Future Foods 4 (2021) 100061

Contents lists available at ScienceDirect

Future Foods

journal homepage: www.elsevier.com/locate/fufo

Cocoa honey: Agro-industrial waste or underutilized cocoa by-product? )

Check for
updates

Christiano Pedro Guirlanda? Geisa Gabriela da Silva? Jacqueline Aparecida Takahashi®*

2 Food Science Graduate Program, Department of Food Science, College of Pharmacy, Universidade Federal de Minas Gerais, Av. Anténio Carlos, 6627, Belo Horizonte,
MG 31270-901, Brazil
b Department of Chemistry, Exact Sciences Institute, Universidade Federal de Minas Gerais, Av. Anténio Carlos, 6627, Belo Horizonte, MG 31270-901, Brazil

ARTICLE INFO ABSTRACT

Keywords: The global cocoa and chocolate market is projected to reach EUR 169 billion by 2026 due to factors such as the

Cocoa honey growth of confectionery products in Asian countries and increased demand for premium cocoa-based products. In

Eh‘{ZOIate addition, there is an increasing demand for products with high cocoa content and organic chocolates. International
esiaues

commodity price fluctuations and the COVID-19 pandemic have had negative impact on global market prices also
influencing the efficiency of circular economy. Therefore, cocoa production chain faces the challenge of finding
sustainable ways to increase production while meeting the demands of modern society. Innovative developments
in this area include adding value to residues, which account for approximately 80% of the fruit. Cocoa honey is
a translucent juice produced during the cocoa fermentation process, with chemical and sensory characteristics
similar to cocoa pulp. This juice has high contents of pectin, minerals, and fructose and technological potential
to develop new products is foreseen. Its sweet taste, for instance, can be exploited in food preparations as a
natural substitute for refined sugar. This review aimed to elucidate the nutritional, technological, and economic
importance of the use of this edible underutilized by-product through innovative applications in the food and

Product development

beverage industry.

1. Introduction

Cocoa was exploited by the Mesoamerican people in the humid forest
region along the Orinoco River basin, a warm region of Central America,
probably since 1000 BCE. This perennial tree fruit was used as an ingre-
dient in the preparation of a strong, bitter and spicy beverage consumed
during political and religious rituals by Moda et al. (2019). In 1737, the
species was named Theobroma cacao by the Swedish botanist Carl von
Linné, and the term cocoa (“food of the gods”) refers to the divine origin
that ancient people attributed to this fruit. With maritime expansions,
cocoa was taken by Spanish explorers to Europe in the 16th century,
where the cocoa-based bitter drink was modified, and new recipes con-
taining sugar and milk were developed and incorporated into the Euro-
pean diet (Henderson et al., 2007). Currently, cocoa and its derivatives
are present in diets worldwide.

2. Market and challenges

Economic exploitation of cocoa is mainly based on the use of
its seeds (often called "beans") by chocolate processing industries.
Misevic et al. (2020) projected the global size of the chocolate con-
fectionery market from EUR 116.79 billion in 2017 to exceed EUR
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169 billion in 2026. It is estimated that the overall European mar-
ket alone could grow up to USD57 billion by 2024 (Mordor Intelli-
gence, 2019). In addition, the Asia-Pacific region is a strong market for
cocoa ingredients, with 4.5% increase in consumption expected between
2015 and 2020, compared with 1.7% worldwide (Euromonitor Interna-
tional, 2016). Factors such as the growth of confectionery in countries
as China and India and the increased demand for healthy confectionery
products and premium foods are some of the incentives for new business
in the contemporary cocoa world. Another stimulating factor for market
growth is the increasing demand for products with high cocoa content
and organic chocolates (Jambor et al., 2017).

Cocoa is, therefore, a strategic commodity, but as an export product,
its market is hampered by international price fluctuations. The COVID-
19 pandemic affected the cocoa market, reducing the global demand
and stability of various logistic chains. An increase of 1.7% in the world
production of cocoa was estimated for 2019 before the COVID-19 inter-
ference (Ginatta et al., 2020). A good example of logistic issues is the
difficulty related to international shipping of containers of cocoa deriva-
tives. The craft and small chocolate businesses were the most affected
by cancellation of industry events and closure of shops specialized in
high-quality chocolate in the recessive global trend. In some cocoa farms
located in isolated areas, production was maintained despite the re-
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strictions in labor activities and supply delivery. Nevertheless, increased
chocolate sales were observed in many countries during the COVID-19
social distancing. This increase may be related to the sale of chocolate
and derivatives in food retail and via e-commerce. In addition, choco-
late can be “a source of indulgence and comfort that consumers look
for in times of uncertainty” (CBI, 2020). Extension of the effects of the
COVID-19 pandemic on this commodity will depend on many factors: (i)
profile of demand for chocolate in the near future; (ii) extension of the
effects of the pandemic on Ivory Coast and Ghana, which are responsible
for approximately 60% of the global cocoa production; (iii) extension
of economic disruptions in the productive and distribution chain; (iv)
changes in the purchasing power of current consumers of chocolate and
derivatives (CBI, 2020).

Several alternatives have been proposed to maintain the economic
balance of the cocoa market preserving local biodiversity, such as di-
versification of production and, in the case of family farming, the use
of agroforestry systems (Djuideu et al., 2021). Adapting the cocoa chain
to current international challenges requires an innovative ability and,
regardless of the current scenario, the tendency points to a growing de-
mand for chocolate with high cocoa content and products with differ-
entiated consumption experiences.

3. Cocoa production

Approximately 4.834 million tons of cocoa were produced world-
wide in 2018/19 to meet the demand for this product. This amount
corresponds to an increase of 3.9% in relation to 2017/18. Accord-
ing to the International Cocoa Organization (ICCO, 2019), currently,
85% of the global production of cocoa beans is concentrated in seven
countries: Ivory Coast, Ghana, Ecuador, Cameroon, Nigeria, Indone-
sia, and Brazil. Conversely, processing and industrialization of cocoa
predominate in regions that do not produce the fruit, such as Europe
(37%) and the USA (8%). Some of the largest chocolate industries are
located in Europe, the USA and Japan, but cocoa production outside
these countries reduces costs and is a strategy to increase apprecia-
tion for fine-flavored and artisan cocoa products in domestic markets
(Escobar-Osorio et al., 2019). Unlike the other major cocoa producing
countries, Brazil has a well-established production chain: it produces the
fruit, holds an industrial cocoa bean processing park, and manufactures
chocolate (Conceicao et al., 2020).

In addition to the 2020s world economy problems, climate change
can cause a severe reduction in cocoa production in Western Africa, a
region that concentrates approximately 70% of the global cocoa pro-
duction. According to Ginatta et al., 2020, efforts are also needed to
overcome challenges such as low productivity, climate change, and food
security in Latin American cocoa, aiming at increased quality standard
and diversity of flavors, with environmental respect.

Cocoa production in Brazil is mainly concentrated in the states of
Bahia and Para. Although a decline was verified in the early 1990s
due to cocoa diseases and socioeconomic factors, the state of Bahia,
where approximately 70 chocolate brands derived from cocoa of origin
are available, has been successful in increasing productivity per hectare
and verticalizing the production chain in its southern region. More re-
cently, a commodity-driven cocoa expansion reached southeastern Para
state (Schroth et al., 2016) and nowadays Bahia state produces around
54.13% and Paréa Sate accounts for 40% (Conceicao et al., 2020).

New developments in the cocoa fermentation process have re-
sulted in shorter production time and improvement in aroma quality
in Ecuador. In addition, the innovations implemented do not require
the use of a large amount of mucilage to start fermentation, increasing
the disposal volume of this by-product. The artisanal use of cocoa honey
(cocoa mucilage juice) has been employed by a small segment as a way
to increase the income of middle-sized producers. Ecuador is working
to introduce the ISO 34101 criteria for sustainable production of cocoa
(premium, organic and sustainable cocoa) as a differentiation strategy
(Ginatta et al., 2020).
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In Peru, the adoption of a hybrid variety (CCN-51) resulted in six-
fold increase in cocoa production 1998 to 2018, when the yield reached
800 kg/ha (Blare et al., 2021). According to Pisco-Caldas (2019), 0.59 kg
of cocoa honey (exudado) is obtained for each kilogram of dry beans in
Peru. Aiming to reduce the consequent environmental impact of dis-
carding this product, a beverage was prepared using cocoa honey and
whey, another under-utilized by-product. The minimum profit margin
calculated for trading this experimental juice was 40.7%.

In Colombia, there are many interesting practices and scenarios
aimed at increasing technology and quality of cocoa production, includ-
ing changes in the fermentation system to allow adequate drainage of
cocoa honey during this process. Although Colombia is still struggling
to improve the classification of domestically produced cocoa and to in-
crease market participation, the country features environmental con-
ditions that favor the production of premium cocoa products, and ap-
proximately 95% of its production comprises fine-flavor cocoa (Escobar-
Osorio et al., 2019). Production of fine-flavored cocoa depends on many
factors, including fermentative conditions, which are important to main-
tain chocolate sensory characteristics to differentiate fine from bulk fla-
vor (Santander et al., 2021).

Ivory Coast is responsible for approximately 40% of the global co-
coa production, providing income for 20% of its population. However,
global warming has affected the Ivorian production, with severe eco-
nomic consequences in the last decade (Koissy and N’zué, 2020). In
Ghana, cocoa is the most important export product and the major activ-
ity for 30% of its population. Local production comprises mainly cocoa
liquor, cocoa butter, cocoa powder and cocoa cake, along with a small
production of confectionary products (Aboud and Sahinli, 2019). De-
spite the low productivity issue, Ghanaian cocoa has prominent interna-
tional reputation because of its high quality, and most of its production
is for export (Victor et al., 2010).

4. Cocoa honey production during cocoa processing

Cocoa fruits (pods) have a thick shell filled with seeds (beans) em-
bedded in a mucilaginous white pulp. After harvesting, the fruits (pods)
are opened or broken, still in the field, and the beans are removed along
with the pulp (Rojo-Poveda et al., 2020). This process results in a mass
of cocoa beans and, still in the field, a spontaneous fermentation pro-
cess immediately begins. Fermentation continues in troughs and con-
sists of an important step to remove the mucilaginous pulp and develop
chocolate flavor precursors. There are several species of microorganisms
that play an important role in the hydrolysis and solubilization of cocoa
pulp mucilage. Pectinolytic enzymes that act in the beginning of the fer-
mentation step degrade pectin and, therefore decrease the viscosity of
the cocoa mass, facilitating the incorporation of oxygen and stimulat-
ing the growth of acetic bacteria that continue the fermentation process
(Chagas Junior et al., 2020). Metagenomics analysis of classical sponta-
neous cocoa fermentation has been recently published (Almeida et al.,
2020). After fermentation, the cocoa beans are dried, roasted, heated,
crushed and peels are removed. Next, the resulting cocoa nibs, butter
and beans are used in the production of chocolate and confectionaries.

From post-harvesting to dry bean production, the cocoa industry
generates a significant amount of agro-industrial waste such as pod
shell, pulp and seed peel (Ruesgas-Ramoén et al., 2019). In addition to
these residues, sour-sweet juice is drained as result of pulp liquefaction
due enzymatic action over pectin (Santos et al., 2014; De Vuyst and
Leroy, 2020; Diaz-Muifoz et al., 2021). Production of this by-product
begins during the breaking of fruits in the field, continues during trans-
port to the fermentation site, and is mainly drained during the step of
cocoa paste fermentation. The process is traditionally carried out us-
ing wood presses, but stain less steel equipment has already been in-
troduced in some farms, with the advantage of reducing contamination
by microorganisms and increasing the volume of juice obtained, with-
out influencing the product characteristics (Abballe et al., 2021). Fig. 1
shows some stages of cocoa fruit processing.
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Fig. 2. Aspect of cocoa honey.

This translucid juice has chemical and sensory characteristics similar
to those of the original pulp and is regionally called cocoa honey (miel de
cacao in Spanish; mel de cacau in Portuguese) (Santos et al., 2014), also
cited in the literature as cocoa sweating and exudado (Vasquez et al.,
2019; Balladares et al., 2016). The name cocoa honey refers to the
macroscopic characteristics and flavor of this juice, which resembles
sensory characteristics of bee’s honey such as the sweet taste, although
it is not a bee product.

With the continued increase in global demand for cocoa and choco-
late, the industry faces the challenge of increasing production and sus-
tainability in the cocoa chain. Development of innovative uses of cocoa
residues (shells, mucilage and honey), which account for approximately
80% of cocoa fruit, is of great importance for the producing countries.

One initial and extremely important issue to speed the development
of cocoa honey-based products lies in the small number of scientific
reports and, therefore, of scientific data, that this by-product features in
the international literature. In addition, most of the theses, papers, and
reports addressing cocoa honey published to date have been developed
in cocoa-producing countries and have thus mostly been published in
local languages such as Portuguese and Spanish, limiting the spread of
information. The appearance of cocoa honey is shown in Fig. 2.

5. Cocoa honey identity

Some physicochemical characteristics and constitution of cocoa
honey described in the literature are presented in Table 1. Cocoa honey
is rich in carbohydrates, and total sugars, is acid, and has low percent
ash content (~0.2%) (Neto et al., 2016; Santos et al., 2014), low fat pro-
file (< 3.54% lipids) and possesses minerals such as calcium, magnesium
and phosphorous (Anvoh et al., 2009). Total dietary fibers content in co-
coa honey is lower than 1% (Table 1), although Vasquez et al. (2019) re-
ported 16.89%. Total soluble solids content of 14.03 Brix (Neto et al.,
2016) has been described for a cocoa honey sample of Brazilian origin.
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Fig. 1. Images of cocoa fruit processing to obtain cocoa beans.
A: Intact cocoa fruit; B: Open cocoa pod showing the thick shell
surrounding the seeds embedded in the mucilaginous white pulp;
C: Broken cocoa fruit exposing the internal shell; D: Cocoa honey
dripping from the mucilage; E: Fermentation of cocoa beans; F:
Dry cocoa beans; G: Cocoa honey. Pictures by C.P.G. (author)
and free images from Pixabay.

Balladares et al. (2016) reported higher total soluble solids content (19.6
Brix) for an Ecuadorean cocoa honey.

Calcium, iron, sodium, potassium and zinc are some of the minerals
detected in cocoa honey (Table 2). Calcium content is noteworthy since
its amount in cocoa honey (171.5 mg L) is higher than in cocoa pulp
(54 mg/kg) (Anvoh et al., 2009; EFSA, 2019).

Regarding pH, the literature has average reported values between
2.76 (Brazilian sample) (Neto et al., 2016) and 3.58 (Ecuadorean sam-
ple) (Balladares et al., 2016), corroborating the acidic flavor of this
product. Natural acidity is an important factor to limit the develop-
ment of some contaminant microorganisms, making the medium re-
stricted to lactic and acetic bacteria, molds, and yeasts. As a naturally
flavored sour-sweet juice, it presents reducing sugars, varying between
~8 and 10% in Brazilian and 6.39% in the Ecuadorean sample studied
by Balladares et al. (2016). These differences may be related either to the
different origins or to the condition of the samples analyzed, since co-
coa fruits utilized in Balladares et al. experiments were contaminated by
pathogens such as Moniliophthora perniciosa (witches’ broom), M. roreri,
or Phytophthora palmivora (Balladares et al., 2016).

Glucose (2.13-21.4%), fructose (1.06-4.42%) and sucrose (2.13—
4.06%) are the main carbohydrates found in cocoa honey (Fig. 3)
(Leite et al., 2019; Balladares et al., 2016; Neto et al., 2016; Anvoh et al.,
2009; Gyedu and Oppong, 2003). Overall, the contents of fructose, glu-
cose and sucrose in cocoa honey are important for proposing processing
parameters, such as the ideal temperature for thermal treatments and
the control of degradation events associated with fermentation. These
parameters can also be utilized to ensure product quality, including the
detection of possible adulterations.

Vitamin C levels in cocoa honey are between 7.64 and 10.9%. Al-
though this amount does not make the vitamin C content in cocoa honey
comparable with those of fruits such as orange and tangerine, a glass
of cocoa honey juice (200 mL) corresponds to over 20% of the recom-
mended dietary allowance (Silva et al., 2014). This allowance is in the
range of 75-110 mg although it varies according to country, gender
and healthy conditions (Carr and Lykkesfeldt, 2020). Ingestion of fresh
cocoa honey without processing is a common habit during cocoa pro-
duction by nearby community, taking advantage of all nutritional prop-
erties (Gonzalez and Jaimes, 2005). Literature suggests that processed
juices can also retain sensory and nutritional quality, including vitamin
C content (Atuonwu et al., 2020).

6. Cocoa honey processing

The high microbial load present in the cocoa fruit, associated with
the artisanal conditions of its post-harvesting process and the improper
materials utilized in the construction of fermentation troughs and uten-
sils, shorten the shelf life of cocoa honey, making it an underutilized
product. Even after removal of cocoa honey from the fermentation
trough, microorganisms are still active, producing rheological and sen-
sory changes. Thus, a major obstacle to the use of cocoa honey to prepare



Table 1

Composition and nutritional evaluation of cocoa honey.

Carbohy-drate Density Reducing Sugars Total Fibers  Total
Source Acidity (%)  Ash (%) (%) (g/mL) Fat (%) Moisture (%) Pectin (%) pH (%) Total Sugars (%) TSS (Brix) (%) Protein (%)
Nunes et al, 8.33+£0.60 0.36+0.05 19.50 +1.20 nr 1.45+0.20 86.38 + 0.09 0.51 £0.01 3.50 +£0.01 10.41 +0.05 18.00 + 0.05 17.00 + 0.01 nr 0.62 + 0.17
20202
EFSA 2019° nr 0.50 £0.20 19.5+1.20 nr <0.2 78.70 £ 1.10 nr nr nr 17.00-20.00 16.00+2.00 0.80 £0.50 0.60 + 0.20
Leite et al., 10.34+ 0.00 0.59+0.15  11.80 + 0.09 nr 0.19 +0.08 85.86 + 0.09 0.36 +0.02 3.51 +0.04 nr 14.70 + 8.60 13.30 + 0.01 nr 1.20 + 0.49
2019¢
Pacheco and nr 0.23 16.47 nr 0.01 82.46 nr 3.43-3.72 nr nr 16.0-17.0 0.14 0.69
Trujillo (2019)¢
Pisco- 0.36 0.30 nr nr nr 82.43 nr 4.89 nr 17.57 nr nr 1.08
Caldas, 2019°
Sosa and 1.08 0.40 14.57 1.058 0.10 84.61 nr 3.20 2.93 15.49 16.60 0.10 0.22
Manayay, 2018¢
Balladares, etal., nr nr nr 1.10+0.01 nr nr nr 3.58 +0.07 6.39 12.33 19.60 + 0.57 nr nr
2016¢
Neto et al., 0.73+0.00 0.23+0.00 nr nr nr 87.22 + 0.01 nr 2.76 +0.02 10.20 + 0.00 nr 14.03 + 0.06 nr nr
2016°¢
Torres- 0.91 nr nr 1.076 nr 80.50 nr 3.87 nr nr 16.00 nr 0.38
Vallejo et al.,
2016¢
Santos et al., 0.07 +0.00 0.26 +0.01 nr nr 0.25 +0.02  83.21 + 0.94 0.078 + 3.30 £0.10 8.63 +0.04 11.30 + 0.24 0.23+£0.06 1.11 +0.04
2014¢ 0.00
Garcia and 1.00 0.30 nr nr 0.10 86.50 nr 3.59 nr nr 15.00 0.10 0.40
Moreta, 2013¢
Luzuriaga, 2012¢  1.00 0.30 nr nr 0.10 86.50 nr 3.78 nr 16.5 19.00 0.10 0.40
Anvoh et al., nr 3.76 + 0.84 nr nr 3.54+0.20 85.30 + 8.60 nr 3.75+0.81 nr nr 16.17 + 0.74 nr 7.20 + 0.21
2009°

acocoa pulp; Pcocoa juice and ¢cocoa honey.
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Table 2
Some minerals reported in cocoa honey.

Future Foods 4 (2021) 100061

Element Leite et al., 2019 (mg.100 mL™')  Gyedu and Oppong, 2003 (mg.100 mL™!)  Anvoh et al., 2009 (mg/L)
Aluminum (Al) 0.15 + 0.07 nr nr
Barium (Ba) 0.38 + 0.01 nr nr
Calcium (Ca) nr 0.089 171.5 + 34.01
Copper (Cu) 0.07 + 0.00 nr nr
Iron (Fe) 1.35 + 0.02 nr nr
Magnesium (Mg) nr 0.086 82.5+ 0.81
Manganese (Mn) 0.30 + 0.01 nr nr
Phosphorus (P) nr 0.023 62.47 + 3.43
Potassium (K) nr 0.090 950 + 16.32
Selenium (Se) 0.19 + 0.00 nr nr
Sodium (Na) 0.48 + 0.04 0.085 30.5 +3.77
Zinc (Zn) 0.40 + 0.01 nr nr
nr = not reported
Fig. 3. Contents of glucose, fructose and sucrose
Glucose Fructose Sucrose - in cocoa honey.
2
<]
g
g
]
O
2 4.06
9
2 21.40
£
g’
S 215
.'_.:"1 325
- 442 10.20
4.58 1.06
2:13 2.30

Leite etal.. 2019 Balladadares et al.. 2016 Melo Neto et al.. 2016

cocoa honey-based juices or as an ingredient for the food industry is ad-
equate conservation, which should be capable of avoiding degradation
due to the continuous fermentation process.

In natura cocoa honey is often frozen after its collection to avoid
spoilage during transportation before processing (Santos et al., 2014).
Temperatures described for conservation of this product are within -18
to -20 °C. Pasteurization (70 °C for 20 min) prior to frozen was reported
(Leite et al., 2019). Although the cost and effects of cocoa honey process-
ing are not reported, thermal pasteurization is an unexpensive process,
estimated to cost of 1.5 ¢/L (orange juice) (Sampedro et al., 2013). The
cost of pasteurization (processing) and refrigeration (storage) of pro-
biotic mango juice was reported on a study on the technological and
commercial viability of mango juice where the processing and storage
costs were estimated to be equivalent to 20% and 5%, respectively of
the total value of the raw material (Dhillon et al., 2021).

Other processes already utilized to stabilize beverages that can be
evaluated to improve the quality of cocoa honey include quick pasteur-
ization at higher temperature (Ishara and Gunasena, 2021), pasteuriza-
tion combined with UV-C radiation and mild heat (Gouma et al., 2020),
pulsed electric fields (Yildiz et al., 2019), and thermal-electrical ohmic
heating (Abedelmaksoud et al., 2018).

Production of juice from cocoa honey was accomplished after par-
tial removal of cocoa mucilage, homogenization, addition of ingredi-
ents, and moderate pasteurization at 77 °C for 1 min. In sequence,
conservative additives sorbate and benzoate were added, followed by
polyethylene packaging and rapid cooling at 10 °C for 8 min (Ortiz and
James, 2005). Quimbita et al. (2013) proposed thermal stabilization of
cocoa honey for nectar production using pasteurization processes with
similar operating conditions (77 or 85 °C for 1 min and 88 °C for 15 s).
In this process, chemical stabilization with sodium metabisulfite and
ascorbic acid was used to avoid enzymatic darkening.

Among the chemical conservation processes, addition of metabisul-
fite has been widely used to inhibit enzymatic and non-enzymatic dark-

Gyedu & Oppong. 2003

Anvoh et al., 2009

ening reactions and effectively suppress microbial growth in the wine in-
dustry (Ahmadi et al., 2018). Although some concerns on sulfides toxic-
ity (Han et al., 2020), successful experimental results have been reported
using potassium metabisulfite to prepare cocoa honey jelly. Alternative
processes, such as microwave and gamma radiation, are options to mini-
mize the negative effects that some conventional conservation processes
have on antioxidant contents such as ascorbic acid and vitamin C in co-
coa honey (Firouzi et al., 2021).

Drying by atomization was reported as a good option to avoid cocoa
honey degradation while retaining phenolic compounds contents. In the
process, cocoa honey was mixed with 11% maltodextrin and the powder
obtained retained 51% of vitamin C and 66.2% of antioxidant capacity
(Huerta, 2019).

In Ghana, cocoa pulp has been used since the 1990s to produce al-
coholic beverages, and evolved strains adapted to high temperatures
for industrial fermentation of cocoa pulp have been developed (Garcia-
Rios et al., 2021). Pasteurized, frozen cocoa pulp has recently been en-
dorsed by the European Food Safety Authority (EFSA) regarding food
safety, aiming at its commercialization in the European Community (EC)
(EFSA, 2019). This can be a way to disseminate and increase the com-
mercialization of cocoa honey juice, since it has physicochemical prop-
erties and macro- and micro-nutrient contents similar to those of cocoa

pulp.
7. Technological potential of cocoa honey in the food industry

In the cocoa market, cocoa beverages present the greatest tendency
to consumption increase, especially led by groups of consumers with
increasing affinity to frequent snacking habit and consumption of bev-
erages (Allied Market Research, 2019). Among these consumers, there
are groups with specific food preferences, demanding new flavors that
should have good acceptance of the unique flavor of cocoa honey. In
the same way, there is an increasing trend in the consumption of fruits
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and fruit-derived products with functional properties. The so-called su-
perfruits, which included cocoa, are a good example and comprise
several other fruits such as acai (Euterpe oleracea) from South Amer-
ica, goji berry (Lycium barbarum) from China, durian (Durio zibethi-
nus) from Southeast Asia, and moringa (Moringa oleifera) from north-
west India (Tacer-Caba, 2019).The superfruits market is sustained by
the search for health and nutrition, which many times is related to
the antioxidant properties and bioactive phytochemicals found in these
fruits (Chang et al., 2019). An overview of the global tropical fruit
puree segment estimated a market of USD 5 billion by the end of 2027
(Report Linker, 2021). The Food and Agriculture Organization of the
United Nations (FAO) estimates an expansion of 9.6% in major tropical
juices market in 2020 (Food and Agriculture Organization, 2019).

As afore mentioned, cocoa honey is rich in glucose (4.58 + 0.12%
w/v) and fructose (3.25 + 0.03% w/v) (Leite et al., 2019). The latter
is a carbohydrate with insulin-independent metabolism and slow ab-
sorption (glycemic index 20) that has less effect on glycemia than glu-
cose (glycemic index 100) (Rytz et al., 2019). Sugar plays an important
technological role in food and beverages production acting as flavor en-
hancement and balancing, color formation, volume and texture, promot-
ing fermentation and ensuring the preservation against decay, being also
an energy source for the human body (Goldfein and Slavin, 2015). How-
ever, consumption of sucrose-rich foods such as corn syrup is increasing,
mainly in western countries. Sucrose uptake has been associated to in-
creasing of non-communicated metabolic diseases such as obesity, type
2 diabetes, non-alcoholic fatty liver disease (Herman and Samuel, 2016)
and immune system issues (Jones et al., 2021). In this way, high con-
sumption of cocoa honey is not advised although the sweetness of cocoa
honey can be exploited in food preparations as a substitute for sugar-
cane, corn syrup and refined sugar.

Sweeteners are among the primal ingredients in the confectionery
industry, although the current tendency in the acceptance of sugar-free
or low-sugar products (Misevic et al., 2020). On a related perspective,
the Swiss multinational Food and Beverages Company Nestlé has devel-
oped a product named "sugar cocoa" using discarded cocoa pulp. This
pulp contains compounds such as monosaccharides (fructose, fucose,
galactose, glucose, rhamnose), disaccharides (lactose, maltose, sucrose)
and oligosaccharides. "Sugar cocoa" does not contain refined sugar and
is intended to be utilized in foods and beverages preferably in choco-
late confectionery with a natural approach, providing natural sweetness
without compromising flavor, texture and quality (Vieira et al., 2020).

The high viscosity of cocoa honey is associated with presence of
pectin, which can reach 1.5 g/100 g~! (Vasquez et al., 2019). Pectin
is a cell wall polysaccharide that has versatile gelling properties and the
ability to bind to several important natural industrial components, such
as cellulose, starch, chitosan, and proteins (Gawkowska et al., 2018).
This property makes pectin suitable as a gelling agent for fruit-based
products such as jams, fruit drinks, confectionery, and bakery fillings,
as reported for some tropical fruits such as umb and caja (Santos et al.,
2021).

The pectin used in many sectors of industry is mostly recovered from
agro-industrial waste. High-value, pectin-based products have been de-
veloped, namely, polymers and wrapping edible films from citrus peel
(Mellinas et al., 2020; Jridi et al., 2020) and encapsulated bioactive
compounds (Ishwarya et al., 2021). Due to its importance in the indus-
try, several new extraction processes have been described aiming at new
applications for pectin (Yu et al., 2021). The extraction and characteris-
tics of pectin from cocoa shells aiming its industrial use have also been
studied (Mollea and Chiampo, 2019).

The characteristic taste of cocoa honey justifies its use and applica-
tion in the food industry. Fresh cocoa honey (extracted up to 24 h after
fruit harvesting) contains pectin, sugar, and acids in levels adequate for
producing jams (Santos et al., 2014). Products such as alcoholic bever-
ages, syrups, jellies, and liqueurs made with cocoa honey have been pro-
duced by extractive communities, cooperatives, and artisanal food pro-
ducers. Some of them include kefir-based drinks (Puerari et al., 2012),
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mixed acai and cocoa honey jelly (Neto et al., 2013), and sugar-free jam
(Santos et al., 2014).

As the fruit, cocoa honey has phytochemicals with antioxidant capac-
ity, such as flavonoids (7.19 ug.mL™1) (Silva et al., 2014). The content
of phenolic compounds is described to reach 101.50 + 0.03 mg gal-
lic acid equivalent.100 g‘1 in cocoa honey (Silva et al., 2014), which
is comparable to the value described for cocoa pulp (103.76+4.79 mg
gallic acid equivalent.100 g~1) (Endraiyani et al., 2016). Cocoa honey is
also able to reduce 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals (6.34
g/g extract). Cocoa honey from Nacional x Trinitario variety was ac-
tive in three antioxidant assays, 2,2’-azino-bis(3-ethylbenzothiazoline)-
6-sulfonic acid (ABTS) radical inhibition, ferric reducing antioxidant
power (FRAP) and oxygen radical absorbance capacity (ORAC) (8.54,
7.89, 1.33 uM Trolox Equivalent mL~!, respectively) (Rodriguez and
Joel, 2020). Organic acids were reported in cocoa honey constitution,
mainly ascorbic, citric and malic acids (18.3+7.5, 9.1+0.6 and 3.6+0.5
mg mL-!, respectively) (Vasquez et al., 2019).

Some informal reports have shown the use of cocoa honey in the
production of ice-cream, mixed jellies, wines and vinegars, and the use
of pectin in less-sugar jellies. The use of cocoa honey in foods was the
target of some patents (Santos and Kalid, 2020; Scampini, 2020), listed
in Table 3. Some related patents using cocoa pulp are also presented,
including the evaluation of powered cocoa pulp juice in confectionary
in Japan (Mizumura and Kitajima, 2020), as well as sweetening sub-
stances from the cocoa pulp for production of chocolate in Germany
(Krahenmann and Windhab, 2019).

In addition to the exquisite flavor, coco honey marketing may add an
extra gain of 0.6 dollars per kilogram of beans. Apart from the possibili-
ties of using cocoa honey outside the chocolate industry, its employment
in the development of novel cocoa/chocolate products is strategic.

8. The future of cocoa honey

Cocoa honey has been increasingly used in the past decades, al-
though with limitations due to the scarcity of studies on conservation
and technological improvement of its physicochemical, biochemical and
microbiological characteristics, thus hindering its exploitation and com-
mercialization (Silva et. al., 2014). As the modern cocoa industry ur-
gently needs to minimize agro-industrial wastes and add value to by-
products aiming the sustainability of food processing, it will certainly
benefit from the incorporation of cocoa honey into innovative products
such as cocoa-based beverages and premium chocolates. Frozen bottled
cocoa honey is already being produced, and its addition in innovative
foods and beverages is expected (Santos and Kalid, 2020). On a prelimi-
nary analysis, cocoa honey utilization seems to be economically feasible.
It can be estimated that a farm with an average productivity of 300 kg
of dried almond per ha generates 0.59 kg of cocoa honey per kg of dried
almond (Kongor et al., 2018; Pisco-Caldas, 2019). Therefore, on a culti-
vated area of 100 ha, the average extraction of cocoa honey will reach
17,700 kg per crop. Using the methodology of Tesfaye et al. (2021) to
calculate the economic feasibility, and estimating the unit cost of US$
1.96 per kg, with 150% profit, an equilibrium point can be reached
with 590 kg. Therefore, monthly profitability for the sale of pasteurized
and frozen cocoa honey can reach US$ 1,947.00, with recovery of the
initial investment in up to five years. The valorization of wastes and
by-products with organoleptic, nutritional and functional characteris-
tics important for human health, such as cocoa honey, requires mod-
ernization of production systems, which is of crucial importance for the
bioeconomy of the countries where cocoa is among the most important
commodities produced. The cocoa market growth will certainly adapt
to the consumers’ preference for products with sustainability seals. Ini-
tiatives to increase the sustainability of cocoa production also include
ways to use cocoa pod husk. These husks are the main by product of
cocoa processing (up to 75% weight of whole fruit) and have been
studied for bio-fuels production, application in food industry (Lu et al.,
2018) and to substitute pine wood in materials destined to furniture
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Table 3

Patents on cocoa honey and cocoa pulp.
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Patent number

Depositing institutions

Patent scope

References

BR 102013 005053-9 B1

BR 102015 013975-6 A2

BR 102016 025928-2 A2

BR 102018016061-3 A2

BR 102019008474-0 A2

BR 102019008531-2 A2

BR 102019008742-0 A2

BR 102019009487-7 A2

DE3112994 Al

EP 3 520 621 Al

EP 3 777 550 Al

FR 2 849 374 Bl

JP 2021 506225 A

OA 10776 A

PE 62018 Z

US4331692A
WO 2017/044610 Al

WO 2017/062603 Al

WO 2019/149292 Al
WO 2020/115248 Al

WO 2020/158927 Al

WO 2021/026089 A2

University of Sdo Paulo (USP, Sao Paulo,
Brazil) and State University of Southwest
Bahia (UESB, Bahia, Brazil)

Federal University of Bahia Reconcavo (UFRB,
Bahia, Brazil)

Federal University of Sdo Jodo Del Rey (UFSJ,
Minas Gerais, Brazil)

Private deposit (Brazil)

National Industrial Learning Service (SENAI,
Bahia, Brazil) & Federal University of Bahia
(UFBA, Bahia, Brazil)

National Industrial Learning Service (SENAI,
Bahia, Brazil) & Federal University of Bahia
(UFBA, Bahia, Brazil)

Private deposit (Brazil)

Private deposit (Brazil)

Carle and Montanari SpA (Italy)

Société des Produits Nestlé S.A. (Switzerland)
Private deposit (Germany)

Private deposit (France)

Société des Produits Nestlé S.A. (Japan)
Association Ivoirienne des Sciences Agronomique
(AISA) Centre Ivoirien de Recherches
Tecnologiques (CIRT) (Ivory Cost)

Private deposit (Peru)

Private deposit (USA)
Private deposit (USA)

Wm. Wrigley Jr. Company (USA)

Reishi Colombia S.A.S. (Colombia)
Cabosse Naturals Nv (Belgium)

Meiji Co., Ltd (Japan)

Mars, Incorporated (USA)

Food compositions of chocolate and edible ice-cream
containing cocoa honey

Functional carbonated drink
In natura cocoa pulp-based drink with probiotic addition

Process of production of spirits (aguardente) through the
preparation, fermentation and distillation of cocoa honey
Drink obtained from cocoa honey and manufacturing
process of the referred beverage

Powdered cocoa honey obtained from concentrated cocoa
honey and manufacturing processes of concentrated cocoa
honey and powdered cocoa honey

Craft beer production using cocoa honey as an adjunct
Essences, perfumes and natural colonies obtained from the
endocarp of the fruit, pulp or cocoa honey

Process and apparatus for pasteurization-sterilization,
deacidification and alkalization of cocoa juice

Chocolate products, ingredients, processes and uses
Method for obtaining a sugar-containing substance from
cocoa fruit and use of the sugar-containing substance in
the production of chocolate

Cosmetic and/or dermatological composition based on
cocoa pulp

Food products, ingredients, processes, and uses
Manufacture of stabilized juice clarified vinegar wine from
syrup jam and jelly from cocoa juice making cocoa liquor
classifications

Blender propeller to remove the slime or mucilage from
cocoa and other fruits

Cocoa fruits and products

Method for production and use of syrup derived from the
fruit pulp of the cacao pod

Shelf stable, high moisture fruit confection products from
cocoa pulp

Functional food and producing process

Cocoa pulp derived powder, method for obtaining thereof
and its applications

Cocoa pulp juice dried powder, food product after
blending, and producing methods

Spray dried cocoa pulp

Lannes et al., 2013

Santos et al., 2015
Magalhaes et al., 2016
Scampini, 2020
Oliveira et al., 2019a
Oliveira et al., 2019b
Rodrigues, 2019
Eskes, 2019

Bonora and Chiappa, 1980
Festring et al., 2019
Hoppe et al., 2019
Derhy, 2002

Viera et al., 2018
Koffi et al., 1993
Gavilan et al., 2016

Drevici and Drevici, 1979
Toth et al., 2016

Willcocks et al., 2016

De Echeverri et al., 2018
Bernaert and Greiner, 2019

Mizumura and
Kitajima, 2020
Castro et al., 2020

industry (Veloso et al., 2020). Bioactive compounds with nutritional
potential present in inedible cocoa residues have also been described
(Balenti¢ et al., 2018; Hamadi et al., 2020; Cadiz-Gurrea et al., 2020;
Rojo-Poveda et al., 2020; Eletta et al., 2020, Vasquez et al., 2019).

A Strengths, Weaknesses, Opportunities and Threats (SWOT)
analysis of fifteen promising chocolate markets published by
Misevic et al. (2020) showed particularities in the demands of
some countries that may inspire the cocoa industry to incorporate
cocoa honey into several innovative products.

Agro tourism is among the initiatives that may assist with dis-
seminating agricultural products with new flavors and unique eth-
nic and niche products (Péréz Gélves et al., 2020), experienced by
cocoa-producer’s countries such as Ghana (Bantacut and Raharja, 2018;
Eshun and Tichaawa, 2020). In some Brazilian farms, tourists can par-
ticipate in cocoa harvesting and taste fresh cocoa juice as it drips from
the fruit. Production of chocolate with regional appeal was proposed as
strategy for the integration between the cocoa chain and tourism in the
Amazon region. Meanwhile, cocoa honey has also gained the media and
consumers in the producing countries, and there are various gourmet
recipes available online.

9. Conclusions

Changes in eating habits driven by several factors such as the search
for health and the concern for sustainability have provided opportuni-

ties for the cocoa industry to grow outside conventional applications
such as cocoa nibs, chocolate bars, and confectionery products. More-
over, the increasing purchasing power of consumers and the consequent
higher level of expectation for new products comprise a strategic sce-
nario for cocoa honey that features regional appeal, nutritional bene-
fits, and unique sensory attributes. The dissemination of cocoa honey in
regional fairs, tasting experience in visits to cocoa farms, and its incor-
poration into both homemade and gourmet recipes are emerging ways
to introduce cocoa honey as a natural exotic juice into the national and
international markets.

Additionally, the path towards rural sustainability that meets the
United Nations Sustainable Development Goals (SDG) requires a new
look at waste and by-products. New technologies and suitable conserva-
tion techniques aimed at extending shelf life, reducing contamination,
and preventing degradation of nutritional compounds are essential for
the incorporation of coca honey into the production chain.

The examples discussed in this review report the technological po-
tential of cocoa honey for the food industry and the prospects for devel-
oping modern technologies for the use, conservation, addition of value
and development of new functional and nutraceutical products from this
important by-product of the cocoa industry. Further research in the area
should also broaden the horizon, presenting possibilities for employing
cocoa honey in the pharmaceutical and cosmetic industry, making co-
coa production more sustainable as cocoa honey goes from residue/by-
product to raw material.
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