Journal of Xidian University https://doi.org/10.5281/Zenodo.15351151 ISSN N0:1001-2400

Health-Promoting Properties of Dark Chocolate:
A Comprehensive Review of Bioactive
Compounds and Clinical Evidence

Shikha Rani*, Gabriel Sandram, Anju Goyal ", Jitender Singh and Shivali Salooria

University School of Pharmaceutical Sciences, Rayat Bahra University, Mohali, Punjab, India,
140103

*Corresponding Authors:
Ms. Shikha Rani,
Assistant Professor (Pharmaceutical Chemistry),
Prof (Dr) Anju Goyal
Dean

VOLUME 19, ISSUE 5, 2025 198 http://xadzkjdx.cn/



Journal of Xidian University https://doi.org/10.5281/Zenodo.15351151 ISSN N0:1001-2400

ABSTRACT:

Dark chocolate, made from the Theobroma cacao plant, has been enjoyed for centuries, not just for its delicious taste but also for
its potential health benefits. This review looks at how dark chocolate can positively impact your health, particularly in areas like
heart health, metabolism, brain function, and its antioxidant properties. The key to these benefits lies in the flavonoids found in
dark chocolate, especially epicatechin and catechin. These compounds help improve blood pressure, cholesterol levels, insulin
sensitivity, and reduce oxidative stress. Because of these effects, dark chocolate is considered a "functional food" that can support
overall well-being. However, it's important to eat it in moderation, as it can be high in calories and sugar.
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INTRODUCTION:

Chocolate, made from the seeds of the Theobroma cacao tree, has been enjoyed for centuries. The Aztecs, for
example, used it as a medicinal drink to treat various ailments, as seen in ancient texts like the Badianus Manuscript
and the Florentine Codex'l?. They believed chocolate had many health benefits. In 1737, the scientist Linnaeus
even named the cacao tree Theobroma, meaning "Food of the Gods," because of its positive effects on health®!.
Over time, chocolate became known for helping with energy, reducing cancer risk, and easing symptoms of
conditions like asthma and fever!™.

Dark chocolate, especially those with 70% cocoa or more, has become famous for its potential health benefits.
Unlike milk chocolate, dark chocolate has more cocoa solids, cocoa butter, and flavonoids, particularly epicatechin
and catechin. These compounds are known for their antioxidant, anti-inflammatory, and blood vessel-relaxing
properties, which are believed to contribute to its health benefits *1. As a result, dark chocolate is not just a tasty
treat but also a functional food with therapeutic potential 1,

Fig.1: Structure of Dark Chocolate

Chocolate is made by mixing cocoa, cocoa butter, and sugar, and it comes in different forms, such as liquid, paste,
or solid bars. Dark chocolate, with its higher cocoa content, is packed with nutrients like magnesium, calcium, iron,
and flavonoids, which may help lower blood pressure and support heart health . It also contains more theobromine,
a stimulant that’s more concentrated than in milk chocolate®. Studies have shown that dark chocolate can have
positive effects on heart health, which has led manufacturers to refine their processing techniques to keep more of
these beneficial flavonoids intact-since traditional methods can destroy up to 75% of them[®),
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COMPOSITION OF DARK CHOCOLATE:
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Fig.2: Bioactive Constituents of Dark Chocolates
Bioactive Components Present in Cocoa:

Polyphenols:
Polyphenols are a group of compounds found in cocoa beans that offer many health benefits. Cocoa contains

different types of polyphenols, including flavonoids, phenolic acids, and anthocyanins. Fresh cocoa beans have
about 5-6% polyphenols™®,

A. Flavonoids:
Cocoa contains around 12-18% flavonoids™. These compounds are known for their positive impact on
health, especially for heart and brain health. Flavonoids in cocoa can help protect against certain cancers,
heart diseases, and can improve brain function by protecting brain cells, boosting memory, and stimulating
brain activity. This may help prevent neurodegenerative diseases like Alzheimer's and Parkinson's'*.

O

Basic Moiety of Flavonoids

1. Flavonols:
Flavonols in cocoa, such as kaempferol and quercetin, contribute to its health benefits™®\. These compounds
are often responsible for the bitter taste of dark chocolate, but they also add to the flavor and the health

properties of chocolate!.
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Basic Moiety of Flavonols

2. Anthocyanin:
Raw cocoa beans contain about 4% anthocyanins™!, which play a role in reducing oxidative stress. These
compounds help protect cells from damage by lowering harmful molecules in the body and promoting the
production of antioxidant enzymes™'®. The key anthocyanins in cocoa are cyanidin-3-O-galactoside and
cyanidin-3-O-arabinoside™”.

[15

Basic Moiety of Anthocyanin

3. Procyanidins:

Procyanidins, another type of cocoa polyphenol, have antioxidant properties. They help reduce

inflammation by lowering certain inflammatory markers in the body“al.
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Basic Moiety of Procyanidins
B. Non-Flavonoids:
1. Phenolic acid:

Cocoa beans also contain small amounts of phenolic acids, with gallic acid being the most common™!.
These compounds have low bioavailability, meaning only a small amount is absorbed by the body[ZO].
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Structure of Phenolic acid

2. Methylxanthine:

Methylxanthines are bioactive compounds in cocoa, including theobromine, caffeine, and theophylline.

These compounds have various health effects, including stimulating the heart and boosting energy?.
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Structure of Methylxanthines

3. Theobromine:
Theobromine is known for boosting good cholesterol (HDL), stimulating the heart, and relaxing muscles in
the lungs. It also has an antioxidant effect and can help treat mood disorders'?.
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Structure of Theobromine
4. Caffeine:
Dark chocolate contains a small amount of caffeine®®!, which helps increase alertness and energy by

blocking certain receptors in the brain®*.
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Minerals:
Cocoa is also rich in important minerals, including zinc, magnesium, and iron:
1. Zinc:
[25]

Zinc helps boost the immune system, heal wounds, and is vital for cell growth and division
2. Magnesium:
Magnesium is essential for muscle and nerve function, helps produce energy, supports heart health, and
contributes to strong bones™®®!.
3. lron:
Iron is necessary for producing hemoglobin, which carries oxygen in the blood. It also supports brain
function and immune health"),

Physical Properties:
Cocoa butter, a key ingredient in chocolate, has some interesting physical properties:
1. It melts at a temperature of 34-38°C, making it solid at room temperature but it melts quickly in the
mouth!®!,
2. It provides a high food energy value of 3,770 kJ per 100g'%.
3. Cocoa butter has different crystal forms (a, y, p', and B crystals), each with its own melting point, ranging
from 17°C to 37°CE",
4. Its refractive index is between 1.44556 and 1.44573%4,
It has an iodine value between 32.11 and 35.121%%.
6. Its acid value is 1.68, and the saponification value is between 191.21 and 196.29"%,

o

Chemical Properties of Dark Chocolate:
Cocoa Mass:

Table 1: Chemical Composition of Cocoa Mass

Component Percentage (%)

Cocoa butter 54

Egg whites 115

Organic acids 9.5

Cellulose 9

Polyphenols 6

Water 6

Minerals & salts 2.6

Theobromine 1.2

Sugar 1

Caffeine 0.2

Cocoa Aroma:
Table 2: Chemical Composition of Cocoa Aroma

Substance Class Number
Carbohydrates 49
Alcohols 34
Aldehydes 26
Ketones 29
Carboxylic acid 62
Esters 39
Lactones 6
Ethers 4
Sulphur-containing compounds 23
Phenols 9
Furans 27
Acetals 27
Nitriles and Amides 7
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Amines 41
Pyrroles 16
Pyridines 16
Pyrazines 94
Oxazoles 15
Epoxides, Pyrones, and Coumarins 6

Others 16

Mechanism:

The way cocoa flavanols work in the body mainly involves boosting nitric oxide production, which has important
effects on heart and brain health. Cocoa flavanols help activate an enzyme called eNOS, which produces nitric oxide
without needing calcium. This process helps keep nitric oxide from breaking down too quickly and also increases
the amount of L-arginine, a substance that contributes to nitric oxide production. This mechanism is thought to
explain most of the health benefits of cocoa flavanols, especially in improving blood flow and supporting the
nervous system®®.

IEOCOA FLAVI NOIDS
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Fig.3: Mechanism of Action of Dark Chocolates

Health Benefits of Dark Chocolate
Dark chocolate has recently been found to offer a variety of health benefits. Here’s a look at some of the key
advantages it provides:

1. Heart Health:
One of the most well-known benefits of dark chocolate is its positive effect on heart health. Studies have
shown that the flavonoids in dark chocolate can help reduce blood pressure, improve blood vessel function,

and lower the risk of heart disease'®®.

« Blood Pressure Reduction: Research has consistently shown that moderate consumption of dark chocolate
can lead to a significant reduction in blood pressure®”.,
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« Endothelial Function: Dark chocolate consumption improves endothelial function, enhancing the ability
of blood vessels to dilat®®®!,
 Cholesterol Levels: Regular consumption of dark chocolate may lead to increased HDL cholesterol

levels'®,

2. Metabolic Health:
Dark chocolate’s influence extends beyond the heart, with evidence suggesting it may also positively
impact metabolic health®”),
3. Cognitive Function and Neuroprotection:
Dark chocolate has been shown to have cognitive-enhancing properties
4. Antioxidant and Anti-inflammatory Properties:
Dark chocolate is one of the richest sources of antioxidants, which help neutralize free radicals in the body

and reduce oxidative stress™*?.

[41]

How Dark Chocolate is Made:

Chocolate is processed from cocoa beans after undergoing several steps. At the initial stage, uniformly ripe cocoa
pods are collected from the farmers. Harvested cocoa pods should be fermented within 3 days. Fermentation
involves smashing the cocoa pods, breaking them down with an object on a concrete surface*®" After fermentation,
drying,[ Lc;asting, and grinding processes follow, each contributing to the development of chocolate’s flavor and
texture™™.

Fermentation: The cocoa pods are harvested, and the beans are fermented for a few days. This fermentation process
is divided into three stages, where different types of bacteria break down the beans and convert alcohol into acids at
high temperatures®“>¢!,

Drying: After fermentation, the beans are dried at temperatures below 70°C to reduce moisture content. This step

helps preserve the beans”).

Roasting: The beans are roasted at temperatures between 120—-140°C to develop the chocolate’s flavor and reduce

any undesirable compounds®“.

Grinding: The roasted beans are ground into a fine paste, mixing the chocolate’s ingredients to create a smooth
50,51]
texture .

Conching and tempering: In these final steps, the chocolate is mixed and heated to achieve the right consistency and
flavor. Tempering ensures the cocoa butter crystallizes correctly, giving the chocolate its smooth texture and shiny
appearance when it cools®2%/,

The ideal recipe for dark chocolate includes the right balance of ingredients: 45% cocoa butter, 15% cocoa powder,
39.52% sugar, and small amounts of other ingredients like soy lecithin and vanilla extract.

Conclusion:

Dark chocolate, particularly varieties with high cocoa content, offers a range of potential health benefits. Through its
rich content of flavonoids, dark chocolate contributes to cardiovascular health by lowering blood pressure,
improving endothelial function, and reducing cholesterol levels. It also helps with metabolic health by improving
insulin sensitivity and potentially aiding in weight management. Furthermore, dark chocolate may have cognitive-
enhancing and neuroprotective effects, and its high antioxidant and anti-inflammatory properties contribute to
reducing oxidative stress in the body. While these health benefits are compelling, it is important to consume dark
chocolate in moderation, as it can be calorie-dense and high in sugar.
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