL (1), 726mL (2),

1045mL (3), 1320 mL (4), 1650 mL(5), 3300 mL(6) and control (without

fumigation).

Table 2: Viscosity and yield value of cocoa liquor from fumigated cocoa

beans

Samples Yield value (Pa) ± SD Viscosity (poise) ± SD

1 7.71±0.16 3.56 ±0.06d a

2 8.56±0.09 4.66 ±0.09e b

3 5.25±0.07 5.21±0.13a c

4 6.72±0.17 5.17±0.05c c

5 8.89±0.13 7.06±0.01ef d

6 9.11 ±0.16 7.13±0.09ef d

Control 5.78±0.11 4.42±0.25b b

Value along the same column with the same superscript are not significantly

different at p>0.05.

Cocoa beans fumigated with EF volumes of 660 mL (1), 726mL (2),

1045mL (3), 1320 mL (4), 1650mL(5), 3300mL(6) and control (without

fumigation).

samples from 3.46 to 7.13 poise compared to control (4.42
poise, Table 2). The yield value of the cocoa liquor also
increased significantly (p<0.05) with EF in all samples. The
viscosity finding was not supported by sensory
evaluation results. However, The Brookfield viscometer
is more sensitive to detect minor increment compared to
sensory evaluation performed by sensory panels.

Fig. 1 shows the diagram of microscopic scanning of
fumigated (A) and not fumigated cocoa beans (B). The
diagram (A) looks like air bubble trapped in the cocoa nibs
compared to control (B). However, this evident is not
supported by other physical tests such as melting
properties and determination TAG composition in the
cocoa butter (Table 3 and Fig. 3). The TAG chromatogram
shows there is no change in TAG composition was
detected. Therefore, it can be concluded that no binding
of fumigant with fats of the cocoa beans were found.
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Fig. 1: Environmental scanning electron microscope (ESEM) viewing on fumigated (A) fumigated cocoa beans and not
fumigated cocoa beans (B).

Fig. 2: Sensory profile of cocoa liquor from fumigated cocoa beans with EF.
Note: Not significant at P>0.05. Cocoa liquor sensory  profile  for  cocoa  beans  fumigated  with  EF  volumes
of 660 mL (1), 726mL (2), 1045mL (3), 1320 mL (4), 1650mL (5), 3300mL (6) and control (without fumigation).

Fig. 3: TAG Chromatogram of fumigated bean



Am-Euras. J. Agric. & Environ. Sci., 15 (6): 972-977, 2015

976

Table 3: Melting properties of cocoa butter from fumigated cocoa beans
Samples Onset temperature (°C) Peak temperature (°C) End temperature (°C) Melting enthalpy (J/g) 
1 27.86 ± 0.18 a 33.02 ± 0.28 a 37.00 ± 0.47 a 145.70 ± 0.77 b
2 27.84 ± 0.16 a 32.78 ± 0.00 a 36.76 ± 0.17 a 145.45 ± 0.49 b
3 27.86 ± 0.08 a 33.14 ± 0.08 a 37.30 ± 0.35 a 148.52 ± 0.69 c
4 27.80 ± 0.42 a 32.90 ± 0.06 a 36.55 ± 0.16 a 148.61 ± 0.77 c
5 27.94 ± 0.02 a 32.95 ± 0.18 a 36.89 ± 0.35 a 147.89 ± 0.21 c
6 27.58 ± 0.04 a 33.14 ± 0.42 a 36.83 ± 0.56 a 148.64 ± 0.73 c
CONTROL 28.28 ± 0.49 a 34.39 ± 0.23 b 37.39 ± 0.76 a 138.14 ± 0.69 a
Value along the same column with the same superscript are not significantly different at p>0.05. Samples fumigated with EF volumes of 660 mL (1), 726mL
(2), 1045mL (3), 1320 mL (4), 1650mL (5), 3300mL (6) and control (without fumigation).

Table 3 reveals the melting characteristic of the cocoa beans, cocoa liquor and cocoa butter. Minimum increment
butter extracted from cocoa beans fumigated with EF. The
onset temperature and end set temperature did not differ
significantly among samples and control. The peak
temperature in all samples was significantly different
(slightly lower) compared to control. Whilst, the melting
enthalpy increased from 145.70 to 148.64J/g compared to
control 138.14 J/g. An increment of 7.56 J/g (sample 1) and
10.5 J/g (sample 6) compared to control does not indicate
major changes occurred in melting profile of cocoa butter.
This increment could not make changes in finish product
such as chocolate. According to Fisal et al. [16] melting
profile using DSC can be used to detect changes in cocoa
butter if adulteration or addition with other substitutes
such as cocoa butter equivalent was present in cocoa
butter. The melting properties will be altered by addition
of other fats. 

Fig. 3 shows the chromatogram of cocoa butter
derived from fumigated cocoa beans. The results
indicated that there was no change in TAG composition
was found in the fumigated cocoa butter. As shown in the
Fig 3, the circle indicates MAG, DAG and TAG were
found similar to that in ordinary cocoa butter. CB is a
natural fat that has a quite simple composition, even
compared to that of other vegetable fats. CB is mainly
composed of TAG (97%), other components being
Diasilgliserol (DAG) (~1.3%), free fatty acid (~1.2%),
complex lipids such as glycolipids (~0.5%) and
phospholipids (~0.1%) [17]. Cocoa butter has unique
melting and crystallization properties. Therefore, melting
characteristic, DAG and TAG composition and
crystallization behavior can be used to determine any
changes in cocoa butter quality. 

CONCLUSIONS

Ethyl formate (EF) was successfully tested as a
fumigant for dry cocoa beans and the effect on cocoa
beans, cocoa liquor and cocoa butter were analyzed. This
fumigant does not make any quality changes to the  cocoa

in pH and titrable acidity of cocoa beans could not alter
the semi finish product such as cocoa liquor and cocoa
butter. The minimum changes in melting enthalpy also
could not affect the final product such as chocolate.
Therefore, EF is suitable to be established as fumigant for
dry cocoa beans either for storage or quarantine
requirement.
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