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Cocoa nibs (Theobroma cacao L.) are the cocoa beans after being fermented,
dried, broken into small pieces, and then toasted. The cocoa nib composition
is primordial for producers, industry, and inal consumers because it affects
the inal quality of the raw material and any derivative product. The chemical
composition was analyzed using gravimetric, Soxhlet, Kjeldahl, and ScharrerKürschner methods. The results showed that the cocoa nibs studied were
rich in lipids (44.02 ± 5.22%), followed by carbohydrates (25.30%), raw iber
(12.85 ± 3.67%), protein (10.73 ± 1.80%), and ash content (2.58 ± 0.15%).
The fatty acid pro ile was determined by gas chromatography and showed the
presence of palmitic, stearic, and oleic acids. The low moisture content (4.52 ±
0.12%) and total titratable acidity (2.25 ± 0.45 meq NaOH 100 g-1) contributed
to the low count of microorganisms, which may give cocoa nibs a longer shelf
life. Additionally, it presented high antioxidant activity, with a total phenolic
content of 843.45 ± 11.85 mg gallic acid / 100 g extract and 89.42 ± 0.02%
iron reducing power.
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1. INTRODUCTION
The cocoa is a tropical fruit from the cocoa tree (Theobroma cacao L.), its beans and
their derivative products are essential for the chocolate industry. Thus, beans have
high commercial value and are a relevant commodity for many countries Afoakwa et
al. (2013)
The cocoa nib processing starts postharvest, with the pulp removed and the fermentation of the beans, followed by drying and roasting. The fermentation lasts from
three to seven days. During this step, which is important to determine cocoa beans
quality, microorganisms produce a large number of volatile compounds and lavor
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precursors Caporaso and Al (2018), Marseglia et al. (2020). Drying reduces the moisture of beans and increases their shelf life. After that, they are broken to reduce the
size of the kernel. Then, the nibs are roasted more evenly and with less energy expenditure because they are already in small pieces Nurhayati and Apriyanto (2021). During the roasting step (120 to 150 ◦ C), the Maillard reaction is promoted, undesirable
volatile acids are removed, and enzymes that can degrade cocoa butter are inactivated. However, it can affect the inal sensorial quality and may cause the loss of
phenolic compounds in the product [Mustiga and Al (2019) , Zzaman et al. (2014) .
Cocoa quality is determined by factors such as being well fermented, drying until
the obtainment of appropriate moisture content, absence of stranger odors and mold
contamination Agus et al. (2018). The characterization of phytochemical compounds
in cocoa beans may be a fundamental tool for their quality evaluation.
Cocoa nibs have a speci ic composition that englobes lipids, carbohydrates, proteins, minerals, and bioactive compounds with antioxidant activities Caprioli et al.
(2016), Zzaman et al. (2014). Cocoa butter is the lipid constituent of cocoa beans,
and it has industrial importance due to its unique physical properties., which are
related to fatty acid composition, predominantly palmitic, stearic, and oleic acids Jia
et al. (2019). The carbohydrate and protein contents in cocoa nibs are important
in the development of the speci ic lavor and aroma of chocolates and other derivative products. The presence of ibers is also relevant because it makes cocoa nibs an
attractive food from a prebiotic point of view. The mineral constituents represented
by ash content reveal some production and processing characteristics Marseglia et al.
(2020). Also, the determination of the cocoa bean composition is essential to obtain
chocolate and other derivative products with high quality.
Moreover, cocoa beans are rich in phenolic compounds and other components
with antioxidant properties. The ingestion of food rich in antioxidant agents is associated with a decrease in many diseases, such as diabetes and cardiovascular, respiratory, and neurological diseases Takahashi et al. (2020). Another relevant parameter when evaluating the antioxidant properties is iron-reducing power, which measures the capability to reduce iron ions and is responsible for avoiding radical formation Rezende et al. (june. 2019).
With the increasing use of cocoa nibs in the diet and growth of the origin chocolate
market in Brazil, the present study aimed to determine the chemical composition,
total phenolic compounds, iron reducing power, acidity, and microbiological quality
of cocoa nibs produced on a farm producer from Ilhéus in the south of Bahia, Brazil.

2. MATERIALS AND METHODS
2.1 SAMPLES AND REAGENTS
The cocoa nibs were obtained from a cassava chocolate manufacturer in the
city of Ilhéus, Bahia (BA) state, Brazil. All chemicals (analytical grade) were from
®
Merck (Darmstadt, Germany), and the culture media were from Acumedia (Lansing,
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MI, USA).
Half of the 1 kg crude sample of cocoa nibs was ground in a blender to reduce
particle size and homogenize. After that, it was quartered to acquire the laboratory
sample (80 g).

2.2 METHODS
2.2.1 PHYSICAL-CHEMICAL ANALYSES
Total titratable acidity (TTA) was determined by extracting the 1-g sample with distilled water (100 mL) and titrating it with NaOH (0.1 N). The moisture content of
cocoa nibs was determined in triplicate by the oven drying method at 110 ◦ C using
6-g samples. The ash content was determined in a muf le furnace at 550 ◦ C. The lipid
content was determined in the Soxhlet apparatus using hexane (200 mL) as the solvent. The Kjeldahl method was performed to determine the protein content, using a
nitrogen conversion factor (6.25) (AOAC, 2016). Raw iber determination was performed using the Scharrer-Kurschner method, using nitric acid, trichloroacetic acid,
and acetic acid for hydrolysis Angelucci and Al (1987).

2.2.2 COCOA BUTTER FATTY ACID PROFILE
Cocoa butter fatty acids were converted into methyl esters, using a solution of BF3 in
methanol (13-15%) (Sigma-Aldrich) and their derivative pro ile was determined by
gas chromatography (Agilent Technologies 7890A coupled to an Agilent Technologies 5975C mass spectrometer equipped with a Triple-Axis Detector; system itted
with an HP-5MS). The lipid sample (1 mL) obtained after methylation of cocoa butter fatty acids was injected, with a total retention time equal 28 min. The column
used was HP-5MS with 5% phenyl methyl siloxane 30 m long. The split rate injector
operated at 1/50 at 220 ◦ C. The interface temperature was 280 ◦ C. The carrier gas
was helium. Peak identi ication was performed by comparison with fatty acid methyl
ester (FAME) C14 - C22 (Supelco-18917) standards.

2.2.3 IRON REDUCING POWER AND TOTAL PHENOLIC CONTENT ASSAYS
To each 5-g sample, ethanol (60 mL) was added, and the mixture was stored (24 h) in
a refrigerator. After that, the content was iltrated, and the procedure was repeated
by adding ethanol (60 mL) to the retained material followed by 24 h in the refrigerator. Finally, the mixture was iltered, and the iltrate was rotavapped to dryness and
transferred to Petri dishes.
The iron reducing power assay was performed using phosphate buffer pH 6.6,
potassium ferricyanide solution (1% w/v), trichloroacetic acid (10% w/v), and ferric chloride (0,1% w/v) Oyazu and Journal Of Nutrition (1986) , Sande et al. (2016).
The absorbance was read at 700 nm.
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The total phenolic content was determined using the Folin-Ciocalteu methodology Gao and Al (2000), Sande et al. (2016) . The absorbances were read (760 nm)
and the result was expressed as mg/ 100 g gallic acid equivalents (GAE).

2.2.4 MICROBIOLOGICAL ANALYSES
The microbiological analyses were conducted to search for total and fecal coliforms
(by the most probable number – MPN – a method for total coliforms, thermotolerant
coliforms, and E. coli in foods), Salmonella spp. (by the presence/absence method
for Salmonella in foods), molds and yeasts, and aerobic mesophilic bacteria (by the
standard count method) Silva and Al (2018) and compared to microbiological speciication from legislation “Resolução RDC No 12, De 02 De Janeiro De ” (2001) .

3. RESULTS AND DISCUSSIONS
Cocoa nib TTA was 2.25 meq NaOH 100 g−1 . A study found that the acidity of Brazilian cocoa nib increased during the fermentation process and reached a value of 2.88
g of acetic acid/100 g) Peláez et al. (2016). During this process, organic acids diffuse into the beans, and these acids cannot disappear during the drying step Nurhayati and Apriyanto (2021). However, the longer drying and roasting processing, the
lower acetic acid concentration and, consequently, total acidity Abballe and Al (2020,
2021).

Figure 1 Centesimal composition of cocoa nib samples
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The obtained results for the centesimal composition of cocoa nibs (Figure 1)
showed a moisture content of 4.52%. Agus et al. (2018) found a lower moisture content for roasted cocoa beans (2.45%). Although our result was higher, it was according to Brazilian legislation that allows a maximum value of 8% moisture for cocoa
bean commercialization Brasil et al. (2008). Delgado-Ospina and Al (2020) found
moisture contents between 1.2 and 6.2%. The variation occurred because it depends
on the conditions and the duration of the process. When the moisture content of
cocoa beans reached approximately 7%, the drying step performed well. The moisture content is an important parameter since a lower moisture content ensures a
longer shelf life due to less microbial growth and less enzymatic activity Afoakwa et
al. (2013).
The ash content of cocoa nib samples (2.58) was lower than the value found in
roasted cocoa beans (3.36%) Agus et al. (2018). Afoakwa et al. (2013) reveal that the
fermentation step contributes to signi icantly reducing the ash content.
The lipid content of cocoa nib samples (44.02) was higher than the lipid content
in roasted cocoa beans (30%) Agus et al. (2018) and fermented and unroasted cocoa
beans (24.65% to 42.13%) Caprioli et al. (2016). The lipid content is a primordial
parameter in the determination of the price of fermented cocoa Afoakwa et al. (2013).
The protein content was 10,73%. Caprioli et al. (2016), when analyzing cocoa
beans from Cameroon, found similar values of protein content (11.7% to 13.35%) in
samples of cocoa beans. The highest protein value was found for the Ivory Coast sample (15.7%), and the lowest for the Dominican Republic cocoa (11.8%) Bertazzo and
Al (2011). Another study with cocoa from Ghana also found higher protein contents
for the Forasteiro sample (17.44%), Criollo (16.49%), and Trinitario (16.16%) Oracz
and Nebesny (2019). During fermentation, the protein content decreases signi icantly. Microbiological and enzymatic reactions, such as hydrolysis by proteases,
contribute to this reduction Bertazzo and Al (2011). Roasting also promotes a reduction in protein amount due to the Maillard reaction Torres-Moreno and Tarrega
(2021).
The concentration of raw iber in the cocoa nib samples was 12.85%. The iber
content usually varies according to the variety and processing that the cocoa beans
undergo. The roast cocoa bean samples analyzed by Valiente and Al (1994) showed
16.01% iber content. The cocoa iber has signi icant hypolipidemic action and
hypocholesterolemic effect.
The carbohydrate content (25.30%) was determined by difference. The content
of carbohydrates from cocoa samples obtained from different regions of Cameroon
varied between 24.35% and 43.35% Caprioli et al. (2016). Agus et al. (2018) found a
higher carbohydrate content in roasted cocoa beans (43.03%). During the roasting
step, the formation of lavor precursor compounds, initially produced during fermentation, increases through the Maillard reaction. Thus, heat treatment, which reduces
sugars and free amino acids or short chain peptides, contributes to the decrease in
carbohydrate content Marseglia et al. (2020).
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The main fatty acids found in cocoa nibs were stearic (C18:0; retention time (tR )
= 15,839 min), palmitic (C16:0; tR = 12,717 min), and oleic (C18:1; tR = 15,442 min)
acids. Although the method used in the present study was not able to identify other
fatty acids, the results of the samples’ fatty acid composition are in agreement with
the results found in a previous study Caprioli et al. (2016). Cocoa butter is rich in
equal parts of palmitic (C16:0), stearic (C18:0), and oleic (C18:1) acids Naik et al.
(2014). The saturated fatty acids palmitic and stearic acids have melting points of
62 ◦ C and 68 ◦ C, respectively, and the unsaturated fatty acid oleic acid has a melting
point of 16 ◦ C. This composition is desirable and unique, and it causes the chocolate
to be solid at room temperature and melt when in contact with the mouth Jia et al.
(2019), Mustiga and Al (2019). The presence of unsaturated fatty acids, such as oleic
acid, aggregates higher nutritional value to the cocoa nibs.
Cocoa butter is also composed, in a smaller proportion, of polyunsaturated fatty
acids, such as arachidic, palmitoleic, and linoleic acids Naik et al. (2014). However,
these polyunsaturated fatty acids were not found in the present study. The methyl
ester of arachidic acid was not part of the standards used in the present characterization. It might be present, but without the standard and the con irmation by the
NIST library, it was not possible to identify this fatty acid. Environmental conditions
in luence lipid composition. The cocoa butter from Brazil is characterized by a high
content of oleic acid, so it is called “soft” cocoa butter Mustiga and Al (2019).
Cocoa nibs presented a high level of iron-reducing power, 89.42% (Figure 1 ),
which indicates the presence of natural antioxidant compounds in the composition.
This result shows that cocoa nibs have a reducing capacity, which suggests potential
antioxidant activity Boutennoun et al. (2017). The high iron reducing power may be
related to the formation of new substances in the Maillard reaction that are capable of donating electrons or preventing free radical chain reactions during cocoa nib
roasting Oracz and Nebesny (2019). This reaction is associated not only with the
formation of compounds with antioxidant properties but also with sensory aspects,
which are characteristic of the product Godočiková et al. (2019).
Phenolic compounds present in cocoa nibs are essential for the development of a
typical aroma of chocolate Caporaso and Al (2018), Nurhayati and Apriyanto (2021).
Cocoa nibs also presented a high phenolic content (843.43 mg gallic acid/100 g
extract) (Figure 1 ). This result corroborated the research that studied the total phenolic content of cocoa beans from Indonesia, Papua New Guinea, and China, and
found an average of total phenolic content ranging from 81.2 mg/10 g to 301.01
mg/10 g Gu et al. (2013).
Urbańska and Kowalska (2019) also measured the level of total phenolic content from roasted cocoa beans of the Dominican Republic, Ghana, Venezuela, Colombia, and Ecuador. The best result was obtained from Colombian cocoa beans (3781
mg/100 g), and the lowest result was obtained from Venezuelan cocoa beans (996
mg/100 g). These results were higher than those found in this study because they
tested whole cocoa beans, while the present study evaluated only cocoa nibs. Accord-
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ing to the authors, the reduction in the size of the cocoa beans promotes a signi icant
decrease in the level of total phenolic compounds. This loss can be explained by the
in luence of oxygen and light incidence, which are responsible for the degradation of
these compounds. The fermentation step also reduces the phenolic content of cocoa
beans Nurhayati and Apriyanto (2021).
Neither coliforms (result < 3 MPN/g) nor Salmonella spp. were detected in the
cocoa nib samples. Molds and yeasts were found in the samples with counts of 1.07 ×
103 CFU/g. Aerobic mesophilic bacteria were also found and exhibited a count of 9.77
× 103 CFU/g. Molds, yeasts, and mesophilic bacteria are indicator microorganisms
that, when found in foods, can provide information on the possibility of contamination with pathogenic or deteriorating microorganisms, in addition to indicating inadequate sanitary conditions during processing, production, and/or storage Franco et
al. (1996). Although these microorganisms were found on cocoa nib samples in low
counts, the cocoa nibs evaluated were suitable for human consumption.
The low counts of microorganisms can be a consequence of the drying and roasting steps, which are critical points of control Lima et al. (2012). Therefore, the low
count of aerobic mesophilic bacteria indicates that roasting was performed well. The
presence of mold and yeasts, even in low counts, can be indicative that the package
and storage were not adequate. In the composition of the microbiota of fermented
cocoa beans and shells, a wide variety of microorganisms have been observed, including enterobacteria, total aerobic mesophiles, total aerobic thermophiles, acetic bacteria, spore-forming bacteria, lactobacilli, lactococci, fungi, and yeasts Delgado-Ospina
and Al (2020).

4. CONCLUSIONS
Lipids were the most abundant nutrients found in the cocoa nib samples. The fat
present in cocoa butter contained mainly palmitic, stearic, and oleic acid. The second
most abundant macronutrient was carbohydrate, followed by protein and iber. The
presence of carbohydrates and protein, together with the low humidity and the high
temperature of the roasting process, favor the Maillard reaction, which is responsible
for the production of volatile compounds and the characteristic lavor. The increase
in acidity during fermentation not only contributes to the lavor but also favors the
low counts of microorganisms found in cocoa nibs. The presence of iber and phenolic compounds, together with the iron reducing power, make cocoa nibs an attractive
food from a nutritional and functional point of view.
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