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Effect of the types and concentrations of alkali
on the color of cocoa liquor
Pablo Rodrı́guez,a Elevina Péreza∗ and Romel Guzmánb

Abstract

BACKGROUND: The alkalization process is extensively used in the cocoa industry, but information is scarce and not easy to
acquire. The goal of the study was to evaluate the effect of different types and concentrations of alkali on the color of cocoa
liquor. Dried beans from Chuao (state Aragua, Venezuela) were used to produce cocoa liquors. Samples of liquors were alkalized
with solutions of NaHCO3, Na2CO3 and NaOH at concentrations of 10, 20 and 30 g kg−1.

RESULTS: The data showed that values of the coordinates L∗, a∗ and b∗ decrease when liquors were treated with the three
different types and concentrations of alkalis. Almost all samples had �E∗ values above 1. The ratios b∗/a∗ and a∗/b∗ and the
proximate composition were also modified. Crude protein, crude fat and polyphenol concentrations were decreased and the
ash content augmented as concentrations of the alkalis were increased. The fatty acid and sugar profiles were also affected.
These ratios were most pronounced when NaOH was used.

CONCLUSION: The selection of the type or concentration of alkali is a function of the type of product to be elaborated.
c© 2009 Society of Chemical Industry
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INTRODUCTION
Venezuelan cocoa has long been prized by Europeans for
its unique aroma. The best beans come from the fertile
forests of the central Caribbean coastal areas such as Chuao,
Cuyagua and Ocumare, where the hot, humid climate is
ideal for its development. Despite international reputation,
however, the process of cocoa transformation in Venezuela, from
harvesting the beans until drying, is quite ancient. Beans are
separated manually, collected in baskets and transported to the
fermentation station, where they are fermented, depending on
local custom, for 3–7 days. Increasing requirements and demands
from national and international industries for cocoa beans
(Theobroma cacao L.) to produce a range of good cocoa products
have stimulated agriculture as a consequence and brought
about technological transformation of the traditional process.
The Venezuelan government has implemented several policies
designed to rescue the quality of crops, cocoa production and
the transformation of traditional areas. The quality of Venezuela’s
cocoa can best be appreciated when additional technology is
applied to the processing in order to vary its functionality. The use
of alkalization is one of these technologies; however, the technique
is not well known, neither by the various regional farmers nor by
the small regional cocoa producers, and hence it has not been
well studied. It would be interesting to apply alkalization to the
dry nibs from the Chuao region for different food uses.

The cocoa alkalization method was used at the first time by
Van Houten in 1828 and cocoa beans treated by this method are
called alkalized (‘Dutch process’) or soluble.1 – 3 To obtain alkalized
cocoa beans, several steps are involved: the beans have to be
non-sprouted, clean, roasted and milled. Then, after treatment,
the beans without germ are pressed and finally milled.2 – 5 Cocoa

alkalization can be applied at different points in the transformation
of the cocoa beans. It can be performed using alkali solution,
usually as sodium or potassium carbonate, on the cocoa beans,
liquors partially or totally defatted, nibs, granular cocoa or on the
press cake. The dry solids from the alkalized cocoa are milled to
obtain the alkalized cocoa powder.1,6 – 8

‘Dutching’ or alkali treatment is used to lower the bitterness,
increase the pH and darken the color of the cocoa powder. The
characteristic color of cocoa is due to the polyphenol oxidase (PPO)
enzyme action, which has optimal activity at pH 8.0.9 The enzyme
acts by oxidizing polyphenolic compounds from cacao, producing
melanoidines (pigments of brown color), thus degrading and
reducing the polyphenolic substances.10 As the pH increases, the
phenolic compounds develop a reddish-brown to black color.
The higher the pH, the darker should be the cocoa. Cocoa that
has undergone alkalization has reduced natural bitterness and
enhanced color, making it darker. Natural cocoa is quite strong;
it is somewhat bitter and less dark. The alkali can also react with
the fat producing a little saponification, which can give the cocoa
a soapy flavor. The reaction kinetics are a function of time and
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temperature, producing several changes to the taste, color, and
dispersion. It has been demonstrated that varying the type and
concentration of the alkali, the time and temperature applied, can
improve the alkalization process.7 According to these authors,7

nibs that were treated with solution of 47.8 g kg−1 (w/w) of K2CO3

at 108 ◦C, over 54 min, had a darker brown color than those that
were alkalized with solutions of 12.2 g kg−1 (w/w) or 30.0 g kg−1

(w/w) K2CO3 at 108 ◦C. Other authors5 had pointed out that a
reaction will not be developed below a concentration of 10 g kg−1

(w/w), due to the low alkalinity, and above a concentration of 30 g
kg−1 some off-odor could be produced. Since color and flavor
are attributes of cocoa that can be considerably altered by the
concentration of the alkali and the temperature of the process,
these factors must be controlled during processing.1

On the other hand, evidence from the literature has shown that
alkalization reduces polyphenolic compounds.11 – 14. Contrarily to
the large decrease in flavonoid content of natural cocoa powder
that was found,15 as shown by results of alkalinization treatment,
and the impact on its antioxidant properties and polyphenol
bioavailability, other findings have shown that Dutched cocoa
powders, especially light- and medium-Dutched ones, retained
significant amounts of cocoa flavanol antioxidants. In fact, despite
the losses created by light to medium Dutch processing, these
cocoa powders still were in the top 100 g kg−1 of flavanol-
containing foods when results were compared with foods listed in
the USDA Procyanidin Database.16

Alkalized cocoa is used in a numerous of food products, while
cocoa with a pH value close to 8.5 (called dark cocoa) is used
as a colorant.1,8 The alkalized cocoa powder can be utilized in
products such as baked items, desserts, ice cream and beverages.
Because of its attractive color, strong alkalized cocoa is preferred
as an ingredient in products involving ulterior processing such as
baking mixes, ice cream and desserts.7,11

The goal of the study was to evaluate the effect of three types
of alkali (sodium bicarbonate, sodium carbonate and sodium
hydroxide) and three concentrations (10, 20 and 30 g alkali kg−1

of liquor) on the color of cocoa liquor elaborated with beans from
the Chuao region, Aragua State, Venezuela.

MATERIAL AND METHODS
Materials
Cocoa beans from Chuao were used to produce the cocoa liquor.
To produce the liquor, four batches of 1.5 kg of beans were
roasted in an oven at 150 ◦C for 30 min,12 cooled and manually
decorticated. 1 kg of nibs (decorticated beans) from the roasted
beans was milled in an electric plate-style grain mill (Estrella Model
ME-E, Caracas, Venezuela, 1550 rpm, until nibs were crushed).
Milling was performed three times in order to refine the cocoa
liquor. The refined sample was then milled in a Moulinex DAE241
blender to reach 40 mesh.

Alkalization
Solutions of sodium bicarbonate, sodium carbonate and sodium
hydroxide, and concentration of 10, 20 and 30 g kg−1 were se-
lected following recommendations in the literature.5 To perform
the alkalization with each type of alkali and at each of the three con-
centration levels, 250 g of cocoa liquor were dispersed in the corre-
sponding solution (500 mL of solution containing 10, 20 and 30 g of
each of the alkali in 1 L water), and quantitatively transferred to a 1 L
round-bottom flask and heated at 80–85 ◦C for 1 h. The neck of the

flask was connected to a reflux condenser in order to maintain con-
stant volume and minimal evaporation loss. The flask was heated in
a boiling water bath. Once alkalization was attained, the alkalized
liquor was dried in a tray drier (Mitchell Dryers, No. 655 149, Manch-
ester, UK) at 100 ◦C for 2 h, until constant moisture (∼100 g kg−1).
The dried alkalized liquor (flour) was milled in a Moulinex DAE241
blender to obtain a granulometric size of approximately 40 mesh,
and stored in a hermetic glass container for further analysis.

Samples were coded as follows: L-0, natural liquor; L-01, liquor
heat treatment without alkali (without treatment, control); L-1,
sodium bicarbonate 10 g kg−1; L-2, sodium bicarbonate 20 g kg−1;
L-3, sodium bicarbonate 30 g kg−1; L-4, sodium carbonate 10 g
kg−1; L-5, sodium carbonate 20 g kg−1; L-6, sodium carbonate
30 g kg−1; L-7, sodium hydroxide 10 g kg−1; L-8, sodium hydroxide
20 g kg−1; L-9, sodium hydroxide 30 g kg−1.

Color determination
Color parameters L∗, a∗ and b∗ were measured using a colorimeter
(Model D-25, HunterLab, Reston, VA, USA). The CIELAB color space
is organized in a cube form. The L∗ axis runs from top to bottom
(luminosity). The maximum for L∗ is 100, which represents a perfect
reflecting diffuser. The minimum for L∗ is zero, which represents
black. The a∗ and b∗ axes do not have specific numerical limits. Posi-
tive a∗ is red, negative a∗ is green, positive b∗ is yellow and negative
b∗ is blue. Measures were performed using an illuminant D65 and
observation angle of 10◦, following the procedure described in the
equipment manual.17 Total color difference�E (the value of�E∗ab
is a single value which takes into account the differences between
L*, a∗ and b∗ of the sample and the control) was calculated as �E =√

�L∗2 +�a∗2 +�b∗2
, using as a control the liquor with heat treat-

ment and without alkali. Also, the ratios b∗/a∗ and a∗/b∗ (shades of
orange-brown or red-brown) were evaluated.5,8,17 Hue is one of the
main properties of color, which is defined as the subjective percep-
tion of color (red, yellow, green, blue, purple, or some combination
thereof), while white, black and gray colors possess no hue. Chroma
has more to do with the sharp brightness of a color rather than
the general fullness of it, and the hue angle [arctan(b/a)].17

Composition analysis
The following analyses were performed on alkalized liquor flour:
moisture, crude protein (N × 6.25), crude fat, ash content and pH
according to official methods (numbers 970.20, 955.04, 963.15,
972.15 and 970.21,18 respectively) and titratable acidity (number
942.1518,19) was also performed. The contents of total and reducing
sugars,20 polyphenol as tannic acid21 and fatty acids22 were also
assayed.

Statistical evaluation of analytical data
Each analysis was performed in triplicate and the means and
standard deviation were calculated. The data collected were
analyzed by two-way ANOVA followed by the Duncan test, using
Statgraphics software version 6.0 (1992, Manugistics, Bethesda,
MD, USA). The one-way analysis of variance test was utilized to
assess significant differences (P ≤ 0.05) among samples and the
Duncan multiple range test was employed to detect which samples
were statistically different at the same significance levels.

RESULTS AND DISCUSSION
Color
The color of the cocoa products can be specified through the color
coordinates L∗, a∗ and b∗. L∗ assumes values from 0 (black) to 100
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Table 1. Color of the alkalized cocoa liquor and the control non-alkalized liquor: CIELAB scale

Sample L∗ a∗ b∗ �E∗ b∗/a∗ a∗/b∗

L-0 39.87 ± 0.02a 15.19 ± 0.05a 22.97 ± 0.05a 5.58c 1.51a 0.66a

L-01 37.28 ± 0.00b 12.95 ± 0.02b 18.56 ± 0.03b – 1.43b 0.70b

L-1 37.06 ± 0.07c 12.59 ± 0.03c 18.53 ± 0.07b 0.42a 1.47c 0.68c

L-2 30.57 ± 0.0d 12.07 ± 0.04d 14.91 ± 0.01c 7.69d 1.24d 0.81d

L-3 27.03 ± 0.05e 10.68 ± 0.04e 12.05 ± 0.05d 12.35f 1.13e 0.89e

L-4 34.77 ± 0.05f 11.90 ± 0.0f 16.47 ± 0.01e 3.43b 1.38f 0.72f

L-5 28.52 ± 0.05g 10.18 ± 0.07g 11.83 ± 0.07f 11.39e 1.16g 0.86g

L-6 29.14 ± 0.02h 8.76 ± 0.01h 10.13 ± 0.03g 12.45f 1.16g 0.86g

L-7 35.03 ± 0.05i 11.54 ± 0.03i 15.56 ± 0.11h 4.01b 1.35h 0.74h

L-8 30.01 ± 0.04j 10.08 ± 0.04j 11.48 ± 0.04i 10.55e 1.14i 0.88i

L-9 27.14 ± 0.02k 7.48 ± 0.05k 7.14 ± 0.03j 16.22g 0.95j 1.05j

L-0, natural liquor; L-01, liquor heat treatment without alkali (without treatment, control); L-1, (NaHCO3 at 10 g kg−1); L-2, (NaHCO3 at 20 g kg−1); L-3,
(NaHCO3 at 30 g kg−1); L-4, (Na2CO3 at 10 g kg−1); L-5, (Na2CO3 at 20 g kg−1); L-6, (Na2CO3 at 30 g kg−1); L-7, (NaOH at 10 g kg−1); L-8, (NaOH at
20 g kg−1); L-9, (NaOH at 30 g kg−1). Values (average of three determinations ± standard deviation) in a column followed by the same letter are not
significantly different (P ≤ 0.05).

(white). A high value of a∗ indicates strong red color, and a high
b∗ indicates the presence of strong yellow.11 Table 1 shows the
data as a function of the coordinates L∗, a∗ and b∗ for the natural,
non-alkalized and alkalized cocoa liquor. The treatment producing
liquor with a low L∗ value was that with sodium bicarbonate at
30 g kg−1. This sample appears darker than the others and the
control (non-alkalized liquor). Lower values of a∗ and b∗ were
shown by those samples treated with sodium hydroxide at 30 g
kg−1, indicating low intensity in the red and yellow chroma of the
samples. The non-alkalized liquor (L-01) showed higher values of
L∗, a∗ and b∗ than the other nine samples; hence this sample was
whiter and also had a high red and yellow chroma with a hue
tending toward clarity. Moreover, the L∗, a∗ and b∗ values of the
non-alkalized and alkalized liquors were lower than those shown
by the fermented–roasted cocoa beans.

L-01 value was used to check the effect of heat treatment alone.
All three parameters were affected, decreasing in L∗ = 2.59; in
a∗ = 2.24, and in b∗ = 4.41, as compared to the same value of the
control. The parameters L∗ and b∗ were more affected than the
other one. Heat also had an effect on blackness level, decreasing
the yellow chroma saturation.

As can be seen in Table 1 and Figs 1 and 4, the 30 g kg−1

solutions of NaHCO3 and NaOH made samples blacker than did
the other treatments. The parameters a∗, b∗, b/a∗ and a/b∗ were
the most affected by 30 g kg−1 solutions of NaOH, as compared to
the control L-01. Figure 1 represents the effect of the alkali and its
concentration on the L∗ a∗ and b∗ values. Statistical analysis shows
there are differences in L∗ values (P ≥ 0.05); it can be observed in
Fig. 1(i) and Table 1 that the cocoa liquor treated with solutions of
10 or 20 g kg−1 Na2CO3 had a lower L∗ value than the other two
sets of alkalized samples, while a solution of 30 g kg−1 NaHCO3

or NaOH produced the highest reduction in the same parameter.
Cocoa liquors alkalized with a solution of 10 or 20 g kg−1 Na2CO3

were darker than the samples alkalized with a solution of NaHCO3

or NaOH at the same concentration. On the other hand, cocoa
liquors alkalized with a solution of 30 g kg−1 NaHCO3 or NaOH
were darker than that alkalized with a solution of 30 g kg−1 of
Na2CO3 (Fig. 4). There exists an inverse relationship between alkali
concentration and luminosity of the samples. Some authors5 have
studied the alkalized cocoa from paste samples without roasting,
treated with a solution of 25 g kg−1 K2CO3 at 80 ◦C for 2 h. The

reaction was performed in a hermetic container using a 1 : 1 ratio
of water : cocoa paste. After alkalization, the sample was dried
at 80 ◦C for 2 h and subsequently roasted for 20 min at 120 ◦C.
These researchers produced values of L∗ = 25.83 for the alkalized
powder using pressure during the process, and L∗ = 30.53 for
powder alkalized for 6 h without pressurization. When comparing
the data of this investigation, it is observed that L∗ values of
the samples treated with a solution of 20 g kg−1 NaHCO3 or
NaOH were quite close to those reported for cocoa powder that
was alkalized without pressurization.5 The L∗ value of the cocoa
powder obtained using pressurization is lower than those reported
here, however, indicating that pressurization favors the browning
reaction, by increasing the molecular concentration.

Terink et al.11 alkalized cocoa using a 1 : 1.3 ratio of cocoa : water
and using KOH at 34 g kg−1 at 75 ◦C for 4 h in open containers.
These authors indicated a value of L∗ = 22.1 for cocoa powder
without alkalization and L∗ = 12.0 for cocoa powder that had
been alkalized. In this investigation, the drastic reduction in the
L∗ value previously noted9 was not observed and L∗ values were
considerably higher and lighter than those shown by the authors
mentioned. The differences observed in this investigation, as
compared with Terink et al.,11 are probably due to the lower
concentration and reaction time. It can be added that the process
in this investigation was performed in a closed container and
losses by evaporation were thus minimized.

Treatment with Na2CO3 and NaHCO3 and all solutions at
concentration of 10 g kg−1 produced a stronger red chroma,
represented as the a∗ value, than that produced by treatment with
NaOH and all treatments at 30 g kg−1 (Table 1 and Fig. 1(ii)). As can
be seen in Fig. 1(ii), sodium carbonate and all alkalis at 20 g kg−1

gave a∗ values intermediate between those obtained with Na2CO3,
and NaOH treatments. There are statistically significant differences
(P ≤ 0.05) among the samples in the effect of the alkali type and its
concentration. Duncan’s test demonstrated that differences were
mainly between the samples treated with NaHCO3 and Na2CO3 and
those treated with NaHCO3 and NaOH. Also statistically significant
differences (P ≤ 0.05) were detected when using the alkali at
concentrations of 10, 20 and 30 g kg−1. There are statistically
significant differences in samples treated with Na2CO3 and NaOH
at all of the concentrations. Statistically significant differences
(P ≤ 0.05) between the L-0 liquor (without treatment) and those
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Figure 1. Effect of alkali type and concentration on L∗ (i), a∗ (ii) and b∗ (iii)
values and color coordinates.

treated with Na2CO3 and NaOH were detected. Also, the values of
a∗ of samples treated with 20 and 30 g kg−1 were different from
those observed in sample L-0. Other researchers5 found values of
a∗ = 15.18 for cocoa powder with pressurization and a∗ = 13.46
for cocoa powder that had been pressurized.

The values of b∗ for each of the treatments are shown in
Table 1 and Fig. 1(iii). Statistical analysis indicates that there is
no significant interaction between factors, but there exists a
significant effect of alkali type and its concentration on the yellow
chroma (+b∗). However, differences in this parameter between

Figure 2. Total color change �E∗ (i), ratio b∗/a∗ (ii) and ratio a∗/b∗ (iii).

samples treated with carbonate and hydroxide were not detected.
When comparing samples that had been treated thermally without
alkali (L-01) and liquor without any treatment (L-0) with the rest of
the treated samples, it was found that only L-01 and liquor treated
with NaOH showed statistically significant differences (P ≤ 0.05).
Figure 1(iii) shows that the behavior of parameter b∗ had a similar
tendency in all of the alkali types to decrease as the concentration
in the solution was increased. The value of b∗ (10.13) when samples
were treated with 30 g kg−1 Na2CO3 was similar to that found by

J Sci Food Agric 2009; 89: 1186–1194 c© 2009 Society of Chemical Industry www.interscience.wiley.com/jsfa
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Figure 3. Ubication of the color parameter on the space coordinates. (1) L-0; (2) L-01; (3) L-1; (4) L-2; (5) L-3; (6) L-4; (7) L-5; (8) L-6; (9) L-7; (10) L-8; and (11)
L-9. L-0, natural liquor; L-01, liquor heat treatment without alkali (without treatment, control); L-1, sodium bicarbonate 10 g kg−1; L-2, sodium bicarbonate
20 g kg−1; L-3, sodium bicarbonate 30 g kg−1; L-4, sodium carbonate 10 g kg−1; L-5, sodium carbonate 20 g kg−1; L-6, sodium carbonate 30 g kg−1; L-7,
sodium hydroxide 10 g kg−1; L-8, sodium hydroxide 20 g kg−1; L-9, sodium hydroxide 30 g kg−1.

Wissgott5 for samples of cocoa powder that were alkalized under
pressure. On the other hand, samples of cocoa alkalized with 20 g
kg−1 Na2CO3 had a value of b∗ (11.83) similar to the alkalized cocoa
powder, using a pressure process for 6 h that was elaborated by
Wissgott.

The ratio b∗/a∗ is sometimes used to indicate the shade of
red (brown) of cocoa powders: a ratio of about 0.7 or higher
is indicative of the weak orange-brown color of slightly alkalized
cocoa powders, whereas lower ratios point to more reddish shades.
So far as red is concerned, the higher the ratio a∗/b∗, the more
red is the color of the cocoa. In the cocoa industry it is thought
by some that a high value for the ratio a∗/b∗ implies a very
red color. The a∗/b∗ ratio for most commercial Dutched cocoa
powders is about 1.25.5,8,11 Table 1 shows the values of the ratios
of b∗/a∗ and a∗/b∗. These values were affected by alkali type and
concentration: as the concentration was increased, b∗/a∗ values
decreased, reducing the yellow hue (Figs 2 and 3). In contrast,
values of a∗/b∗ increased and red hue was intensified. Samples
treated with 30 g kg−1 NaHCO3 (L-3), 20 g kg−1 Na2CO3 (L-5)
and 30 g kg−1 NaOH (L-9) had higher a∗/b∗ values than the other
samples, as can be seen in Fig. 3, and have an intense reddish color.
Conversely, samples treated with 10 or 20 g kg−1 NaHCO3 show
the highest values of b∗/a∗ and have a yellow-brown hue. The
natural cocoa liquor (L-0) has higher yellow value than the other
samples. It can be postulated that alkaline treatment improves
the red-brown hue (Table 1 and Figs 2(iii) and 4(ii)). In conclusion,
it can be pointed out that the values b∗/a∗ and a∗/b∗ could be
quality parameters. Further, it is considered that these changes can
be visualized by the human eye. Figure 3 shows the location of the
samples in the color coordinates, and it can be clearly seen that the

majority of them are located in the red zone, making them darker,
as a function of the increment in alkali concentration. The location
and numeration of the samples are given by the software of
Hunter Lab Colorimeter Model coordinate D-25. The L∗ coordinate
in Fig. 3 is related to the height of the sample color with respect
to the x-axis, as represented in their cube diagrams17. When the
L∗ value moves away from the x-axis, its value is greater, and
therefore the sample is clearer. There are a conspicuous difference
among the natural liquor, liquor without alkali treatment and that
alkalized with 30 g kg−1 NaOH (Figs 3 and 4) as demonstrated by
the �E∗ calculated for each of them (Table 1 and Fig. 2(i)). Only the
liquor alkalized with 10 g kg−1 NaHCO3 and the control did not
show visual differences (�E∗ab = 0.42); the rest of the samples
have �E∗ab values above 1 and the differences are augmented
following the order NaHCO3, Na2CO3, NaOH and 10, 20, 30 g kg−1

when the liquor treated without alkali was used as control. Greater
differences were observed between samples treated with 30 g
kg−1 of any alkali and the control (L-01). The hue and the chroma
are the relation of all of the coordinates and modification in each
one can affect the visual perception of the color (Fig. 4).

Composition analysis
As can be seen in Table 2, crude fat content and polyphenol (as
tannic acid) were decreased and the ash content was increased as
levels of alkali were augmented, the action of NaOH being more
effective than the other two alkalis. The increment in fat material
in the sample treated without alkali (L-01) (Table 2) is due to fat
solubilization as the effect of heat during extraction. Previous
reports23,24 had shown that the reduction in fat content by alkali
action is due to hydrolysis and saponification of triglycerides with

www.interscience.wiley.com/jsfa c© 2009 Society of Chemical Industry J Sci Food Agric 2009; 89: 1186–1194
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Figure 4. Color comparison between (i) natural and liquor without alkali treatment (control) and (ii) alkali treatment with control. Colors shown in the
figure are the representation of the color of the sample calculated by the Hunter Lab Colorimeter Model D-25 software, from the values of L∗, a∗ and b∗ ,
of the space from color from the cube diagram of CIELAB.17 L-0, natural liquor; L-01, liquor heat treatment without alkali (without treatment, control);
L-1, sodium bicarbonate 10 g kg−1; L-2, sodium bicarbonate 20 g kg−1; L-3, sodium bicarbonate 30 g kg−1; L-4, sodium carbonate 10 g kg−1; L-5, sodium
carbonate 20 g kg−1; L-6, sodium carbonate 30 g kg−1; L-7, sodium hydroxide 10 g kg−1; L-8, sodium hydroxide 20 g kg−1; L-9, sodium hydroxide 30 g
kg−1.

Table 2. Proximate composition and polyphenol content (g kg−1) of the non-treated, alkali-treated and alkalized cocoa liquors

Samples Moisture Crude protein Crude fat Ash
Polyphenols
(tannic acid) PH

Titratable acidity (g acetic
acid kg−1 of liquor)

L-0 30.14 ± 0.10a 136.05 ± 0.05a 523.85 ± 1.95a 30.03 ± 0.01a 3.69 ± 0.01a 5.0 ± 0.0a 9.60 ± 0.03a

L-01 21.43 ± 0.07b 132.11 ± 0.52b 544.17 ± 0.44a 29.94 ± 0.02a 2.87 ± 0.05b 5.4 ± 0.0b 7.70 ± 0.00b

L-1 32.15 ± 0.25c 128.76 ± 0.17c 544.11 ± 1.40a 33.65 ± 0.03b 2.78 ± 0.02b 6.2 ± 0.0ic 4.34 ± 0.02c

L-2 28.28 ± 0.29d 125.56 ± 0.57c 533.75 ± 0.34a 38.05 ± 0.03c 2.18 ± 0.00c 7.0 ± 0.0d 1.73 ± 0.01d

L-3 33.48 ± 0.19e 125.54 ± 0.39c 530.16 ± 0.17a 44.0 ± 0.03d 2.04 ± 0.01c 8.4 ± 0.0e ND

L-4 30.07 ± 0.16fa 131.34 ± 0.21c 543.09 ± 0.64a 35.20 ± 0.03e 2.57 ± 0.00d 6.7 ± 0.0f 2.70 ± 0.03d

L-5 33.51 ± 0.12g 125.60 ± 0.55c 513.12 ± 0.15a 45.08 ± 0.02f 2.40 ± 0.01d 8.5 ± 0.0g ND

L-6 26.63 ± 0.04h 124.44 ± 0.58c 463.66 ± 0.49b 54.78 ± 0.02g 2.09 ± 0.01d 9.7 ± 0.0h ND

L-7 32.65. ± 0.13i 124.46 ± 0.51d 538.70 ± 0.31a 38.64 ± 0.03c 2.59 ± 0.02e 7.0 ± 0.0i 1.57 ± 0.00d

L-8 28.23 ± 0.06j 123.81 ± 1.08d 504.34 ± 0.85b 51.10 ± 0.01i 2.42 ± 0.01e 8.9 ± 0.0j ND

L-9 31.84 ± 0.03k 119.26 ± 0.95d 436.88 ± 0.43c 64.02 ± 0.13j 1.70 ± 0.02f 9.9 ± 0.0k ND

L-0, natural liquor; L-01, liquor heat treatment without alkali (without treatment, control); L-1, NaHCO3 at 10 g kg−1); L-2, (NaHCO3 at 20 g kg−1); L-3,
(NaHCO3 at 30 g kg−1); L-4, (Na2CO3 at 10 g kg−1); L-5, (Na2CO3 at 20 g kg−1); L-6, (Na2CO3 at 30 g kg−1); L-7, (NaOH at 10 g kg−1); L-8, (NaOH at
20 g kg−1); L-9, (NaOH at 30 g kg−1). Values (average of three determinations ± standard deviation) in a column followed by the same letter are not
significantly different (P ≤ 0.05).

the consequent formation of salts. This fact should be noted
because excessive alkali addition could lead to the production of
soapy flavor. However, this flavor was not noted in this study, even
in the sample that was treated at a high alkali concentration of
30 g kg−1. The alkali type and concentration did show a significant
effect on the moisture content of samples. The type of alkali
and its concentration showed a significant (P ≤ 0.05) effect
on the crude protein content. Duncan’s test showed significant
differences in protein content at concentrations of 10, 20 and
30 g kg−1 of Na2CO3 and NaOH. Odunsi and Longe23 reported
similar results and the authors argue that protein diminution is
due to the oxidative destruction of proteins by deamination. The
action of NaOH at its different concentrations produces more ash
content than the other treatments. Similar results when using
NaOH have been reported in the literature.23 The reduction
in polyphenol (as tannic acid) can reduce the astringency and

bitter taste of the liquors. As has been pointed out,6 there
exists a correlation between the high polyphenol content and
the bitter and astringent flavor of cocoa. As seen in Table 2,
statistically significant differences in the effect of alkali type
are observed. Concentration has an effect, and Fig. 6 shows
differences among the three concentrations used. This fact was
corroborated statistically by ANOVA and Duncan’s test (P ≤ 0.05).
This information has to be considered in regard to the decrease
in flavonoid content of natural cocoa powder, as postulated by
previous results of alkalinization treatment.11 – 15

Table 2 also summarizes the effect of the type and concentration
level of alkali on the pH and titratable acidity of the non-treated,
alkali-treated and alkalized cocoa liquors. In Table 2 it is observed
that pH values were augmented and titratable acidity diminished
as a result of alkalization treatment, as was expected. The pH
of natural cocoa was lower (5.6) than reported25 in liquor from

J Sci Food Agric 2009; 89: 1186–1194 c© 2009 Society of Chemical Industry www.interscience.wiley.com/jsfa



1
1

9
2

www.soci.org P Rodrı́guez, E Pérez, R Guzmán

Figure 5. Fatty acid profile of the natural and alkalinized cocoa liquors. L-0, natural liquor; L-01, liquor heat treatment without alkali (without treatment,
control); L-1, sodium bicarbonate 10 g kg−1; L-2, sodium bicarbonate 20 g kg−1; L-3, sodium bicarbonate 30 g kg−1; L-4, sodium carbonate 10 g kg−1; L-5,
sodium carbonate 20 g kg−1; L-6, sodium carbonate 30 g kg−1; L-7, sodium hydroxide 10 g kg−1; L-8, sodium hydroxide 20 g kg−1; L-9, sodium hydroxide
30 g kg−1.

cocoa from different regions of Ecuador. These differences are due
to the origin of cacao, weather conditions, post-harvesting and
processing of the liquor. The pH of liquor alkalized with NaOH was
higher than in those samples alkalized with NaHCO3, while samples
alkalized with Na2CO3 showed intermediate values. The pH values
are incremented proportionally with augmented concentration,
and titratable acidity is decreased. The pH increments are due to
neutralization of free acids which occur in the natural liquor. The
augment of pH will favor the formation of browning compounds,
due to partial deamination of proteins.26 This is confirmed by the
analysis of color, which shows that a high alkali concentration
produces a darker color in the samples.

The whole cacao bean is 500–570 g kg−1 cocoa butter, which
in turn is composed of 340 g kg−1 stearic acid (18 : 0), 340 g kg−1

oleic acid (18 : 1), 250 g kg−1 palmitic acid (16 : 0), and 20 g kg−1

linolenic acid (18 : 3).27 Cocoa butter is composed almost entirely
of triglycerides with one double bond (850 g kg−1) or two double
bonds (150 g kg−1). Only three of the triglyceride types are present
at levels above 50 g kg−1 and they are Palmitic-Oleic-Palmitic
(POP) (180–230 g kg−1), Palmitic-Oleic-Stearic (POSt) (360–410 g
kg−1), and Stearic-Oleic-Stearic (StOSt) (230–310 g kg−1). Smaller
amounts of Palmitic-Linileic-Palmitic (PLP), Palmitic-Oleic-Oleic
(POO), Palmitic-Linoleic-Stearic (PLS), and Stearic-Oleic-Oleic (SOO)
have also been reported. POP is palmitic acid in the 1 and 3
positions and oleic acid in the 2 position. POSt is palmitic acid in
the 1 position, oleic acid in the 2 position, and stearic acid in the
3 position. StOSt is stearic acid in the 1 and 3 positions and oleic
acid in the 2 position. The characteristic melting behavior of cocoa
butter is due to the high levels of these three triglyceride types
that are 1,3-disaturated and 2-monounsaturated.28 – 30

Figure 5 shows that the saturated and monounsaturated
fatty acids were present in higher proportions than other
polyunsaturated fatty acids, with palmitic, stearic and oleic acids
as the main fractions. Linoleic content was the third fraction
in importance. Reports from the literature31 have shown similar
results in butter isolated from natural pods to those found in
this study for the natural liquor. As can also be seen in Fig. 5,
there are no strongly significant effects on these fatty acids

of the alkalization process. Palmitic acid varied from 288.10 to
299.37 g kg−1, stearic acid from 335.88 to 388.20 g kg−1 as
affected by the combined effect of the solution of NaHCO3

and heat, while oleic acid was affected by the three types of
alkali and heat. However, it is necessary to be mindful that
the combination of alkali type, concentration and heat was
affecting the fatty acid profile. It has to be considered that the
alkali could react with the fat producing a little saponification,
which can give to the cocoa a soapy flavor, as was discussed
before. Other fatty acids such as tetradecanoic, pentadecanoic,
pentadecenoic, heptadecanoic, linolenic, araquidic, eicosenoic,
eicosadienoic, eicosatrienoic, eicosapentanoic, docosadienoic and
docosahexanoic were present in quite low concentrations and are
not represented in Fig. 5.

The effect of alkalis on some fatty acids must be studied
specifically to determine the magnitude of the changes and the
types of reaction that take place. On the other hand, it is important
to determine other chemical indices of the butter to be able to
derive meaningful conclusions of the action of alkalis and their
concentrations on the fatty acid profile of cocoa butter. The fatty
acid profile of cocoa butter gives its hard texture and melting point;
these characteristics will provide important evidence concerning
its functional properties, as well as its convenience when used in
certain products in the pharmaceutical, cosmetic and chocolate
industries.

Although cocoa beans have small amounts of sugars, these are
essential in the non-enzymatic browning reactions of Maillard,
which are involved in the development of the typical aroma of
the chocolate. When comparing the total sugar content of alkaline
treatments with those of the natural cocoa liquor and liquor heated
without alkali (Fig. 7), it is observed that there is a statistically
significant effect of the alkali and its concentrations. As can be
seen, reducing sugars could not be detected by the method and
only traces were found in samples that had undergone different
treatments (they are not detailed in Fig. 6), whereas total sugars
were negatively affected by NaOH and NaHCO3. Na2CO3, did
not show a significant effect on them. The presence of alkali
can increase the rate of the Maillard reaction, as is evident by
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Figure 6. Variation of polyphenols in natural and alkalinized cocoa liquors.

Figure 7. Variation of total sugars in natural and alkalinized cocoa liquors.

modifications in the color of the liquor of cacao (Figs 1–4), the
reduction in protein content (by oxidative deamination) as shown
in Table 2, and the destruction of reducing and total sugars (Fig. 7).

CONCLUSION
Alkalization progressively decreases the values of the coordinates
L∗, a∗ and b*. However, the type and concentration level have
different effects on each parameter. This effect is reflected in the
range of colors that can be seen in samples treated with different
types of alkali and at different concentrations. It is also noted
that NaOH produced a cocoa with high blackness and low red
and yellow chroma. The values of �E∗ (total color change) of each
sample are superior to the 1, meaning that the color differences are
perceptible to the human eye. The b∗/a∗ and a∗/b∗ values were
affected by alkalization: as the concentration was augmented,
b∗/a∗ values were diminished and a∗/b∗ incremented, which
was related to the loss of yellowness and increment in red hue.
The alkalization process affected the crude fat, polyphenol and
ash contents, and also the pH and titratable acidity. It was also
observed that the combination of alkali type, concentration and
heat slightly affected the fatty acid profile. In contrast, while
reducing sugar content was dramatically reduced by the type and
concentration of alkali, the total sugar content was not. It was only
drastically affected by NaOH and NaHCO3. All of these conclusions

have to be considered when using the alkalized cocoa liquor to
produce food.
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25:2–4 (2005).

8 Wiant MJ, Lynch WR and LeFreniere RC, Method for producing deep
red and black cocoa. US Patent 5009917 (1991).

9 Razzaque MA, Saud ZA, Absar N, Karin MR and Hashinaga F,
Purification and characterization of pholyphenoloxidase from
guava infected with fruit-rot disease. Pakistan J Biol Sci 3:407–410
(2000).

10 Biehl B, Cocoa fermentation and problem of acidity, over-fermentation
and low cocoa flavour, in Cocoa and Coconuts: Progress and
Outlook (Report of the International Conference on Cocoa and
Coconuts, Kuala Lumpur), October 1984, ed. by Pushparajah E and
Chew Poh Soong. Incorporated Society of Planters, Kuala Lumpur,
pp. 561–568 (1986).

11 Terink J and Brandon MJ, Alkalized cocoa powders and foodstuffs
containing such powders. US Patent 4435436 (1984).

12 Hashim L and Chaveron H, Extraction and determination of
methylpyrazines in cocoa beans using coupled steam
distillation–microdistillator. Food Res Int 27:537–544 (1994).

13 Hollenberg NK and Fisher ND, Is it the dark in dark chocolate?
Circulation 116:2360–2362 (2007).

14 Fisher ND and Hollenberg NK, Flavanols for cardiovascular health: the
science behind the sweetness. J Hypertens 23:1461–1463 (2005).

15 Andrés-Lacueva C, Monagas M, Khan N, Izquierdo-Pulido M, Urpi-
Sarda M, Permanyer J, et al, Flavanol and flavonol contents of cocoa
powder products: influence of the manufacturing process. J Agric
Food Chem 56:3111–3117 (2008).

16 Miller KB, Hurst WJ, Payne MJ, Stuart DA, Apgar J, Sweigart DS, et al,
Impact of alkalization on the antioxidant and flavanol content
of commercial cocoa powders. J Agric Food Chem 56:8527–8533
(2008).

17 Richard W, Seminario: ‘color y apariencia’. Hunter Associates
Laboratory, Reston, VA (2005).

18 AOAC, Official Methods of Analysis, Vol. 2 (16th edn). Association of
Analytical Chemists, Arlington, VA (1990).

19 Jinap S and Dimick P, Acid characteristics of fermented and dried cocoa
beans from different countries of origin. J Food Sci 55:547–550
(1990).

20 Nelson N, A photometric adaptation of the Somogy method for
determination of glucose. J Biol Chem 25:1268–1272 (1944).

21 Price LM and Butler LG, Rapid visual estimation and
spectrophotometric determination of tannin content of sorghum
grain. J Agric Food Chem 25:1268–1272 (1977).

22 Folch J, Lees M and Sloane GA, A simple methods for isolation and
purification of total lipids from tissues. J Biol Chem 266:497–509
(1957).

23 Odunsi A and Longe O, Nutritive value of hot water- or cocoa-pod
ash solution-treated cocoa bean cake for broiler chicks. Br Poult Sci
39:519–525 (1998).

24 Odunsi A and Longe O, Effect of alkali or hot water treatment of cocoa
bean cake fed to broiler finishers as partial replacement for dietary
groundnut cake. Arch Zootecnia 48:337–342 (1999).

25 Luna F, Crouzillat D, Cirou L and Bucheli P, Chemical composition and
flavor of Ecuadorian cocoa liquor. J Food Chem 50:3527–3532
(2002).

26 Serra J and Ventura F, Factors affecting the formation of alkylpyrazines
during roasting treatment in natural and alkalinized cocoa powder.
J Agric Food Chem 50:3743–3750 (2002).

J Sci Food Agric 2009; 89: 1186–1194 c© 2009 Society of Chemical Industry www.interscience.wiley.com/jsfa



1
1

9
4

www.soci.org P Rodrı́guez, E Pérez, R Guzmán

27 Otton R, Graziola F, de Souza J, Curi T, Hirata M and Curi R, Effect
of dietary fat on lymphocyte proliferation and metabolism. Cell
Biochem Funct 16:253–259 (1998).

28 Chaiseri S and Dimick PS, Lipid and hardness characteristics of cocoa
butter from different geographic regions. J Am Oils Chem Soc
66:1771–1780 (1989).

29 Lipp M, Simoneau C, Ulberth F, Anklam E, Crews C, Brereton P, et al,
Composition of genuine cocoa butter and cocoa butter equivalents.
J Food Comp Anal 14:399–408 (2001).

30 Segall SD, Artz WE, Raslan DS, Ferraz VP and Takahashi JA, Analysis of
triacylglycerol isomers in Malaysian cocoa butter using HPLC–mass
spectrometry. Food Res Intern 38:167–174 (2005).

31 Padilla F, Liendo R and Quintana A, Characterization of cocoa butter
extracted from hybrid cultivars of Theobroma cacao L. Arch Latinoam
Nutr 50:200–205 (2000).

www.interscience.wiley.com/jsfa c© 2009 Society of Chemical Industry J Sci Food Agric 2009; 89: 1186–1194


