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ABSTRACT

Cocoa pod husk (CPH) and cocoa bean shell (CBS) are cocoa by-products that remain after cocoa bean ex-
traction and often become environmental pollutants (cocoa waste). Numerous studies have demonstrated that
both of them are sources of bioactive compounds. This review outlines the potential effects of cocoa waste on
health and discusses current knowledge regarding the health potential of cocoa waste. Most of the research
on this topic has been conducted in vitro and has shown some potential health benefits of cocoa waste prod-
ucts, both for CPH and CBS. Cocoa waste can influence body weight and food intake, increase serum protein
concentrations, lower blood pressure, exhibit hypolipidemic effects, elevate HDL, act as an antidiabetic, pos-
sess antibacterial properties, and serve as an antioxidant that combats inflammation and reduces MDA levels.
Cocoa waste holds significant potential for health, although its effectiveness is still largely studied in vitro.
Further research is needed to demonstrate in vivo the potential of bioactive compounds from cocoa shell
waste products to address various health issues, such as cardiovascular disease and diabetes.
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INTRODUCTION

Currently, non-communicable diseases (NCDs) are
a global health issue and pose a serious health threat
worldwide (Cheng et al., 2013; Riley et al., 2016).
This is because NCDs such as cardiovascular disease,
cancer, chronic respiratory disease (chronic obstruc-
tive pulmonary disease and asthma), and diabetes are
the leading causes of death worldwide (Hanson and
Gluckman, 2011; WHO, 2021a). More than 50% of
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global deaths each year are attributed to NCDs. In fact,
the WHO has estimated that there will be a 17% in-
crease in NCDs in the next decade, and this will occur
globally, including in low- and middle-income coun-
tries (Hanson and Gluckman, 2011; Riley et al., 2016;
WHO, 2021a). In Indonesia, NCDs are the leading
cause of death, exhibiting an increasingly concerning
trend, primarily due to a shift in disease patterns from
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the elderly population to the productive age group
(PTM kini ancam usia muda_Kemkes, 2020). This is
supported by basic health research from 2018, which
indicates a rising trend in NCDs compared to 2013,
particularly in cardiovascular disease and diabetes
(Balitbangkes, 2013, 2018).

NCDs can pose a threat to sustainable develop-
ment, and the WHO has set a goal of reducing prema-
ture deaths due to NCDs by one third by 2030 (WHO,
2021b). NCDs have significant social and economic
implications, as they impact productivity, result in de-
creased functional status, affect quality of life, and de-
plete household resources due to high and prolonged
medical costs. Additionally, the loss of income due to
prolonged illness leads to impoverishment, causing
many individuals to fall into poverty each year, which
hampers development (Peli et al., 2013; Riley et al.,
2016; WHO, 2021b).

Various prevention techniques and new therapy
strategies for NCDs are being actively sought due to
their detrimental effects (Pangestuti and Kim, 2017).
Currently, alternative treatments for NCD patients
to complement conventional therapy are widely uti-
lized by a significant portion of the global popula-
tion, particularly in developing countries (Hermann
and Von Richter, 2012; Cragg and Newman, 2013;
Ekor, 2014) This is especially prevalent in large
populations in several Asian and African countries
(Secretariat, 2012; Ondieki et al., 2017), because al-
ternative treatments are believed to be quite effective,
safe, have fewer side effects, are easily accessible,
and are relatively more affordable (Hermann and Von
Richter, 2012; Ondieki et al., 2017). Typically, these
treatments consist of herbal products, traditional rem-
edies, and supplements derived from plants (Peltzer
et al., 2016; Li and Weng, 2017), which have long
served as primary therapeutic agents in the treatment
of various diseases.

One plant with biofunctional potential is cocoa. In
the processing of a single cocoa fruit, various residues
are generated, including the fruit skin, which is the
primary by-product of the cocoa industry (67-76%),
the bean skin (2.1-2.3%), and cocoa mucilage/paste
(8.7-9.9%), which are discarded and become waste,
potentially polluting the environment (Daud et al.,
2013; Campos-Vega et al., 2018) Processing cocoa
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beans into chocolate products also results in a sig-
nificant amount of cocoa waste. On average, 1 ton of
dried cocoa beans produces approximately 10 tons of
cocoa waste (Hennessey-Ramos et al., 2021).

Cocoa by-products, which are commonly treated
as low-value waste, represent a renewable, abundant,
and cost-effective resource (Lu et al., 2018; Picchioni
et al., 2020)- Many studies have shown that CPH con-
tains various bioactive compounds such as polyphe-
nols, theobromine, pectin, minerals, and dietary fiber,
which have the potential to produce nutraceuticals or
functional foods (Nguyen and Nguyen, 2017; Campos-
Vega et al., 2018). Similarly, CBS has biofunctional
potential for human health, including antibacterial,
antiviral, anticarcinogenic, antidiabetic, or neuropro-
tective activity, benefits for the cardiovascular system,
and anti-inflammatory capacity (Rossin et al., 2019;
Rojo-Poveda et al., 2020).

This systematic review’s objective is to assess the
potential and effectiveness of cocoa waste to be benefi-
cial for health and provide health products in the future.

METHOD

The study search was conducted using the Scopus da-
tabase through the Publish or Perish application, while
searches in the ScienceDirect, Google Scholar, Pub-
Med, and ProQuest databases were carried out through
their respective websites. The search process in this
study utilized Boolean operators with keywords such
as: cocoa by-product OR cocoa pod husk OR cocoa
bean shell OR cocoa waste AND health benefit. There
were no restrictions based on study design.

The criteria for studies in this review were that
they should be on cocoa by-products (waste), not co-
coa fruit, and they should have been published from
2005 to 2023. These studies aimed to investigate the
potential of cocoa by-products for health, including
laboratory experiments (in vitro), pre-clinical stud-
ies on animals, or clinical studies on humans. Review
studies, studies related to the potential use of cocoa
by-products as ruminant feed, and studies related to
animal health were not included in this review. Out
of the 37,785 studies identified in the initial search
phase, 17 studies met the criteria for inclusion in this
review.
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Notes were identified from:
Scopus/ScienceDirect (8.009), Google Scholar (657),
5 PubMed (29), ProQuest (29.090)
B (n=237.785)
5
Duplicate notes were removed
(n=649)
— v
= Notes were filtered Notes were excluded (year < 2005,
s after removal > reviews, books, theses,
S (n=137.136) non-articles, etc.) (n = 22.006)
) ¢
() Notes were excluded as they were
Abstract reports were not relevant (valorization biofuel, specific
searched for review >\ agriculture, chemistry, characterization,
(n=15.130) drying processes, etc.) (n = 14.981)
=
- v
i} The reports were assessed Notes were excluded for reasons such as
for their eligibility >| being associasted only with cosmetics,
(n=149) organoleptic, food/beverage products,
related to health and ruminant feed,
i i or due to limited preview of the full PDF.
3 The study was included (n=131)
= in review
= (n=17)

Fig. 1. Flow diagram for study based on PRISMA 2015
Guidelines

RESULTS

Several relevant studies related to the potential health
benefits of cocoa waste, both from the CPH and CBS,
were identified. Out of the 17 studies reviewed, al-
most all of them demonstrated more than one potential
health benefit of cocoa waste.

The potential effects of cocoa waste on food
intake and body weight

Research conducted on rats showed a relatively lower
weight gain in rats fed with cocoa waste-containing
diets (Ramos et al., 2008; Sanchez et al., 2010). In an-
other study, there was weight loss, a decrease in body
mass index, and a reduction in waist circumference in
patients receiving cocoa husk cookie, although the re-
sults were not significantly different from the placebo
group (Leon-Flores et al., 2020). Conversely, another
study indicated a significant increase in total final body
weight and weight change in rabbits fed with 12.5%
FCPHM; although the results also showed an influ-
ence of rabbit type on the final body weight, it was

Table 1. List of potential health benefits of cocoa waste products from the reviewed studies

No Potential health benefit

Cocoa waste products in the reviewed studies

1 Maintaining weight stability; reducing CPH fiber (Ramos et al., 2008), soluble cocoa fiber product (SCFP) (Sanchez et

abdominal fat-waist circumference

al., 2010), cookies and CPH extract (CCPHE) (Hidalgo et al., 2019), fermented

cocoa pod husk meal (FCPHM) (Olugosi et al., 2021), cocoa husk cookies (CHC)
(Leén-Flores et al., 2020).

2 Elevating serum protein

Diet containing CPH (Adeyeye et al., 2017), FCPHM (Olugosi et al., 2021), CPH

extract (CPHE) (Cura et al., 2021).

3 Lowering blood pressure, endothelium
vasodilation, and vasorelaxation

4 Hypolipidemic effect

Soluble cocoa fiber product (SCFP) (Sanchez et al., 2010), CCPHE (Hidalgo et
al., 2019), CBS extract (CBSE) (Rodriguez-Rodriguez et al., 2022).

SCFP (Ramos et al., 2008), diet containing CPH (Adeyeye et al., 2017), cookies

and cocoa skin extract (Hidalgo et al., 2019), CHC (Leodn-Flores et al., 2020).

5 Increase in HDL (High-Density
Lipoprotein)

6 Antidiabetic / lowering blood sugar

CCPHE (Hidalgo et al., 2019), CHC (Leoén-Flores et al., 2020), diet containing
CPH (Adeyeye et al., 2017).

CBSE (Rebollo-Hernanz et al., 2019), CBS biscuits (Rojo-Poveda, Barbosa-

Pereira, Orden, et al., 2020), CPHE (Indrianingsih et al., 2021), CPHE (Cura et
al., 2021), SCFP (Sanchez et al., 2010)

7 Antibacterial

CPHE (Indrianingsih et al., 2021), CPHE (Santos et al., 2014), CPHE (Diniardi,

Argo and Wibisono, 2020).

8 Antioxidant (addressing oxidative
stress / reducing malondialdehyde
(MDA) levels and anti-inflammatory)

CPHE (Felice et al., 2020), SCFP (Ramos et al., 2008), SCFP (Sanchez et al.,
2010) CBSE (Rebollo-Hernanz et al., 2019), CBSE (Rossin et al., 2019), ice
cream enriched with CBS (Rossin et al., 2021).
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not significant. However, the group given FCPHM
25% actually had the lowest total body weight (Olu-
gosi et al., 2021). The research results in the group of
rats given SCFP showed a significantly lower food in-
take compared to the control group, even in the group
receiving a normocholesterolemic diet (Ramos et al.,
2008; Sanchez et al., 2010). On the other hand, anoth-
er study indicated a significant increase in total food
intake and daily average intake in both the control and
FCPHM 12.5% experimental groups, but not in the
FCPHM 25% group.

Cocoa waste and serum protein

Across the studies, in groups treated with a cocoa fruit
husk diet, total serum protein was higher compared to
control groups (Adeyeye et al., 2017; Olugosi et al.,
2021). Although one study reported a slight decrease
after treatment with higher CPH concentrations (30%),
it was still higher than in the group given a CPCH-free
diet (control) (Adeyeye et al., 2017).

Cocoa waste and blood pressure

A study on spontaneously hypertensive rats showed
a significant decrease in systolic and diastolic blood
pressure from the early stages of feeding until week
14. Conversely, in the control group, systolic and di-
astolic blood pressure remained high until the end of
the study. Additionally, when compared to the control
group, the SCFP-treated group exhibited lower angio-
tensin converting enzyme (ACE) activity (Sanchez
et al., 2010). Studies on obese rat models receiving
a high-fat diet along with cocoa husk cookies and co-
coa husk extract at different concentrations all dem-
onstrated a significant reduction in blood pressure
compared to the group receiving only a high-fat and
fructose diet (Hidalgo et al., 2019).

Cocoa husk waste and hypolipidemic effects
Studies on cocoa husk waste and its association with
serum lipid profiles included in this study consistently
demonstrated a reduction in total cholesterol and LDL
levels (Ramos et al., 2008; Adeyeye et al., 2017; Hi-
dalgo et al., 2019) and serta TG (Ramos et al., 2008;
Adeyeye et al., 2017; Hidalgo et al., 2019; Le6n-Flo-
res et al., 2020) in the groups receiving cocoa husk
products.
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Cocoa husk waste and HDL (high density
lipoprotein)

Some studies found a correlation between the admin-
istration of cocoa waste products and HDL levels.
Although 2 out of 3 studies that addressed this topic
showed non-significant effects, both of them demon-
strated a slight increase in HDL levels in the groups
treated with cocoa husk waste products compared to
the control (Hidalgo et al., 2019; Ledn-Flores et al.,
2020). Meanwhile, the other study showed a signifi-
cant increase in HDL levels in the groups given a diet
of 20 and 30 percent PCPH (Adeyeye et al., 2017).

Cocoa husk waste as an antidiabetic agent

A study in rats showed that the glucose levels in both
the SCFP treatment group and the control group did
not differ significantly, although there was a slight de-
crease in the SCFP group during the follow-up phase
(Sanchez et al., 2010). In a study of overweight hu-
mans without diabetes, at the end of the study, the
treatment group receiving cocoa husk cookies showed
a reduction in blood sugar levels (Ledn-Flores et al.,
2020) An in vitro study demonstrated that both purple
and yellow variants of cocoa fruit husk have glucosi-
dase inhibition activity (Indrianingsih et al., 2021).

Cocoa husk waste as an antibacterial agent

Cocoa husk waste is effective in inhibiting gram-pos-
itive bacteria compared to gram-negative bacteria (In-
drianingsih et al., 2021). However, another study shows
that cocoa fruit husk extract is not effective against
gram-positive bacteria and exhibits bactericidal activity
against gram-negative bacteria, even being quite effec-
tive against E. coli (a gram-negative bacterium; Santos
et al., 2014; Diniardi, Argo and Wibisono, 2020).

Cocoa husk waste as an antioxidant
(inflammation, oxidative stress, and MDA)

One study indicates that cocoa husk extract signifi-
cantly protects cells from oxidative stress (Felice et
al., 2020). Administration of cocoa bean shell extract
reduces excessive production of IL-8 and MCP-1,
along with an increase in the Nrf2 gene (Rossin et al.,
2021) Cocoa husk modulates the phosphorylation sta-
tus of proteins, thereby suppressing the production of
reactive oxygen species (free radicals) and mitochon-
drial superoxide (Rebollo-Hernanz et al., 2019)
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DISCUSSION

It is worth noting here that cocoa waste has the poten-
tial to help maintain stable changes in body weight,
whether for weight loss or weight gain. Similarly, it
also affects food intake. Cocoa waste is a reasonably
potent source of dietary fiber, which makes up ap-
proximately 59.0% of its volume (Yapo et al., 2013).
Dietary fiber can have an impact on body weight and
food intake. In one of the studies described above,
the lower food intake in the group subjected to cocoa
waste treatment was likely due to the satiating effect
of the dietary fiber contained in cocoa waste products
(Ramos et al., 2008). A prolonged feeling of fullness
can be attributed to the indigestible and unabsorbable
nature of the fiber, which can reduce food intake. Con-
versely, reduced food intake leads to delayed glucose
absorption, resulting in a decreased insulin response.
The reduced insulin response triggers lipolysis and the
oxidation of stored lipids in adipose tissue. This, in
turn, can lead to weight gain (Fernandez et al., 1994).
Dietary fiber also influences intake through its role in
triggering intestinal hormone production, subsequent-
ly leading to leptin production and impacting lipid
metabolism and energy expenditure, thereby affecting
body weight (Delzenne et al., 2005; Gaysinskaya et
al., 2007; Ramos et al., 2008). Moreover, increased in-
take and body weight, particularly in fermented CPH
products, may be related to the fermentation process,
which includes factors like enhanced protein content,
improved flavor, and reduced roughage (Adejinmi et
al., 2007).

The increase in total serum protein in fermented
cocoa waste is likely an effect of the fermentation of
cocoa waste. A study which also examined protein di-
gestibility indicated that the addition of 37.5% FCPHM
led to the highest value of crude protein digestibility.
Conversely, the lowest crude protein digestibility was
found in raw CPHM with the highest concentration
of 37.5% (Ozung et al., 2017). Studies on the protein
characteristics of cocoa waste remain quite limited.
One possible reason for this limitation may be the
scarcity of research examining its utilization in food
or focusing solely on animal feed (Campos-Vega et al.,
2018). Out of the 144 identified proteins, nearly half
play a role in energy metabolism, including processes
such as glycolysis, the tricarboxylic acid cycle, and the
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Calvin cycle. Some of these proteins produce products
like flavonoids, phytoalexins, and lignin (Azwan et al.,
2010y

The relationship between CPHE and blood pres-
sure is associated with the phytochemical compounds
it contains. A study indicated that CPHE is rich in fla-
vonoid content (115.50 mg CE/g of sample weight)
(Nguyen et al., 2021). Phenolic compounds like cat-
echin/epicatechin and quercetin, found in CPH (Felice
et al., 2020), have a strong influence on endothelial
function. These compounds, particularly procyanidins,
induce vasodilation, inhibit the synthesis of the vaso-
constrictor ET-1, and inhibit ACE activity, leading to
a reduction in blood pressure (Hiigel et al., 2016).

The high content of soluble dietary fiber and poly-
phenols in cocoa waste products exerts a hypolipidem-
ic effect. The soluble fiber present in cocoa bean husk
waste products binds to dietary fats and bile acids,
forming emulsions that limit the action of pancreatic
lipase. This, in turn, reduces the absorption of dietary
fats and triglyceride hydrolysis, subsequently lower-
ing cholesterol absorption due to a decrease in the re-
lease of free fatty acids in the small intestine (Chai et
al., 2003; Ramos et al., 2008). Similarly, polyphenols,
one of whose main phenolic compounds is catechin/
epicatechin (EPI), can, among their various functions,
intervene in the process of lipid B-oxidation and in-
duce mitochondrial biogenesis. Through this mecha-
nism, they can lower blood lipid concentrations,
especially VLDL, LDL, and TG (Ramirez-Sanchez et
al., 2011; Felice et al., 2020; Leon-Flores et al., 2020)
Additionally, cocoa bean husk waste may contain oth-
er compounds that can inhibit, either directly or indi-
rectly, the enzyme hydroxymethylglutaryl-coenzyme
A reductase, which is involved in cholesterol synthesis
(Adeyeye et al., 2017).

Cocoa bean husk waste is associated with an in-
crease in serum HDL levels, linked to theobromine as
one of the active compounds present in cocoa and its de-
rivatives. In a study involving human subjects who had
been given cocoa fruit containing 150 mg of theobro-
mine, there was an increase in HDL cholesterol levels,
although it was not statistically significant. This sug-
gests that higher theobromine doses may be needed to
demonstrate an effect on serum HDL cholesterol (Neu-
fingerl et al., 2013). The increase in plasma HDL con-
centration due to polyphenols is dose-related. Although
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not statistically significant, there is a tendency toward
a positive correlation between urinary catechin excre-
tion and plasma HDL cholesterol (Baba et al., 2007).

Cocoa waste is rich in polyphenols and acts as
a glucosidase inhibitor, which can slow down the
breakdown of polysaccharides and disaccharides into
glucose, thereby reducing the amount of glucose ab-
sorbed by the intestines (Chen et al., 2005; Kwon et
al., 2006). These antioxidant-capable polyphenols can
prevent cell damage caused by free radicals and also
inhibit glucosidase and amylase (Perron and Brum-
aghim, 2009). In an in vitro study, it was shown that
cocoa waste extract can balance disruptions in the
insulin transduction pathway, which has an impact
on insulin resistance (Rebollo-Hernanz et al., 2019).
Polyphenols have an effect on insulin secretion and the
signaling of glucagon-like peptide-1 (GLP-1), where
insufficient and improper functioning of both can lead
to diabetes (Dominguez Avila et al., 2017).

Flavonoid compounds found in cocoa bean husk
exhibit potent activity against both gram-positive and
gram-negative bacteria (Xie et al., 2015). Flavonoids
act as antibacterials by denaturing proteins that can
lead to the cessation of bacterial cell metabolism. This
inhibits growth, ultimately resulting in bacterial cell
death. At high concentrations, phenolic compounds
can disrupt and penetrate the cell wall, precipitating
bacterial cell proteins, while at low concentrations,
they deactivate crucial enzyme systems within the
bacterial cell (Diniardi et. al., 2020).

Cocoa waste serves as an antioxidant that protects
against and addresses inflammation and oxidative
stress and reduces MDA levels. Inflammation, oxida-
tive stress, and MDA are interconnected processes.
Oxidative stress is initially triggered by inflammation
as an immune response of macrophages and mitochon-
drial dysfunction due to excessive substrate oxidation
(Salmon, 2016). Plasma MDA serves as a biomarker
for free radical production, oxidative stress, and li-
pid peroxidation. MDA levels decrease with reduced
lipid peroxidation (Ramos et al., 2008; Sanchez et
al., 2010). Polyphenols abundant in cocoa bean husk
waste exhibit potent antioxidant abilities and have the
potential to mitigate inflammation and reduce oxida-
tive stress, which is associated with the development
of chronic non-communicable diseases (Correia et al.,
2012; Rebollo-Hernanz et al., 2019). Some phenolic

www.food.actapol.net/

compounds, such as caffeic acid and epicatechin, pro-
tect against the inflammatory action of oxysterols in
colonic cells (Rossin et al., 2019).

CONCLUSION

Cocoa waste holds significant potential for health ben-
efits, although, so far, the evidence of its effectiveness
is predominantly based on in vitro studies. Further re-
search is needed to establish the in vivo potential of
bioactive compounds and the appropriate dosage in
the use of cocoa bean husk waste products to prevent
and manage various diseases, particularly metabolic
syndrome, which continues to significantly increase in
prevalence each year in various countries.
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