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ARTICLE INFO ABSTRACT

Keywords: Technology forecasting (TF) based on bibliometric tools allows knowing the technological trends
Bibliometric of developed topics based on experience and current knowledge, thus anticipating future changes.
Bioactive

To reduce hunger and improve nutrition, the food-based topic is of central concern, especially

g:::ris functional food. Among these, various studies on chocolates have been performed. On a global
Health scale, these products are at the level of patents, with China leading it, vastly outperforming the
Food cocoa-producing countries. Though no known functional chocolates are sold under that specific
Market name, chocolates on the market serve as "carriers" of bioactive compounds. Unfortunately, they

cannot be attributed to health properties since these properties have to be evaluated with in vitro,
in vivo, and clinical studies. Launching functional chocolate on the market is possible; however, it
would be a long-term process involving previous stages such as studying its ingredients’ bioactive
properties, laboratory-level product development, functional properties, and quality and accep-
tance parameters. For research purposes, it is possible to speak of functional chocolates, poten-
tially functional chocolates, or chocolates enriched with bioactive compounds since the
development of research does not necessarily involve launching the product on the market.

1. Introduction

Technology forecasting (TF) is a dynamic, selective, and permanent process to capture information from outside and inside
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technological development. It involves finding, extracting, selecting, analyzing, adding value, and disseminating information [1]; it is
increasingly used worldwide to predict the daily requirements of the “market," providing organizations with current knowledge in a
more effective response time [2,3]. It is necessary to highlight that this activity is within the ethical and legal framework and should
not be confused with espionage [4,5] and can be developed in different areas. For example, the Colombian education sector [6]
proposes using TF as a tool for an industrial engineering program and prospective and dynamic curriculum design. Pineda [7] con-
ducted TF to identify the food industry’s main innovation factors (clients, providers, research institutes, and universities).

On the other hand, bibliometric studies are used to develop TF; Hernandez [8] analyzed the use of Big Data technologies in the
insurance sector; Lebelo et al. [9] promoted the collaboration on food safety research between developing countries; Kreuchauff &
Korzinov [10] used bibliometrics and patent analysis to assess trends in various sectors evaluating available emerging technologies
within scientific research; Chen et al. [11] consolidated the state-of-the-art food waste research based on a bibliometric study.

In recent years, the problem of human health improvement has occupied an important place in modern social life and has become a
state policy priority. Experts of the World Health Organization believe that the population’s health depends primarily on a complete
diet and genotypic characteristics, environmental conditions, and social conditions [12]; therefore, research in agriculture alternatives
such as green technologies is rising. Hassoun et al. [13] conclude that green technologies are revolutionizing agriculture and food
production, so more green and digital solutions are expected to be applied shortly to achieve a healthier food system. Hence, for
TF-based studies, it is necessary to have a large amount of satellite data in agriculture, which can help farmers make accurate decisions
[14]. Also, it is ideal that the public and private sectors help create database platforms for precision agriculture to improve food
quantity and quality.

Currently, the food sector is faced with meeting the consumer needs who take care of their health and seek foods that help preserve
it. Moreover, the food industry aims to be sustainable and competitive and provide foods with functional properties while decreasing
highly processed foods, as they are considered harmful to human health [15,16]; this is why a recent field of study and market has
opened up for the development of functional foods. Among these foods, it is observed that the growth in the production and study fields
of functional chocolates has been increasing in recent years. It is known that functional chocolate optimizes the positive aspects in
terms of nutritional and bioactive composition, for which the use of processing technologies is the critical factor for producing these
innovative foodstuffs [17]. Moreover, efficiency in the production of functional chocolates involves a thorough study of its production
chain based on research strategies in comparison to other products of traditional uses [17] to meet the demands of more selective
consumers in terms of food quality [16].

Chocolate is a product derived from the processing of cocoa (Theobroma cacao L.), consumed and enjoyed worldwide by people of
all ages due to its sensory characteristics [18]. However, adding sugar and high-saturated fatty acids (around 60%) to chocolate can
harm those who consume it. Likewise, consumers’ reduced calories need, dental health care, and obesity reduction change the ad-
vantages of chocolate into disadvantages [19,20]. So, the development of functional chocolates as new low-calorie chocolates
substituting fat and sugar with alternative components [21], as well as chocolates fortified with bioactive compounds [22] are gaining
a lot of research interest in the scientific community. Since there are no studies on functional chocolates’ current and future situation,
we consider it essential to develop these products TW based on bibliometric studies, which manufacturers and researchers can use.
Therefore, we consider it worthwhile to conduct a bibliometric review on functional chocolates, which, as mentioned by Snyder [23],
allows us to compile the main findings on technological innovation in the chocolate industry [15,24].

2. The functional food sector

The term “functional foods” dates back to the 60" with the discovery that polyunsaturated fatty acids help to control the blood
cholesterol level [25]. Similarly, Gok & Ulu and Granato et al. [26,27] reported that the term "functional foods" was first used in Japan
in 1980, mentioning that foods "enriched" in their components provide beneficial physiological effects on human health [28]. How-
ever, functional foods have quite a long history; it is known that there are traditional foods associated with specific health benefits.
Moreover, interest in developing such foods and beverages has emerged since the second half of the 20th century [17], along with the
development of regulatory systems for functional foods, through organizations such as the Federal Food and Drug Administration
(USA), Food Safety and Standards Authority (India), Food and Drug Administration (China), European Union (EU), National Health
Surveillance Agency (Brazil); among others [29]. Ultimately, these precedents were the foundation of the functional foods growing
innovation, with a broad spectrum of bioactive compounds beneficial to health [27,29]; being Europeans, North Americans, and
Japanese the leaders of this field of study [16].

Based on the bibliometric tools following Equation 1 search, we can notice that consumers are aware of the diet importance in
human health and preferentially choose functional food products [30-32].

TITLE ("functional food") AND (LIMIT-TO (PUBYEAR, 2023) OR LIMIT-TO (PUBYEAR, 2022) OR LIMIT-TO (PUBYEAR, 2021) OR
LIMIT-TO (PUBYEAR, 2020) OR LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO (PUBYEAR, 2018) OR LIMIT-TO (PUBYEAR, 2017) OR
LIMIT-TO (PUBYEAR, 2016) OR LIMIT-TO (PUBYEAR, 2015) OR LIMIT-TO (PUBYEAR, 2014)) AND (LIMIT-TO (SUBJAREA, "AGRI"))
(Equation 1).

Recently, functional food demand in the global market has increased rapidly due to the increasing number of diseases and tech-
nological advancements [33-35]. The functional foods’ health benefit derives from bioactive compounds (i.e. fruits), such as phy-
tochemicals (i.e. plant extracts), prebiotics (i.e. vegetables and grains), probiotics (i.e. fermented foods), and amino acids (i.e. fruits
and vegetables), that are naturally found in them, formed during processing, extracted from other sources, and added to them [33,35,
36]. Generally, it can be evidenced that fruits, vegetables, legumes, nuts, spices, meats, and vegetables oils are the main sources of
functional ingredients that are consumed daily [16]. In addition to identifying and quantifying potential bioactive compounds, it is
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crucial to demonstrate their efficacy at cellular and molecular levels. Therefore, numerous in vitro, in vivo, and clinical studies have
been conducted to positively identify bioactive compounds that modulate lipid metabolism and adipose tissue formation [37-39].
Dominguez et al. [30] point out that using "health claims" on functional food labels should have specific regulations as they may
influence the purchasing decision. Although European, US, and Japanese nature claims are partly similar, the approval and use
procedures and regulatory framework differ. Consumers generally accept functional products with health-related claims, and most of
them include more than one claim. Bibik et al. and Fernandes et al. [31,40] state that such functional products must have at least one
specified physiological effect. Consumer behavior towards functional food products depends on multiple factors and differs between
countries. For example, accepting such products in American and Japanese societies is generally more accessible than in Europe.
Investment in the functional food products market has been increasing over the last few years and seems to have a promising future
[30]. For this reason, it promotes that the food industries provide high-quality foods regarding functional and nutritional attributes
that improve human health [41].

2.1. Scientific research on functional foods

In this regard, Gong et al., Kapinova et al., and Kumar et al. [42-44] state that plant-based functional foods is natural or processed
plant foods containing known or unknown bioactive components called phytochemicals. Furthermore, these plant-based functional
foods adhere to green health (to improve health and life quality and proper good dietary habits). Bayram & Arda [45] suggest that
carnelian cherry’s bioactive components (Cornus mas L.) can contribute to a healthy diet. Moreover, it was suggested that this cherry
could be considered a "superfood" due to its phenolic components, organic acids, natural sugar, vitamin C, pectins, carotenoids, and
essential minerals. In addition to this, it has been used in the treatment of various diseases since ancient times for its anti (oxidative,
microbial, diabetic, atherosclerosis, obesity, glaucoma); protective (cyto-, neuro-, cardio-, hepatic-, renal-) and hypo (lipidemia and
blood pressure) effects. These effects have been partially corroborated by in vitro and in vivo studies. However, clinical studies are
limited to testing these effects. Therefore, long-term and extensive population clinical studies are needed to evaluate the biological
effects of carnelian cherry.

Lafarga et al. [46] report that spirulina can become an essential food because it is rich in nutritional compounds, such as proteins,
polyunsaturated fatty acids, and bioactive pigments, including chlorophylls, carotenoids, and phycobiliproteins. Spirulina-derived
pigments have several health-promoting properties upon consumption and could be used as an ingredient in developing novel
functional foods. In addition, spirulina-derived proteins are excellent sources of bioactive peptides with potential applications in the
functional food industry; their primary action is as antihypertensive, antidiabetic, antiobesity, and antioxidant ingredients, among
other positive bioactivities. Bibik et al. [40] developed a protein-lipid dispersed system based on cow’s milk and carrot to obtain
orange coagulates containing the antioxidant complex: p-carotene + vitamin C + rutin. The studies concluded that these products
make possible the expansion of functional food products with a particular physiological effect.

Wang et al. [47] mainly focused on the interaction between functional foods and the major protease of severe acute respiratory
syndrome coronavirus (SARS-CoV-2). They concluded that quercetrin should be the best inhibitor of the major protease of
SARS-CoV-2. Then, considering that green and white tea are rich in quercetrin, there is a possibility to design tea-based functional
foods that could become an excellent option to regulate the metabolism and help overcome this disease. Samaei et al. [48] produced
bean protein hydrolysates (HPH) by evaluating their functional, nutritional, antioxidant properties, and peptidomics profile. HPH was
added to apple juice, and no significant differences were perceived with the control, concluding that HPH can be used as functional
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food ingredients to produce fortified beverages. As for cocoa, the primary raw material of chocolate, the hydrolysis of cocoa bean
protein results in the release of bioactive peptides with potential health properties against hypertension, diabetes, Alzheimer’s,
obesity, and tumoral problems [49-52]. However, bioaccessibility and bioavailability in vivo studies of these peptides and clinical
trials are needed. This knowledge may allow the development of nutraceuticals and food products with specific biological activities as
well as pleasing aromas and flavors [53,54].

With the dimensional scaling and words found, the technological map related to functional foods was constructed (Fig. 1) [55,56];
this mapped the studies in functional foods according to study topics. In the first group (red), trends are oriented towards new sources
of bioactive compounds (polyphenols and flavonoids) from fruits and plant extracts with antioxidant potential; they also include
studies on chemical analysis to demonstrate their bioactivity and nutritional value. The second group includes bioactivity studies
carried out on animals.

According to the literature obtained through bibliometrics, Table 1 shows some functional foods in the Spanish market related to
their beneficial properties for human health. The most consumed functional foods are those made from cereals and vegetables sup-
plemented with minerals and vitamin D.

2.2. Functional chocolates

Functional chocolates have been developed in scientific research worldwide; efficiency in the production of it involves a thorough
study of its production chain based on research strategies in comparison to other products of traditional uses [17] to meet the demands
of more selective consumers in terms of food quality [16]. Information related to functional chocolates is available by applying a
bibliometric study with Biblioshiny of RStudio from data extracted from Scopus, using the search Equation 2:

TITLE-ABS-KEY (functional AND chocolate) AND (LIMIT-TO (PUBYEAR, 2023) OR LIMIT-TO (PUBYEAR, 2022) OR LIMIT-TO
(PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR, 2020) OR LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO (PUBYEAR, 2018) OR LIMIT-TO
(PUBYEAR, 2017) OR LIMIT-TO (PUBYEAR, 2016) OR LIMIT-TO (PUBYEAR, 2015) OR LIMIT-TO (PUBYEAR, 2014)) AND (LIMIT-
TO (SUBJAREA, "AGRI")) (Equation 2).

In this regard, El-Hadad et al. [57] included functional chocolates in a cream spread, replacing cocoa butter with palm olein, and
measured the number of tocopherols and tocotrienols compared to conventional chocolates. Fayaz et al. [58] studied the effectiveness
of pomegranate seed oil oleogel as a partial replacement of the fat phase in chocolate spread; using different techniques, such as
polarized light microscopy, synchrotron XRD, mechanical analysis, and oil binding capacity, studied chocolates’ physical and me-
chanical properties. Toker et al. [59] developed functional white chocolate by enriching it with eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), determining water activity, hardness, yield strength, plastic viscosity, and energy required for complete
melting. They concluded that produced white Chocolate with EPA/DHA can carry heat-sensitive bioactive substances.

In the same way, Fakhari et al. [60] indicated that regular consumption of flavanol-rich dark chocolate complemented with pilates
(an exercise recommended to diabetic patients for its health benefits) significantly increases the total antioxidant capacity status and
fasting blood glucose. The study by Dala-Paula et al. [51] reported that the bioaccessibility of amines and amino acids in 70% bitter
chocolate increased after in vitro simulation of oral, gastric, and intestinal digestions. Deus et al. [61] investigated amino acids and
bioactive amines (spermidine, tryptamine, agmatine, and phenylethylamines) in nine cocoa clones and their impact on the quality,
safety, and functional properties of chocolates. Muhammad et al. [62] studied the potential of cinnamon (Cinnamomun burmannii)
extracts to enhance the health-promoting properties of white chocolate. They reported that containing cinnamon extract, catechin,
epicatechin, procyanidin B2, quercitrin, 3,4-dihydroxy benzaldehyde, protocatechuic acid, and cinnamic acid increased the white
Chocolate phenolic content. Kiumarsi [63] substituted sucrose with different levels of hydrophobically-modified inulin as a bio-
polymeric surfactant in low-calorie chocolates. The study demonstrated that increasing inulin content gives the chocolate an excellent
textural and color appearance.

In the same way, Rezende [64] developed sucrose-free chocolate employing a blended design to add fibers as partial substitutes for
cocoa butter. Combining different inulin contents and p-glucan concentrate up to 50% of the cocoa butter formulation resulted in
products with good acceptance. Martini et al. [65] prepared dark chocolate incorporating Sakura green tea leaves. Another example is
the addition of turmeric powder to chocolates, causing the modification of the phenolic profile, resulting in increased phenolic
concentration. Bels¢ak-Cvitanovic et al. [66] developed dark chocolates incorporating 3% red raspberry (Rubus idaeus L.) leaf extract,
improving the content of the total phenolic compounds. Toker et al. [59] report that fortified white chocolates supplied with

Table 1

Summary of functional food groups related to a disease risk reduction in the Spanish market.
Food Group Disease risk reduction Number of

products
Cookies, oatmeal Oat beta-glucan has been shown to lower blood cholesterol. High cholesterol is a risk factor in the development 5
Bread and similar products  of coronary heart disease. 1
Oat-based cereals 1
Oat grains 2
Vegetable shortening Plant sterols have been shown to lower blood cholesterol. High cholesterol is a risk factor in the development of 28
coronary heart disease.
Vitamins and mineral Calcium and vitamin D help reduce bone mineral loss in postmenopausal women. Low bone mineral densityisa 36
supplements risk factor for osteoporotic bone fractures.
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eicosapentaenoic and docosahexaenoic acid (EPA and DHA) from microalgae or powder had desired quality, concluding that white
chocolate can be used as a carrier of heat-sensitive bioactive substances.

We can notice in Fig. 2 that 248 research articles on functional chocolates are reported, according to the methodology used by
Vargas & Castellanos [67]. It can be noted that the word "chocolate" is the one that appears most frequently and is followed by
"functional food", “cocoa”, "functional foods," and “polyphenols”.

Fig. 3 reports trend topics related to functional chocolates, which have increased recently. In 2020 functional chocolate quality
properties were investigated, studying texture and the phenomena that govern their behavior [55,56]. Recently, newly available
studies related to physicochemical properties and functionality appeared. This property is easy to understand since the quality of
chocolate is not only in its flavor and aroma but also in its physical quality, which depends mainly on the characteristics of cocoa
butter.

2.3. Patent analysis of functional chocolate patents

The Patentinspiration tool was used with the search term "Functional chocolate," finding 38 patents, of which only seven declared
functional foods. These chocolates contain trans-resveratrol, trehalose/fruit powder, 1-carnitine, dandelion, and calcium/vitamin D.
We also found 20 patents for preparing functional chocolates with Ganoderma, maca, turmeric, linolenic acid, and r-arabinose. China
and Russia have applied for the registration of functional chocolate patents, with ten and two patents, respectively (Fig. 4) [68]. In the
Lens database [69], 79 patents for functional chocolates and their method of preparation were found.

Fig. 5 reports the number of patents published in recent years. Generally, it shows an increasing trend in publishing functional
chocolate patents, with the highest number being granted in 2019. However, in 2020 the number of patents granted has dramatically
reduced.

Table 2 shows that most of the patented functional chocolates incorporate vegetables as a source of active ingredients (molecules
that have bioactive properties); for example, vegetable extracts as a source of polyphenols, flavonoids, and anthocyanins. Other
patents include the procedures for functional chocolate making, the ingredients’ proportions used, and the quality properties of the
final product (rheological properties, texture, crystallization, and melting, among others). Therefore, it is essential to know the
properties of the ingredients, manufacturing methods, quality characteristics, and clinical studies of functional chocolate before
launching the patent to the market and its subsequent commercialization.

The "Functional Chocolate Production" patent with code US2020022381A1, published on January 22, 2020, consists of a mixture of
cocoa bean and plant extracts. This plant extract is rich in polyphenols comprising stilbenoids, catechins, epicatechins, gallocatechin,
anthocyanins, anthocyanidins, curcumin, flavones, flavanols, flavanones, isoflavones, chalcones, phenolic acids, and lignans. The
extract is obtained from the berry group comprising Aronia, chokeberries, rowanberries, blueberries, black currants, gooseberries,
cherries, acai, barberry, sea buckthorn, and blackberries. The product is characterized by its antioxidant, anti-inflammatory, anti-
hypoxia, vascular activity-enhancing, and other health benefits. These properties were proven through clinical studies in volunteers;
the first study was to establish the impact of functional chocolates with Aronia extracts on postprandial glucose levels, concluding that
functional chocolate did not affect postprandial glucose; therefore, it was safe. Another study consisted of transresveratrol (t-RSV)
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pharmacokinetics and epicatechin contained in chocolates, thus, demonstrating an increase in the blood serum t-RSV concentration
during the first 4 h of ingestion. Epicatechin concentration was 2.75 times higher after consuming functional chocolate than con-
ventional Chocolate [70]. Another example is ACTICOA, which is a product that retains up to 80% of polyphenols [71] and flavonols
[72] in raw cocoa, from which obtained tasty functional chocolate positively impacts cardiovascular health. In yet another aspect, a
method of increasing the level of resveratrol, catechins, and other polyphenols in blood serum is provided, comprising the method of
administering a consumable product such as milk chocolate to a consumer or patient in need.

2.4. Functional chocolate market

We can observe in Fig. 6, that chocolate is a $100 billion industry in the United States, involving a range of products that are some of
the most popular among consumers. More than 600 million people in the West alone consume these products. Eighty-five percent of
these people prefer milk chocolate (i.e., chocolate products with less than 50% cocoa solids). Dark chocolate is healthier because it
contains less sugar, is richer in polyphenols with beneficial health properties, interferes with glucose absorption in the intestine,
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supports insulin function, and facilitates more efficient glucose utilization. Dark chocolate contains catechins and epicatechins, which
benefit the cardiovascular system, mitochondrial metabolism, and epithelial metabolism [68].

Moreover, according to the Observatory of Economic Complexity, Chocolate ranks 129th among the most traded products [73]. In
2018 (Fig. 6A), Germany was the largest exporter of chocolate with a share of $5.17B, having as its primary buyer the United States
($2.76B). After Germany, the largest exporters were Belgium ($3.13B), Italy ($2.1B), the Netherlands ($1.93B), and Poland ($1.74B).
We can see in Fig. 6B that the largest importer of chocolate was the United States with 9.47% ($2.76B), followed by Germany ($2.36B),
France ($2.31B), the United Kingdom ($2.28B), and the Netherlands ($1.41B).

The percentage indicated the participation of each country in the global market in chocolates (A) Exportations and (B)
Importations.

Finally, in the South American market, Brazil was the largest exporter of chocolate ($161.9 M), followed by Argentina ($112.9 M)
and Colombia ($61 M) (Fig. 7a). Brazil also ranked first in chocolate imports ($180.3 M), followed by Chile ($86.4 M), Argentina
($67.9 M), and Colombia ($49.9 M) (Fig. 7b). As a cocoa producer, Peru has no significant share in the chocolate market ($23.5 M in
exports and $43.9 M in imports).

2.5. Undertaking and research projects related to functional foods and chocolates

A search about functional chocolate innovative ventures on the Kickstarter website demonstrated that they are called "Addictive
Wellness," which consists of "Raw" chocolate made purely from superfoods and herbs. It is raw, vegan, sugar-free, soy-free, gluten-free,
non-GMO, and nut-free. The chocolates taste similar, but each has a specific set of superherbs for a different function (energy, beauty,
and tranquility) [74].

Regarding research projects, the National Council for Science, Technology, and Technological Innovation (Concytec) is financing
the development of a functional product based on Cocona (Solanum sessiliflorum) to lower cholesterol and triglyceride levels in the
blood, the leading causes of cardiovascular diseases. This product will allow lowering of cholesterol and triglyceride levels in the blood
naturally and without side effects [75]. Moreover, they determined the nutritional composition, the bioactive compounds, the anti-
oxidant activity, and the lipid-lowering effect of five Cocona ecotypes, identifying the best which will serve as raw material for making
the functional beverage from Cocona pulp.

3. Conclusion

The worldwide technological development of functional food, concerning chocolates, is at the level of patents. There are unknown
functional chocolates sold under that specific name. However, some chocolates serve as "carriers" of bioactive compounds. Never-
theless, they should not be attributed to beneficial properties since they must be evaluated in vitro, in vivo, and in clinical studies.
Launching functional chocolate to the market is possible. However, it would be a long-term process involving previous stages, such as
studying the bioactive properties of its ingredients, developing the product at the laboratory level, studying the product’s functional
properties, and determining quality and acceptance parameters. At an academic-research level, speaking of functional, potentially
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Table 2
Patents for functional chocolates are found worldwide.

Item  Patent name Year Country  Description

01 Combined functional chocolate and method 2020  China White Chocolate with Pueraria powder and dark chocolate with blueberry
preparation anthocyanin, vitamin C, and lycopene dissipate the effects of alcohol, protect

the liver and prevent oxidative damage.

02 Functional Chocolate 2020  China Chocolate incorporating plant extract rich in polyphenols, wherein said
consumable product comprises between 1 and 20% plant extract.

03 Chocolate preparation composition and production 2019  Rusia Chocolate with high organoleptic characteristics, biological value,

method. structural-mechanical, physical-chemical quality, and low glycemic index,
incorporating stilbenoids, catechins, epicatechins, gallocatechin,
anthocyanins, anthocyanidins, curcumin, flavones, flavonoids, flavanones,
isoflavones, chalcones, phenolic acids, and lignans.

04 Ganoderma spore powder functional chocolate chip 2019  China Chocolate with a light fragrance of Ganoderma spores is an excellent
and preparation method healthcare food with relatively good social and economic benefits.

05 Preparation system and method for functional 2019  China Preparation system and method of functional chocolate containing black rice
chocolate containing anthocyanins from black rice anthocyanins related to the technical field of chocolate production.

06 Fruit Chocolate 2019  China Improved health preservation, healthier and delicately fragrant taste.

Incorporates fruit powder, trehalose, and likely.

07 Functional chocolate and preparation method. 2019  China Using a traditional chocolate preparation technology, incorporating
resveratrol and chrysanthemum morifolium powder.

08 Functional chocolate and preparation method. 2019  China Chocolate with added lutein. The product can prevent severe myopia and has
remarkable curative effects in recovering multiple eye diseases.

09 Composition for chocolate production 2019  Rusia Incorporating ginseng allows for obtaining chocolate with a high biological
value due to the supercritical ginseng extraction technology.

10 Chocolate is capable of dissipating the effects of 2018  China Chocolate accelerates ethanol decomposition protecting the liver. It can also
alcohol and protecting the liver and its preparation be used to relieve headaches caused by alcohol consumption. It includes
method. Radix Pueraria, Fructus schisandrae chinensis extract, and likelies.

11 Functional Chocolate 2018  Polonia The product is characterized by its containing vegetable extract rich in

polyphenols.

12 Chocolate with peach and preparation method 2017  Korea Functional chocolate with enhanced antioxidant activity by incorporating
freeze-dried peach and freeze-dried peach powder.

13 Chocolate with maca and preparation method 2017  China Chocolate for resisting fatigue, improving immunity, and meeting people’s
demand for functional chocolate.

14 Chocolate coated with curcumin and method of 2016  Korea Chocolate products are coated with curcumin, thus increasing the absorption

manufacture rate of curcumin in the body, where curcumin is a functional substance.

15 Chocolate and confectionery containing garcinia 2017  Korea Due to physiological activities and effects, functional chocolates are added
cambogia extract and manufacturing method with Garcinia cambogia powder extract to improve health.

16 Functional chocolate that helps to lose weight 2016  Turquia  The product has various combinations of 1-carnitine, vitamins, grape seed or

grape seed extract, green tea or green tea extract, ginger root, and cinnamon.

17 Modified cocoa butter, functional chocolate, and 2015  China The modified cocoa butter contains polyunsaturated fatty acids DHA and
preparation method EPA. The functional chocolate has a smooth surface, delicate flavor, no

apparent fishy odor, moderate cocoa flavor, and good storage performance.

18 Modified cocoa butter and functional chocolate 2015  China Functional chocolate containing more linolenic acid, with better nutritional
containing linolenic acid and preparation method and health functions.

19 Preparation method of functional chocolate refined 2015 China Functional chocolate inhibits sucrose absorption, insulin secretion, and
with r-arabinose obesity incidence, preventing the occurrence of high blood sugar levels, and

is nutritious.

20 Preparation method of functional chocolate using 2015  China The invention relates to preparing functional chocolate by using a vegetable
okra, mushrooms, and algae vegetable components. okra-fungus-algae composition.

21 Functional chocolate and preparation method 2016  China Chocolate that incorporates fruit powder, dietary fiber, and DHA. The
product complements nutrients for health care with better stability, shelf life,
and high-temperature tolerance during transportation.

22 Chocolate with dandelion and deodeok 2014  Korea Functional chocolate using dandelion and Codonopsis lanceolata are well
known for its functional health characteristics.

23 A nutritious and functional chocolate food 2009  México Nutritional and functional chocolate including a cocoa-based composition
with calcium, vitamin D, and a trace element dispensed in a marshmallow.

24 A novel method to prepare a functional chocolate 2008  Korea The herbal chocolate production method eliminates medicinal herbs’
characteristic flavor and bitter taste while providing a pharmacologically
active component.

25 Functional composition of chocolate and 2008  Korea It provides a functional chocolate composition and preparation method to

preparation method

improve its nutritional value and taste. It contains medicinal herbs: Polygala
tenuifolia Willdenow, ginseng, Poria cocos, Zizyphus jujuba Miller seeds,
vitamins, and calcium.

functional, or enriched bioactive compounds in chocolate is possible since the research development does not necessarily involve
launching the product on the market, i.e., these are not done for commercial purposes. Despite being a cocoa producer, the raw
material for chocolate in Peru has no patent applications for functional chocolate, and scientific research related to this product needs
to be improved.

There are still different fields of study to be explored in producing functional chocolates; currently, technologies are needed to take
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advantage of potentially functional ingredients from plants and fruits traditionally used for medicinal purposes. Moreover, the active
principles of these ingredients can be harnessed for their antioxidant, soothing, healing, and other properties. Likewise, to take
advantage of this immense source of natural ingredients to be incorporated into functional chocolates, there is still a vast field to
explore, such as encapsulation that protects the concentration and preservation of their active ingredients and properties or methods of

adding native ingredients and formulas for preparation.
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